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Preface

2012 International Conference on Applied Biotechnology (ICAB2012) was
organized by Tianjin University of Science and Technology, Tianjin Institute of
Industrial Biotechnology, Chinese Academy of Sciences was held from October
18–19, 2012 in Tianjin, China.

The conference served as a forum for exchange and dissemination of ideas and
the latest findings among all parties involved in any aspects of applied biotech-
nology. The following distinguished professors gave keynote speeches: Hassan
Ashktorab (Howard University, USA), William Carl Skarnes (The Wellcome Trust
Sanger Institute, UK), Hiroyuki Takenaka (Kyushu Kyoritsu University, Japan)
and Xueli Zhang (Tianjin Institute of Industrial Biotechnology, Chinese Academy
of Sciences, China). The conference was complemented by talks given by other 51
professors and investigates.

More than 200 authors from 44 different universities, institutes and companies
submitted conference papers. A lot of fields have been covered, ranging from
fermentation engineering, cell engineering, genetic engineering, enzyme engi-
neering and protein engineering.

Special thanks are given to the Academic Committee, Organizing Committee
and Secretary Staff of the conference for the commitment to the conference
organization. We would like also to thank all the authors who contributed with
their papers to the success of the conference.

This book gathers a selection of the papers presented at the conference; it
contains contributions from both academic and industrial researchers providing a
unique perspective on the research and development of applied biotechnology
from all over the world. The scientific value of the papers also helps the
researchers in this field to get more valuable results.

Tianjin, China Tong-Cun Zhang
Pingkai Ouyang
Samuel Kaplan

Bill Skarnes
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Chapter 137
Molecular Cloning and Expression
of the b-Galactosidase Gene
from Bifidobacterium longum LL04
in Escherichia coli

Fanzhu Li, Xian Zhang and Seongil Lim

Abstract A Bifidobacterium strain with b-galactosidase (b-gal) activity was
isolated from infant feces on transgalactooligosaccharide (tGOS) propionate plates
and de Man, Rogosa, and Sharpe (MRS) plates containing 5-bromo-4-chloro-3-
indolyl-b-D-galacto-pyranoside (X-gal). The strain was identified as a Bifidobac-
terium longum and was named B. longum LL04. The gene encoding the
b-galactosidase enzyme b-gal from B. longum LL04 was revealed by nucleotide
sequence analysis as a 3.2-kb DNA fragment. B. longum b-gal (3,069 bp) is a
1,023-amino acid-long polypeptide with a predicted molecular mass of 114.5 kDa.
The amino acid sequence of b-gal was homologous to those found in the LacZ
families. The acid-base, nucleophilic, and substrate-recognition sites conserved in
the LacZ family were found in b-gal. The coding region of the b-gal gene was then
cloned downstream of a T7 promoter for overexpression in Escherichia coli.

Keywords Bifidobacterium longum LL44 � b-galactosidase gene � Cloning �
Escherichia coli � Expression

137.1 Introduction

Bifidobacterium species comprise immobile, gram-positive, anaerobic bacteria that
were first isolated by Tissier from the feces of breast-fed infants in 1989 [1]. They
were once considered to belong to other genera such as Bacillus or Lactobacillus
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because of their morphological and physiological similarities. However, the
enzymatic characteristics and molecular genetics of this species are distinct
enough to exclude them from other genera [2, 3]. Currently, a total of 32 species
are included in this genus [4]. The application of bifidobacteria to food products
started in Japan in the 1980s, and has become popular worldwide in recent years.
Bifidobacteria constitute one of the major classes of organisms in the intestines of
healthy humans, and are helpful in maintaining normal intestinal flora [5]. The
reduction or disappearance of bifidobacteria in the intestine often coincides with
poor health status. To maintain high counts of bifidobacteria and protect the
intestinal tract from the proliferation of harmful bacteria, live bifidobacteria, or
certain selective compounds defined as ‘‘prebiotics’’ [6] have been used as dietary
supplements. For instance, prebiotics such as galactooligosaccharides (GaOS),
when administered orally, increased the bifidobacterial counts in the human fecal
flora [7]. Bifidobacterium longum is one of the species frequently used in
Bifidobacterium-containing probiotic products. There is increasing interest in
exploiting the enzymatic characteristics of B. longum. b-galactosidase, one of the
hydrolytic enzymes expressed by Bifidobacterium, is also produced by eukaryotes
and several other bacteria, where it is involved in the digestion of transgalac-
tooligosaccharides (tGOS) [8]. Several studies have been published concerning the
isolation and characterization of plasmids from bifidobacteria [9, 10] and con-
struction of vectors using Bifidobacterium plasmids [11, 12].

The b-galactosidase (b-galactoside galactosylation; EC 3.2.1.23) not only was
used in the food industry more and more extensively, but also played an important
role in the other fields, such as genetic engineering, enzyme engineering and
protein engineering. Recently it was also used in the medicine field extensively
[13]. However, its transgalactosylation activity, which yields GaOS, has been less
studied than the hydrolytic reaction. GaOS synthesized via b-galactosidases pro-
motes the growth of bifidobacteria [14] and intestinal bacteria, which play
important roles in maintaining human health [15, 16]. This has prompted interest
in studying other b-galactosidases. In this report, the molecular cloning and
expression of the b-galactosidase gene from B. longum LL04 in Escherichia coli
are discussed.

137.2 Materials and Methods

137.2.1 Bacterial Strains, Plasmid, and Growth Conditions

Two strains of E. coli, DH5a and ER2566, were used as host strains (NEB Inc.,
MA, USA). A Bifidobacterium strain with b-galactosidase (b-gal) activity was
isolated from infant feces on transgalactooligosaccharide (tGOS) propionate agar
and de Man, Rogosa, and Sharpe (MRS) (Difco, Detroit, MI, USA) agar con-
taining 5-bromo-4-chloro- 3-indolyl-b-D-galactopyranoside (X-gal; Sigma, St.
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Louis, MO, USA) [4]. The strain was identified as B. longum and was named B.
longum LL04. Genomic cloning was performed using the pBR322 plasmid (Life
Technologies, Carlsbad, CA, USA). E. coli cells were propagated at 37 �C in
Luria–Bertani (LB) broth (Difco, Detroit, MI, USA) with vigorous shaking or on
LB medium solidified with 1.5 % agar. When appropriate, ampicillin (200 g/mL),
and kanamycin (40 g/mL) were added.

137.2.2 Chemicals and Enzymes

All restriction enzymes, T7 DNA ligase, X-gal, and agarose were purchased from
Boehringer Mannheim or Life Technologies, while o-nitrophenyl-b-D-galacto-
pyranose (ONPG) and 4-o-methyl-umbelliferyl-b-D-galactoside (4MeUmG) were
purchased from Sigma.

137.2.3 Enzyme and Protein Assays

b-Gal activity was measured by incubating enzymes with 10 mM ONPG in
50 mM sodium phosphate buffer (pH 7.5) at 37 �C for 10 min, and the reaction
was stopped by adding 1.0 M sodium carbonate. The released o-nitrophenol was
quantified by measuring the A420 nm of the reaction solution. One unit of activity
was defined as the amount of enzyme liberating 1 mol of o-nitrophenol per minute
[17]. Specific activity was defined as units per milligram of protein. The protein
concentration was determined by the Bradford method [18] using bovine serum
albumin as a standard.

137.2.4 Gel Electrophoresis and b-gal Activity Staining

Proteins were analyzed by polyacrylamide gel electrophoresis (PAGE) by using
10 % (w/v) polyacrylamide gels and stained with Coomassie blue. For b-gal
activity determination [19], the crude cell lysates were loaded and electrophoresed
on a nondenaturing PAGE system. b-Gal activity was then detected by incubating
the gel in a 4-o-methylumbelliferyl-b-D-galactoside (4MeUmG; Sigma, St. Louis,
MO, USA) solution (0.2 mg/mL in phosphate buffer, pH 7.0) for 30 min. Fluo-
rescent bands were visualized under UV light on a transilluminator.
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137.2.5 DNA Isolation, Manipulation, and Transformation

Bifidobacterium genomic DNA was isolated with Lim’s method [17]. DNA was
precipitated by isopropanol, washed with 70 % ethanol, and dissolved in TE buffer
(10 mM Tris-1 mM EDTA [pH 8]). Small-scale E. coli plasmid preparations were
prepared with the QIAprep Spin Miniprep kit (Qiagen, Valencia, CA, USA). All
DNA manipulations in this study were performed according to standard proce-
dures. T4 DNA ligase and other DNA-modifying enzymes were purchased from
New England Biolabs, Inc., Life Technologies, or Amersham Pharmacia Biotech,
Inc., and were used according to the manufacturers’ specifications. Electroporation
was performed with a Gene-Pulser II electroporation apparatus (Bio-Rad)
according to the manufacturer’s specifications.

137.2.6 16S rRNA Sequence Analysis for Identification
of Bifidobacterium with b-gal Activity

The PCR was performed with lm26 (Forward, 50-GATTCTGGCTCA
GGATGAACG-30) and lm3 (Reverse, 50-CGGGTGCTICCCCACTTTCATG-30)
as probes for Bifidobacterium-specific 16S rRNA [4] and chromosomal DNA from
Bifidobacterium LL04 with b-galactosidase activity as a template. The PCR
product was then ligated to pDrive (pD16S). Primers targeting the pDrive T7 and
SP6 promoters were then used to sequence the cloned PCR product.

137.2.7 Construction and Screening of the B. longum b-gal
Genomic Library

The isolated chromosomal DNA from B. longum LL04 was partially digested with
the restriction enzyme EcoRI and analyzed by DNA electrophoresis. DNA frag-
ments ranging from 2.0 to 12.0 kb were isolated using a QIA quick gel extraction
kit (Qiagen, Valencia, CA, USA), and then ligated to the pBR322 vector that had
been digested with EcoRI and dephosphorylated. The ligation mixture was
transformed into E. coli DH5a-competent cells to create a plasmid library. For the
detection of b-gal activity of the transformed E. coli, X-gal plates were prepared
using LB medium supplemented with X-gal at 40 lg/mL.
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137.2.8 Subcloning and Sequencing

Restriction maps of pBRgal are shown in Fig. 137.1. The two subclones, namely,
pBRgal38 and pBRgal27, were constructed by deleting the fragment from the right
end to the BamHI site of pBRgal and by deleting the fragment from the left end to
the BamHI site of pBRgal, respectively. A 2.7-kb fragment of pBRgal27 was
subcloned into pDrive for nucleotide sequence determination; the latter was per-
formed by the dideoxy chain termination method [20] using the Sequenase cycle
sequencing kit (US Biochemical, Cleveland, OH, USA). T7 and SP6 primers were
used as sequencing primers.

137.2.9 Polymerase Chain Reaction

Polymerase Chain Reaction (PCR) were performed with Lim’s method [17]. PCR
products were analyzed by electrophoresis in 0.8 % agarose gels containing
ethidium bromide (1 lg/mL) and purified with the QIAquick PCR purification kit
(Qiagen, Valencia, CA, USA).

137.2.10 DNA Sequencing and Sequence Analysis

The nucleotide sequences were determined by fluorescent-labeled dye terminator
reactions with an Applied Biosystems 373 stretch automated sequencer. DNA
sequence assembly and analysis were performed with DNASIS for Windows
(Hitachi Software Engineering America Ltd. MiraiBio Group).

137.2.11 Overexpression Vector Construction

The gene encoding b-gal from B. longum LL04 was cloned into pET36(+)
(Novagen, Madison, WI, USA) by PCR using pBRgal (pBR322 with a 6.5-kb

Fig. 137.1 Restriction enzyme maps of pBRgal and their derivatives. X, E, B, and H designate
restriction enzymes sites for XmnI, EcoRI, BamHI, and HindIII
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EcoRI–EcoRI insert from B. longum LL04 chromosomal DNA) as the template.
To create the overexpression plasmid pBGal36b, the b-gal gene was amplified
with the primers b-gal-F and b-gal-R (50-AGC ATA TGA CAG ACG TCA CAC
ATG TCG-30 and 50-ATA AGC TTC AGA TCA GCT CGA GGT C-30, respec-
tively). An NdeI site was designed in primer b-gal-F and a HindIII site was created
in primer b-gal-R to include the start codon sequence and the stop codon (TGA)
sequence, respectively. Cloning into the NdeI-HindIII sites of pET36b(+) resulted
in the translational fusion of the b-gal gene (3 kb of PCR product) to the T7
promoter and E. coli ribosome-binding site of the plasmid. Plasmid pBGal36b was
created in E. coli DH5a and transformed into E. coli ER2566 (F- l- fhuA2 [lon]
ompT lacZ::T7 genel gal sulA11D (mcrC-mrr)114::IS10R (mcr-73::mini Tn10-
Tets)2 R(zgb-210::Tn10-Tets) endA1 [dcm], New England BioLabs Inc., Ontario,
Canada) for the overexpression studies.

137.3 Results and Discussion

137.3.1 Identification of Bifidobacterium with
b-galactosidase Activity

Bifidobacteria were isolated from infant feces on tGOS propionate agar. The
colony of an isolate, designated LL04, turned dark blue in color on MRS agar
containing X-gal, indicating the presence of b-gal activity. The 16S rRNA
sequence of isolated Bifidobacterium sp. LL04. When the sequence of the PCR
fragment was compared with other genes in the data library, the sequence showed
99 % homology with 16S rRNA genes of B. longum strains (Accession No.
AE014295, AY850359, AY735403, AY675246, and AY151399). Bifidobacterium
LL04 was, therefore, designated B. longum LL04.

137.3.2 Cloning and Sequence Analysis of the b-gal Gene
from B. longum LL04

To identify the gene(s) encoding b-gal activity in B. longum LL04, an EcoRI-
digested genomic library was created in pBR322 and screened in E. coli DH5a
cells. One positive clone was identified by the formation of a blue colony on the
selective medium (LBX-gal) supplemented with 200 lg/mL ampicillin and was
designated as pBRgal. Preliminary restriction enzyme analysis revealed that
pBRgal contained a 6.5-kb-long insert. With the BamHI site of the insert in
pBRgal, two subclones, pBRgal38 (EcoRI-BamHI fragment, 5.5-kb-long insert)
and pBRgal27 (BamHI-EcoRI fragment, 2.7-kb-long insert), were constructed
with pBR322 as the vector (Fig. 137.1). For confirmation of b-gal activity, the two
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plasmids were retransformed into E. coli DH5a. However, all the transformants
showed no colored colonies on the X-gal and ampicillin agar plates. A comparison
of the partial nucleotide (966-bp-long) sequence of the 2.7-kb-long insert to the
database by BLAST analysis revealed highest similarities to the LacZ of B. lon-
gum NCC2705 [963/966(99 %) identity (GenBank Accession No. AE014295)].
Significant similarities were also found to the b-gal genes of several Bifidobac-
terium strains [959/966 (99 %) and 949/966 (98 %) identity] (GenBank Accession
Nos. AJ242596 and AF192265). In case of the partial nucleotide sequence, the
nucleotide sequence of b-gal in pBRgal was analyzed (Fig. 137.2). The coding
region of b-gal (3,072-bp-long) started with ATG at nucleotide 168 and ended with
TGA at nucleotide 3,240. The putative ribosome-binding sequence (RBS) AGA-
AAG (Fig. 137.2) was found nine bases upstream of the b-gal translation start site
(ATG). The b-gal gene was almost identical to the complete genome of B. longum
NCC2705 [(AE014295, 99 % identity (3057/3072)], and b-galactosidase I gene,
complete cds of B. infantis strain HL96 [(AE014295, 99 % identity (3057/3072)].
The b-gal gene of B. longum LL04 encodes a protein containing 1,023 amino
acids. The deduced protein had a theoretical molecular mass of 1,14,542 Da and a
pI of 4.86. The alignments of the deduced amino acid sequences of b-gal with
other homologous b-galactosidases are summarized in Table 137.1. b-Gal featured
some sequence homology with b-galactosidases from various microorganisms,
including LacZ. Comparison of the amino acid sequence of the b-gal gene from
LL04 with that from AE014295 from the database by BLAST analysis showed six
different amino acids (0.6 %). Comparison of the b-gal from LL04 and b-gal I
from B. infantis strain HL96 revealed a homology of 97 %. A difference of only 29
amino acids was found.

The high similarity between b-galactosidase from B. longum and B. infantis is
not surprising. Immunological and DNA–DNA hybridization approaches have
demonstrated that B. longum and B. infantis have a close phylogenetic relationship
[21]. Significant similarities were also found to the b-galactosidase of several
Lactobacillus strains (40–44 % identity) (GenBank Accession Nos. M55068,
AY616518, and X82287), as well as to b-gal enzymes of Streptococcus strains
(44–45 %) (GenBank Accession Nos. CP000024, AF389474, and AY460089),
Bacillus strain (44 %) (GenBank Accession Nos. CAA04267 and BA000004),
Thermotoga strain (33 %) (GenBank Accession No. NC000853), Arthrobacter
strain (31 %) (GenBank Accession No. AJ457162), and Lactococcus strain (30 %)
(GenBank Accession No U60828) (Table 137.1).

Three regions of the E. coli LacZ, two flanking a glutamate residue at the amino
acid positions 461 and 537, respectively, and one flanking a glycine residue at the
position 794, were reported to be the acid-base, nucleophilic, and substrate-rec-
ognition sites [22–24]. These three regions are well conserved in almost all b-
galactosidases of the LacZ family. Similarly, these three conserved regions were
revealed in the b-gal from B. longum LL04, with two glutamates located at the
residues 469 and 536 and a glycine located at the residue 793 (Fig. 137.3).

137 Molecular Cloning and Expression of the b-Galactosidase Gene 1285



137.3.3 Overexpression of the B. longum b-gal Gene
in E. coli

To further investigate the b-galactosidase gene product, we made use of the T7
RNA polymerase expression system for the overexpression of the B. longum b-gal
gene in E. coli. The coding region of b-gal was cloned into pET36b, under the

Fig. 137.2 Nucleotide sequence of b-gal gene in pBRgal. The coding region of b-gal starts from
base 168, ends at base 3240. The deduced amino acid sequence is shown by capital letters below
the nucleotide sequence. The predicted ribosome-binding sites(r.b) for b-gal and permease are
underlined. Possible +1 to -40 sequences for b-gal and permease gene is highlighted
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control of a T7 promoter. Gene expression in E. coli was induced by IPTG and
analyzed by assaying ONPG hydrolysis activity and by SDS-PAGE and nonde-
naturing PAGE. After the addition of IPTG, a dramatic increase in b-gal enzyme
activity was seen at 3 h (Fig. 137.4). The effect of IPTG on the growth curve of
ER2566 (pBgal36b) was observed by measuring the density at 595 nm every hour
during the induction period, using the growth curve of ER2566 (pBgal36b) without
IPTG induction as reference. The growth of ER2566 (pBgal36b) was found to be
inhibited by IPTG (Fig. 137.5). A protein with an apparent molecular mass of
approximately 115 kDa was overproduced from pBgal36b (Fig. 137.5), in close

Table 137.1 A comparison between B. longum b-gal and other b-galactosidases

Enzyme source No. of Similarity Identity Reference
aaa (%) (%)

Bifidobacterium longum LL04 1023 100 100 This study
Bifidobacterium longum NCC2705 1023 99 99 33
Bifidobacterium infantis 1022 97 96 34
Streptococcus thermophilus 1026 62 44 35
Lactobacillus bulgaricus 1007 62 44 36
Escherichia coli LacZ 1060 45 30 37
Bacillus megaterium 1034 55 40 38
Bacillus halodurans 1014 56 40 39
Thermotoga maritima 1087 50 33 40
Lactococcus lactis 1045 46 30 41
Arthrobacter spp. 1056 45 31 42
a aa amino acid

(1)       ↓↓ (2)       ↓ (3)      ↓
ll I I W S L G N E S G 433 R P L I L C E Y A H 511 P L D N D I G V S E 769

ec I I W S L G N E S G 463 R P L I L C E Y A H 540 P L D N D I G V S E 797

st I I W S C G N E S Y 460 K P Y I S C E Y M H 549 Y T D N D R G A G Y 801

lb L I W S L G N E S Y 467 K P F I S V E Y A H 535 L T D N D R G A G Y 783

bl L I W S L G N E S Y 471 K P Y L S C E Y M H 539 L T D N D R G H G H 796

gal L I W S L G N E S Y 471 K P Y L S C E Y M H 539 L T D N D R G A G H 796

bi L I W S L G N E S Y 471 K P Y L S C E Y M H 539 L T D H D R G A G H 796

bh L I W S C G N E S Y 462 K P Y I S C E Y M H 530 T T D N D K G C S Q 787

bm I I W S L G N E S F 483 K P Y I L C E Y S H 550 V T D N D L G N K L 812

tm I F W S L G N E A G 446 K P F I M C E Y A H 513 P T D N D I G N R M 767

art V M W S L G N E S G 444 K P F I L C E Y V H 524 V P A P S • • • • • 797

Consensus I I W S L G N E S G 540 K P L I L C E Y A H 631 P T D N D I G V S E 920

Fig. 137.3 Multiple alignment of the possible acid-base, nucleophilic, and substrate-recognition
sites of b-gal and of 11 listed b-galactosidases. Abbreviations; ll, Lactococcus lactis; ec, E. coli
LacZ; st, Streptococcus thermophilus; lb, Lactobacillus bulgaricus; bl, Bifidobacterium longum
NCC2705; gal, Bifidobacterium longum LL04 b-Gal; bi, Bifidobacterium infantis; bh, Bacillus
halodurans; bm, Bacillus megaterium; tm, Thermotoga maritima; art, Arthrobacter spp.
Conserved amino acids are highlighted. Down arrow, amino acids proposed to be the key
residues in the active sites. Multiple alignment was done using the PrettyBox program of the
genetics computer group
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agreement with the predicted molecular weight of the B. longum LL04 b-gal gene.
Active staining of the nondenaturing PAGE with 4MeUmG confirmed the pres-
ence of b-gal.

137.4 Conclusion

A b-galactosidase gene (LLGal) from Bifidobacterium longum LL04 was cloned
and expressed at high levels in Escherichia coli. The b-galactosidase belongs to
the LacZ family and shares high degree of sequence similarity with other lacto-
bacillus b-galactosidases. The purified LLGal displayed optimum activity at acidic
pH and remained stable over a broad pH range [17]. Results of this project will
provide a solid base for farther study and application in the future.

Fig. 137.4 Effect of IPTG on cell growth a, b-galactosidase activity (U/mL) b, and protein
concentration (mg/mL) c of ER2566 (pBgal36b). The down arrow indicates the culture time for
adding IPTG. Black circles, +IPTG; open circles, -IPTG

2 3 4   5 6          1 

β-galβ-gal

1

Fig. 137.5 SDS-PAGE and b-gal activity staining using nondenaturing PAGE analysis of the B.
longum b-gal gene overexpressed in E. coli ER2566 containing pBgal36b induced by 1 mM
IPTG. a SDS-PAGE. Lane 1, marker protein (molecular masses are indicated); lanes 2, 3, 4, 5,
and 6, induction for 1, 2, 3, 4, and 5 h, respectively. Arrow indicates overexpressed b-gal.
b Activity staining on a nondenaturing polyacrylamide gel. Lane 1, soluble fraction of IPTG-
induced E. coli ER2566 containing pBgal36b obtained after sonication
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Chapter 138
Identification of Symbiotic or Epiphyte
Microbe F17 from Pinctada Fucata
and Analysis of Its Main Metabolites
by GC–MS

Yanyan Wu, Yan Zhang, Laihao Li, Xianqing Yang, Wei Shi
and Zhengyi Shao

Abstract The strain F17 which had broad antibacterial spectrum and strong
antibacterial activity was isolated from Pinctada fucata sample collected from
Sanya, China. This strain was finally identified as Bacillus flexus based on mor-
phological, biochemical characteristics, and 16S rRNA sequence. Antifungal
spectrum was confirmed by oxford piate assay system and showed that F17 had
significant inhibitory effect against Escherichia coli, Bacillus subtilis, Staphylo-
coccus aureus, Listeria monocytogenes, Pseudomoas aerunginosa, Salmonella
typhimurium, Vibrio parahaemolyticus, Shigella dysenteriae, etc. The volatilis
components of the extracellular metabolites of F17 were analyzed by GC–MS. The
results showed that the main chemical compositions were 2-Methyl butyric acid,
Dioctyl phthalate, 2,3-Butanediol, 4-Chloro-2-nitrobenzyl alcohol, and Glycyl-L-
proline in the fermentation fluid extracted by ethyl acetate. In those, 2-Methyl
butyric acid and 2,3-Butanediol can be used in food flavor; 4-Chloro-2-nitrobenzyl
alcohol has certain development potential for antiseptic. Glycyl-L-proline is an
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important raw material in pharmaceutical and nutrient food industry. The exper-
iments showed the metabolites of F17 had great potential as food additives.

Keywords Bacillus flexus � Identification � GC–MS � Extracellular metabolites

138.1 Introduction

Symbiotic or epiphyte microorganisms mean the microorganisms which attach to
surfaces or live in the body of hosts, with relationship of mutual benefit or benefit
by oneself existing among them [1]. Pinctada. fucata is one of the important
economic seashell in south of China [2–4]. Many researches indicated that marine
symbiotic or epiphyte microorganisms can produce active compounds similar or
identical to the hosts. In 1994, Oclarit reported [5] that a strain obtained from the
sponge homogenate, can produce an antimicrobial peptide. Incidentally, this
antimicrobial peptide was ever found in sponge extract. Further investigations
found similar evidences in other marine invertebrate [6, 7]. In this paper, we
present the strain F17 to the identification. Main metabolites analyzed by GC–MS
were also presented. All above researches aimed to provide scientific basis for
application in food, medical, and forage industries.

138.2 Materials and Methods

138.2.1 Strains and Culture Media

The strain F17 was isolated from the mucous substance of P. fucata collected from
Lingshui sea waters in Sanya, China.E. coli, B. subtilis, S. aureus, L. monocyt-
ogenes, P. aerunginosa, S. typhimurium, V. parahaemolyticus, S. dysenteriae were
used as indicator bacteria for inhibitory effect. The strain F17 and all indicator
bacteria were stored at -20 �C in the water containing 20 % of glycerol [8–10]. We
should subculture twice before using in the manipulations. Nutrient agar and Zobell
2216E agar were used for culturing indicator bacteria and strain F17, respectively.

138.2.2 Preparation of Culture Supernatant

The strain F17 was incubated aerobically in 150 mL erlenmeyer flask containing
50 mL of seed medium (Zobell 2216E broth) on rotary shaker (250 rpm) at 28 �C
for 24 h. Then, this seed culture (15 % v/v) was transferred to 1 L production
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medium consisting of 2 % glucose, 0.1 % yeast extract, 0.5 % tryptone, 0.05 %
K2HPO4, and 0.05 % MgSO4�7H2O with pH 7.2 * 7.4, and incubated on an
orbital shaker at 150 rpm (72 h, 28 �C). Cells were harvested by centrifugation at
12,0009g for 20 min. The obtained culture supernatant was filtered through
0.22 lm membranes and stored at -4 �C.

138.2.3 Antimicrobial Activity

Eight different indicator bacteria were used to measure antimicrobial activity of
the culture supernatant by agar diffusion assay [11]. First, various indicator bac-
teria were diluted their cell densities to approximately 108 CFU/mL [12]; Second,
1 mL of corresponding indicator bacteria were added into 100 mL of nutrient agar
at 50 �C, respectively; Third, Petri dishes with 20 mL of nutrient agar consisting
corresponding indicator bacteria were prepared. Once solidified, four wells
(+7.8 mm) were made and filled with 100 lL culture supernatant in the wells, then
diffuse 2 h at 4 �C. Finally, the inoculated plates were incubated for 24 h at 37 �C.
The diameter of inhibition zone was measured with vernier caliper.

138.2.4 Taxonomic Studies of the Strain F17

138.2.4.1 Taxonomic Studies of the Strain F17

The strain F17 was morphologically and biochemical characterized by the method
described in Simbert’s paper [12].

138.2.4.2 Molecule Biology Identification

The extraction of genomic DNA was performed according to the method as
described by Cui [13]. The 16S rRNA gene was amplified with primers Eubac27
(50-30: AGAGTTTGATCMTGGCTCAG) and Eubac1492R (50-
30:GGTTACCTTGTTACGACTT) [14, 15]. Each 60 lL PCR reaction mixture
contained 0.2 lL of MightyAmp DNA Polymerase (1.25 U/lL), 30 lL of
29MightyAmp Buffer Ver.2 (4) mM Mg+, 800 lM dNTP, 1.5 lL of each primer
(100 ng/lL), and 2 lL template DNA (10.0 ng/lL). The reaction was then heated
to 96 �C for 32 min, followed by 40 cycles of denaturation at 96 �C for 10 s,
annealing at 55 �C for 15 s, and extension at 68 �C for 90 s. A final extension
stage of the PCR was carried out at 75 �C for 4 min. The amplified DNA fragment
was separated on 1 % agarose gel, and observed the purpose fragments under the
ultraviolet lamp. If the amplified DNA fragment amplified was successfull, then
sequences it by the BigDye terminator kit ABI310 Genetic Analyzer. Phylogenetic
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analysis was performed using the software package MEGA version 4.0, after
multiple alignments of data by CLUSTAL_X. The phylogenetic tree was recon-
structed using the neighbor-joining method [16].

138.2.5 GC–MS Analysis of the Metabolites

The supernatant was extracted with ethyl acetate [17, 18]. 40 mL of ethyl acetate
was added into 100 mL of culture supernatant sample (extraction for 30 min) for
three times. The extract liquor will be concentrated to 5 mL on a revolving
evaporator at 40 �C. Use the same way to blank liquids fermentation for extrac-
tion, named it as blank for the solution control. 2 lL of the derivative samples
were injected into GC–MS, respectively. A D25 fused silica capillary column
(30 m 9 0.25 mm 9 0.25 lm) was used for the separation with high pure helium
carrier gas at flow rate of 1.0 mL min-1. The GC oven was initially set at 40 �C
for 10 min, increased to 250 �C at a rate of 10 �C min-1, and then kept at 250 �C.
Splitless mode injection was used. MS detection was conducted with EI mode with
electron energy of 70 eV and full scan mode with m/z of 20–500 u.

138.3 Results and Analysis

138.3.1 Spectrum of Antimicrobial Activity

The result shows that culture supernatant had different effects against various
common pathogens in food. Among which, the antibacterial function to E. coli was
the best and antibacterial circle diameter up to 25.35 ± 0.31 mm. And the S.
typhimurium was the weakest, but the antibacterial circle diameter still reach to
9.78 ± 0.21 mm. Therefore, culture supernatant had broad antibacterial spectrum,
strong antibacterial activity (Table 138.1).

Table 138.1 Antimicrobial
spectrum of strain F17
(n = 3, x ± SD)

Indicator microorganisms Antibacterial circle
diameter (mm)

Staphyloccocus aureus 19.87 ± 0.18
Escherichia coli 25.35 ± 0.31
Bacillus subtilis 22.94 ± 0.24
Listeria monocytogenes 12.02 ± 0.14
Pseudomoas aerunginosa 12.34 ± 0.25
Vibrio parahaemolyticus 21.12 ± 0.09
Salmonella typhimurium 9.78 ± 0.21
Shigella dysenteriae 19.10 ± 0.20
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138.3.2 Identification Results of the Strain F17

138.3.2.1 Results of Morphological and Biochemical Identification

Morphological of the strain F17 showed the colony was milky white, not clear,
brightness and regular edges, and under the light microscope, a gram-positive
bacterium with gemmas, short rod single cell in shape. Biochemical character-
izations of the strain were listed in Table 138.2.

138.3.2.2 Sequence Analysis of 16 s rRNA Gene

Primary sequence data of the strain F17 was aligned and phylogenetically clas-
sified by CLUSTAL_X program. The phylogenetic tree was constructed by
neighbor-joining method with 1,000 replications in bootstrap analysis (Fig. 138.1).
The result showed that its sequenced RNA fragment was 1405-bp long, and the
16S rRNA sequence analysis indicated that it belonged to the branch of B. flexus
IFO 15715T, with a similarity of 99.929 %. According to the morphological,
biochemical characteristics, and sequence analysis of 16S rRNA, the strain F17
was finally identified as B. flexus.

Table 138.2 Results of biochemical identification

Tests Results Tests Results

Oxidase + Acid production
Catalase + Ribose +
Citrate assimilation - Glucose +
Nitrate reduction + Sucrose +
Phenylalanine deaminase - Maltose +
V–P + Trehalose +
Indole + Galactose +
H2S production - Fructose
Growth temperature Mannitol +
5 �C - Hydrolytic
30 �C + Starch +
50 �C - Gelatin +
Growth in NaCl Decrarboxylation of Amino acids
2 % + Lysine +
5 % + Arginine +
7 % + Tyrosine -
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138.3.3 Analysis of Components on Extracellular
Metabolites

The ethyl acetate extract was identified by GC–MS, respectively. Figure 138.2
shows that total ion chromatograms on contrast liquid Fig. 138.2a and strain
fermented liquid Fig. 138.2b. After searching NIST standard database, and with
the help of Agilent GC–MS software, showed 173 components in strain fermented
liquid and 169 components in contrast liquid in total.

From Fig. 138.2 and Table 138.3, We found the relative content of some
components in contrast liquid were decreased significantly, such as Bis-acrylam-
ide; 1,2-Benzened carboxylic acid bi(2-methylpropyl)ester; 2,4-Bis (1,1-dimeth-
ylethyl)-phenol, L-Ascorbic acid 2,6-dihexadecanoate. This demonstrated that

F17

Bacillus flexus IFO 15715T(AB021185)

Bacillus megaterium IAM 13418T(D16273)

Bacillus aryabhattai B8W22T(EF114313)

Bacillus koreensis BR030T(AY667496)

Bacillus circulans ATCC 4513T(AY724690)

Bacillus pocheonensis Gsoil 420T(AB24147).

Bacillus oceanisediminis H2T(GQ292772)

Bacillus kochii WCC 4582T(FN995265)

Bacillus purgationiresistans DS22T( FR666703)
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98Fig. 138.1 Phylogenetic tree
derived from 16S rRNA gene
sequence of strain F17
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strain F17 was using them during the metabolism. Through comparison, the rel-
ative content of four components increased enormously after fermentation which
was 2-Methyl butyric acid, 3-Methylbutanoic acid, Glycyl-L-proline, and Dioctyl
phthalate, respectively. There were four new components in fermented liquid as
the No.11–14 in the Table 138.3, most similar to lactic acid, 2,3-Butanediol,
Benzeneacetic acid, and 4-Chloro-2-nitrobenzyl alcohol with the similarity rate 92,
93, 68, 95 %, respectively. It is worthwhile to note that the similarity rate of No.13
component is only 68 %, and most similar to Benzeneacetic acid. So we need
further studies to identify this unidentified compound. The main chemical com-
positions of fermentation fluid extracted by ethyl acetate were 2-Methyl butyric
acid, Dioctyl phthalate, 2,3-Butanediol and 4-Chloro-2-nitrobenzyl alcohol, and
the relative content were all more than 10 %. According to The National Standard
of the People’s Republic of China—Food additives using standard GB2760-2011,
2-Methyl butyric acid can be used as allowable essence in food industry. On lower
concentrations condition, it has sweet fruit on the smell. Dioctyl phthalate is an
important and popular type plasticizer that can be used as food packaging material
in food industry. 2,3-Butanediol can be added to liquor in china, which could
evidently increase pit flavor in liquor and improve liquor smell flavor, and
strengthen liquor harmony. 4-Chloro-2-nitrobenzyl alcohol has antibacterial
activity in vitro and dilute form as a disinfectant and antiseptic. Besides, Glycyl-L-
proline in fermented liquid had higher relative content comparing with contrast
liquid. For the present, Glycyl-L-proline has been widely used in medicine and
food industry. In medicine industry, it was the important raw material in amino-
phenol transfusion and synthesize, it was also an important intermediate during
synthesizing an antihypertensive drug. In food industry, it can occur Maillard
reaction with sugar, so as to produce flavoring substance, Glycyl-L-proline can be
used to synthetic edible essence.

138.4 Conclusion

According to morphological, biochemical characteristics, and sequence analysis of
16S rRNA, the strain F17 was finally identified as B. flexus.

Our research first showed that the strain F17 may produce new sources of
antimicrobial substances. The main chemical compositions of fermentation fluid
can be used as antiseptic and edible essence in food industry (Table 138.3). The
fermentation fluid with wide antimicrobial spectrum may be caused by producing
4-Chloro-2-nitrobenzyl alcohol and kinds of organic acid during the process of
fermentation. Hitomi also reported [19] B. flexus, B. cereus, B. coagulans, B.
thuringiensis can ferment organic acid in 1996. The strain F17 may also be a
probiotic strain. However, the downside of this research only analyze the volatile
of the components, the physiological active substance may be not volatile, so the
extracellular metabolites of the stain F17 is worth studying further. In a word, we
must conduct toxicology text which should be carried out to estimate biological
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security before any kind of active substances of the strain F17 and before appli-
cation in food, medical, and forage industries.
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Chapter 139
Construction of Genomic Expression
Library Vaccines Against Avian
Pasteurella Multocida and Detection
of the Immune Efficacy

Qiang Gong, Cuili Qin and Ming Cheng

Abstract The random DNA fragments (500–3000 bp), which obtained from
genomic of avian Pasteuella multocida CVCC474 with restriction enzyme Sau3AI
were cloned into the BamHIsite of the eukaryotic expression vector pcDNA3.1(+)
to construct the genomic expression library. The library was subdivided into five
clone pools and the recombinant plasmids were extracted from each group. The
Balb/c mice named groups 1–5 were vaccinated with these recombinant plasmids
respectively, and the mice injected with pcDNA3.1(+) and PBS were negative
control. After immunization the serum antibodies were tested by ELISA. Immu-
nized mice were challenged with virulent of avian Pasteurella multocida, the
relative protection rate was counted. The results showed the levels of antibodies
and the relative protection rate in group one was significantly higher than 1–4
groups (P \ 0.05) and control groups (P \ 0.01). The results indicated genomic
expression library vaccines provide a promising approach for the prevention of
avian pasteurellosis.

Keywords Avian Pasteurella multocida � Expression library � Immunization �
Vaccine

139.1 Introduction

Avian Pasteuella multocida is the etiological agent of avian pasteurellosis (fowl
cholera), which is a widely distributed disease of poultry, particularly chickens,
turkeys, ducks, and geese in many countries [1]. The high morbidity and mortality
associated with fowl cholera result in significant economic losses to the poultry
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industry. The major control measures against this disease are drug treatment,
particularly antibiotics. However, the disease is easy to relapse after drug with-
drawal, the pathogen susceptible to drug resistance after long-term medication, and
also may produce significant toxic effects to avian. Laying rate may significantly
decrease in layers and drug residue in broilers. Therefore, it is necessary to im-
munoprophylaxis with available vaccines to fundamentally control the prevalence
of fowl cholera.

Currently, the vaccines for prevention of fowl cholera include attenuated vac-
cine and inactivated vaccine. However, the protective effect achieved through
commercial live vaccine is not ideal. The attenuated vaccine has some short-
comings, for instance, short-term immunoprotection and poor protective effect.
Residual virulence may lead to degression of laying rate, and the disease may be
outbreak after incorrect use [2]. The immunological effect of inactivated vaccine is
not as good as live vaccine, therefore, the inactivated vaccine is rarely applied.

The lack of an effective vaccine for preventing this disease has stimulated the
search for new candidate immunogens for novel vaccine. Expression library
immunization (ELI) is an alternative approach that has the potential to identify the
vaccine antigens. ELI was first reported by Barry et al. [3]. Piedrafita et al.
demonstrated that DNA vaccination with genomic libraries of mycoplasma pul-
monis can induced protection against challenge exposure of parental strain in mice
[4]. The research of Hernández showed experimental animals immunized with the
genomic expression library of mycobacterium tuberculosis had a significant
reduction of viable bacteria in lungs and less pulmonary tissue damage [5].

In this study, we constructed the genomic expression library of Avian
Pasteuella multocida. The recombinant plasmids were extracted and mice were
vaccinated with these plasmids. The levels of antibodies and efficacy of protection
were tested. The aim of this study was to lay a foundation for screening of
immunogens and for the development of vaccines against Pasteurella multocida
infection.

139.2 Materials and Methods

139.2.1 Mice, Bacteria Strains, Plasmids, and Cells

Female Balb/c mice (6 weeks old) were purchased from Experimental Animal
Center of Henan Province. Avain Pasteurella multocida-CVCC474 strain was
purchased from Chinese Institute of Veterinary Drug Control (IVDC). Competent
cell TG1, the eukaryotic expression vector pcDNA3.1(+) was conserve in the
laboratory of He Nan University of Science and Technology in China.
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139.2.2 Construction of the Library

Genomic DNA was extract from avain Pasteurella multocida-CVCC474 strain as
previously described [6] and digested with the restriction enzyme Sau3AIto
median sizes of 500–3000 bp. These fragments were purified using the gel
extraction kit. The eukaryotic expression vector pcDNA3.1(+) was digested with
BamHIand treated with alkaline phosphatase. Then it was ligated with Sau3AI-
digested gene fragments and transformed into competent E.coli TGl by electro-
poration [7]. The E.coli cells were plated into Luria-Bertani (LB) agar plates
supplied with and incubated overnight at 37 �C resulting in the genomic expres-
sion library about 106 clones.

139.2.3 Identification of Library and Extraction
of Recombinant Plasmids

Eight clones were randomly selected from the library and inoculated in 5 ml LB
with ampicillin (50 lg/ml) and cultivated overnight at 37 �C. The recombinant
plasmids were extracted and identified with restriction enzyme EcoRI and HindIII.
Then the library was randomly assigned to five clone pools. The plasmids of each
pool were prepared on a large scale using the alkaline lysis method, and the
plasmid preparations were adjusted to 1 lg/ll using phosphate-buffered saline
(PBS, 0.01 M, pH 7.2) for further experiments.

139.2.4 DNA Immunization of Mice

Six-weeks-old female Balb/c mice (n = 75) were randomly assigned to seven
groups, named groups 1–5, pcDNA3.1(+) group and PBS group. The mice of
groups 1–5 and pcDNA3.1(+) group were immunized intramuscularly with 100 lg
of plasmids from clone pools 1–5 and empty vector pcDNA3.1, respectively. Mice
in the PBS group were injected with 100 ll PBS (0.01 M, pH 7.2). The animals in
each of the above groups were immunized three times at 2-week intervals.

139.2.5 Elisa

Blood samples were drawn from mice with tail cutting every week after immu-
nization, and then the serum specimens were isolated. The serum antibody titers
were determined using indirect enzyme-linked immunosorbent assay (ELISA).
ELISA was performed as following: Flat bottomed 96-well plates were coated
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with 100 ll ultrasound lysates (20 lg/ml) of avain Pasteurella multocida-
CVCC474. The plates were washed with 0.01 M phosphate buffer saline with
0.05 % tween-20 (PBST, pH7.2) and blocked with 3 % Sodium caseinate for 2 h
at 37 �C. Then the plates were incubated for 1.5 h at 37 �C with 100 ll of the
serum samples (diluted 1/100 with PBST). The plates were washed three times
with PBST and goat antimouse IgG- Horseradish peroxidase was added and
incubated at 37 �C for 1.5 h. Plates were washed three times with PBST, then
50 ll Ortho-phenylene diamine was added and incubated for 20 min. Enzyme
activity was stopped by adding an equal volume of 2 M H2SO4, and the
absorption was measured at 492 nm. Antibody titers were determined for up to
6 weeks before challenge. All the serum samples of each weekly extraction were
studied in the same ELISA plate, with two replicates.

139.2.6 Challenge Study

Fifteen days after the final vaccination, the mice were challenged with 3 9 102

(5LD50) virulent strain CVCC474 subcutaneously. The mice were observed for
15 days, the survival number and the relative protection rate was counted.

139.2.7 Analysis of Data

Results corresponding to ELISA and challenge experiment were analyzed
employing the origin75 software. Analysis of variance was used to determine the
significance of differences in means between the experimental groups. Difference
with P \ 0.05 was considered significant.

139.3 Results

139.3.1 Identification of Library

Clones were selected randomly from the library and recombinant plasmids were
extracted. They were digested with two kinds of restriction endonucleases EcoRI
and HindIII. The Enzyme-digested products were analyzed by agarose gel elec-
trophoresis. As shown in Fig. 139.1, the DNA fragments between 500–3000 bp
were obtained, indicating the genomic expression library of avian Pasteuella
multocida CVCC474 were constructed successfully.
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139.3.2 Serum Antibody Levels

Conserved plates containing library clones were combined and assigned to five
clone pools. The plasmids of each pools were extracted on a large scale and
injected mice. The serum specimens from vaccinated mice were isolated
1–6 weeks after the first immunization and were assayed for the presence of
specific antibodies using indirect enzyme-linked immunosorbent assay (ELISA).
As shown in Fig. 139.2, after immunization, antibody level of serum of all the
experimental groups (groups 1–5) presented the rising trend. The serum antibody
levels in the group 1 was significantly higher than those in groups 2–5 (P \ 0.05)
and in the two negative control groups (pcDNA3.1(+) group and PBS group,
P \ 0.01). There are no difference in the antibody levels among other experi-
mental groups (P [ 0.05), though the group 2 was slightly higher than the others.
In addition, the serum antibody levels in groups 1–5 were significantly higher than
those in pcDNA3.1(+) groups (P \ 0.01).

Fig. 139.1 Electrophoresis of recombinant plasmids digested with EcoRI and HindIII. M Wide
Range DNA Marker (100–6000); 1 pcDNA3.1(+) empty plasmid; 2–9 recombinant plasmids
digested by EcoRI and HindIII
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Fig. 139.2 The dynamic changes of serum antibody level in serum from immunized mice.
Following the first immunization, serum antibody levels were measured by indirected ELISA
weekly until 6 weeks. Group 1 (u); group 2 (j); group 3 (m); group 4 (s.); group 5
(*);pcDNA3.1(+) vector (d); PBS (e)
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139.3.3 Protection Against Challenge with Avian Pasteuella
Multocida CVCC474

Groups of mice were challenged with live virulent avian Pasteurella multocida
CVCC474 strain 15 days after the third immunization. Survival number and rel-
ative protection rate were counted till 15 days (Table 139.1). The mortality of
mice receiving PBS were 93.33 % after challenge, and the pcDNA3.1(+) group
were 86.67 %. The relative protection rate of group 1, group4, and group 5 was
higher than other groups (P \ 0.05). Particularly, the immunoprotection efficiency
of group 1 was optimal, the relative rate of protection was 64.29 %.

139.4 Discussion

Currently, candidates for avian Pasteurella multocida DNA vaccine antigens
include Outer membrane proteins (Omps), capsule, and Type 4 fimbriae [8–10].
However, there are large differences between the immune efficacies of DNA
vaccines constructed using these genes. Their protective efficacy hardly exceeds
that of attenuated live vaccine. Thus, screening and research of novel protective
antigen genes is required to develop effective vaccines for controlling avian pas-
teurellosis. Immunization with genomic expression libraries has emerged as a
novel technology for the discovery of vaccine candidate genes against some
pathogens. Some studies have showed the identification of individual protective
genes by the sequential fraction of cDNA or genomic expression libraries [11–13].
Identify vaccine candidates against avian Pasteurella multocida by means of this
technology is promising, since other study has demonstrated that fusion and
combined DNA vaccines against avian pasteurellosis could induce a higher
immune response than monovalent DNA vaccines [14].

At present study, we constructed the genomic expression library of avian
Pasteurella multocida and evaluated the immune efficacy. Humoral

Table 139.1 The protective efficacy against lethal challenge with avian Pasteurella multocida
(aP \ 0.05, bP \ 0.01.)

Groups Survival number/Total Mortality (%) The relative protection rate (%)

Group 1 10/15 33.33 64.29b

Group 2 5/15 66.67a 28.57a

Group 3 3/15 80.00b 14.29
Group 4 7/15 46.67a 50.00a

Group 5 5/15 66.67a 28.57a

pcDNA3.1(+) 2/15 86.67b 0
PBS 1/15 93.33b 0

The relative protection rate (%) = (1-Mortality of experimental groups/Mortality of control
group) 9 100 %
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immunoresponse is an important factor in resistance to avian Pasteurella multo-
cida infection. In this study, we detected the levels of antibodies induced by the
recombinant plasmids extracted from clone pools 1–5 of the library in mice
(group1–5), and found that the level of antibody response of group 1, which was
vaccinated with clone pool 1 plasmids, was higher than the other groups.

The challenge experiment is one of the important indexes to evaluate the
protective efficacy of vaccines. In this study, mice immunized with various
recombinant plasmids were challenged with virulent avian Pasteurella multocida.
Among these DNA vaccines, the plasmids from clone pool 1 showed promise.

A future direction for our studies could therefore include investigating co-
delivery of interleukins such as IL-2 and IL-10, that have been shown to modulate
immune responses to DNA vaccines, with our novel antigens delivered as DNA
vaccines to mice in attempts to elicit long-lived antibody and cell-mediated
immune responses in our vaccinated animals [15, 16]. There are a lot of screening
which antigenic ingredient in the better immune protection clone had played a role
in immune effects need to be done. The task now is to identify specific antigens
from our novel library that can be formulated in a subunit and DNA vaccine to
induce a protective immune response against fowl cholera. In conclusion, we
demonstrated that expression library immunization enabled screening of the avian
Pasteurella multocida genome for potential vaccine candidates, and provided a
valuable reference for the design of future DNA vaccines against fowl cholera.
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Chapter 140
Expression of Recombinant Human Bone
Morphogenetic Protein 2 in Insect Cells,
Purification and Activity Analysis

Wen Chu, Shenheng Luo, Lihong Xu, Minhui Long and Aipo Diao

Abstract The aim was to produce recombinant human bone morphogenetic
protein 2 (BMP2) using baculovirus-insect cell protein expression system. The
recombinant protein was purified by high affinity Ni-charged resin, then the bio-
activity of recombinant protein was detected by alkaline phosphatase assay, and
the result showed that the recombinant BMP2 stimulated alkaline phosphatase
activity in MC3T3-E1 cells, which lay the foundation for further study and
application of recombinant BMP2.

Keywords Human bone morphogenetic protein 2 � Baculovirus-insect cells
protein expression system � High5 � Alkaline phosphatase

140.1 Introduction

Bone morphogenetic proteins (BMPs) belong to the members of the transforming
growth factor TGF-b super genes family [1], people have already separated BMP
from many animals’ bone matrix like cows, pigs, sheeps, mice, rabbits and people
[2], there are 21 members in BMP family [3], they have the ability to induce
mesenchymal cells and osteoprogenitor cells to differentiate into chondrocytes and
bone cells, which can induce new bone formation except BMP1 [4–6]. Along with
the wide application of genetic engineering and deeper research of the bone
induction and BMP biological characteristics, BMPs had been proved to be the
most important differentiation factors [7] for normal embryonic period bone [8]
and adult bone repair [9–11]. This group of proteins have important value no

W. Chu � S. Luo � L. Xu � M. Long � A. Diao (&)
College of Biotechnology, Tianjin University of Science and Technology, Tianjin 300457,
People’s Republic of China
e-mail: diaoaipo@tust.edu.cn

T.-C. Zhang et al. (eds.), Proceedings of the 2012 International Conference
on Applied Biotechnology (ICAB 2012), Lecture Notes in Electrical Engineering 251,
DOI: 10.1007/978-3-642-37925-3_140, � Springer-Verlag Berlin Heidelberg 2014

1309



matter for the basic biological research, or for the clinical application. So they had
been the hotspot in the field of bone since they found [12].

In this experiment, the Sf9 insect cells were cotransfected with plasmids of
pBAC-2CP-BMP2 and baculovirus flashBAC DNA to produce recombinant bac-
ulovirus, containing the BMP2 mature peptide encoded gene. High5 insect cells
were infected with recombinant baculovirus to express BMP2 recombinant protein
mature peptides efficiently, the expressed BMP2 protein was purified by high
affinity Ni-charged resin, the bioactivity of recombinant protein was detected by
alkaline phosphatase assay and the result showed that the recombinant BMP2
could stimulate alkaline phosphatase activity in MC3T3-E1 cells.

140.2 Materials and Methods

140.2.1 Materials

Restriction enzyme BamHI, EcoRI and T4 DNA ligase, pfu and Taq DNA poly-
merase were bought from Fermentas company; DNA purification and Miniprep
plasmid extraction kit were bought from Tiangen company; Insect cell expression
vector pBAC-2CP was from Novagen; Insect cells culture medium, DMEM
medium and bovine serum were bought from GIBCO company; Escherichia Coli
TOP10 competent cells, Sf9 insect cells, High5 insects cells, MC3T3-E1 mice
fibroblast cells were preserved in the laboratory.

140.2.2 Methods

140.2.2.1 Insect Cell Culture

Insect cells were grown at 28 �C without CO2 in a monolayer are split 1:5–1:8
every 3–4 days when confluence was between 85 and 95 %. To initiate shake
culture from monolayer cultures, cells were dislodged from flask by pipetting
medium over cells, and diluted with pre-warmed 28 �C medium to final concen-
tration of 0.75 9 106 cells/ml [13]. Sf9 or High5 insect cells were grown and
maintained in suspension culture in a temperature controlled orbital shaker oper-
ating at 150 rpm.

140.2.2.2 Production of Recombinant Baculovirus

To produce recombinant baculovirus, insect cells were co-transfected with transfer
plasmid DNA and flashBAC DNA in 35 mm culture dish, cells were grown at
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28 �C without CO2 for 6 days. Homologous recombination between these two
molecules yielded a baculovirus genome with the promoter and target sequence
from the transfer plasmid located between the ORF1629 and the lef2 loci. The
recombination also restored the function of the essential viral ORF1629, enabling
the recombinant baculovirus to replicate and produce a population of recombinant
viruses, which were released into the medium [14]. Six days after, the recombinant
baculovirus in the supernatant was collected.

140.2.2.3 Amplification of Recombinant Virus

1 ml recombinant viruses were added to 10 cm sf9 insect cells culture dish, cells
were grown at 28 �C without CO2. Six days later, the supernatant was collected.
Prepared 100 ml suspension culture of sf9 cells at an appropriate cell density, cells
should be infected at a low multiplicity of infection, appropriate recombinant virus
seed stock harvested from 10 cm sf9 insect cells culture dish was added to sus-
pension culture cells. Incubated with shaking until cells were well infected (usu-
ally 6 days). When cells appeared to be well infected with viruses, cell culture
medium was collected by centrifugation at 3,000 rpm for 4 min at 4 �C. Stored
supernatant (recombinant virus stock) in dark at 4 �C and took out a small amount
for PCR test.

140.2.2.4 BMP2 Protein Expression

Prepared 500 ml suspension culture of High5 cells at an appropriate cell density,
appropriate recombinant virus seed stock harvested from 100 ml sf9 insect cells
culture dish was added to suspension culture High5 cells, cells were grown at
28 �C for 3 days, cells and culture medium were collected at different time points
after infection (24, 48 and 72 h) and protein expression were evaluated by SDS-
PAGE analysis.

140.2.2.5 Protein Purification

The recombinant protein was purified using high affinity Ni-charged resin (Gen-
Script). Cell pellet was resuspended in 50 mM sodium phosphate buffer containing
8 M urea, after centrifugation the supernatant wase incubated with Ni-charged
resin for 1 h at 4 �C. The Ni-charged resin was washed with buffer containing
gradient concentration of urea (6 M, 4 M, 2 M, 1 M, 0 M) and 20 mmol imid-
azole. Purified protein was eluted with 0.5 M imidazole and dialysed in PBS. The
purified protein was analysed by SDS-PAGE.
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140.2.2.6 Activity Assays of BMP2 Protein

The bioactivity of recombinant BMP2 protein was detected by alkaline phos-
phatase assay. MC3T3-E1 cells were cultured in 96-well with the density of the
cells at 105 cells/ml, 100 ll each well, cells were grown at 37 �C for 1 day.
Different concentration protein samples and standard samples were added, parallel
and controls were set, then cells were grown at 37 �C for further 5 days. Five days
later, the medium was removed, 100 ll 1 % Triton X-100 solution was added and
placed at 4 �C for 1 h, then repeated freeze-thaw three times. 50 ll alkaline
phosphatase reaction liquid substrates (1 mmol/L PNPP, 0.1 mol/L MgCl2) were
added, placed at 37 �C for 1 h then 1.25 mol/L NaOH was added to terminate the
reaction. Enzyme standard instrument was used to determine the spectrophotom-
etry at 405 nm wavelength.

140.3 Results and Discussion

140.3.1 Production and Amplification of Recombinant
Baculovirus

The DNA fragment encoded human BMP2 mature peptide was amplified by PCR,
and inserted into insect cell expression vector pBAC-2CP to produce recombinant
plasmid pBAC-2CP-BMP2, and indentified by DNA sequencing. Sf9 cells were
co-transfected with plasmid pBAC-2CP-BMP2 and flashBAC DNA in 35 mm
culture dish to produce recombinant baculovirus containing the BMP2 mature
peptide encoded gene. To indentify the recombinant baculovirus, the virus DNA
was extracted by proteinase K and indentified by PCR. Figure 140.1 showed that
the BMP2 mature peptide encoded DNA fragment was successfully inserted into
the virus genome to produce recombinant baculovirus.

Fig. 140.1 Identification of
recombinant virus by PCR.
M DNA marker, 1 negative
control (without template), 2
positive control (pBAC-2CP-
BMP2 plasmid), 3 pBAC-
2CP-BMP2 virus DNA

1312 W. Chu et al.



140.3.2 BMP2 Protein Expression

Appropriate recombinant virus seed stock harvested from 100 ml sf9 insect cells
culture dish was added to 500 ml suspension culture High5 cells, when the cell
density reach 2 9 106 cells/ml, placed at room temperature for 1 h, then 200 ml
fresh medium was added, cells were grown at 28 �C for 3 days. Samples were
taken everyday and the protein expression was evaluate by SDS-PAGE analysis.
The result showed that recombinant BMP2 started to express 2 days after infec-
tion, with the highest expression level at the third day (Fig. 140.2).

140.3.3 Protein Purification

High5 cells were harvested 3 days after infection and resuspended in 50 mM
sodium phosphate buffer containing 8 M urea. The recombinant protein was

Fig. 140.2 Expression assays of BMP2 protein. M protein marker (14/18/25/35/45/66/
116 kDA), 1 Bmp2 (1 day)-total, 2 Bmp2 (1 day)-pellet, 3 Bmp2 (1 day)-supernatant, 4 Bmp2
(2 days)-total, 5 Bmp2 (2 days)-pellet, 6 Bmp2 (2 days)-supernatant, 7 Bmp2 (3 days)-total, 8
Bmp2 (3 days)-pellet, 9 Bmp2 (3 days)-supernatant

Fig. 140.3 Purification
assays of BMP2 protein.
M protein marker, 1 BMP2
total, 2 BMP2 purified
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refolded and purified using high affinity Ni-charged resin. The purified protein
contains *15 kDa BMP2 protein monomer and *30 kDa BMP2 protein dimer
(Fig. 140.3).

140.3.4 Activity Assays of BMP2 Protein

The differentiation of osteoblasts and the activity of intracellular alkaline phos-
phatase can be stimulated by BMP2 [15]. The bioactivity of recombinant BMP2
protein was detected by alkaline phosphatase assay using MC3T3-E1 cells. The
activity of intracellular alkaline phosphatase increased obviously with the
increasing concentration of recombinant BMP2 protein, but not for the control
using recombinant protein His-interferon a (Fig. 140.4).

140.4 Conclusion

Bone morphogenetic proteins (BMPs) are a group of growth factors, originally
discovered by their ability to induce the formation of bone and cartilage. The
natural BMP2 protein was separated and purified in 1988, which plays a key role
in osteoblast differentiation [16]. Recombinant human BMP2 protein has been
produced using genetic-engineering technology, however, because recombinant
BMP2 had lower activity to induce ossify, it still not widely used in clinic [17].

In this experiment, baculovirus-insect cells protein expression system was used
to express recombinant human BMP2 protein. Baculovirus expression system is an
eukaryotic protein expression system widely used in recent years [18–20], it has
some advantages including: high protein expression level; expressed protein has
proper modification (glycosylation) and easy to operate. We successfully produced
recombinant human BMP2 using baculovirus-insect cell protein expression sys-
tem, and the recombinant BMP2-stimulated alkaline phosphatase activity in
MC3T3-E1 cells, which lay the foundation for further study and application of
recombinant BMP2.

Fig. 140.4 Activity assays
of BMP2 protein
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Chapter 141
Biotechnology of Azobenzene-Modified
DNA and RNA

Xingguo Liang and Jing Li

Abstract Chemically modified nucleic acids have been widely investigated as
antisense and RNAi candidates for therapeutic applications, agents, and probes for
nucleic acid analysis, as well as tools for understanding the biological process. On
the other hand, artificial regulation of gene expression using light as the external
trigger has aroused much interest. In this study, we describe the molecular design
of chemical modification of nucleic acid by introducing azobenzene, which can
reversibly photoisomerize between trans and cis forms. By using the DNA
modified by multiple azobenzenes, the duplex formation and dissociation were
efficiently photoregulated. Several enzymatic reactions such as transcription, RNA
cleavage, and gene expression were also efficiently photo-controlled. Furthermore,
the azobenzene-modified DNA was utilized as a novel nanomaterial to create an
artificial double helix for constructing functional nanostructures and nanodevices.

Keywords Azobenzene � Modified nucleic acid � Nanotechnology �
Photoregulation

141.1 Introduction

Chemical modification of nucleoside, nucleotide, and oligonucleotide has been
extensively studied both as therapeutic agents and as tools for biological analysis.
The modified nucleic acids have been used in a large variety of fields, such as
diagnostics, detection, therapeutics, sequencing, as well as basic molecular biology
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[1, 2]. On the other hand, novel technologies using photochemistry have become
powerful and contribute greatly to the modern industry [3]. Light is also an ideal
external trigger to switch a biological reaction either in vitro or in vivo [4].
Accordingly, modification of biological molecules with photoresponsive groups is
extremely attractive because control of their functions can be easily realized by
simple light irradiation [5]. Other merits using photons as external stimulus are (1)
light irradiation is easily controlled spatially at a pinpoint position; (2) both
amount and time of irradiation can be tuned by will; (3) light irradiation is a
noninvasive approach that causes almost no secondary perturbation of cellular
processes; (4) wavelength can also be selected when various modified photore-
sponsive groups are used. Obviously, modification of nucleic acids with photo-
responsive molecules is a direct way to reach the aim of photocontrolling gene
expression.

Basically, there are two ways to modify nucleic acids and render them the
photoresponsive capacity [6, 7]. One method is attaching a ‘‘caged’’ group to a
nucleic acid molecule [8]. Another method is attaching to the nucleic acid a
photoswitch that can isomerize between two chemical structures by light irradia-
tion of various wavelengths. The ideal modification is that the function of modified
nucleic acid is highly active when the attached molecule takes one structure (e.g.,
trans-azobenzene); on the other hand the function is turned off when the attached
molecule is photoisomerized to another structure (e.g., cis-azobenzene) [9]. The
approach of caging has a merit of complete function recovery once the cage group
is removed. Its main demerits include (1) the removed cage group may contam-
inate the system; (2) photoregulation cannot be reversible; (3) in some cases, the
high light strength is required for efficient removal of cage group and efficient
regulation becomes difficult. As comparison, the photoswitch approach can easily
achieve reversible regulation, although it is a challenge for modified nucleic acid
to retain its function.

Azobenzene is an ideal molecule for photoswitch due to its clean photo-
chemistry and drastic structure change with trans-cis isomerization [9, 10]. From
the late 1990s, nucleic acid chemists have started to modify DNA using azoben-
zene as a photoswitch [11]. In 1998, Asanuma et al. introduced azobenzene as an
analog of nucleobase to oligonucleotides through an acyclic linker [12]. The
photoregulation of DNA duplex formation and dissociation was first realized.
Later, structures of both linker and azobenzene were optimized for clear-cut
photoregulation. In the present review, I will summarize the molecular design of
azobenzene-modified nucleic acids and their applications to photoregulation of
DNA/RNA biofunctions. The construction of photoresponsive DNA nanostruc-
tures and light-driven DNA nanomachines will also be described.
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141.2 Modification of Nucleic Acid with Azobenzene
Derivatives for Photoregulation of its Hybridization

141.2.1 Distinguishing Features of Introducing Azobenzene
Via an Acyclic Linker

As we know, a tiny change in the structure of biomolecules usually causes com-
plete loss of their functions. Normally, modification is carried out at 5-position of
thymine, 20-position of ribose, or the phosphodiester linkage to minimize the
structural perturbations by modification [1]. However, the difficult chemical pro-
cedures are usually required to perform this kind of modification. Another
approach is to synthesize a phosphoramidite monomer involving the functional
group so that it can be easily introduced to any sequence on a DNA synthesizer.
Obviously, it is a challenge to retain the binding of a protein at the modified site
because even the backbone is greatly changed. In order to develop an artificial
photoresponsive oligonucleotide which can be easily synthesized and utilized for
photoregulation of DNA function, we designed a phosphoramidite monomer in
which azobenzene is attached to a dinol linker [12, 13].

Figure 141.1 shows the structure of azobenzene-modified DNA we synthesized.
As a type of 1, 3-propanediol linker (abbreviated as a C3 scaffold), 2, 2-
bis(hydroxymethyl) propionic acid (C3–COOH) was first used as the acyclic linker
for attaching azobenzene [13]. Obviously, both the backbone and side chain
(formed by nucleobases A, G, C, and T in native DNA) changed greatly after
modification. As the size of azobenzene is much bigger than a nucleobase, when
the azobenzene-modified oligonucleotide forms a duplex with a non-modified one,
the azobenzene moiety is like a wedge to insert between two adjacent base pairs
(Fig. 141.2) [141.14]. The modified oligonucleotide is longer than its comple-
mentary strand by one nucleotide. Interestingly, the asymmetry of the structure
does not affect much the stability of the duplex because the destabilization effect
caused by the steric torsion is compensated by the strong stacking of azobenzene
with base pairs. When a short C2 linker (C2-COOH) is used (Fig. 141.1), more
stable duplex can be obtained, although the improvement is not so notable [15].
These results also demonstrate that DNA duplex has big structural flexibility, and
even drastic structure change is allowed for its modification.

As DNA duplex is usually right-handed helix, chirality is important for stabi-
lizing the duplex. When threoninol (C3–NH2) was used as the linker, for example,
the D-configuration fits well with B-form DNA duplex, and shows more stabil-
ization effect [16]. Structural analysis by 2D NMR revealed that R-configuration of
C3–COOH (similar configuration as D-threoninol) fits well with B-form right-
hand duplex (Fig. 141.2) [14]. For S-configuration of C3-COOH and L-threoninol,
the hydrophobic azobenzene also intercalates well between two adjacent base
pairs. The less stability as compared with R- or D-configuration is caused by the
more steric stress due to the torsion of the linker.
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141.2.2 Photoregulation of DNA Duplex and Triplex
Formation by Using Azobenzene-Modified DNA

As we know, almost all functions of nucleic acids are related to the dissociation of
the double helix. Our assumption is direct and simple: once the duplex formation
and dissociation can be photocontrolled, many functions of nucleic acids can be
regulated by light irradiation. Accordingly, we first checked whether photoiso-
merization can dissociate the duplex.

As shown in Fig. 141.3, photoisomerization of azobenzene to cis form did
cause partial dissociation of DNA duplex, although only 10–20 % duplex could
open after UV light irradiation (300–400 nm) at a fixed temperature. The effi-
ciency of photoregulation was evaluated by the difference in Tm between trans and
cis form (DTm). For an 8 bp duplex, the photoisomerization of azobenzene showed
a DTm of only 8.9 �C [13]. The less efficiency, very short sequence, and limited

Fig. 141.1 Structures of a nucleotide and the artificial units in photoresponsive oligonucleotides

Fig. 141.2 NMR structure of
a DNA duplex involving
azobenzene moiety
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temperature range for regulation did not dampen scientists’ enthusiasm for making
use of photons to regulate gene expression in a controllable manner. The concept
and creative novelty are very attractive. Another interesting point is that the
regulation is completely reversible, and no deterioration of azobenzene was found
during light irradiation.

The mechanism of photoregulation is easily understood: hydrophobic planar
trans-azobenzene intercalates between base pairs and stabilizes the duplex by
stacking interaction; non-planar cis-azobenzene destabilizes the duplex by steric
hindrance. More strong interaction of trans-azobenzene with adjacent base pairs
causes more difference in stability between trans- and cis-azobenzene [15].

The modified DNA can also be used as the third strand (TFO, triplex formation
oligonucleotide) to photoregulate the DNA triplex formation and dissociation [17,
18]. One azobenzene in the middle position of a 13 nt TFO can cause a DTm of
36.2 �C. However, the strong interaction between base pairs and azobenzene
decreases greatly its efficiency of cis-to-trans photoisomerization. Only about
40 % of azobenzene can be isomerized to cis form at 20 �C.

141.2.3 Optimization of the Acyclic Linker and Azobenzene
Derivatives

Although potential photoregulation ability had been shown by introducing azo-
benzene to DNA, several requirements should be satisfied. (1) The stability of cis
form should be improved because the thermal cis-to-trans isomerization causes
problems during photoregulation. (2) The photoregulation efficiency was too low.
(3) The efficiency of trans-to-cis photoisomerization decreased when trans-azo-
benzene intercalates into a duplex. (4) The activity of an enzyme or a cell is
affected when UV light is used. (5) When a prochiral linker like C3–COOH is

Fig. 141.3 Photoregulation of DNA duplex formation by using azobenzene-modified DNA. a Tm

curves of a duplex with an azobenzene either in trans or cis form; b Schematic illustration of the
regulation with light of various wavelengths
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used, multiple introduction of azobenzene becomes difficult. (6) The asymmetry
structure reduces the photoregulation efficiency. (7) Big structure change in the
duplex blocks the interaction of DNA with other biomolecules. (8) As the back-
bone changes a lot, the modified oligonucleotides cannot be used as the template
for DNA or RNA synthesis. (9) The azobenzene moiety cannot be introduced
using an enzymatic way because polymerase cannot use the corresponding tri-
phosphate of azobenzene monomer as the substrate. Accordingly, molecular
design should be modulated for various requirements and applications.

At first, we used meta-aminoazobenzene (m-Az in Fig. 141.1) to replace para-
aminoazobenzene (p-Az), and the half-life of cis form increased from 1.0 to 64 h
at 37 �C [19]. This result proved again that the conjugation of substitute group on
azobenzene with N = N double bond causes low thermal stability of cis-azo-
benzene. However, the photoregulation efficiency decreased to some extent as
compared with the para one. We tried meta-naphthalene (m-Nap in Fig. 141.1),
which has bigger size for more structure change between trans and cis isomers, the
thermal stability of cis form decreased [20].

For C3–COOH, two diastereomers are obtained when one azobenzene moiety is
introduced. When n azobenzenes are attached, the number of structures is 2n, and it
is difficult to purify them. Although a chiral C2-linker was used to solve this
problem, and photoregulation efficiency increased a little, the problem of thermal
stability of cis form remained unsolved [15]. More than 30 % of cis form isom-
erized to trans-form even during Tm measurement.

Based on the above efforts, we noticed that chiral threoninol is the best option to
solve problems of both thermal stability and multiple introductions. Reynolds first use
L-threoninol to attach a functional group [21]. Our experiments showed that half-life
of cis-C3NHCO using D-threoninol as the linker was 3.3 h at 60 �C [22]. The change
in Tm (DTm) of a 12 bp duplex caused by photoisomerization of one azobenzene was
5.7 �C. It was proved that D-threoninol could satisfy the basic requirement of pho-
toregulation and it was used as the standard linker from then on [16].

For improving the regulation efficiency of a long DNA duplex, introduction of
multiple azobenzenes is required. When 9 azobenzenes were introduced via D-
threoninol into a 20 bp duplex, the DTm increased to 62 �C, although the duplex
was highly asymmetric [23]. Even in this case, if the temperature of irradiation is
fixed, only about 50 % of DNA duplex can be photoregulated. Further improve-
ment in photoregulation efficiency was also required.

To improve the photoregulation ability, several methyl substituted azobenzene
derivatives were used as photoswitches (Fig. 141.4). Interestingly, in the case that
two methyl groups are present at the two ortho positions of the distal benzene ring
(2060-Azo), DTm increased from 5.7 to 14.6 �C when one azobenzene derivative
was introduced into a 12 bp duplex [22]. For the derivative with two methyl
groups at other positions or only one methyl group, no obvious effect was found.
More interestingly, the thermal stability of cis-2060-Azo (t1/2 = 25 h at 60 �C) is
about 8 times higher than that of non-substituted azobenzene. However, the trans-
to-cis isomerization becomes difficult, and only 65–70 % of 2060-Azo can be
isomerized to cis form at most.
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When a large substitute group is present in the para position of the distal
benzene ring, cis-azobenzene forms much more stable duplex than trans form [24].
For the 12 bp duplex, Tm of cis form is higher than trans one by 6.7 �C. This
reverse photoswitch effect can be explained as follows: the hydrophobic alkyl
group in cis form interacts with hydrophobic part in the major group; in trans
form, the big substitute group causes large steric hindrance toward the deoxyribose
of the complementary strand.

For all azobenzene derivatives we tried up to now, cis-azobenzene could only
be obtained by UV light irradiation with a wavelength shorter than 380 nm. In
order to reduce the possible harm to biological molecules as well as improve the
diversity of photoregulation styles, the light with wavelength longer than 400 nm
should be used. When dimethylthiomethylazobenzene (DMS-Azo, Fig. 141.4) was
used, 400 nm light could photoisomerize it to cis form, and DTm of the 12 bp
duplex was as large as 12 �C. In addition, t1/2 of cis- DMS-Azo attached to an
oligonucleotide is 6.4 h at 60 �C, which is longer than the non-substituted
azobenzene [25].

141.2.4 Photoregulation of RNA Duplex Formation

For antisense strategy, DNA/RNA or RNA/RNA duplex is more important than
DNA/DNA duplex. DNA/RNA duplex can be photoregulated efficiently when
azobenzene is tethered on the DNA strand. Azobenzene derivatives can also be
introduced into short RNA for photoregulation of RNA/RNA or RNA/DNA
duplex formation. In some cases, even a larger DTm can be obtained as compared
with DNA/DNA duplex [26]. However, Tm of azobenzene-modified DNA/RNA,
RNA/RNA, or RNA/DNA duplex is similar or lower than that of native duplex,
probably because the intercalators usually cannot stabilize A-form duplex.

An acceleration effect of RNAi was observed by using modified RNA as
compared with the non-modified one [27]. The Off-Target effect was greatly
reduced by the modification. The possibility of RNA-induced silencing (DISC)
complex formation with the non-target strand was greatly decreased due to the
steric hindrance.

Fig. 141.4 Improvement of photoregulation efficiency by using various azobenzene derivatives
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141.2.5 Efficient Photoregulation by Introducing Multiple
Azobenzenes in a Symmetric Style

When targeting a native DNA or RNA strand, azobenzens have to be introduced
into only one strand. However, when azobenzene-modified oligonucleotides are
used as nanomaterials, azobenzenes can be present in both strands. As shown in
Fig. 141.5, an artificial duplex can be built with the ratio of azobenzene and base
pair being 1:1 [28]. The symmetry is greatly improved, although the azobenzene
also inserts like a wedge and the structure is asymmetric locally. Interestingly, this
artificial duplex is much more stable than the native duplex with the same sequence.
More interestingly, complete ON–OFF photoregulation becomes possible.

NMR analysis also proved that hydrogen bonds in a base pair formed tightly
between two azobenzene molecules [29]. Very strong negative-positive cotton
effect indicates that a regular right-hand duplex was formed. More interestingly,
the recognition ability between two complementary strands is even higher than the
native duplex, and the mismatch between two azobenzenes causes a greater
decrease of Tm.

Furthermore, two azobenzenes and one base pair (2:1 ratio) is also possible
(Fig. 141.5) [30]. In this artificial duplex, two azobenzene molecules form an
Azo–Azo pair, and the structure is highly symmetric. Clear-cut photoregulation
was also obtained.

141.3 Photoregulation of Bioreactions Using Azobenzene-
Modified Nucleic Acids

141.3.1 Photocontrol of Enzymatic Reaction by Using
the Photoregulation of DNA Duplex Formation

We have the problem that cis form cannot be obtained at 37 �C with a high
efficiency, usually less than 50 % of azobenzene can be isomerized to cis form

Fig. 141.5 Models of interstrand-wedged motif (a) and Azo–Azo pairing motif (b). The long
bars indicate the azobenzene groups, and the short ones are nucleobases. Only trans forms are
shown, and duplexes are completely dissociated in cis form
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when trans-azobenzene intercalates between base pairs. In some cases, the content
of cis form is even less than 30 %. Therefore, for a clear-cut photoregulation, the
efficiency of OFF is more important. It is good that content of trans-azobenzene
can be more than 98 % under visible light, especially when the azobenzene
interacts strongly with base pairs at a relatively lower temperature. So our
molecular design is: complete OFF at trans form, and ON at cis form. However, in
cases such as antisense strategy, RNA/DNA formation activates (Turn ON) the
block of gene expression. We made an interesting molecular design as shown in
Fig. 141.6 [31]. The complementary antisense DNA strand can dissociate from the
photoresponsive DNA duplex after UV light irradiation (cis form). The native
strand can bind the target RNA (sense RNA) so that RNase H can cut the RNA.
Even by this design, the complete OFF is also difficult because a small amount of
Dn can bind and cause cleavage of RNA in a rapid turnover style.

A strand modified by azobenzene at 50-end was also used to block primer
extension by a DNA polymerase [32]. The modified strand hybridized to the DNA
template as a modulator. After visible light irradiation, the primer extension
stopped at the position of azobenzene; after UV light irradiation, the DNA
polymerase kept on primer extension to the end of the template [32].

141.3.2 Photoregulation of Transcription

During transcription, the DNA duplex has to partly dissociate to expose the
template for RNA synthesis. We tried to introduce azobenzenes to realize pho-
toregulation of RNA transcription. Here, the concept is different from the simple
photoregulation of DNA duplex formation, no complete and permanent dissocia-
tion occurs during transcription, and the structure change itself should be the main
factor for efficient photoregulation. The T7 promoter was used as a model system.
When only one azobenzene was introduced either in the template or non-template
strand, no clear-cut photoregulation was obtained, and only two folds of increase
was observed for cis form as compared with trans one. Interestingly, when two

Fig. 141.6 Photoregulation of RNA cleavage by RNase H. Partial dissociation of the native
antisense DNA caused by photoisomerization of azobenzene to cis form is enough to hybridize
with sense RNA for its cleavage by RNase H
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azobenzenes were attached at -9 and -3 positions (Fig. 141.7), a synergistic
effect appeared and the difference increased by 6–10 folds [33]. In trans form, the
azobenzenes intercalate between base pairs so that the structure changes greatly.
Thus T7 RNA polymerase cannot bind to start the transcription. In cis form,
however, the azobenzenes prefer to flip out from the duplex so that the structure is
similar to the non-modified one, and the activity of transcription recovers.

The detail mechanism of photoregulation was also clarified by introducing two
kinds of azobenzenes (Azo and DMazo, in Fig. 141.4) with different thermal
isomerization rate of cis form. By this well-considered molecular design, the
isomers of cis–trans (the azobenzene group at -9 position is in cis form and the
other one at -3 position in trans form) and trans–cis form were obtained [34]. The
results showed that the trans to cis isomerization at -9 position mainly causes
increase in the affinity (smaller Km) of T7 RNA polymerase, and the trans to cis
isomerization at -3 position mainly causes an increase in reaction rate (bigger
kcat). Cis-cis is the most active form.

The expression of protein can also be photoregulated by photoswitching the
transcription. Here the light of 370 nm was used. However, the UV light irradi-
ation at 340 nm harms the non-cell protein synthesis system we used (named
PURE System) and the amount of protein decreases greatly. To improve the
regulation efficiency, a thiomethyl azobenzene (S-Azo, Fig. 141.4) was used and
trans to cis photoisomerization was carried out by 400 nm light. However, the
difference between trans and cis form became lower, i.e., the photoregulation
efficiency decreased. The main reason is that para-substitution decreases the
duplex even in trans form. The improvement by using DMS-Azo is expected.

141.4 Photoresponsive Nanostructures or Nanodevices

Obviously, there are several limits by using directly azobenzene-modified nucleic
acid to photoswitch bioreactions. For example, regulating a gene expression of
eukaryotic gene will be difficult because there are so many factors related to the
formation of transcription complex. Another difficulty is that a lot of positions in
the DNA have to be tested to find a proper one. A new strategy is required.

Fig. 141.7 Photoregulation of RNA transcription by azobenzene-modified T7 promoter. a A
schematic illustration. b Sequence of T7 promoter and positions of azobenzenes are shown
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We noticed that DNA can be used as the nanomaterial to either construct
nanostructures such as DNA oligami, nano soccer ball, or even well-designed
nanomachine with open-close, rotation, and transportation functions. In these
cases, azobenzenes can be introduced to any positions and no direct enzyme
binding is required. By ingenious designs, photoswitching of bioreactions can also
be obtained by attaching the nanostructures to some functional nucleic acids. The
photoresponsiveness of this kind of nanostructures may extend the application of
DNA nanotechnology.

141.4.1 Photoresponsive Nanostructure

In many cases, the construction of 2D and 3D nanostructures was based on the
hybridization of 4–6 nt sticky ends of basic parts. The molecular design for
building a photoresponsive nanostructure can be very simple. Photoresponsiveness
can be obtained by adding several azobenzenes to the sticky ends. In trans form,
the nanostructure formed stably; in cis form on the other hand, the nanostructure is
broken. The efficiency can be very high because dozens of sticky ends are present
in one nanoparticle and even hundreds of azobenzenes can be introduced. The
cascade effect can also be expected: after initiation of the destroying process, more
and more azobenzenes can be photoisomerized to cis form so that the nano-
structure is broken completely.

As shown in Fig. 141.8, a photoresponsive soccer ball is made of three kinds of
oligonucleotides [35]. As the introduction of trans azobenzenes stabilizes the
duplex formed between sticky ends, the formation of DNA nanostructure is even
more stable than the native one. After 30 s of UV light irradiation, the nanoball
was broken. This broken procedure was also recorded by real-time AFM.

Fig. 141.8 A photoresponsive DNA nanosoccer ball involving azobenzene-modified sticky
ends. a The molecular design of the sticky ends. b AFM image of the nanoball under visible light
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141.4.2 Photon-Driven DNA Nanomachines

Many DNA nanomachines have been reported. The operation is based on the
strand displacement or strand migration in which the formation and dissociation of
duplex occurred. DNA oligos are usually the fuel for driving these devices. One
problem caused by this approach is that the addition of DNA fuel is required for
each cycle of the operation. A waste of duplex DNA is produced inevitably. The
azobenzene-modified DNA can reversibly photoregulate the formation and dis-
sociation. Accordingly, the azobenzene-modified oligos can be used as the fuel and
simple repeats of UV and visible light irradiation are enough. Figure 141.9a shows
one model of photoresponsive nanomachine [36]. The operations were easily
repeated by irradiating UV light and visible light, and no waste was produced. It
was also evolved to a single-molecule photoresponsive DNA nanomachine that
cleaves RNA with a DNAzyme as the functional nucleic acid [37].

Another merit of using azobenzene-modified oligos to construct nanomachine is
that more complex operations are possible by the combination of various azobenzene
derivatives. We have photoswitches of reverse direction (Ip-Azo, Fig. 141.1) and
capable of photoisomerization at various wavelengths. Figure 141.9b shows a light-
driven DNA seesaw involving both Azo and DMS-Azo [25].

141.5 Conclusion

Various DNA functions have been photoregulated using azobenzene-modified
DNA or RNA. It is interesting that the acyclic linker can be used to introduce
functional molecules to confer new functions on nucleic acid. Surprisingly, DNA
functions such as being the template for transcription were maintained even when
two azobenzenes are present, although the high-dimensional structures are changed
greatly. Azobenzene-modified DNA could even be used as the template for ligating
two native DNA oligos at exactly the azobenzene site with a high yield [38].

The features of photoregulation can be simply diversified by using various
azobenzene derivatives. Users can select different photoswitches for various

Fig. 141.9 Photoresponsive DNA nanomachines constructed by various azobenzene-modified
oligos. a Photon-driven DNA tweezers; b A DNA seesaw driven by light of various wavelengths
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applications, such as photoswitches of reverse style, thermal-stable cis form, and
capable of isomerizing to cis form under visible light. Especially for DNA
nanotechnology, a great variety of nanostructures and nanodevices can be
designed. Several groups are using our azobenzene-modified nucleic acids for
various applications [39, 40]. Although further improvement (e.g., higher photo-
isomerization efficiency at low temperature) is expected, we believe that the
biotechnology and biology of azobenzene-modified DNA and RNA are promising
to be well developed in the near future.
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Chapter 142
Evaluation of a Whole Genome
Amplification Method Based on Improved
Ligation-Mediated PCR

Xiaoming Pan, Weikai Chen, Xiushuang Jia, Ping Dong
and Xingguo Liang

Abstract DNA sequencing, genotyping, detection, and SNPs analysis usually
require large amount of DNA. In the case that only tiny amount of DNA can be
collected from samples, the whole genome amplification (WGA) technique is a
good choice for its high efficiency. As a WGA method, ligation-mediated PCR
(LM-PCR) has the shortcoming that strict conditions are required to avoid biased
DNA amplification. Here, we used TspR I endonuclease to digest the target DNA
into fragments with 9-nt-long (NNCASTGNN) sticky ends in which 4–5 different
bases from other fragments are present. After ligation of these fragments to a
universal adaptor, all the fragments will have ends with the same sequence for
PCR, and the outstanding WGA was obtained by using only a uniform primer. The
efficiency and sensitivity of this technique were evaluated and its application for
DNA detection was also discussed.

Keywords Ligation-mediated PCR � High sensitivity � Whole genome amplifi-
cation � TspR I endonuclease

142.1 Introduction

In many genetic studies such as DNA sequencing, genotyping, and detection of
SNPs large quantities of DNA are required. However, in many cases only a small
amount of target DNA can be collected because the quantity or quality of samples
were not good enough, e.g., formalin-fixed paraffin-embedded tissues [1, 2]. Thus,
the whole genome amplification (WGA) technique was employed to overcome this
limitation. As a powerful tool, WGA plays an important role in various
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high-throughput genetic areas because it can provide sufficient DNA for large-
scale genetic studies. Among the WGA methods, multiple displacement amplifi-
cation (MDA) and ligation-mediated polymerase chain reaction (LM-PCR) were
frequently used.

The MDA method, which relies on the strong strand displacement activity of
the u29 DNA polymerase, is an isothermal amplification approach based on
rolling cycle amplification [3, 4]. In MDA, a primer with random sequence (e.g.,
a pool of all the hexamer primers) is usually used. LM-PCR is based on the PCR
technique and inherited its high efficiency. LM-PCR was originally introduced in
the field of footprinting for studying interactions of proteins with DNA in vivo
[5–8]. By some modifications it can also be applied to perform methylation
analysis and study of human diseases [9, 10].

For WGA, balanced amplification of all sequences is the basic performance.
The application of traditional LM-PCR is limited, because it usually shows some
deviation during amplification. The key procedure of LM-PCR is to prepare the
fragments with a universal sequence at both ends. After digestion by a restriction
enzyme, a universal adaptor with the same sticky end is ligated to all the frag-
ments. One of the reasons of deviation during amplification is that ligation
between digested fragments cannot be avoided because restriction enzyme
digestion usually produce a 4–6-nt sticky end with palindromic sequence (e.g.,
AATT for EcoRI). Obviously, the unexpected ligation can also occur between the
sticky ends of the adaptor. In this study, for improving the uniformity of LM-PCR,
an improved approach using TspR I endonuclease as the restriction enzyme is
developed. TspR I can digest DNA into fragments with 9-nt-long sticky ends,
which can be used to decrease the self-ligation between fragments. A single-
stranded adaptor is used and the self-ligation of adaptor molecules is avoided.

142.2 Materials and Methods

142.2.1 Materials

The 2686-bp-long pUC18 plasmid was extracted from bacteria culture solution.
The extraction and purification procedures were referred to Molecular Cloning:
A Laboratory Manual (the 3rd edition). Briefly, 500 mL of culture medium was
centrifuged under 4 �C for 15 min to collect the cell pellets, resuspended the
pellets with 200 mL of STE buffer (10 mM Tris–HCl, 0.1 mM NaCl, 1.0 mM
EDTA, pH 8.0) and centrifuged again, then added 18 mL of lysis buffer I (50 mM
glucose, 25 mM Tris–HCl, 10 mM EDTA, pH 8.0) and 20 mg lysozyme, added
40 mL of lysis buffer II (0.2 M NaOH, 1 % SDS) and stored at room temperature
for 5–10 min. Then 20 mL of lysis buffer III (5.0 M potassium acetate 60.0 mL,
acetic acid 11.5 mL, H2O 28.5 mL) was added and kept on ice for 10 min. After
that, samples were centrifuged for 30 min, liquid supernatant was collected, 0.6
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times volume of isopropanol was added to precipitate the DNA for 10 min at room
temperature. After another centrifuge, precipitate was washed with 70 % ethanol,
and resolved with 3 mL of TE buffer (10 mM Tris–HCl, 1 mM EDTA, pH 8.0).
After extraction step, polyethylene glycol (PEG) precipitation method was used to
purify the plasmid [11]. The concentration of pUC18 was determined by Nanodrop
2000 (Thermo Scientific). An amount of 2 lL of purification product was elec-
trophoresed on 1.2 % (w/v) agarose with TBE buffer and stained in 0.5 lg/mL
ethidium bromide for 20 min. Then 1 lg pUC18 plasmid was digested by TspR I
ednonuclease (New England Biolabs, Inc.). The reaction mixture contains 50 mM
KAc, 20 mM Tris-Ac, 10 mM Mg(Ac)2, 1 mM DTT, 100 lg/mL BSA, the total
mixture was incubated at 65 �C for 2 h and 2 lL of digestion product was elec-
trophoresed on 8 % (w/v) polyacrylamide gel electrophoresis. The purification and
digestion results were shown in Fig. 142.1.

The adapter and primer were synthesized by IDT (Integrated DNA Technolo-
gies, Inc.). Adapter: CTCACTCTCACCAACGTCGACAGCTTNNCASTGNN,
Primer: CTCACTCTCACCAACGTCGACAGCTT [12].

142.2.2 Impact of Different DNA Ligase

The ligation reaction was the key procedure in the whole experiment and the
ligation results mainly depended on the efficiency of DNA ligase. Here two

Fig. 142.1 Purification a and
digestion b results of pUC18
plasmid
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different ligase, T4 DNA ligase and Taq ligase were used to evaluate their effect to
the Improved LM-PCR.

The ligation reaction was performed under the manufacture’s protocol. The
reaction mixture contains 5 pg pUC18 plasmid fragments, 0.2 pmol adapter, and
5.0 U DNA liagse. The total volume was 20 lL and the reaction with T4 DNA
ligase (Fermentas) was incubated at 16 �C overnight while the reaction with Taq
ligase (New England Biolabs, Inc.) was incubated at 45 �C, respectively. Use
ddH2O instead of DNA ligase for negative control. After ligation, PCRs that used
ligation product as template were performed under uniform conditions: 1.0 lL of
ligation product added to 19 lL of PCR mixture [10 mM Tris–HCl, 50 mM KCl,
1.5 mM MgCl2, pH 8.3, 1 U DreamTaq DNA polymerase (Fermentas), 0.25 mM
dNTPs, 0.75 lM primer], the mixture was incubated at 72 �C for 5 min for the
30-end filling reaction. PCRs were performed as follows: initial denaturation at
94 �C for 3 min and 30 cycles of denaturation at 94 �C for 30 s, annealing at
60 �C for 30 s, and primer extension at 72 �C for 1 min [13, 14]. The samples
were incubated at 72 �C for another 5 min and 2 lL of PCR product was elec-
trophoresed on polyacrylamide gel electrophoresis.

142.2.3 Impact of Ligation Time and Temperature

The high efficiency of T4 DNA ligase depends on the ligation temperature and
time. Two sets of experiments were done respectively to evaluate the effect of
ligation time and temperature. The ligation and PCR reactions were referred to 2.2.
The ligation time used were 4, 8, 12, 16 h and the ligation temperature were 16,
25, and 37 �C, respectively.

142.2.4 Impact of Primer Annealing Temperature

The primer annealing temperature used above was calculated by primer premier
6.0 (PREMIER Biosoft international, Palo Alto, CA) and maybe not the optimal
temperature in actual experiment. Gradient annealing PCR were performed. The
annealing temperatures were set up as 57, 60, and 63 �C, respectively. All other
parameters were the same as mentioned in 2.3.

142.2.5 Improved LM-PCR Performed on E. coli Genome

Various concentrations of E. coli genome digestion product was used as template
and the reaction conditions were the same as the conditions mentioned above.
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142.3 Results

142.3.1 Principle of Improved LM-PCR

Similar to traditional LM-PCR, the Improved LM-PCR can be mainly divided into
3 steps: (1) preparation of DNA fragments by TspR I: double-strand DNA was
digested by TspR I endonuclease into numerous fragments with different length
and the same sticky end of NNCASTGNN. (2) ligation of adapter to both ends of
the fragments: fragments were ligated with adapter which comprised of a primer
sequence and a linker sequence. The linker sequence NNCASTGNN ligated to the
30 sticky end produced by TspR I and the primer sequence served as template for
primer extension thus created a substrate for PCR with uniform primer bonding
site at each end. (3) amplification of the newly formed fragments by PCR: after
PCR with universal primer, all of the fragments with the same end sequence could
be amplified (Fig. 142.2).

Fig. 142.2 Flowchart of improved LM-PCR
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142.3.2 Results of Improved LM-PCR

The effect of Improved LM-PCR performed on pUC18 plasmid was shown in
Fig. 142.3. The sensitivity was also evaluated by using 10-fold serial diluted
template. The results showed that the Improved LM-PCR amplified the whole
sequence of pUC18 plasmid successfully and the sensitivity was very high. When
the concentration of template was 1.4 fM (*50 fg), all of the eight fragments
could be amplified; when the concentration lowered to 0.14 fM (*5 fg),
amplification of five of them could still be detected.

142.3.3 Results of Different DNA Ligase

T4 DNA ligase and Taq ligase were two mainly used ligases in genetic studies.
The effect of the two ligases was shown in Fig. 142.4. When using T4 DNA ligase,
all of the eight target bands could be seen, but less were obtained by Taq ligase.
The results showed that the efficiency of T4 ligase was higher than Taq ligase.

142.3.4 Results of Different Ligation Temperature and Time

The high efficiency of T4 DNA ligase depends on the optimal reaction temperature
and reaction time. At a higher temperature of 37 �C the band was indistinct and
smaller fragments were not obtained. At lower temperature of 25 and 16 �C the
number of target bands obtained was seven and eight, which means that 16 �C was
better (Fig. 142.5a). The result of reaction time experiment showed that 12 h was
the optimal reaction time (Fig. 142.5b).

Fig. 142.3 Results of
improved LM-PCR. ‘‘-’’
means negative control
without DNA ligase. Ligation
condition: 0.2 pmol adapter,
16 �C, 12 h
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142.3.5 Results of Different Annealing Temperature

The annealing temperature used previously was calculated by software theoreti-
cally and need to be verified in actual experiment. The results indicated that with
annealing temperature of 57, 60, and 63 �C the amplification efficiency was almost
the same and 60 �C was slightly better (Fig. 142.6). Compared to other factors, the
annealing temperature had less impact on this experiment.

Fig. 142.4 Results of different DNA ligase. Ligation with T4 ligase was at 16 and 45 �C for Taq
ligase

Fig. 142.5 Different ligation temperature and reaction time with T4 DNA ligase. a Ligation at
various temperatures. b Ligation with various times
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142.3.6 Effect of Improved LM-PCR Performed on E. coli
Genome

The continuous bands in Fig. 142.7 indicated that large amount of E. coli genome
fragments were amplified. Plenty of bands could be seen even the concentration of
genome was 8 aM. Most of the fragments ranged from 100 to 1000 bp and larger
fragments that more than 1000 bp could also be amplified (Fig. 142.7). The results
showed that Improved LM-PCR could amplify the whole genome with high
sensitivity.

Fig. 142.6 Impact of
annealing temperature. N:
negative control without
DNA ligase. Gradient
annealing temperature was
set on S1000 thermal cycler
(BIO-RAD) with 57, 60 and
63 �C

Fig. 142.7 Results of
amplify the whole genome of
E. coli with improved LM-
PCR. N: negative control that
no templates were added
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142.4 Discussion

Theoretically, pUC18 plasmid could be cut into ten fragments by TspR I endo-
nuclease but only eight of them could be examined on polyacrylamide gel elec-
trophoresis either because the amount of the other two fragments (27 and 13 bp)
run too fast in the gel or they were too little to be stained by ethidium bromide,
e.g., the 13 bp fragment only owe 4 bp double strand and the 9 bp long was single
strand. Thus our aim was to amplify the eight fragments obtained by digestion. The
final LM-PCR products were 61 bp longer than the original fragments due to the
ligation of adapter on both ends.

Compared to others work that used double-strand adapter, the adapter we used
was single strand. As described before single strand is easier to operate [15]. The
9-nt-long sticky end produced by TspR I promised the ligation efficiency. Tradi-
tional LM-PCR that employed only one endonuclease tends to cause the self-
ligation between fragments because all the fragments had the same end. But TspR
I endonuclease could resolve this problem due to its sticky end was
NNCASTGNN. This sticky end makes all of the fragments have at most 5 bases
different to each other which will reduce the probability of self-ligation. Before
ligation reaction, digestion product was serial diluted to even 107 times. Thus the
effect of TspR I endonuclease that still existed in the sample could be ignored, and
the loss of DNA during the removal of endonuclease procedure could also be
avoided. The amplification efficiency may be affected by varieties of factors and
among them the DNA polymerase was one of the key factors, some reports sug-
gested that combination of pfu exo- and Taq polymerase at primer extension step
and amplification step could improve the efficiency [16].

The sensitivity of WGA was especially important when there was not sufficient
sample, thus, the LM-PCR technique based on high sensitivity PCR could play an
important role in such conditions. Compared to other PCR-based WGA technique,
degenerate oligonucleotide primer PCR (DOP-PCR) and primer extension pre-
amplification PCR (PEP-PCR) also have high sensitivity that even one single cell
could be used to perform WGA, but the main challenges were fidelity and bal-
anced amplification [17–21]. LM-PCR was performed under strict conditions to
avoid the biased amplification and our results showed that 50 fg plasmid in 20 lL
of ligation reaction solution can still obtain all the eight target bands, and five of
them could be obtained when only 5 fg plasmid was used, which indicated the
high sensitivity and balanced amplification of Improved LM-PCR. Compared to
the genome of E. coli, the pUC18 plasmid was small and simple. The result of LM-
PCR performed on E. coli genome indicated that LM-PCR could amplify the
whole genome well but more work is needed to evaluate the cover rate of LM-PCR
used on larger genome DNA.
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142.5 Conclusion

As a WGA method, the efficiency of Improved LM-PCR was evaluated in our
study. The results showed that Improved LM-PCR may overcome the problem
existed in the traditional LM-PCR. The effect of different reaction conditions was
also evaluated. Under the optimal conditions, 1.4 fM plasmid in the ligation
reaction could be amplified completely which showed that Improved LM-PCR has
high sensitivity, and the results of LM-PCR performed on E. coli genome showed
that Improved LM-PCR could also be used to perform WGA on larger genome
with very low template concentration. All of the data obtained above indicated that
improved LM-PCR could be a very useful tool in a variety of genetic analyses.
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Chapter 143
Isolation and Identification of a Bacterial
Strain with Pullulanase Activity
and the Cloning of the Pullulanase Gene

Guixiu Dong, Tao Xia, Yongqian Qiu, Xiaoliang Si, Yiyu Liu,
Pingping Yang, Xiangzhao Mao and Lizhong Guo

Abstract A novel bacterial strain OPF-0031 with pullulanase activity was iso-
lated from mud sample of the sea. With the analysis of the 16S rDNA sequence
and the characterization of biochemical reactions, the strain was identified to be
Bacillus cereus. A 2641 bp DNA fragment including a pullulanase gene from the
genome of OPF-0031, was present. The nucleotide sequence of the gene encoding
pullulanase was cloned and analyzed in Escherichia coli.

Keywords Gene cloning � Isolation � 16SrDNA � Pullulan hydrolase activity �
Phylogenetic dendrogram

143.1 Introduction

Pullulanases are widely distributed among animals, plants, fungi, and bacteria,
which hydrolyze the a-1,6-glucosidic linkages in pullulan, amylopectin, starch and
related oligosaccharides [1].

Since a variety of microbial pullulanases have been obtained, they have been
classified into four groups based on substrate specificities and reaction products [2,
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3]: (i) neopullulanase (EC 3.2.1.135): pullulan hydrolase type I attacks a-1,4
glycosidic linkages in pullulan, forming panose; (ii) isopullulanase (EC 3.2.1.57):
pullulan hydrolase type II can hydrolyze a-1,4 glycosidic linkages in pullulan,
forming isopanose; (iii) In branched oligosaccharides or pullulan, pullulanase type
I (EC 3.2.1.41) specifically attacks a-1,6 glycosidic linkages, linear oligomers or
maltotriose were formed, respectively; and (iv) amylopullulanase: pullulanase type
II attacks both a-1,6 glycosidic linkages in pullulan and branched substrates and
the a-1,4 glycosidic linkages in polysaccharides.

Based on its characteristic, pullulanase has attracted significant attention as a
useful tool in starch industry. So far, high value of pullulanase has been applied in
the preparing resistant starch, cyclodextrin, maltotriose syrup, beer brewing, and
maltotriose syrup.

To date, a large number of different microorganisms with pullulanases activity
have been characterized [4–7]. Some of the isolates have been identified to be
moderately aerobic thermophilic bacteria Bacillus acidopullulyticus [8], Bacillus
flavocaldarius KP 1228 [9], Thermus aquaticus YT-1 [10], Thermus caldophilus
GK-24 [11], extreme anaerobic bacterium Thermotoga maritima [12], and Anae-
robranca gottschalkii [13]. Due to high temperatures of 95–105 Centigrade run-
ning in the liquefaction process of starch, the absence of thermostable pullulanase
has been essential [14]. Most of strains have no potential interest in the industries,
for their low expression level or thermolability. Some strategies which include
optimization of the culture conditions [15] and the construction of mutant strain
et al. were carried out to enhance the enzyme yield from the wild strains by many
investigators. To change the culture condition of pullulanase production, some
genes of hyperthermophilic strains have been cloned and expressed by the inducer
appearance in the host Escherichia coli [16] and B. Subtilis [17]. Mutant strain,
which is catabolite repression resistant, was also screened for enzyme synthesis
[18]. However, low biomass yield and complicated culture conditions of recom-
binant and wild strains lead to higher production costs. Up to now, the only strains
used for enzyme industrial production, were Bacillus acidopullulyticus and
Bacillus deramificans from Novo and Genencor respectively. In this study, the
work which focuses on the isolation and identification of the microorganism with
pullulanase activity was described. Based on the physiological and biochemical
characteristics and the analysis of 16S rDNA gene sequence, the strain OPF-0031
was classified to be genus Bacillus cereus. Furthermore, the gene encoding pul-
lulanase has been obtained and analyzed, which would be used in the expression of
the recombinant enzyme.
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143.2 Materials and Methods

143.2.1 Culture Conditions

The enrichment medium contained, per liter: 15 g glutinous rice starch, 10 g
peptone, 2 g yeast powder, 0.5 g MgSO4•7H2O, 1 g NaCl, 1 g K2HPO4, pH 7.0.

Screening agar plates contained, per liter: 10 g glutinous rice starch, 5 g pep-
tone, 0.1 g Na2HPO4, 0.15 g KH2PO4, 0.5 g MgSO4•7H20, 1 g NaCl, 18 g agar,
pH 7.0.

Fermentation cultures contained, per liter: 15 g soluble starch, 10 g peptone,
5 g yeast powder, 0.5 g MgSO4•7H2O, 1 g NaCl, 1 g K2HPO4, pH 7.0.

143.2.2 Pullulan-Utilizing Strain Isolation

5 g soil samples were collected from the sea in China and diluted with 50 mL of
sterile physiological water.

1 mL of diluted mud soil were inoculated in 50 mL of sterile enrichment
medium in a 250 mL flask and were grown with shaking at 200 rpm in an incu-
bator at 32 �C. After 24 h of incubation, a 1 mL enrichment medium was diluted
to 10–7 dilution of the original soil sample with sterile physiological water. The
serial dilutions spreaded on solid medium were incubated at 32 �C for 48 h. To
ensure the selected isolations containing pullulanase degrading strains, they were
inoculated in fermentation cultures and incubated under the same conditions
mentioned above.

143.2.3 Enzyme Assays

One unit of enzyme activity was defined as the amount of enzyme that releases
1 mmol of reducing sugars per minute and expressed as U/mL.

Cell-free fermentation cultures were obtained by centrifugation (80009g for
10 min at 4 �C) and incubated with pullulan for determining pullulanase activity by
measuring the amount of reducing sugars. To 500 lL of 1 % (wt/vol) pullulan
dissolved in 300 lL of 0.2 M phosphate buffer (pH 7.0), 200 lL of culture filtrate
was added and the samples were incubated at 32 �C for 30 min. The reaction was
terminated and the amount of reducing sugars released was assayed by the DNS.
Blanks were prepared to correct for the reducing sugars offermentation cultures [19].
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143.2.4 Identification of Strain OPF-0031

Chromosomal DNA of strain OPF-0031 was obtained with TIANamp Bactria
DNA kit (Tiangen Biotech (Beijing) Co., Ltd) and used as template for amplifi-
cation. Two primers 27F (50-AGAGTTTGATCCTGGCTCAG-30) and 1492R (50-
GGTTACCTTGTTAC-GACTT-30) designed from the conserved zones of 16S
rDNA operon in E. coli, were used for PCR amplification of the 16S rDNA gene.
The genomic DNA of OPF-0031 was used as template with PCR profile carried
out at the following temperature: denaturation at 94 �C for 4 min, 30 cycles of
denaturation at 94 �C for 30 s, primer annealing at 60 �C for 30 s and extension at
72 �C for 90 s, and the final extension at 72 �C for 90 s. Amplicons were purified
using TIANgel Midi Purification (Tiangen Biotech (Beijing) Co., Ltd). After
purification, PCR products were sequenced by Sangon Biotech (Shanghai) Co.,
Ltd. The nucleotide sequences of 16S rRNA gene have been assayed by BLAST
search algorithm and public databases of GeneBank.

143.2.5 Molecular Cloning of a Gene Encoding Pullulanase

Two primers BC-1 (50-GGAATTCCATATGGT-GCAAATTACAAAA-30) and
BC-2 (50-CGGGATCC-TTATTTAATCGGTTTCTCT-30) designed from the
conserved zones of pullanase gene, were used for PCR amplification and
sequencing of the gene encoding pullulanase. The sample with genomic DNA of
OPF-0031 as the template was heat-denatured for 7 min at 94 �C and the thermal
profile consisted of 32 cycles of denaturation at 94 �C for 45 s, annealing at 52 �C
for 45 s, and extension at 72 �C for 3.30 min, and the final extension at 72 �C for
8 min. The PCR product linked with PMD19-T vector for sequencing was cloned
into E. coli [20]. The recombinant stains were spread on LB agar plates for 16 h at
37 �C of positive clones allowed the identification of recombinant plasmid car-
rying the pullulanase gene (pulOPF-0031) from OPF-0031. The nucleotide
sequences of recombinant plasmid have been assayed by Sangon Biotech
(Shanghai) Co., Ltd. After gel electrophoresis, the PCR products was isolated with
a TIANgel Midi Purification (Tiangen Biotech (Beijing) Co., Ltd). Recombinant
plasmids were purified with a TIANprep Mini Plasmid kit (Tiangen Biotech
(Beijing) Co., Ltd).
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143.3 Results and Discussion

143.3.1 Isolation and Physiological Characteristics
of the Bacterium

A novel Gram+, nonmotile bacteria named OPF-0031 were isolated from mud
samples of the sea in China and showed pullulan hydrolysis activity in flask
fermentation. The detailed physiological characteristics of OPF-0031 were
investigated and compared with Bacillus cereus as shown in Table 143.1. Catalase
reaction was positive, as well as liquefaction of gelatin, starch hydrolysis, pullulan
reduction, voges-proskauer test, urease, methyl red test, and hydrolysis of casein.
However, oxidase reaction was negative; so were tests for hydrolysis of chitin. The
isolate OPF-0031 could utilize glucose, fructose, and maltose. But arabinose,
mannose, sucrose, lactose, galactose, and D-sorbitol were not observed to be
resolved. Pellicle was not observed in process of the fermentation, too.

Table 143.1 Comparison of conventional chemical characteristics for strain OPF-0031 and
Bacillus Cereus

Characteristics OPF-0031 Bacillus cereus

Catalase + +
Hydrolysis of gelatin + +
Hydrolysis of starch + +
Voges-Proskauer test + +
Methyl red test + +
Urease + -

Hydrolysis of casein + +
Hydrolysis of chitin - +
Glucose + +
Fructose + +
Maltose + +
Arabinose - +
Mannose - -

Sucrose - +
Lactose - -

Galactose - -

D-sorbitol - -

Pellicle - -

+ Positive, - negative
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143.3.2 Identification of Strain Opf-0031

By means of analyzing nucleotide sequences of known bacteria in NCBI, the
isolate OPF-0031 were inferred to be the genus Bacillus and showed a closest
match (99 %) with Bacillus cereus strain Cr-50 (accession no. JF895490.1). The
sequence was deposited in the GenBank database with accession no. JQ824137.
Based on the physiological characteristics and its 16SrDNA gene sequence, the
strain OPF-0031 was identified as a number of Bacillus cereus, and thus named as
Bacillus cereus OPF-0031.

143.3.3 Molecular Cloning of a Gene Encoding Pullulanase
Activity

The 2641 bp PCR fragment was obtained through the method described above.
Several recombinants AmpR clones were tested for pullulanase activity. A total of
three clones, which carried an insert of 2641 bp pullulanase gene (pulOPF-0031)
fragment from Bacillus cereus OPF-0031 strain, were detected by colony PCR.
The cultivation of three positive clones in LB medium allowed the extraction of
the recombinant plasmid. The entire nucleotide sequence of the gene is shown in
NCBI.

The sequence of pulOPF-0031 has a very high similarity (99 %) with the
pullulanase gene of Bacillus cereus F837/76 (accession no. CP003187.1) listed in
gene bank. The sequence was deposited in the GenBank database with accession
No. JQ707952.

In this study, a bacterial strain, which has been isolated and identified, offers new
industrial opportunities in the saccharification of starch. The pullulanase reducing
unhydrolysed residues may be more compatible with the amylases in the process of
amylopectin hydrolysis at high temperatures. In further research, medium com-
positions of Bacillus cereus OPF-0031 would be optimized and optimal recombi-
nants would also be constructed to improve the yield of pullulanase.
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Chapter 144
Study on 60Coc-Ray Irradiation Mutation
of Bacillus subtils natto

Yufeng Xie and Yingliang Ge

Abstract Soybean meal (SBM) was widely used as raw material in plant protein
industry. Bacillus subtilis natto was the beneficial bacteria of generating a variety
of protease, which could degrade plant protein of SBM, so as to improve the
hydrolysis degree (DH) of plant protein. Bacillus subtilis natto was commonly
treated by ultraviolet ray(UV), Lithium chloride(LiCl), nitrosoguanidine (NTG),
diethyl sulphate (DES) at home and abroad, but it had not been reported that
bacillus natto was treated by 60Coc gamma rays (60Coc). Different dosages of
60Coc irradiation and 0.85 % Lithium chloride were used as mutagen in treating
Bacillus subtils natto HRBX0. Result showed that when 400 Gy dosage was used,
which led to a 95 % spore death rate with the positive mutation rate 14.5 %, good
mutagenic effect occured. DH of defatted SBM in solid-state fermentation of the
mutant HRBX6 increased from original 19.5 % to 30.6 %, increased by 56.9 %. It
showed a good genetic stability and stably DH of defatted SBM with the
experiments of the mutant after continuous cultivation for five generations and
obviously exceeded the original strain. It showed that 60Coc was an effective factor
of mutagenic breeding of Bacillus subtilis natto.
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144.1 Introduction

Bacillus species have been major workhorse industrial microorganisms with roles
in applied microbiology, which date back more than a thousand years, since the
production of natto by solid-state fermentation of SBM using Bacillus subtilis
natto is first practiced in Japan. The production of protein for raw materials has
exceeded 100 million tons with the development of China in the past 20 years, but
at the same time it has become a prominent problem on shortage of resources
especially the protein for raw materials [1]. SBM is the major source of protein in
animal diets used in China and several other countries, and is widely used as the
plant protein industrial raw material [2].

Not high DH is obtained by using the current strains. Much is now known about
the biochemistry, physiology, and genetics of B. subtilis natto, which facilitates
further development and greater exploitation of these organisms in industrial
processes. So we need mutants of B. subtilis natto. It is reported that B. subtilis
natto is almost handled by a various of physical or chemical mutagens in domestic
and foreign by using UV, LiCl, NTG, DES, and so on [3]. It has not been reported
that B. subtilis natto is handled by 60Coc. When SBM is subjected to fermentation
with the mutant strain HRBX6, most of the total amino acids increased
significantly and only few of them suffer a decrease depending on the type of the
fermentation.

Bacillus subtilis natto HRBX0(HRBX0) was used as the original strain. It was
processed by different doses of 60Coc, and then screened the mutant strain. So the
HRBX6 with the high DH was obtained. The results showed that the nutritional
quality of SBM and its utilization rate of the protein industry was improved.

144.2 Materials and Methods

144.2.1 Original Strain

HRBX0: It was preserved by microbiology laboratory in Harbin institute.

144.2.2 Materials

144.2.2.1 SBM

Defatted SBM containing 48 % protein was purchased from market.

1354 Y. Xie and Y. Ge



144.2.2.2 Chemicals

PITC (phenylisothiocyanate 99 %) and DL-norleucine were obtained from Sigma.
Medium were from ‘‘Beijing Land Bridge Technology Co., Ltd’’. All the other
analytical chemicals were from Merck.

144.2.2.3 Medium

Liquid broth medium(%): yeast extract 0.3, peptone 1.0, sodium chloride 0.5, pH
7.4–7.6, and sterilization for 20 min at 121 �C.

Solid broth medium(%): yeast extract 0.3, peptone 1.0, sodium chloride 0.5,
agar 2.0, pH 7.0*7.2, and sterilization for 20 min at 121 �C.

Fermentation medium(%): SBM: bran(35) = 9:1, water 65, pH 5.4*6.6, and
sterilization for 20 min at 121 �C.

144.2.3 Strain Breeding

144.2.3.1 Mutagenic Treatment

0.85 % LiCl and saline were added in the fresh slant HRBX0, and made the
bacterial suspension of the concentration 108 cfu/ml with filtered by cotton after
shocking [4]; HRBX0 was irradiated with the dosage of 100 Gy, 200 Gy, 300 Gy,
400 Gy, 500 Gy, and 600 Gy; The number of the bacterial suspension before and
after radiation was counted by using the plate dilution method, the number of the
unirradiated colony C and irradiated colony D was counted, and the death rate R
and the positive mutation rate P was calculated

P ¼ S=D ð1Þ

P positive mutation rate
S degree of hydrolysis after the irradiated to improve the number of colonies
D after the irradiated the sum total of colonies.

144.2.3.2 Screening Mutations

Plate after diluting the bacterial suspension of mutagenic treatment with appro-
priate method was spreaded, 30 �C for 2 days, the number of colonies was
observed and counted. The single colony with big shape, smooth surface, sur-
rounding sticky to screening was selected. The single colony of screening was
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rescreened in the fermentation medium under the condition 37 �C, 60 h [5]. DH of
SBM in the fermentation broth was determined and calculated, and the strains
were saved which can make the DH of SBM higher.

144.2.3.3 Verify the Genetic Stability of Mutations

The rescreening strains were transferred continuously to culture to the fifth
generation and ferment separately, DH of SBM was determined and calculated,
the DH with their each original strain was compared, genetic stability was
observed [6].

144.2.4 Culture Method

HRBX0 was grown in stock and maintained on Solid broth medium for 9 h at
37 �C. The cells were washed twice in sterile saline solution and inoculated to give
a final inoculation of 107 cfu/ml. HRBX0 was grown in Liquid broth medium
broth for 14 h at 37 �C, and then washed twice in sterile saline solution and
inoculated to give a final inoculation of 107 cfu/ml.

144.2.5 Fermentation

Seven small-scale solid fermentations were performed in fermentation medium,
including natural fermentation (carried out with the only microorganisms
HRBX0), and six different induced fermentations with each of the microorganisms
mentioned above in Sect. 144.2.3. Suspensions of fermentation medium were
prepared and were allowed to ferment either spontaneously (no microorganisms
added). The fermentation processes were carried out in a fermentor for 60 h at
37 �C. Samples were collected at times 0 and 60 h for pH and microbiological
analyses. Fermented samples were freeze-dried for further analysis.

144.2.6 Analytical Methods

144.2.6.1 Determinations of Biomass

Method of absorbance values at 660 nm, method of dry weight.
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144.2.6.2 Counts of Bacterial Suspension

The fermentation process was monitored by withdrawing samples at times 0 and
48 h using plate counts to determine changes in viable cells. It was measured by
microscope count method and plate count method.

144.2.6.3 Analysis of Amino Acids by HPLC

Determination of amino acids was carried out by acid hydrolysis, derivatization,
and HPLC quantification. In brief, 200 ll (0.2 mmol/ml) of DL-norleucine were
added to 50 mg of sample as internal standard. Protein hydrolysis was carried out
with 6 M HCl for 21 h at 110� C in a vacuum closed vial. Hydrolysates were dried
under vacuum and rinsed twice with water. PITC (phenylisothiocyanate 99 %) was
used for amino acid derivatization.

144.2.6.4 DH

Alpha-amino nitrogen (AN) was assayed in duplicate by the formol titration
procedure. Total nitrogen (TN) was measured also in duplicate by the microK-
jeldahl method. The percent degree of hydrolysis (DH) was calculated as in (1):

% DH = Anh � ANc=TN� Pf � 100 ð2Þ

where Anh and ANcwere the percent amino nitrogen of the hydrolysate and intact
SBM, respectively. No significant difference was found between total nitrogen of
the intact SBM and that of the hydrolysates.

Therefore, TN in Eq. (1) referred to the mean percent total nitrogen of the intact
SBM solution and all hydrolysate samples, and Pf was a correction factor for side
chain nitrogen which could not be converted to amino nitrogen by hydrolysis of
peptide bonds. The Pf factor (0.777) was calculated from the amino acid profile of
SBM.

144.3 Results and Discussion

144.3.1 Selection of the Dose of 60Coc

HRBX0 was irradiated with the dosage of 100 Gy, 200 Gy, 300 Gy, 400 Gy,
500 Gy, 600 Gy, and the death rate and the positive mutation rate were calculated,
the results were shown in Figs. 144.1 and 144.2.

As shown in Fig. 144.1, different doses of rays all had the lethal effect to
HRBX0, and death rate increased with the increasing of the radiation dose; when
the radiation dose was 100 Gy, the death rate of the cells reached 68.25 %, and
when 500 Gy, the death rate almost 100 %.

144 Study on 60Coc-Ray Irradiation Mutation of Bacillus subtils natto 1357



As shown in Fig. 144.2, varying degrees of positive mutation rate of the strains
appeared with different radiation doses, it showed that the mutagenesis by using
60Coc is effective; mutants had higher positive mutation rate when the radiation
dose was 400 Gy or 500 Gy, especially when 400 Gy, positive mutation rate
reached 14.5 %. In order to improve test efficiency, the mutants were selected
which were irradiated with the radiation dose 400 Gy to fermentations test for
screening the mutants of higher DH.

144.3.2 Result of 60Coc Irradiation

HRBX0 was irradiated with the dosage of 400 Gy, and the death rate and the
positive mutation rate were calculated, the DH of SBM were obtained by
fermentations test, the results were shown in Table 144.1.
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Positive mutation rate of HRBX0 was 14.5 % with the optimized conditions of
60Coc, the DH of SBM in solid-state fermentation of the mutant HRBX6 increased
from original 19.5 to 30.6 %, increased by 56.9 %. The capacity of hydrolyzing
soybean meal improved significantly higher than the original strain.

144.3.3 Result of Solid-State Fermentation and Stability Test
with the Positive Mutant HRBX6

The positive mutant HRBX6 was obtained by screening, DH of defatted SBM with
the fermentation experiments of the mutant after continuous cultivation for five
generations were compared, the results were given in Table 144.2.

The positive mutation strain HRBX6 showed a good stably DH of defatted
SBM with the experiments after continuous cultivation for five generations, the
average of the DH increased from original 19.36 to 30.62 %, increased by 58.1 %.
The capacity of the degree of hydrolysis was close from the fifth generation to first
generation of mutant strain HRBX6, and it showed a good genetic stability of
HRBX6.

144.4 Conclusion

Different doses of rays all have the lethal effect to HRBX0, and death rate
increases with the increasing of the radiation dose; when the radiation dose is
100 Gy, the death rate of the cells reach 68.25 %, and when the radiation dose is
500 Gy, the death rate of the cells reach almost 100 %, and mutants have higher
positive mutation rate when the radiation dose is 400 and 500 Gy, especially when
400 Gy, positive mutation rate reach 14.5 %.

Table 144.1 Result of 60Coc irradiation on HRBX0 strains

Irradiation dose/
Gy

Death rate/
%

Positive mutant rate/
%

DH (average value)/
%

Increase rate/
%

400 95.51 14.5 30.6 56.9

Table 144.2 Effect of generation on stability of degree of hydrolysis of mutation strains

Bacillus subtilis natto Generation

1 2 3 4 5 Average value

HRBX0(DH)/% 19.3 19.0 19.7 19.3 19.5 19.36
HRBX6(DH)/% 31.1 30.5 30.2 30.8 30.7 30.62
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HRBX0 was used as the original strain. It was processed by different doses of
60Coc, and then screened the mutant strain. The mutation strain HRBX6 with the
high DH was obtained by different doses of 60Coc and screened the mutant strain,
it showed a good genetic stability and the DH increased from original 19.36 to
30.62 %, increased by 58.1 %. 60Coc is an effective factor of mutagenic breeding
of Bacillus subtilis natto.

Acknowledgments The authors wish to thank the projects supported by the Research of Science
and Technology of Education Bureau of Heilongjiang Province, China(Grant No12523032).

References

1. Shih IL, Yu YT (2005) Simultaneous and selective production of levan and poly(c-glutamic
acid) by Bacillus subtilis. Biotechnol Lett 27:103–106

2. Ma XN, Hui M, Niu TG (2005) The isolation of a flocculant-producing bacillus and
identification of microbial flocculant. Microbiol 32:26–31

3. Barbosa AM et al (2010) Extracellular b-glucosidase production by the yeast Debaryomyces
pseudopolymorphus UCLM-NS7A: optimization using response surface methodology. New
Biotech 27:374–381

4. Shi QQ, Wu SG (2003) Industrial microbial breeding science. Science Press, Beijing
5. SANG L, XU H, LI H et al (2004) Screening of Bacillus subtilis PGAN-12 and production of

c-polyglutamic acid by fermantation. ‘‘ Chin J process Eng’’ (in Chinese) 4:462466
6. Huang J,Mei LH,Hu S et al (2005) Screening of Bacillus subtilis natto from traditional

Japanese food natto and separation of nattokinase. ‘‘J Chem Eng Chin Univ’’ (in Chinese)
19:518522

1360 Y. Xie and Y. Ge



Chapter 145
Effects of Different Processing Methods
on Oyster DNA

Ping Dong, Ran An, Xiushuang Jia, Dong Han and Xingguo Liang

Abstract Chemical state of nucleic acids in oyster affects its flavor and gene
analysis. In this study, the effect of food processing on oyster DNA was studied.
After processing fresh oysters by microwave, freeze-thaw , grinding, salting, high
temperature, DNA, and free bases were extracted. DNA was analyzed by gel
electrophoresis, and free bases were determined by LC-MS. The results showed
that oyster DNA was affected differently by the five processing methods. Micro-
wave brought out the denatured DNA, high-temperature caused the rupture of
genomic DNA, both freeze–thaw and grinding affected the molecular weight of
oyster DNA slightly, while salting can increase the stability of DNA in oyster.
Bases showed different sensitivity to the applied processing methods. Base pair
G-C escaped from DNA strands together. High-temperature caused depurination.
The results will be helpful for the development of typical flavor food, analysis of
DNA from processing food, and studies on nucleic acids metabolism diseases.

Keywords Oyster � DNA � Free base � Processing

145.1 Introduction

Oyster is a group of bivalve molluscs living in temperate and tropic sea. As a very
important economy shell fish, oyster is the main components of mollusc produc-
tion [1]. As we known, oyster is so delicious that it is greatly popular all over the
world. A lot of oyster products were developed to meet the needs of the con-
sumers, including raw oyster, stream oyster, fried oyster, canned oyster, salty
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oyster, smoked oyster, dried oyster, etc. And it is also the major material to make
oyster sauce which is a popular flavoring sauce in China.

As reported, oyster is a kind of sea food with higher nucleic acids content. Only
mentioning purines, the total content is up to 176 mg/100 g [2]. Intake of nucleic
acids still has some controversies. (1) Germany researchers investigated foreign
DNA in mammalian systems from 1990s. Their results demonstrated that some
foreign DNA fragments supplied by daily food survived from gastrointestinal (GI)
tract and retrieved in many organs, including blood, peripheral leukocytes, spleen,
and liver [3]. Surprisingly, the uptaken foreign DNA can also penetrate the pla-
cental circulatory system and reach the offspring of pregnant animals [4]. The
survival foreign DNA may have some biological significance on host mammalians.
It is inconsistent to the traditional nucleic acids metabolism theory considering that
the foreign DNA is broken into nucleotides, nucleosides, and bases before
assimilated by small intestine [5]. The metabolite excretes with urine. (2) Meta-
bolic abnormalities of nucleic acids, especially purine, are supposed to be one
pivotal cause of gout and hyperuricacidemia [6, 7]. (3) Supplementary nucleic
acids in animal feed are getting more and more attentions. It is reported that
dietary supplements will enhance immunity and disease resistance of fish and pigs
[8, 9]. Nucleic acids also play important roles in infant milk because of the
significant differences in the nonprotein nitrogen nucleotide pool between bovine
and human milk [10, 11]. (4) Moreover, nucleotides or other nucleic acids deg-
radation products, like IMP and GMP, may significantly contribute to food flavor.
They can greatly enhance the food flavor by combination with monosodium
glutamate [12, 13].

As described above, nucleic acids in oyster may have effects on its quality and its
biofunctions. We need to figure out the state of nucleic acids in a food, which is also
important for the gene analysis. Obviously, food processing may cause great struc-
ture changes of nucleic acids. However, effects of food processing on nucleic acids
have not been reported. Here, we adopted DNA in oyster (Qingdao, China) as our
study material to investigate the changes of DNA sizes and removal of bases during
microwave, freeze–thaw, grinding, salting, and high-temperature processing.

145.2 Materials and Methods

145.2.1 Materials

Oyster was collected in the local farm in Qingdao, Shandong province, China.
They were kept in iced sea water during the transportation. After arrived in the lab,
they were processed immediately.

Ethidiumbromide, proteinaseK,andmarineanimals genomic DNAextraction kitwere
purchased from Tiangen Biotech (Beijing) Co., Ltd. Acrylamide, N, N’-methylenebis-
acrylamide, ammonium persulfate (AP) and N, N, N’, N’-tetramethylethylenediamine
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(TEMED) were supplied by Sangon Biotech (Shanhai) Co., Ltd. Ladder of Lambda DNA-
HindIII digest, 1 kb ladder and 100 bp ladder were bought from New England Biolabs Inc.
(Ipswich, MA, US). Regular agarose G-10 was manufactured by Biowest SAS (France).
Guanine (G), adenine (A), cytosine (C), and thymine (T) were purchased from Sigma-
Aldrich Co. LLC. HPLC-grade ethanol was supplied by J.T. Baker Chemical Company
(USA). Highly purified water (resistivity C 18 M, E-pure water system, Sartorius, Ger-
man) was used. All other chemicals were analytical reagent grade or HPLC-grade supplied
by local companies.

145.2.2 Processing Methods

Oyster was processed with five methods.

(1) Microwave. Oyster was cooked with high, medium, and low power styles. The
employed microwave instrument is a normal household microwave oven with
2,450 MHz frequency and 20 L volume. We choose three power steps, high
level (HL), medium level (ML), and low level (LL). Output power of HL step
is 100 % of microwave energy, ML step is 77 % and LL step is 55 %. One
whole fresh oyster meat around 2–3 g was collected into a 10 cm petri dish
and covered with a piece of cling film. The cooked time is 0.5–2 min.

(2) High temperature. One whole fresh oyster meat around 2–3 g was collected
into a 100 mL beaker and sealed with a piece of parafilm. Oyster samples were
treated at 121 �C or 100 �C in sterilization pot for 10 min or 20 min.

(3) Grinding. One whole oyster meat was grinded continuously in a mortar for
10 min under room temperature.

(4) Freeze–thaw. Fresh oyster meat was frozen under -20 �C overnight. Then put
it in the room temperature to thaw completely. Repeat these freeze–thaw
procedures for 10 times.

(5) Salting. Fresh oyster meat was mixed with NaCl (3.0 g/g oyster meat) and
placed under room temperature for 24 h. Then salted oyster meat was washed
with distilled water three times, ready for DNA and free bases extraction.

145.2.3 Extraction of DNA

DNA of fresh and processed oyster meat was extracted using optimized ‘‘Marine
Animals Genomic DNA Extraction Kit (Tiangen Biotech, Beijing)’’ procedures.
One whole oyster meat was cut into small pieces and mixed together. Around
30 mg meat was weighted and put into a 1.5 ml centrifuge tube. 200 lL of GA
buffer and 20 lL of proteinase K solution (20 mg/mL) were added into the tube,
mixing well by vortex. Left the tube at 56 �C for about 1 h to dissolve the animal
tissue completely. Then add 200 lL of GB buffer, put the tube at 70 �C for
10 min. After that, 200 lL of 100 % ethanol and CB3 column were added,

145 Effects of Different Processing Methods on Oyster DNA 1363



centrifuge at 12,000 rpm for 30s, and remove the upper solution. Then wash CB3
column with 500 lL of GD buffer, 700 lL of PW solution, and 500 lL of PW
solution. Leave CB3 column at room temperature for several minutes to dry the
wash solution. Then add 50–200 lL elution solution into the middle of CB3
column, 5 min latter centrifuge it at 12,000 rpm for 2 min. The upper solution was
collected for electrophoresis analysis.

145.2.4 Extraction of Free Bases

Free bases were extracted by distilled water. Two grams of fresh or processed
oyster meat were homogenated and dipped in 3.0 mL distilled water. Mixtures of
meat and water were sonicated for 20 min. Then mixtures were centrifuged with
10,000 rpm for 5 min. The supernatant was collected. Repeat the extraction pro-
cedures three times. Combined the supernatants and added water to 10 mL. The
extracted solutions were filtrate with 0.45 lm film, ready for HPLC analysis.

145.2.5 Analysis of Genomic DNA in Oyster Meat
by Electrophoresis

Extracted DNA solutions (8.0 lL) were electrophoresed on 1 % agarose gel as
described previously [14].

145.2.6 Analysis of Free Bases by LC-MS

Extracted free bases solutions and standard bases solution were analyzed with an
Agilent G6410B series (Palo Alto, CA), an Agilent G1314A variable wavelength
detector (VWD) and an YMC C18 column (4.59150 mm, particle size 3 lm). The
flow rate was 0.5 mL/min, the column temperature was 25 �C, the detection
wavelength was 260 nm, and the injection volume was 10 lL. The mobile phases
were composed of 0.05 mol/L ammonium formate (dissolved in water) and
methanol. Gradient elution was applied in our analysis, 2 % methanol was
increased to 12 % in 20 min, and then methanol went back to 2 % in 5 min.

Electrospray ionization (ESI) was performed in the positive mode with an
ionspray voltage of 4,000 V. The heated nebulizer temperature was set at 350 �C
and flow rate was set at 9 L/min.

Standard bases solutions including guanine (G), adenine (A), cytosine (C), and
thymine (T) were diluted in 0.6 % HCl with concentrations from 5.0 to 50 lg/mL.
The peaks were recognized by MS spectrum, while the peak areas were calculated
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with the absorbance under 260 nm. Calibration curves were obtained by peak areas
of bases against the concentrations of standard solutions. Every concentration level
was analyzed in three replications. Concentrations of the free bases in fresh or
processed oyster were calculated using the calibration curves.

145.3 Results and Discussion

145.3.1 Analysis of DNA from Fresh Oyster

Genomic DNA in fresh oyster meat was shown in Fig. 145.1. A wide smeared
band ranged from 200 bp to 20 kb and a bright band around 20 kb was observed
(Lane 3 in Fig. 145.1).

145.3.2 Effects of Microwave Processing

After processing by three different microwave power levels, genomic DNA in
oyster meat was analyzed by agarose gel electrophoresis. Result was shown in
Fig. 145.2. Compared to DNA in fresh oyster meat, DNA in microwave processed
oyster meat was gathered in gel wells, especially ML and HL microwave pro-
cessed oyster (lane 5 and lane 6). It demonstrated that state of DNA in oyster meat
was changed greatly by microwave. DNA in gel wells was thought to be denatured
DNA or DNA and protein complex probably formed by instantaneous heat of
microwave.

Fig. 145.1 Gel
electrophoresis of DNA in
fresh oyster meat. Lane 1,
1.0 kb ladder; lane 2, ladder
of Lambda DNA-HindIII
digest; lane 3, fresh oyster
meat
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145.3.3 Effects of High-Temperature Processing on DNA

Fresh oyster was processed by 100 �C or 121 �C, the processing time is 10 or
20 min. DNA in high-temperature processed oyster analyzed by agarose gel
electrophoresis was shown in Fig. 145.3. We can figure out that oyster DNA was
broken into small pieces. When the processing temperature was 100 �C, DNA in
processed oyster meat was shown to be smaller than 4.0 kb. Even more, after
processed by 121 �C, DNA was broken into small segments less than 2.0 kb. The
influence of temperature on DNA of oyster was obvious, but the influence of
processing time seemed not that significant.

Fig. 145.2 Gel
electrophoresis of DNA in
oyster processed by different
microwave power level. Lane
1, 1.0 kb ladder; lane 2,
ladder of lambda DNA-
HindIII digest; lane 3, fresh
oyster; lane 4, low level
2.0 min; lane 5, medium level
2.0 min; lane 6, high level
2.0 min

Fig. 145.3 Gel
electrophoresis of DNA in
oyster meat processed by
high temperature. Lane 1,
Fresh oyster; Lane 2, 100 �C,
10 min; Lane 3, 100 �C,
20 min; Lane 4, 121 �C,
10 min; Lane 5, 121 �C,
20 min
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145.3.4 Effects of Freeze–Thaw Processing on Oyster DNA

After 10 times freeze–thaw, DNA in oyster meat was analyzed by agarose gel
electrophoresis (Fig. 145.4). Results showed that the freeze–thaw process had little
influence on oyster genomic DNA.

145.3.5 Effects of Grinding

Figure 145.5 showed the gel electrophoresis of DNA in oyster after grinding for
10 min. Band of 20 kb decreased and segments lower than 500 bp increased. It
revealed that some genomic DNA was broken down into small segments during
grinding.

145.3.6 Effects of Salting

As shown in Fig. 145.6, increase of lower Mw DNA was not found in salting
oyster. However, content of higher Mw DNA increased. This illuminated that
salting process may enhance the stability of genomic DNA in oyster. In the fresh
oyster meat, nuclease-like Dnase may destroy DNA during DNA extraction, while
salt can decrease the activity of nuclease to some extent.

Fig. 145.4 Gel
electrophoresis of DNA in
oyster freeze–thaw under
-20 �C for 10 times. Lane 1,
1 kb ladder; Lane 2, lambda
DNA-HindIII digest; Lane 3,
freeze–thaw oyster; Lane 4,
fresh oyster
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145.3.7 Effects of Processing Methods on Free Bases

Free bases in fresh oyster meat or processed oyster meat were extracted and
determined by LC-MS. The peaks were recognized by MS spectrum (data not
shown). Concentration of each base was calculated by peak area with absorbance
under 260 nm. Results of free bases were listed in Table 145.1. The LC-MS
chromatography of free bases in fresh oyster meat was shown in Fig. 145.7b.

Fig. 145.6 Gel
electrophoresis of DNA in
salting oyster meat. in fresh
oyster1, 1.0 kb ladder; Lane
2, lambda DNA-HindIII
digest; Lane 3, salting oyster;
Lane 4, fresh oyster

Fig. 145.5 Gel
electrophoresis of DNA in
oyster meat after grinding for
10 min. Lane 1, 1.0 kb
ladder; Lane 2, Lambda
DNA-HindIII digest; Lane 3,
Grinding oyster; Lane 4,
Fresh oyster

1368 P. Dong et al.



Compared to standard bases (Fig. 145.7a), concentrations of free thymine (T) were
calculated as 33.74 lg/g. Free cytosine (C), guanine (G), and adenine (A) were not
detected.

Line 2 showed the concentrations of free C, G, T, A, and total free bases in
oyster meat which was processed by HL microwave for 2 min. Concentrations of
free bases did not change much after the microwave processing. Only A and T
were detected, concentrations of thymine and adenine were 14.72 lg/g and
9.81 lg/g, respectively. Similarly, grinding processing also did not affect the free
bases in oyster meat (Lane 5, Table 145.1). After grinding processing composition
and concentration of free bases was both similar to fresh oyster.

Changes of free bases after high-temperature process were shown in Lane 3
Table 145.1. Free bases increased greatly, especially A and G. After processed by
121 �C for 20 min, free adenine in oyster meat increased to 109.21 lg/g and free
guanine increased to 56.83 lg/g. However, free thymine was not detected after the
high-temperature processing. It may be that because of some reactions under high
temperature, free thymine might change into other compounds and be used up after
processing. It indicated that high temperature caused the loss of purines from DNA
strands.

Among all the five processing methods, freeze–thaw processing affected the
loss of bases from DNA strands (Lane 4, Table 145.1) the most significantly. Total
concentration of free bases in freeze–thaw processed oyster was 614.58 lg/g, it is
almost 20 times compared to total free bases in fresh oyster. After freeze–thaw
processed, free cytosine, guanine, and thymine were all higher than 160 lg/g.
Concentration of free thymine was up to 277.88 lg/g, from almost nine times of
free thymine in fresh oyster. The LC-MS chromatography was shown in
Fig. 145.7c.

As discussed in Sect. 145.3.6, salting process was supposed to protect the DNA
in oyster meat. However, free cytosine and guanine increased during salting (Lane
6, Table 145.1). They escaped from DNA strands up to 32.57 lg/g and 53.53 lg/
g, respectively. It supposed that salting process caused G-C base pair breaking off
from DNA strands.

Compared these five processes to fresh oyster, three processing methods
including high temperature, freeze–thaw, and salting induced the rupture of bases

Table 145.1 Free bases concentrations in oyster meat after different processing methods

No. Processing methods Cytosine Guanine Thymine Adenine Total lg/g

1 Fresh * * 33.74 * 33.74
2 HL microwave 2.0 min * * 14.72 9.81 24.53
3 High-temperature (121 �C, 20 min) 10.08 56.83 * 109.21 176.12
4 Freeze–thaw 163.08 173.62 277.88 * 614.58
5 Grinding * * 35.25 * 35.25
6 Salting 32.57 53.53 31.72 * 117.82
7 Total 205.73 283.98 393.31 119.02

* Not detected
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Fig. 145.7 Chromatographs of free bases in fresh oyster meat, peaks were recognized by MS
spectrum. a standard bases, peak 1 is cytosine, peak 2 is guanine, peak 3 is thymine and peak 4 is
adenine; b free bases in fresh oyster meat; c free bases in freeze–thaw processed oyster meat
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from DNA strands. Especially, they all caused the increase of free cytosine and
guanine. The result implied the base pairs composed of G-C escaped from DNA
strands together during food processing. As we know three hydrogen bonds were
needed to compose the base pair G-C, however, A-T base pair were composed of
two hydrogen bonds. Therefore, G and C were connected more tightly. When the
high-temperature strike to DNA strands, G-C will escape together from the
strands. Hydrogen bonds in A-T base pair were less stable, the rupture will happen
inside A-T base pair, then A and T will not escape from DNA strands simulta-
neously. Moreover, purines including guanine and adenine were affected signifi-
cantly by high temperature. This result indicated that the super-hot condition will
cause the depurination. The mechanism should be investigated in the future.

145.4 Conclusion

Genomic DNA of oyster processed by different methods was investigated in our
study. Processing methods included microwave, high temperature, freeze–thaw,
grinding, and salting. Microwave will bring out DNA and protein gathered toge-
ther. The instantaneous heat caused by microwave should be the main reason. High
temperature will cause the rupture of DNA. Under high temperature oyster DNA
was denatured. The denatured DNA is unstable, then break of hydrogen bonds and
phosphodiester bonds will come up. Slight rupture of DNA during of freeze–thaw
was attributed to ice crystal. Shape of ice crystal during freeze–thaw can break the
oyster meat cells, DNase comes out together with genomic DNA, and slow
hydrolysis of DNA will happen. And considerable loss of free bases from DNA
strands may attribute to both the breakage of DNA strands by ice crystal and the
release of DNase. Similar as freeze–thaw, process of grinding will also break
oyster cells. Moreover, grinding will generate heat, increase of temperature may be
another reason of the DNA rupture. However, to some extent salting can increase
the stability of DNA in oyster meat. It will attribute to the existence of NaCl. On
the one hand, high concentration of NaCl can destroy the Dnase in oyster cells; the
inactivation of enzyme protected DNA from degradation. On the other hand,
increase of ion in the system will promote the separation of DNA and protein;
neutralize the negative charge of DNA strands. The increased stability of DNA
will prevent the DNA rupture by processing.

Changes of free bases concentrations in oyster meat will reflect the loss of bases
from DNA strands. Our study indicated that G-C and A-T base pairs have different
sensitivities to processing. G-C escaped from DNA strands together and showed a
universal sensitivity to the applied processing methods in this paper. This result
may attribute to the different strength of hydrogen bonds inside base pairs.
Moreover, purines, but not pyrimidine, were sensitive to high-temperature pro-
cessing. As we know, purine is supposed to be related to the cause of gout and
some other metabolism diseases [6, 7], the difference performances of pyrimidine
and purine during high-temperature processing were thought-provoking.
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Different processing methods do have influences on oyster DNA. The influ-
ences can affect the flavor, nutrition, DNA separation, and determination of pro-
cessed oyster. Changes of DNA or other nucleic acids during processing should be
paid more attention. However, to reveal the mechanism of these phenomena, we
need to devote more work in the future.
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Chapter 146
Design and Synthesis of Resveratrol
Analogs

Yuanmou Chen, Fei Hu, Yinghao Gao, Na Ji, Weizhu Liu
and Erbing Hua

Abstract Resveratrol (3,5,40-trihydroxy-trans-stilbene), a naturally occurring
hydroxystilbene, is considered as an essential anti-oxidative and possessing che-
mopreventive properties, and is found in various medical plants. It has been proven
that resveratrol is a Sirt1 activator and kinds of biological activities. In this paper,
we designed and synthesized a series of resveratrol derivatives through a five-step
synthetic procedure. Total 11 resveratrol derivatives were prepared from two kinds
of hydroxybenzoic acid by methylation and reduction followed by bromination
and reaction with triethyl phosphate to get methoxylated diethyl benzylphospho-
nates, then condensation with a series of aromatic aldehydes by Wittig-Horner
reaction to offer the desired compounds in overall yield of about 17.2–48.5 %.
These synthesized compounds were characterized on the basis of 1H NMR.

Keywords Resveratrol analogs � Synthesis � Sirt1 activator � Wittig-Horner
reaction

146.1 Introduction

Resveratrol (3,5,40-trihydroxystilbene) was identified as one ingredient of red
wine, which could cause the so-called ‘‘French paradox’’ [1]. This compound,
which is a naturally occurring phytoalexin produced by a wide range of plants in
response to environmental stress or pathogenic attack, was first isolated from the
roots of the white hellebore lily Veratrum grandiflorum by O. Loes in 1940 [2].
Since the discovery of its cardioprotective activity in 1992, resveratrol research
has steadily accelerated.
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In past years, there have been a large of reports about resveratrol that exerts a
variety of biological activities. Among the most significant activities of resveratrol
are its cancer chemo-preventive properties [3, 4], antioxidant [5], antibacterial, and
anti-inflammatory activities [6–8]. Some of these have been reported to inhibit
LDL oxidation in human [9], in addition to its blocking of platelet aggregation [10]
and vasorelaxing activities [11]. In yeast assays, resveratrol was also found to
significantly mimic calorie restriction by stimulating Sirt2 which is the most
homologic homolog of Sirt1 of mammalian and extended lifespan by 70 % [12].

In recent years, a large number of papers have been published on resveratrol,
which report a wide range of novel discoveries, such as new extraction methods,
new applications [13–15], and resveratrol analogs [16–18]. This intrigued us to
prepare its analogs and their derivatives. In order to increase its stability and water-
solubility, we designed and synthesized some methoxylated analogs of resveratrol.
The methoxylation of hydroxyl groups results in an increase in lipophilicity and a
loss of hydrogen bond donor property. These changes will influence bioavail-
ability, susceptibility to metabolism, and possibly the pharmacological profile of
the resulting analog.

146.2 Experimental

146.2.1 Materials and Measurements

1H NMR spectra was obtained at Bruker AM-400 NMR spectrometer using CDCl3
as the solvent except where otherwise specified, the chemical shifts are reported in
d values (ppm) relative to Me4Si line as internal standard and J values are reported
in Hertz. Unless otherwise stated, reagents and solvents were of reagent grade and
used as obtained from commercial sources without further purification. Dichlo-
romethane was distilled from CaH2, THF from sodium prior to use and DMF were
dried over anhydrous sodium sulfate. Reaction temperatures were controlled by oil
bath with temperature modulator and dewars. Thin layer chromatography (TLC)
was performed using E. Merck silica gel 60 GF254 precoated plates (0.25 mm).
Silica gel (particle size 200–400 mesh) was used for flash chromatography.

146.2.2 General Procedures

The route to prepare the resveratrol analogs was presented in Scheme 146.1.

146.2.2.1 General Procedure 1 (Gp 1) for the Preparation of Aromatic
Esters from Hydroxybenzoic Acid

In a round-bottomed flask, to a well-stirred suspension of a mixture of hydroxy-
benzoic acid (1 eq.), freshly powered anhydrous K2CO3 (5 eq.), and
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tetrabutylammonium bromide (0.5 eq.) in DMF (10 ml) was added dimethyl
carbonate (50 ml, 30 eq.) at room temperature. After the mixture was stirred at
140 �C for 38 h, the dimethyl carbonate was removed under reduced pressure and
water (80 ml) was added to the residue. The resulted mixture was extracted with
ethyl acetate and the organic layer was washed with water and brine, dried over
anhydrous sodium sulfate. The solvent was concentrated in vacuo to yield the pure
product as a white solid in moderate yield aromatic esters.

146.2.2.2 General Procedure 2 (Gp 2) for the Preparation of Aromatic
Alcohol from Aromatic Esters

LiAlH4 (0.5 eq.) was added slowly to a solution of aromatic esters (1 eq.) in THF
(50 mL) at 0 �C for 1 h. The reaction mixture was stirred for 10 h at room tem-
perature. Ice water (10 mL) was added slowly to the reaction mixture and stirred
for 10 min, followed by concentrated 2 M HCl to neutralize the base. The reaction
mixture was extracted with ethyl acetate, and the ethyl acetate layer was washed
with water and brine, dried over anhydrous sodium sulfate. The solvent was
removed in vacuo to yield the pure product in good yield aromatic alcohol.

146.2.2.3 General Procedure 3 (Gp 3) for the Preparation of Benzyl
Bromine from Aromatic Alcohol

A solution of tribromophosphine (3 eq.) in CH2Cl2 (15 mL) was added dropwise
to a solution of aromatic alcohol (1 eq.) in CH2Cl2 (30 mL) at 0 �C. The reaction
mixture was stirred for 2 h and then warmed up to room temperature. After 4 h,
the solution was poured into 50 mL ice water and stirred for 10 min. Then the
organic layer was washed with water and aq NaHCO3 (3 9 20 mL), dried over
anhydrous sodium sulfate, and evaporated to yield the pure product as a solid
benzyl bromine.

COOCH3

R2

R1

H3CO R4

R5
9a-16a

H3CO

17a-18a

R3

R4

1a R4,R5=H R3=Br
2a R4,R5=H R3=Cl
3a R3,R4,R5=H
4a R4,R5=H R3=OCH3
5a R5=OCH3 R3,R4=H
6a R4,R2=OCH3 R3=H
7a R4,R5=H R3=NO2
8a R3,R5=H R4=NO2

(OCH3)n

CH2OH

(OCH3)n

CH2P(O)(OEt)2

(OCH3)n

CH2Br

(OCH3)n R5R4
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CHO

R3

COOH

(OH)n
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R5R4
R3
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6
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R1
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Scheme 146.1 Synthetic pathway for stilbenes 9a–18a. Reagents and conditions: 1 (CH3O)2CO,
Bu4NBr, DMF, K2CO3, reflx; 2 LiAlH4, THF, 0 �C; 3 PBr3, CH2Cl2, rt; 4 P(O)(OEt)3, reflux; 5
NaH, ArCHO, THF, 0 �C; 6 CH3ONa, ArCHO, DMF, 100 �C
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146.2.2.4 General Procedure 4 (Gp 4) for the Preparation
of Methoxylated Diethyl Benzylphosphonates from Benzyl
Bromine (Arbuzov Rearrangement)

A mixture of bromide (1 eq.) and triethyl phosphite (2 mL 5 eq.) was stirred at
135 �C for 3 h [19]. Triethyl phosphate (2 mL 5 eq.) was added again and stirred
another 4 h. After the reaction was completely finished, the mixture was cooled to
room temperature and purified by distillation at 4 9 10-3 bar and 120 �C to yield
yellow oils methoxylated diethyl benzylphosphonates. The crude product was used
directly for the next step without further purification.

146.2.2.5 General Procedure 5 (Gp 5) for Synthesis of Compounds 9a–
16a (Wittig-Hornor Condensation)

Methoxylated diethyl benzylphosphonates (1 eq.) in the round-bottomed flask was
added dropwise to a suspension of NaH (4 eq.) in THF (20 mL) at 0 �C and stirred
for 1 h [20]. Then the mixture was treated with aromatic carboxaldehyde (1a–6a)
(1 eq.) at 0 �C for 2 h. The reaction mixture was warmed up to room temperature
and further stirred for 15 h. The solution was poured into 150 mL ice water,
neutralized with 2 M HCl, and extracted with ethyl acetate. The ethyl acetate layer
was washed with water and brine, dried over anhydrous sodium sulfate, and
concentrated. The crude product purified by crystallization or flash column chro-
matography to afford (E)-stilbenes.

146.2.2.6 General Procedure 6 (Gp 6) for the Nitro Groups
and Stilbenes (Compounds 17a–18a)

To a stirred suspension of CH3ONa (3 eq.), DMF (25 mL) was added dropwise to
the corresponding methoxylated diethyl benzylphosphonate (1 eq.) at 0 �C in a
round-bottomed flask and the mixture was stirred for 1 h. Then the corresponding
benzaldehyde (7a–8a) (1 eq.) were added. The mixture was stirred at room
temperature for 1 h, then heated to 100 �C under argon for 10 h. The solution was
poured into 150 mL ice water, the precipitate as filtered off and recrystallized from
diluted or pure ethanol to afford the nitro groups and stilbenes.

146.2.3 Syntheses

146.2.3.1 3,5-Dimethoxyl-40-bromo-trans-stilbene (9a)

This compound was prepared in 59.2 % yield by following GP 4 and 5. White
solid: 1H NMR (400 MHz CDCl3): d/ppm 7.47 (d, J = 8.4 Hz, 2H), 7.36
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(d, J = 8.4 Hz, 2H), 7.01(s, 2H), 6.65 (d, J = 2.4 Hz, 2H), 6.41 (t, J = 2.2 Hz,
1H), 3.83 (s, 6H).

146.2.3.2 3,5-Dimethoxyl-40-chloro-trans-stilbene (10a)

This compound was prepared in 65.8 % yield by following GP 4 and 5. White
solid: 1H NMR (400 MHz CDCl3): d/ppm 7.42 (d, J = 8.4 Hz, 2H), 7.32
(d, J = 8.4 Hz, 2H), 7.01 (d, J = 1.6 Hz, 2H), 6.65 (d, J = 2.4 Hz, 2H), 6.41
(t, J = 2.4 Hz, 1H), 3.83 (s, 6H).

146.2.3.3 3,5-Dimethoxyl-trans-stilbene (11a)

This compound was prepared in 45.6 % yield by following GP 4 and 5. White
solid: 1H NMR (400 MHz CDCl3): d/ppm 7.55 (d, J = 7.6 Hz, 2H), 7.40
(t, J = 7.6 Hz, 2H), 7.31 (t, J = 7.2 Hz, 1H), 7.14 (d, J = 16.4 Hz, 1H), 7.08
(d, J = 16.4 Hz, 1H), 6.73 (d, J = 2 Hz, 2H), 6.45 (t, J = 2.4 Hz, 1H), 3.87
(s, 6H).

146.2.3.4 3,5,40-Trimethoxyl-trans-stilbene (12a)

This compound was prepared in 37.1 % yield by following GP 4 and 5. White
solid: 1H NMR (400 MHz CDCl3): d/ppm 7.44 (d, J = 8.4 Hz, 2H), 7.04
(d, J = 16 Hz, 1H), 6.91 (t, J = 6.4 Hz, 3H), 6.65 (s, 2H), 6.37 (s, 1H), 3.83
(s, 9H).

146.2.3.5 3,5,20-Trimethoxyl-trans-stilbene (13a)

This compound was prepared in 46.2 % yield by following GP 4 and 5. White
solid: 1H NMR (400 MHz CDCl3): d/ppm 7.57 (d, J = 7.6 Hz, 2H), 7.45
(d, J = 16.4 Hz, 1H), 7.22–7.26 (m, 1H), 7.04 (d, J = 16.4 Hz, 1H), 6.96 (t,
J = 7.2 Hz, 1H), 6.90 (d, J = 8.4 Hz, 1H), 6.69 (d, J = 2 Hz, 2H), 6.38
(t, J = 2.4 Hz, 1H), 3.88 (s, 3H), 3.83 (s, 6H).

146.2.3.6 3,5,20,30-Tetramethoxyl-trans-stilbene (14a)

This compound was prepared in 48.8 % yield by following GP 4 and 5. White
solid: 1H NMR (400 MHz CDCl3): d/ppm 7.42 (d, J = 16.4 Hz, 1H), 7.23 (d,
J = 9.2 Hz, 1H), 7.06 (t, J = 9.2 Hz, 1H), 7.05 (d, J = 16.4 Hz, 1H), 6.84
(d, J = 9.6 Hz, 1H), 6.70 (d, J = 2 Hz, 2H), 6.4 (t, J = 2.4 Hz, 1H), 3.88 (s, 3H),
3.85 (s, 3H), 3.84 (s, 6H).
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146.2.3.7 3,4,20-Trimethoxyl-trans-stilbene (15a)

This compound was prepared in 44.9 % yield by following GP 4 and 5. White
solid: 1H NMR (400 MHz CDCl3): d/ppm 7.58 (d, J = 9.2 Hz, 1H), 7.33
(d, J = 16.4 Hz, 1H), 7.21 (t, J = 4.8 Hz, 1H), 7.10 (d, J = 1.6 Hz, 1H), 7.06
(d, J = 16.4 Hz, 1H), 7.05 (d, J = 8.4 Hz, 1H), 6.96 (t, J = 7.6 Hz, 1H), 6.90
(d, J = 8 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 3.95 (s, 3H), 3.90 (d, J = 1.2 Hz,
6H).

146.2.3.8 3,4,20,30-Tetramethoxyl-trans-stilbene (16a)

This compound was prepared in 37.6 % yield by following GP 4 and 5. White
solid: 1H NMR (400 MHz CDCl3): d/ppm 7.31 (d, J = 16.4 Hz, 1H), 7.22
(d, J = 9.6 Hz, 1H), 7.09 (d, J = 16.4 Hz, 1H), 7.09 (s, 1H), 7.08 (t, J = 6.4 Hz,
1H), 7.04 (d, J = 8 Hz, 1H), 6.87 (d, J = 8.8 Hz, 1H), 6.83 (d, J = 9.6 Hz, 1H),
3.95 (s, 3H), 3.91 (s, 3H), 3.89 (s, 3H), 3.86 (s, 3H).

146.2.3.9 3,5-Dimethoxyl-40-nitro-trans-stilbene (17a)

This compound was prepared in 76.5 % yield by following GP 4 and 6. Yellow
solid: 1H NMR (400 MHz CDCl3): d/ppm 8.22 (d, J = 8.4 Hz, 2H), 7.63
(d, J = 8.8 Hz, 2H), 7.20 (d, J = 16.4 Hz, 1H), 7.11 (d, J = 16.4 Hz, 1H), 6.96
(t, J = 7.2 Hz, 1H), 6.70 (s, 2H), 6.46 (t, J = 2 Hz, 1H), 3.85 (s, 6H).

146.2.3.10 3,5-Dimethoxyl-30-nitro-trans-stilbene (18a)

This compound was prepared in 78.3 % yield by following GP 4 and 6. Orange
solid: 1H NMR (400 MHz CDCl3): d/ppm 8.36 (s, 1H), 8.09 (d, J = 9.6 Hz, 1H),
7.79 (d, J = 8 Hz, 1H), 7.52 (t, J = 8 Hz, 1H), 7.16 (d, J = 16.4 Hz, 1H), 7.09
(d, J = 16.4 Hz, 1H), 6.69 (d, J = 2.4 Hz, 2H), 6.45 (t, J = 2.4 Hz, 1H), 3.84
(s, 6H).

146.2.3.11 3,5-Dimethoxy-40-amino-trans-stilbene (19a)

Ferric chloride hexahydrate (0.1 g) and activated carbon (1 g) were added to a
solution of compound 17a (1.42 g, 5 mmol) in ethanol (55 mL). Then the reaction
mixture was heated to 80 �C and hydrazine hydrate (9 mL, 15 mmol) was added
dropwise to the mixture. The mixture was stirred under reflux for 5 h. The mixture
was filtered and the solvent was removed. Water was added to the residue and the
aqueous layer was extracted by ethyl acetate and the organic layer was washed by
brine, and dried over anhydrous sodium sulfate. The solvent was evaporated in
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vacuo to provide a yellow solid that was recrystallized from ethyl acetate and
hexane to yield a pure yellow solid (1.09 g, 85.6 %): 1H NMR (400 MHz CDCl3):
d/ppm 7.33 (d, J = 8.4 Hz, 2H), 7.00 (d, J = 16.4 Hz, 1H), 6.84 (d, J = 16.4 Hz,
1H), 6.67 (d, J = 8.4 Hz, 2H), 6.63 (d, J = 2.4 Hz, 2H), 6.36 (t, J = 2.4 Hz, 1H),
3.82 (s, 6H), 3.75 (br, 2H).

146.3 Results and Discussion

In this work, we used the Wittig-Horner reaction to synthesize resveratrol deriv-
atives. It was found that Wittig-Horner reaction is much better in forming double
bond of resveratrol due to its mild reaction conditions, simple manipulation, high
purity, and yield than Perkin or Heck reaction.

In this work, methoxylated analogs of resveratrol were synthesized through
3,5-dihydroxybenzoic acid or 3,4-trihydroxybenzoic acid followed by aromatic
esters formation in moderate yield, which was reduced with LiAlH4 to alcohol, and
subsequent treatment with tribromophosphine afforded benzyl bromine in about
85.0 %. With Wittig-Horner reaction methoxylated diethyl benzylphosphonates
were obtained by refluxing benzyl bromine with P(OEt)3, which was condensed
with ArCHO in CH3ONa/DMF or NaH/THF to give compounds 9a–18a, only the
trans isomer was obtained. Compounds 9a–18a were prepared according to
Scheme 146.1 and the structures of these compounds were listed in Table 146.1.
The nitro group of the analog 17a was reduced to provide the amine derivatives
19a in satisfactory yields (Scheme 146.2).

It is reported that some methylated derivatives of resveratrol show better
potential antifungal, anti-proliferative, anticancer, and other activities than
resveratrol. For instance, compound 12a was reported to inhibit invasion of human

Table 146.1 Chemical structures of compounds 9a–18a R1

R2

H3CO

R3

9a-18a
R4R5

Compound R1 R2 R3 R4 R5

9a H OCH3 Br H H
10a H OCH3 Cl H H
11a H OCH3 H H H
12a H OCH3 OCH3 H H
13a H OCH3 H H OCH3

14a H OCH3 H OCH3 OCH3

15a OCH3 H H H OCH3

16a OCH3 H H OCH3 OCH3

17a H OCH3 NO2 H H
18a H OCH3 H NO2 H
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lung adenocarcinoma cells [21]. In addition, compound 19a also displayed potent
QR2 inhibitory activity [22] and compound 11a possesses potent NQO1 induction
activity [23] and other articles reported that they have inhibitory activity of
prostaglandin E2 [24]. So the biological activities of these resveratrol derivatives
lead us to synthesize novel derivatives and further study their other biological
activities such as anti-diabetes.

146.4 Conclusion

In summary, we designed and synthesized some methoxylated analogs of resve-
ratrol. The synthetic route is a five-step convenient procedure via Wittig-Horner
reaction which is the key step to prepare resveratrol derivatives including
compounds 9a–18a in overall yield 17.2–48.5 %. The compounds 17a–18a were
prepared in 76.5–78.3 % yield by following GP 4 and 6, however, yield would be a
range from 35.5 to 37.6 % by following GP 4 and 5. It was possible that
compounds 7a–8a could cause Cannizzaro reaction when the reactions took GP 5,
resulting in lower yield. The analogs 17a were reduced by hydrazine hydrate to get
the compound 19a in yield 85.0 %.
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Chapter 147
Elongation of Trinucleotide Repeats
by DNA Polymerase

Yang Wang, Ping Dong and Xingguo Liang

Abstract The wide present simple repetitive sequences in genomes are significant
for studying molecular evolution, genetic diversity, and some hereditary diseases.
Here, elongation of 64 (34) kinds of 18 nucleotides long sequences with trinu-
cleotide tandem repeats by DNA polymerase was studied. The result showed that
all of the repeats, apart from several strands made up with single nucleotide, could
be elongated, although the efficiency depended on the sequences and reaction
temperatures. More GC content required a higher temperature for efficient elon-
gation. For double strands, elongation products had a narrow size distribution, and
the length of synthesized DNA increased linearly with reaction time. Single-
stranded sequences could also be elongated with even higher efficiency, and
products longer than 10 kb were obtained in several hours. Our results are prom-
ising to be used for explanation of molecular evolution, as well as unusual
amplification of repetitive sequences during gene amplification and detection.

Keywords Repetitive sequences � Isothermal amplification �Molecular evolution

147.1 Introduction

Tandem short repetitive sequences are strands of DNA made up with short units
connected with each other, which are also known as satellite DNA [1, 2], such as
(AT)n and (CAG)n. They are widely distributed in eukaryotic and prokaryotic
organisms and show polymorphism in length even in closely related individuals.
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Tandem repeats are closely related to many aspects of biological and medical
science like molecular evolution, genetic diversity, molecular markers, and genetic
diseases [3]. It has been revealed that more than 10 serious diseases, such as
Huntington’s disease and Myotonic dystrophy, are caused by expansion of trinu-
cleotide repetitive sequences [4]. As the result of easy mutation of these short
repeats, they contribute greatly to biological evolution and diversity of species.
Moreover, these repeats have already been widely used as gene specific markers
[5]. On the other hand, although human genome project has just been completed 10
years ago, what we know about repetitive sequences is definitely not enough to
understand their abundant presence as well as to solve relevant problems.
Accordingly, in-depth study of these repetitive sequences, especially the mecha-
nism of abnormal expansion is required.

There are many proposed mechanisms for repetitive sequence expansion, such
as intra or intermolecular recombination, slipped strand mispairing, and illegiti-
mate elongation model [6–8]. Ogata studied the amplification of repeats with
palindromic sequences, considering that formation of hairpin structures plays an
important role in the initiation stage for elongation, and further elongation is
carried out in a slippage style [9, 10]. After noticing these mechanisms were
inadequate to explain the high efficiency of expansion, especially at low con-
centrations, Liang et al. proposed a mechanism to show that the hairpin formation
at the end of a DNA duplex contributed to the efficient and continuous elongation,
although further experiments were required to clarify this model [11, 12]. At
presents, we believe that expansion of repetitive sequence may be carried out
according to various mechanisms, which depend on the sequences and the reaction
conditions.

Up to now, some scattered researches have shown that many simple repetitive
sequences such as (TA)n, (GAA)n/(TTC)n, (CCTG)n, and (dG)n/(dC)n could be
expanded by polymerase to 10 kb long [13, 14]. However, no reasonable expla-
nation was provided. On the other hand, repetitive sequences were synthesized
ab initio (i.e., in the absence of any initial nucleic acid) from dNTPs by thermo-
philic DNA polymerases [15]. More and more results supported that modern
coding sequences of DNA might evolve from primordial simple sequence repeats.
Thus, for both clarifying the mechanism of synthesis of repetitive sequences and
understanding their biological significance, systematic study on elongation of
simple repetitive sequences is essential. Here, abnormal expansion of all of the
18 nt trinucleotide repetitive sequences by DNA polymerase is studied compre-
hensively for understanding the expansion mechanism, providing some hints for
molecular evolution, as well as explaining the nonspecific amplification in gene
detection and diagnose.
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147.2 Materials and Methods

147.2.1 Materials

Sixty four kinds of sequences of 18 bp trinucleotide repeats used in this study were
purchased from Integrated DNA Technologies. (AGC)6 and (GCT)6 indicate the
single-stranded oligonucleotides; and (AGC)6/(GCT)6 and (ATA)6/(TAT)6. indi-
cate corresponding duplexes. The oligonucleotides were dissolved in H2O to
100 lM as stock solutions. The oligos were then diluted to 1.0 lM as the stock for
elongation (to a final concentration of 100 nM in reaction). Vent and Vent (exo-)
DNA polymerase, restriction enzyme ApeKI (recognition sequence: G;CWGC,
W = A or T), AluI (recognition sequence: AG;CT), SmaI (recognition sequence:
CCC;GGG), plasmid PUC18, and RNase-free DNase I were purchased from New
England Biolabs. Deoxyribonucleoside Triphosphates (dNTPs) was obtained from
Tiangen, T4 DNA ligase was from Fermentas.

147.2.2 Elongation of Short Repetitive Sequences

In principal, standard reaction solution contains 50 nM or 100 nM short repeats,
0.5 mM each dNTPs and 20 U/mL Vent or Vent (exo-) DNA polymerase.
1 9 Thermolpol buffer contains 20 mM Tris-HCl, 10 mM (NH4)2SO4, 10 mM
KCl, 2.0 mM MgSO4, 0.1 % Triton X-100, pH 8.8 at 25 �C. For elongation of
double strands, the repeats were pretreated by incubating in 1 9 ThermolPol
buffer at 90 �C for 3 min followed by slowly cooling to room temperature. The
reaction mixture were added to the 96 well plates and performed on life express
Thermal cycler (BIOER). Aliquots of the reaction solution were next loaded on a
0.8 % nondenaturing agarose or 8.0 % polyacrylamide gel and then stained with
ethidium bromide.

147.2.3 Digestion of Elongated Products by Restriction
Enzyme

Elongated products were purified by PCI (phenol: chloroform: isoamyl alco-
hol = 25:24:1), CIA (chloroform: isoamyl alcohol = 24:1) treatment and pre-
cipitated with ethanol. The products were then digested by restriction enzymes
ApeKI and AluI for sequence analysis. The reaction was carried out at 75 �C by
100 U/mL ApeKI in 20 lL 1 9 NEBuffer 3 (100 mM NaCl, 50 mM Tris–HCl,
10 mM MgCl2, 1.0 mM Dithiothreitol, pH 7.9 at 25 �C) and at 37 �C by 250 U/
mL AluI in 20 lL 1 9 NEBuffer 4 (50 mM KAc, 20 mM Tris-Ac, 10 mM
Mg(Ac)2, 1.0 mM DTT, pH 7.9 at 25 �C).
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147.2.4 Molecular Cloning of the Elongated Products

After purification by PCI and CIA treatment and precipitated with ethanol, elon-
gated products were digested slightly with 0.4 U/mL of DNase I in the presence of
MnCl2 to generate fragments with blunt ends. The products were then purified
again, cloned into the SmaI site of a PUC18 plasmid vector. The strands of the
insert DNA were sequenced by the dideoxy chain termination method.

147.2.5 Tm Measurement

1.0 lM 18 nt or 18 bp short repeats were added to 1 9 Thermopol Detergent Free
buffer (10 mM KCl, 10 mM (NH4)2SO4, 20 mM Tris-HCl, 2.0 mM MgSO4, pH
8.8 at 25 �C). Change of absorbance at 260 nm with temperature was recorded on
UV-1800 equipped with temperature-controlling device (Shimadsu).

147.3 Results and Discussion

147.3.1 Elongation of Single-Stranded Sequences by DNA
Polymerase

Elongation of all the single strands of repetitive sequences were first performed at
70 �C using 100 nM short repeats seeds in the presence of 0.5 mM dNTPs by
polymerase. The elongation products were analyzed by 0.8 % agarose gel. For
single strands, The sequences with higher GC content, such as (TCG)6 were
inclined to expand efficiently. Products up to 10 kb were observed in some cases
within 1 h (Fig. 147.1). For most of other sequences, this kind of phenomenon was
also observed. Similar results were also obtained when a denaturing agarose gel
(30 mM NaOH) was used.

Fig. 147.1 Gel
electrophoresis analysis of
expansion products of several
single strands repeats at
70 �C for 4 h
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Next, we checked the effect of reaction temperature on the elongation of short
repeats. As shown in Fig. 147.2, for (TCG)6 very long DNA was obtained within
1 h at 70 and 80 �C; at 50 and 60 �C, the speed of elongation became slower, and
products could only be observed after 4 or 24 h; at 37� C, basically no elongation
was observed under the conditions we used. Other short repeats were also analyzed
and similar results were obtained, showing that temperature had great effect on
their expansion. Repeats with different GC content have different optimal reaction
temperatures. For all the short repeats, the suitable temperatures were increased
according to the increasing GC content.

147.3.2 Elongation of Double-Stranded Sequences by DNA
Polymerase

To catalyze single strands elongation, we used Vent (exo-) to substituted Vent,
because there have been reports describing primer and template-free de novo
synthesis of DNA by Vent DNA polymerase [10, 16, 17], especially in high
temperature (70–80 �C) for several hours. However, we found that short duplex
with repetitive sequence could produce nearly uniform long DNA with Vent
polymerase better than with Vent (exo-). So for double strands repeats, Vent DNA
polymerase was used in our study, and the smear band at high temperature can be
regarded as de novo synthesis or single strands elongation.

For double strands repeats, the products after elongation had a narrow size
distribution (Fig. 147.3), especially for those with more AT content, such as
(AAG)6/(AGG)6 and (ATG)6/(CTA)6. When the GC content is 2/3, although more
smeared products were observed, the narrow bands around 500 bp could also be
clearly seen. The repeats with 100 % AT contents did not give lots of products at
70 �C after 4 h of reaction; on the other hand, except for (GGG)6/(CCC)6, short

Fig. 147.2 Extensions of single-stranded short trinucleotide repeats at various temperatures
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repeats with 100 % GC content can be elongated and narrow bands were observed
(Fig. 147.2). Obviously, the average elongation speed of each repeats changed
with the variation of the sequences. Repeats with 1/3 GC content grew fastest, with
a speed of more than 8.0 bp/min. Repeats which have the same GC content but
different sequence grew similarly.

In order to find out the effect of temperature to amplification double stands, only
duplex (AGC)6/(GCT)6 and (GAT)6/(ATC)6 were studied specially. For (AGC)6/
(GCT)6 at all temperatures, narrow bands were observed, although smear bands
were also present in some cases. At 37 and 50 �C, the reactions were very slow and
weak bands could only be observed after 20 h; at a temperature higher than 60 �C,
the products were observed in just 1 h. For (GAT)6/(ATC)6, narrow bands could
be observed from 37 to 70 �C, although the smear bands were obviously present at
50 and 60 �C. As compared with (AGC)6/(GCT)6, whose GC content is 2/3,
elongation speed for (GAT)6/(ATC)6 (1/3 GC content) was up to 8.5 bp/min at
70 �C. Unexpectedly, elongation was carried out for both (AGC)6/(GCT)6 and
(GAT)6/(ATC)6, although the efficiency is not so high. It should be noticed that the
optimum reaction temperature of Vent DNA polymerase is 70–80 �C.

147.3.3 Sequence Analysis of Elongated Products
by Restriction Enzyme Digestion and Sequencing
of Elongated Products

To check whether the long products were surely elongated from short repeats, the
elongated DNA expanded from (AGC)6, (GCT)6, and (AGC)6/(GCT)6 were
digested by restriction enzyme ApekI with recognition site G;CWGC and AluI with
recognition site AGCT (Fig. 147.4). The expansion products of single and double
strands were digested efficiently and almost no DNA was left with ApekI after 1 h,

Fig. 147.3 Gel electrophoresis analysis of expansion products of 32 duplexes of trinucleotide
repeats at 70 �C for 4 h. 1–16: Short repeats with 0 or 1/3 GC content; 17–32: short repeats with
2/3 or 100 % GC content. Reaction conditions: 50 nM short repeats, 10 U/mL Vent, 0.5 mM
dNTPs, in 20 lL of 1 9 Thermopol Buffer. The products were analyzed on a 0.8 % agarose gel
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indicating that the products have a large amount of GCAGC and/or GCTGC
sequence at short intervals. On the other hand, AluI could not digest these kinds of
long DNA after 1 h showing that little AGCT sequence existed (Fig. 147.4).

The products sequencing of (CAG)6 showed that the sequences of elongated
products were basically tandem repeats of seeds (data not shown). There were up
to 64 CTG in the long products without any interruption, indicating that slippage
occured during elongation. It can be inferred from the result that the long DNA
were made up of a large amount of trinucleotide repetitive sequences. Although
several point mutations appeared. These may be the result of misincorporation by
Vent (exo-) DNA polymerase, which lacks proof-leading activity.

147.3.4 Proposed Mechanism of Elongation of Short
Repetitive Sequences

From above results, we concluded that trinucleotide repetitive sequences had the
potential to expand generally. Almost all of the trinucleotide repeats could be
elongated, but the sequence had a great effect on it. It showed that no matter for
single strands or for double strands, the repeats with more GC contents could
easily proceed. For single strands, the expansion was so quick that the products of
more than 10 kb could be got even in 1 h. We proposed a new model to explain
this unusual elongation (Fig. 147.5a). The 18 nt short repeats can form transient
hairpin at 30 end, then DNA polymerase catch it to complete the template/primer

Fig. 147.4 Digestion of
elongated products of short
repeats by restriction enzyme.
Lane 1 Elongated products
without. Lane 2–4 ApeKI
treatment for 10, 30, 60 min,
respectively. Lane 5 AluI
treatment for 60 min. The
standard reaction conditions
were used and the DNA
products were analyzed by
nondenaturing
polyacrylamide gel (6 %)
electrophoresis
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extension to form a bigger hairpin. Slippage happened in this duplex followed by
filling the 50 by DNA polymerase. After several slippage-extension cycles, the 30

end slips to form a overhang, which was long enough to be in favor of a new
hairpin. In this situation the self-priming extension happened again to prolong the
repeats, then accessed to next expansion cycle.

According to this model, most of the results can be explained. The elongated
products of (AGC)6 and (GCT)6 can be digested completely by ApeKI to give very
clear bands, indicating that the elongated products consist of only repetitive
sequence of short repeated seeds. At the beginning, for example, the hairpin of
(GAT)6 at the end is difficult to form at the reaction temperatures (60–70 �C).
However, in the present of DNA polymerase, which can strongly bind to the
template/primer to form the expansion complex, the transient hairpin formation
can be caught by a DNA polymerase and carry out primer extension quickly. On
the other hands, with the products becoming longer, the Tm can be up to 75.9 �C,
in which the slippage can be easier to process and expansion become quick evi-
dently. At lower temperatures, the duplex is difficult to slip; at higher tempera-
tures, the transient hairpin formation is difficult to be caught by DNA polymerase
so that the efficiency of primer extension becomes lower.

Fig. 147.5 Proposed mechanism for elongation of tandem repetitive sequence. a Mechanism
proposed of the slippage and hairpin extension model for single strands repeats. b Possible
mechanism for duplex repeats. The (ATC)6/(GAT)6 was set as an example to explain this
slippage synthesis model
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For duplex extension, the obvious bright single band showed that something
different from single strands elongation had happened. Some other studies have
discovered similar phenomenon and put forward several mechanisms [13, 17]. The
slippage model is the orthodox view but few practical data and theoretical
explanation could give supports. Moreover, this slippage required very high
activation energy for inter-strands slippage when the reaction temperature is much
lower than the Tm of repeats. We found that almost all of the double trinucleotide
repetitive sequences increased linearly with time in some extent, and the extension
speed is not related to the length of prolonged products, which is unacceptable to
explain with the existing model. We proposed a model as shown in Fig. 147.5b. It
was reported that several base pair opening (breathing) could happen transiently
blew the Tm of duplex [18, 19]. Generally, base pairs are much easier to open at the
end of the duplex [20]. Strand slippage inclines to happen for repetitive sequences.
If the six base pair in the end of duplex opens to take a bulge form, the trinu-
cleotide slippage will happen, then DNA polymerase binds to the 30 end to prevent
it from returning back to normal duplex. This kind of unstable trinucleotide bulge
will slip to the other end to form a template-primer complex and filled by poly-
merase. The slippage-loop-filling cycle makes duplex extend gradually. The
duplex expanded linearly as the even speed of loop forming, which could account
for the result of our research. When product is elongated to more than 1.0 kb, the
loop becomes easier to slip to left and right and need more time to wave to the end,
which makes the expansion to slow down.

147.4 Conclusions

From above results, we concluded that all of the trinucleotide repetitive sequences,
no matter single strand or duplex, can be used as the seeds for synthesizing long
DNA by DNA polymerase under isothermal conditions, except several strands
with uniform nucleotide. The temperature and sequence of repeats had great effect
on it. The products were made up of a large number of trinucleotide repeats. New
model on these two kinds of elongation was proposed. Single strands repeat
expanded quickly to more than 10 kb. The high efficiency may be due to the
continuous slippage and hairpin formation for self-priming and primer extension.
For duplex repeats, as a result of slippage of duplex and spread of loop, the
elongation product prolonged gradually with a narrow size distribution, and the
length of synthesized DNA increases linearly with reaction time. These models
may be helpful for clarifying the molecular evolution of nucleic acids and the
nonspecification during DNA detection.
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Chapter 148
Hydroxylation of Dehydroepiandrosterone
by Penicillium decumbens ph-13

Song Zhang, Peihui Liu, Lin Zhao and Xinli Liu

Abstract Dehydroepiandrosterone was hydroxylated by biotranformation with
typical Penicillium decumbens ph-13. The two products were obtained and iden-
tified by NMR and polarimeter. The results indicate that they are 1a-hydroxy-
dehydroepiandrosterone and 7a-hydroxy-dehydroepiandrosterone, respectively.
The hydroxylation of dehydroepiandrosterone by Penicillium decumbens ph-13
offers a gentle and promising way of producing the desired compounds that is not
available by chemical synthesis.

Keywords Biotransformation � Dehydroepiandrosterone � Hydroxylation �
Penicillium decumbens

148.1 Introduction

Dehydroepiandrosterone (DHEA, 3b-hydroxy pregna-5-ene-17-one), naturally
occurring in human blood, is an ACTH-regulated C-19 steroid derived from cho-
lesterol and classified with the adrenal androgens, androstenedione, and testoster-
one [1–5]. It has been shown to be effective in potential antiaging properties,
longevity, improvement in lipid profiles, and protection against development of
atherosclerosis, osteoporosis, and modulation of immunological mechanisms [6–9].

More recently, the attention has been focused on the hydroxylation of steroid in
order to obtain more functionalized compounds due to high regio- and stereose-
lectivity of these reactions [10, 11]. As far as DHEA is concerned, the hydrox-
ylated DHEA plays a very significant role in medicine field. For example,
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1a-hydroxy-dehydroepiandrosterone and 7a-hydroxy-dehydroepiandrosterone are
important drug intermediates for the synthesis of active vitamin D3 and its ana-
logues, which are wildly used in therapy of osteoporosis, hyperparathyroidism,
psoriasis, cancer, and immune diseases [7, 8].

However, it is very difficult to introduce hydroxy group at C-1 and C-7 position
of DHEA molecule by chemical synthesis. To the best of our knowledge, we have
not found in literature any reports on the hydroxylation of DHEA by chemical
method at C-1 position. For this reason, the present investigation highlights this
valuable hydroxylation of DHEA for the first time by a typical Penicillium
decumbens ph-13.

148.2 Materials and Methods

148.2.1 Microorganism

The screening of strains was performed from the oil and the objective strain was
identified as Penicillium decumbens ph-13 by 18S rDNA sequence and morpho-
logical observation.

148.2.2 Cultivation Medium and Main Chemicals

The strain was maintained on agar slants composed of potato (200 g/L), glucose
(20 g/L), agar (18 g/L). The seed medium consisted of 1 % soluble starch, 0.5 %
glucose, 0.5 % peptone, 0.3 % N–Z-case, 0.2 % yeast extract, 0.1 % dipotassium
hydrogen phosphate, 0.05 % magnesium sulfate, and 0.3 % calcium carbonate.
The pH was adjusted to 7.0 with NaOH solution. The transformation medium
components were sucrose 4.75 %, sodium nitrate 3.69 %, magnesium sulfate
0.31 %, ferrous sulfate 0.002 %, and manganese sulfate 0.001 %. DHEA was
purchased from Wuhan Hezhong Chemical Company. 1a-hydroxy-dehydroepi-
androsterone was donated by Professor YASUHIRO IGARASHI from TOYAMA
Prefectural University.

148.2.3 Experimental Methods

The spore of Penicillium decumbens ph-13 were scraped from the slants and sus-
pended in sterilized water [12]. The suspension was transferred to 300 mL Erlen-
meyer flask containing 70 mL of the seed medium. The incubation was carried out at
the temperature of 30 �C for 72 h, until the proper growth of the microorganisms was
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achieved. The mycelia were washed three times with sterilized water, and then
inoculated to transformation medium. After cultivated at the temperature of 30 �C
for 72 h on a rotary shaker (180 r/min), the hydroxylation substrate (DHEA) was
dissolved in acetone and added to the culture medium at the concentration of 0.6 g/L.
In addition, culture controls containing only the fermentation medium and the
microorganism (without substrate) were employed to help distinguish biotransfor-
mation products from naturally occurring products. The hydroxylation was com-
pleted after incubation for 72 h under the above conditions.

The microorganism and the fermentation medium were separated by vacuum
filtration in a BÜchner funnel. The collected solids on the filter paper and the
filtrate was extracted separately with dichloromethane for several times, all of the
extracts were combined, concentrated by rotary evaporators, and washed with
petroleum ether four times. The products was purified by silica gel column
chromatography (4 9 50 cm, 200–300 mesh), using acetic ether/ethylether (20:1)
as eluent. Fractions were collected in 50 mL aliquots. Thin layer chromatography
(TLC) was performed using silica gel GF254 with a mobile phase of acetic ether/
ethylether (20:1). It was visualized with 10 % sulfuric acid. 1a-hydroxy-dehy-
droepiandrosterone offered by Professor YASUHIRO IGARASHI was employed
as reference. Two main crude products (I and II) were obtained. The crude product
I was dissolved with small portions of methylene chloride, and preparative thin-
layer chromatography (PTLC) was carried out, a mixed solvent of chloroform/
methanol (13:1) was employed as the mobile phase. The target silica gel was
scraped, pulverized, and eluted by silica gel column chromatography (2 9 15 cm),
using chloroform/methanol (5:1) as eluent. The eluent was concentrated, crystal-
lized, and washed by acetic ester. The white needle-shaped crystals were obtained.
Similar method was employed to purify the crude product II, and the white powder
was obtained.

The high performance liquid chromatography (HPLC) was performed on Elite
instrument for quantitative analysis of the two products. Resolution was achieved
using an analytical ODS-BP reverse phase column from Shimadzu
(4.6 9 200 mm); the elution was methanol/H2O solution (3:2); detection at
240 nm; flow for analytical resolution 0.8 mL/min. The 1H and 13C nuclear
magnetic resonance (NMR) spectra were obtained using a Bruker Avance 600
spectrometer at 600 and 150 MHz, respectively, with tetramethylsilane as internal
standard in CDCl3, and chemical shifts are given as d values. The optical activity
was measured by polarimeter (WZZ-2B Automatic Polarimeter).

148.3 Results and Discussion

The hydroxylation of DHEA was performed by Penicillium decumbens ph-13
which was screened in our laboratory from soil around the chemical factories and
pharmaceutical factories in Jinan, China. The microbiological hydroxylation
mechanism of steroids has been illustrated in terms of a triangular relationship
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between two binding sites and the site of hydroxylation [13–16]. The biological
activity and application of the hydroxylation products is up to their oxidoreduc-
tion. As seen in Fig. 148.1, in our experiments the two products are obtained, one
is white needle-shaped crystals (product I), the other is white powder (product II).
After optimized hydroxylation process conditions, the yields are about 18.83 and
21.55 %, respectively.

The chemical structures of the products were identified by NMR spectra data
(1H-NMR, 13C-NMR, HMBC), and optical activity. The data of 1H-NMR and 13C-
NMR for product I and II are given in Tables 148.1 and 148.2, respectively. The
spectra of product I show that the compound contains 28 hydrogen atoms, 19
carbon atoms, 1 carbonyl group, 1 carbon double bonds, 1 olefins hydrogen atoms,
2 methyl groups, 2 carbon-hydrogen group-bearing oxygen atoms. Combining
with HMBC spectra, we can confirm that the resonance of C-5 correlates with H-1
and H-bearing C-18. The hydroxyl group was introduced to C-1 position by
comparing the spectra of the substrate of DHEA (Spectral Database for Organic
Compounds SDBS. Therefore the product I is 1-hydroxy-dehydroepiandrosterone.

The molecular configuration brings out the optical activity. For steroids, the
configuration of the introduced hydroxyl group can be deduced from the difference
of the specific optical activity between the hydroxylated compound and the parent
compound. The difference of specific rotation of product I and DHEA is 11.8�
(c 0.12, MeOH). According to Van’t Hoff rule [17] and the empirical, semi-
empirical rule [18, 19] of optical activity, we can confirm that the Product I is
1a-hydroxy-dehydroepiandrosterone.

Similarly, the spectra of product II indicate the similar structure, but the res-
onance of C-5 and C-6 correlates with H-7, the resonance of C-5 correlates with H-
bearing C-18. The conclusion was drawn that the substrate of DHEA was
hydroxylated at C-7 position. Comparison of the spectra data of this compound
with the reported data [20] led to the identification as known hydroxylated DHEA,
7a-hydroxy-dehydroepiandrosterone.

Fig. 148.1 Products of microorganism hydroxylation of DHEA
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148.4 Conclusion

The two hydroxylated DHEA were obtained by biotransformation with Penicil-
lium decumbens ph-13. One is 1a-hydroxy-dehydroepiandrosterone; the other is
7a-hydroxy-dehydroepiandrosterone. The yields are about 18.83 and 21.55 %,
respectively. It can be concluded that the hydroxylation by Penicillium decumbens
ph-13 offer a gentle and promising way of producing the desired hydroxylated
compounds.

Acknowledgments The work was supported by natural science fund of Shandong Province
(ZR2011CQ006) and Postdoctoral innovation project special fund of Shandong Province (No.
200903077).

Table 148.1 1H NMR
(CDCl3, 600 MHz) data of
the products

H (d/ppm) Product I Product II

1-H 3.97 m
3-H 3.56 m 3.57 m
6-H 5.32 m 5.64 m
7-H 3.98 m
18-H 1.08 s 0.89 s
19-H 0.90 s 1.02 s

Table 148.2 13C NMR
(CDCl3, 150 MHz) data of
products

C (d/ppm) Product I Product II

1 72.9 35.8
2 31.2 31.1
3 71.3 71.1
4 41.6 41.9
5 143.7 146.5
6 125.5 123.5
7 36.9 64.3
8 40.5 37.2
9 48.2 42.6
10 36.7 37.5
11 20.4 20.1
12 31.5 31.3
13 47.8 47.1
14 51.2 44.9
15 24.2 21.9
16 36.0 36.9
17 221.1 221.1
18 13.6 13.3
19 19.2 18.3
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Chapter 149
Preparation and Characterization
of Cross-Linked Enzyme Aggregates
of Amyloglucosidase

Jiandong Cui and Yanan Zhang

Abstract Cross-linked enzyme aggregates of glucoamylase (GAs-CLEAs) were
prepared. The effect and concentration of aggregating agent as well as those of
cross-linking agent were studied. It was effective for GAs-CLEAs production to
use ammonium sulfate (80 %-saturation), and subsequently cross-link for 2 h with
4.5 % (v/v) glutaraldehyde. Some changes in optimum pH and temperature values
of the enzyme activity were recorded after immobilization. Moreover, the thermal
stability of the resulting GAs-CLEAs was also investigated. Compared to the free
enzyme, the GAs-CLEAs exhibited the expected increasing thermal stability.
These CLEAs are suitable for all starch-based industries. To the best of our
knowledge, this is the first report of immobilization of GAs as cross-linked enzyme
aggregates.

Keywords Glucoamylase � Cross-linked enzyme aggregates � Preparation �
Characterization � Biocatalysis

149.1 Introduction

Enzymes as biocatalysts are useful tools for a green and sustainable industry.
However, large-scale industrial use of enzymes is hampered by high cost and
instability. Therefore, the stabilization of enzymes has attracted more and more
attention. Generally, immobilized enzymes are more stable than their counterparts
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in solution; they have the potential of circumventing catalyst stabilization against
thermal and chemical denaturation. Furthermore, immobilized enzymes can be
recovered. However, the disadvantage of immobilization on a solid support is the
low enzyme/support weight ratio and high production cost. Recently, carrier-free
enzyme immobilization approach has attracted more attention due to clear
advantages: highly concentrated enzyme activity in the catalyst, high stability and
the low production cost due to the exclusion of an additional carrier [1, 2]. In
particular, preparation of cross-linked enzyme aggregates (CLEAs) has emerged as
a promising carrier-free immobilization strategy [3]. The simple process of pre-
paring CLEAs consists of two steps: protein precipitation and cross-linking with
bifunctional agent (such as glutaraldehyde). Moreover, it is worth mentioning that
CLEAs can be obtained from crude enzyme [1]. Successful preparation of CLEAs
from a broad range of enzymes, including nitrilase, lipases, and laccases, have
been reported [4–6], however, until now, immobilization of glucoamylase (E.C.
3.2.1.3-GAs), as cross-linked enzyme aggregates, has not been described. GAs, is
one of the most important enzyme for all starch-based industries (food, textile,
brewing, paper, and alcohol industries) and also for the pharmaceutical and fine
chemical industries because it is capable of achieving complete breakdown of the
starch to glucose [7–9]. However, GAs from most sources is unstable at higher
temperatures industrial saccharification. To eliminate the disadvantages present in
the conventional process, the enzyme has been immobilized using different
methods [10–12]. GAs was immobilized on various insoluble carriers with the
retention of its catalytic properties which can be used repeatedly. A novel affinity
covalent immobilization technique of glucoamylase enzyme onto q-benzoquinone-
activated alginate beads was presented and compared with a traditional entrap-
ment. The results showed that there was no shift in the optimum temperature and
pH of immobilized enzymes. Km values of free and entrapped glucoamylase were
found to be almost identical, while the covalently immobilized enzyme has lower
affinity for substrate. Moreover, the Vm value of covalently immobilized enzyme
was lower compared to the free counterpart’s [13]. GAs was immobilized using a
combined method of adsorption of the enzyme to gelatinized cornstarch and
subsequent alginate fiber entrapment. The immobilization resulted in 22 % relative
activity and has been active for 21 days without decrease in activity [14]. How-
ever, preparation of cross-linked enzyme aggregates of amyloglucosidase (GAs-
CLEAs) has not been reported. In this work, the preparation of GAs-CLEAs was
first introduced, including the analysis of the main immobilization parameters
which affects the final volumetric activity of the biocatalyst. In addition, the sta-
bility and applicability of GAs-CLEAs for the production of glucose from starch
have also been assessed.
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149.2 Materials and Methods

149.2.1 Materials

Glutaraldehyde was obtained from Sigma-Aldrich Inc. (St. Louis, MO, U.S.A.).
All other reagents were of analytical grade. Industrial glucoamylase (amyloglu-
cosidase; exo-1,4-a-glucosidase; EC 3.2.1.3 from Aspergillus niger) was supplied
from Novo Nordisk (Beijing, China).

149.2.2 Preparation of CLEAs

GAs-CLEA was prepared using the GAs alone. The different concentrations
ammonium sulfate as precipitant was added dropwise to the GAs solution under
gentle stirring at 20 �C for 1 h. The different concentrations of glutaraldehyde (1.5,
2.5, 3.5, 4.5, 5.5 %) were added in the mixture for the cross-linking of the
aggregates. Samples were shaken continuously during this addition. Then, the
mixture was kept at 4 �C for 1 h with constant shaking at 200 rpm and then
centrifuged at 10000 9g for 10min. Afterwards, The supernatant was decanted and
the residue was washed with the relevant solvents until no more activity was
determined in the supernatant. The resulted CLEA was washed three times with 25
mM Tris-HCl buffer pH 7.0. Finally, CLEA preparation was kept in the same
buffer at 4 �C prior to use.

149.2.3 Activity assay

The activities of both free and GAs-CLEA were determined by measuring the
glucose content in the medium according to a method described previously [15]. In
the assay conditions, using soluble starch as the substrate, soluble starch, 10 ml of
2 % (w/v) in 25 mM acetate buffer solution (pH 5.5), was reacted with immobi-
lized or free GAs at 60 �C for 20 min. The reaction mixture was agitated at 500
rev/min with a magnetic stirrer. After reaction, agitation was stopped, and then the
reaction was terminated by adding 5 mL of NaOH solution (0.1 M). The amount of
glucose formed was determined by using the DNS method [16]. The amount of
glucose was obtained from the calibration curve and used in the calculation of
enzyme activity. One unit of GAs activity is defined as the amount of enzyme that
produces 1.0 mmol of glucose from dissolubility starch per minute in assay con-
ditions. The activity recovery in CLEAs was calculated as given in Eq. (1):

Activity recovery (%) =
Activity of CLEAs

Activity of free enzyme
ð1Þ
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149.3 Results and discussion

149.3.1 Preparation of GAs-CLEAs

As mentioned above, CLEA preparation consists of two steps: aggregation by
precipitation and cross-linking. Thus, the impact of the formation procedures on
the activity of GAs-CLEAs was studied in two steps: (1) determining the best
precipitant and its concentration and (2) determining the impact of cross-linker
concentration and cross-link time. Figure 149.1 shows activity recovery using
different concentration of ammonium sulfate. The best results (recovery of about
85 % of the initial GAs activity) were obtained using 80 % (w/v) of ammonium
sulfate as precipitant. Figure 149.2 is the effect of pH on precipitation. Excellent
activity recoveries were observed with the GAs at pH 4–6. A dramatic decrease in
activity was observed at pH 8. The highest activity recoveries were obtained at pH
4.5. In addition, different concentrations of glutaraldehyde (1.5–5.5 %) were used
to determine the optimum quantity required for stable cross-linking of GAs. At
lower concentrations, very little insoluble aggregates could be obtained; whereas
at higher concentrations, the amount of insoluble aggregates increased, but no
significant activity was detected. The highest activity recovery could be obtained
when 4.5 % glutaraldehyde solution and 2 h cross-linked time was adopted
(Fig. 149.3).

Fig. 149.1 Effect of
precipitants on PAL activity
recovery

1402 J. Cui and Y. Zhang



Fig. 149.2 Effects of pH on
precipitation

Fig. 149.3 Effect of
glutaraldehyde concentration
and cross-link time on
CLEAs’ activity recovery
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149.3.2 The Effect of pH and Temperature on the Activity
of Soluble and CLEAs

Many studies have shown that the activity and stability of an immobilized enzyme
can differ considerably from that of its soluble counterpart [17, 18]. Therefore, the
properties of the CLEAs were compared with those of the native GAs. The pH and
temperature effect on both free tyrosinase and CLEA activities were determined in
the pH range of 2.0–7.0 and temperature range of 30–80 �C. The optimal pH
values and temperature for activity of GAs-CLEAs were 5.0 and 70 �C, and these
of the soluble enzyme were 4.0 and 60 �C (Figs. 149.4, 149.5). Thus, cross-linking
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the enzyme results in the temperature optimum increased by an impressive 10 �C.
Furthermore, the immobilized enzyme was active in a broader pH range, indi-
cating a higher operational stability. Aytar et al. (2008) reported that some changes
of the optimum pH values of cross-linked tyrosinase aggregate were observed.
Moreover, the optimum temperature of cross-linked tyrosinase aggregate was
changed. They considered that this shift could be resulted from the change in
acidic and basic amino acid side chain ionizations in the microenvironment around
the active site, which was caused by the newly formed interactions between basic
residues of the enzyme and glutaraldehyde during cross-linking. This shift in the
optimum temperature can be explained by covalent bond formation between
proteins caused by glutaraldehyde during CLEA preparation [1]. The same phe-
nomenons were observed by Cerdobbel et al. [18].

149.3.3 Thermal Stability

Thermal stability experiments of both free enzyme and CLEAs were conducted by
incubating enzyme samples in the absence of substrate at 50 �C at various time
intervals. GAs-CLEAs maintained approximately 62 % activity when stored at 50 �C
for 24 h, whereas its soluble counterpart only maintained 40 % of its activity at the
same temperature. Thus, the GAs-CLEAs were observed to confer excellent thermal
stability to the enzyme. This enhancement in stability can be due to inter- and
intramolecular covalent cross-links that prevent the conformational changes [19].

149.4 Conclusions

GAs-CLEAs were first prepared in this study. It demonstrated that the concen-
trations of ammonium sulfate, glutaraldehyde, cross-linking period, and pH could
significant affect CLEA activity. Moreover, after immobilization, thermal stability
of glucoamylase was significantly increased. These CLEAs are suitable for all
starch-based industries.
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Chapter 150
An Extraction Method Suitable for Two-
Dimensional Electrophoresis of Low-
abundant Proteins from Ginseng Roots

Rui Jiang, Liwei Sun, Rui Ma, Xiujuan Lei and Daqing Zhao

Abstract Four lysis buffers, which contain different concentration ratio of urea
and thiourea, and three extraction methods (sonication extraction, osmotic
extraction, and freeze–thaw extraction) were used to optimize the extraction
conditions of low-abundant proteins from ginseng roots based on protein extrac-
tion efficiency, the good quality of the 2-DE patterns, and the results of mass
spectrometry (MS) identification. Our results have shown that when lysis buffer II
(7 M urea, 2 M thiourea, 2 % CHAPS, 1 % PMSF, and 1 % protease inhibitor)
combined with sonication was used, higher protein extraction efficiency, lower
background, more protein spots (987 ± 31), and higher spot intensities of low-
abundant proteins were obtained, which indicated that the optimized protocol was
suitable for proteomic studies of ginseng root. Moreover, those results provided
the foundation for further researches on the significant functional proteins of
ginseng roots.

Keywords Two-dimensional electrophoresis � Ginseng root � Low-abundant
proteins � Protein extraction
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150.1 Introduction

Panax ginseng C. A. Meyer is a well-known traditional Chinese medicine (TCM)
and has been used in China, Korea, and other Asian countries for over 2,000 years.
Although ginsenosides are considered to be the main active pharmacological
compounds in ginseng roots [1], various pharmacological effects of ginseng proteins
have been reported now, such as antioxidative activity [2], serum lipid and blood
pressure reducing activity [3, 4], antifatigue activity [5], radioresistance effect [6],
regulating immune function [7], antifungal effect [8]. However, less than 100
functional proteins of ginseng roots have been reported [9–13]. It would be quite
necessary to systematically study the ginseng proteins that performed important
bioactive functional effects.

With the development of functional genomics and proteomics technology, the
plant proteomics technology has been improved rapidly. It has been used to rapidly
identify hundreds of proteins, discover special functional proteins, elucidate the
underlying mechanisms of plant growth metabolism, regulation, and stress resis-
tance. Plant proteomics is also becoming an essential technology in the study of
TCM functional proteins.

Two-dimensional electrophoresis (2-DE) is commonly used to separate total
proteins in proteomics, in which sample preparation is the key step to determine
the success or failure of 2-DE figures. Because of the tough cell walls of ginseng
roots and the interference of compounds such as lignins, polyphenols, tannins,
alkaloids, and pigments in the roots, it is already difficult to acquire a smart and
reproducible 2-DE gel image [1]. It has reported that ginseng roots contained a
large proportion of abundant storage proteins which hindered the isolation and
characterization of low-abundant proteins and it remained a challenge to isolate
both abundant and less abundant proteins using conventional extraction methods
[14]. Therefore, to optimize the extraction protocol, especially for low-abundant
proteins of important biological function, is crucial to the acquisition of a clear
2-DE gel image.

In this study, we optimized two parameters affecting 2-DE quality, including
four lysis buffers and three extraction methods to obtain well-separated protein
profiles and enrich low-abundant proteins. The improvement of this extraction
protocol was quite important for identification of new significant functional pro-
teins of ginseng roots, and would be also useful to clarify the pharmacologic
mechanism of ginseng roots.
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150.2 Materials and Methods

150.2.1 Chemicals

IPGphor (7 cm, 24 cm, and pH 3–10), IPG buffer (pH 3–10), protease inhibitor,
and mineral oil were obtained from GE. Urea, b-mercaptoethanol, thiourea,
CHAPS, PMSF, SB3-10, TECP, DTT, acrylamide, and other imported chemicals
were obtained from Sigma. All other chemicals were of analytical grade.

150.2.2 Sample Preparation

Five-year-old fresh panax ginseng C. A. Meyer (ginseng) roots were purchased
from Fusong, Jilin, China. The roots were cut into small piece and ground in a
mortar with liquid nitrogen. 1.5 g of these samples were incubated in 1 ml cold
10 % TCA/acetone containing 0.07 % (v/v) b-mercaptoethanol at -20 �C for 2 h.
After centrifugation at 14,000 rpm at 4 �C for 15 min, the pellets were washed
with 2 ml cold acetone containing 0.07 % (v/v) b-mercaptoethanol at least three
times in order to remove contaminants, dried, and stored at -20 �C until use [15].

150.2.3 Protein Extraction

Dried samples were resolved in four different lysis buffers, respectively [16–20].
The common components they contained were 2 % CHAPS, 1 % PMSF, and 1 %
protease inhibitor; and the differences were lysis buffers I: 8 M urea; Lysis buffers
II: 7 M urea, 2 M thiourea; Lysis buffers III: 6 M urea, 2 M thiourea; Lysis buffers
IV: 5 M urea, 2 M thiourea. Further handling followed one of the following
extraction methods: Method A: The samples were sonicated on ice and centrifuged
at 14,000 rpm at 4 �C for 15 min. These supernatants were collected, centrifuged
at 14,000 rpm at 4 �C for 15 min, again stored at -80 �C [17, 21]. Method B:
Instead of sonicating the mixture, the samples were shaken on ice for 2 h.
Insoluble substance was removed by centrifugation at 14,000 rpm at room tem-
perature for 15 min and stored at -80 �C [17, 22]. Method C: The samples were
cooled at -80 �C for 15 min and then incubated at room temperature for 20 min.
This sequence was repeated three times. The samples were clarified by centrifu-
gation at 14,000 rpm at room temperature for 15 min and stored at -80 �C
[16, 17]. The protein contents were measured by using Bradford assay [23].
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150.2.4 2-DE

2-DE was performed according to the IPG principles and methods of GE with
some modifications. In the first dimension, 125 ll of each sample containing
250 lg total proteins in 5 M urea, 2 M thiourea, 2 % CHAPS, 2 % SB3-10,
20 mM DTT, 5 mM TCEP, 0.25 % carrier ampholytes (pH 4–7), and 0.5 %
carrier ampholytes (pH 3–10) was used to rehydrate IPG strips (7 cm) in the
rehydration cassette for 12 h at 30 V. The running conditions were 200 V, step,
1 h; 500 V, step, 1 h; 1,000 V, Grad, 1 h; 5,000 V, Grad, 4,000 Vhr, 5,000 V,
step, 6,000 Vhr. Following IEF, the gel strip was equilibrated with equilibration
buffer 1 of 1 % DTT and equilibration buffer 2 of 2.5 % iodoacetamide for 15 min
each on a shaker. SDS-PAGE was carried out on a 12.5 % acrylamide gel with
tris-glycine buffer system. After electrophoresis, the gels were visualized by
staining with colloidal Coomassie blue G-250. The gel profiles of protein spots
were scanned using Image Scanner (GE Healthcare), and then the images were
analyzed by Image Master two-dimensional Platinum Software and Version 6.0
(GE Healthcare). A mean of three replicates was made for each gel to produce a
master image.

150.2.5 2-DE by the Optimized Protocol and Protein
Identification

In order to evaluate the separation effect of the optimized protocol, the total
proteins of ginseng roots were extracted by that method and were separated by
24 cm pH 3–10 linear IPG strips in 1-DE and 12.5 % acrylamide gel
(24 9 18 cm) in 2-DE (methods as above).

150.2.6 Protein Identification

Selected protein spots were exercised manually from gels and digested in-gel with
trypsin. The peptides were analyzed by MALDI-TOF-TOF MS experiments. The
peptide mass fingerprinting data were used to search for viridiplantae in MSDB
databases using the Mascot program.
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150.3 Results and Discussion

150.3.1 Comparison of the Protein Contents of Different
Lysis Buffers and Extraction Methods

Protein content is one of the main targets to evaluate the protein extraction method for
2-DE. Four different lysis buffers, which contained different concentration ratio of
urea and thiourea, were compared, and the protein contents were shown in
Fig. 150.1. As shown in Fig. 150.1a, protein concentration of lysis buffer II was
highest and increased with nearly 2 times compared with lysis buffer I yielded the
lowest of protein concentration using the same extraction method. The similar results
were also acquired by using method B (Fig. 150.1b) and method C (Fig. 150.1c). It
was shown that urea in combination with thiourea could increase the solubility of
proteins and effectively enhance the concentrations of extraction proteins.

Next, we examined three different extraction methods for their ability to
enhance the protein concentrations of extract (Fig. 150.1d). There was no signif-
icant difference among the three extraction methods in the protein concentration
(P [ 0.05). However, compared with the other methods, sonication method
(method A) had the characteristics of simpler to operate and fewer steps, which
leaded to better yields.

Moreover, it was noteworthy that ultrasonic time and ultrasound power made
strong impacts on the protein extraction efficiency [21]. Therefore, we optimized
ultrasonic time and ultrasound power in order to extract most proteins from gin-
seng roots. In Fig. 150.1e, along with prolongation of the ultrasonic time, the
protein concentrations of extract increased continuously, and reached a maximum
after sonicate extraction for 40 min. There was higher protein concentration using
sonication extraction method at 100 W compared with at 200 W.

Fig. 150.1 Comparison of the protein concentration by different lysis buffers and extraction
methods
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So according to the protein concentrations of extract, lysis buffer II (7 M urea,
2 M thiourea, 2 % CHAPS, 1 % PMSF, and 1 % protease inhibitor), combined with
sonication at 100 W, 40 min, was the most favorable for preparing samples for 2-DE.

150.3.2 Comparison of 2-DE Profiles of Different Lysis
Buffers and Extraction Methods

Enrichment of low-abundant proteins of biological importance to bring them into
detectable range is a key standard to evaluate the 2-DE gel profiles [17]. As we all
know, there were the tough cell walls in ginseng roots which were less easily
disrupted so as to influence the extraction efficiency of proteins, and a large
number of the interference substances such as polyphenols, polysaccharides,
nucleic acids, alkaloids, pigments in ginseng roots, which would seriously interfere
with the proteins of the first-dimension IEF step of 2-DE [1]. A large proportion of
abundant storage proteins in ginseng roots could hinder the isolation and char-
acterization of low-abundant proteins and it was also a challenge to enrich less
abundant proteins using conventional extraction methods [14]. Unfortunately,
using the existing methods of lysis buffers I [16] and lysis buffers II [24] com-
bining with Freeze–thaw extraction method, the profiles of 2-DE obtained were
poor quality, high background, a few low-abundant proteins. The optimization of
the extraction protocols was significant for identification of new low-abundant
proteins that may play an important biological function.

We compared 2-DE patterns using four different lysis buffers and the same
extraction method, and the results had shown in Fig. 150.2. The number of protein
spots detected in gels (7 cm strips): lysis buffer I, 196 ± 14 spots, lysis buffer II,
389 ± 16 spots, lysis buffer III, 285 ± 12 spots and lysis buffer IV, 235 ± 16
spots. Lysis buffer II (7 M urea, 2 M thiourea) yielded the most number of
detectable protein spots, and lysis buffer I yielded the lowest number, consistent
with previous research. More proteins ranging in size from 25 to 75 kDa, 5.0 to
6.9 pI, in lysis buffer II, were obtained than in other three lysis buffers (data not
shown) and it significantly improved the extraction efficiency of low-abundant in
the acid area, as shown in the box of Fig. 150.2a–d, which contained a large
quantity of low-abundant proteins of important biological function. This may be
because of urea in lysis buffer II, which was commonly used as the denaturant in 2-
DE, solubilized and unfolded most proteins to their fully random conformation
[17]. Using thiourea combined with urea can further improved solubilization,
particularly of membrane proteins [17], and the optimum concentration ratio of
urea and thiourea was 7 M/2 M.

As shown in Fig. 150.3, the protein patterns of three extraction methods seemed
similar with the proteins ranging in size from 10 to 150 kDa. The total number of
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protein spots on 2-DE gels of method A was 389 ± 16, which were increased
more than 2.5 fold compared with the results reported [16, 24–26], and method B
and method C were only 294 ± 13 and 345 ± 16 respectively. Relative to other
extraction methods, the area in size from 25 to 75 kDa of method a, had less
horizontal streaking and more protein spots (as shown in the box of Fig. 150.3a–c).
Sonication, a vigorous lysis method, can increase the motion velocity and enhance
the penetrating power of the molecules of the medium, and break up nucleic acids
and glucosides of the sample in order to remarkable increase protein solubility and
enrich low-abundant proteins [17]. Therefore, method A combining with lysis
buffer II was better suited to obtain high quality proteins of ginseng roots for 2-DE.

150.3.3 2-DE by the Optimized Protocol

The total proteins of 2-DE (24 cm strips) were extracted according to the opti-
mized protocol and 2-DE was performed according to the above methods
(Fig. 150.4). The overall quality of the protein profiles were good, with less

Fig. 150.3 2-DE analysis of ginseng roots proteins extracted by different extraction methods.
a sonication extraction method, b osmotic extraction method, c freeze–thaw extraction method

Fig. 150.2 Optimization of lysis buffers for the solubilization of ginseng roots proteins. a lysis
buffer I, b lysis buffer II, c lysis buffer III, d lysis buffer IV
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vertical and horizontal streaking and smearing, and the number of protein spots
was 987 ± 33, being far above the results reported [16, 24–26]. The optimized
protocol can also be suitable for 2-DE of 24 cm strips.

150.3.4 Protein Identification

On the basis of mechanical fluctuant effect, cavitation effect and thermal effect,
the ultrasonic extraction as an advanced extraction method, can increase the
motion velocity and enhance the penetrating power of the molecules of the
medium to improve the extraction efficiency of the proteins from the samples.
However, it also had some damage effects to the sample cells and then
destroyed the proteins extracted from the samples. Therefore, we identified the
new found low-abundant protein spots in acid area using the optimized protocol
by MALDI-TOF-TOF MS and locations map was as shown in Fig. 150.4. 20
protein spots of total 31 protein spots were successfully identified (Table 150.1).
All these proteins were not the destruction products of the same protein by
sonication. Those identified proteins were different functional proteins and
involved in metabolism, stress, and other functional proteins, and all the func-
tional proteins were not reported in ginseng roots except catalase and 40S
ribosomal protein S21e. It was shown that the optimized protocol of urea/
thiourea lysis buffer combined with sonication did not destroy the proteins and
could resolve both abundant and less abundant proteins, a number of which
were firstly reported in ginseng roots. So it was a suitable method for 2-DE
separation and identification of ginseng roots.

Fig. 150.4 Application of
the optimized protocol for
protein extraction from
ginseng roots
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150.4 Conclusion

In summary, lysis buffer II (7 M urea, 2 M thiourea, 2 % CHAPS, 1 % PMSF, and
1 % protease inhibitor) combined with sonication was the optimized protocol in
our study based on protein extraction efficiency, the good quality of the 2-DE
patterns, and the result of MS identification. Using the method, higher protein
extraction efficiency, lower background, more protein spots (987 ± 31), and
higher spot intensities of low-abundant proteins were obtained, which indicated
that the optimized protocol was suitable for proteomic studies of ginseng roots.
Moreover, those results provided the foundation for further researches on the
significant functional proteins of ginseng roots.
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Table 150.1 Summary of proteins identified by MALDI-TOF-TOF MS

ID Protein id Accession
number

Protein
mw

PI Pep.
count

01 Hypothetical protein
SELMODRAFT_236040[Selaginella
moellendorffii]

gi|300141644 38213.8 9.02 13

02 Cofactor-independent
phosphoglyceromutase[Apium graveolens]

gi|6706331 60896.7 5.26 10

03 Malic enzyme, putative[Ricinus communis] gi|255550956 65041.7 6.43 12
06 Serine hydroxymethyltransferase 2[Glycine max] gi|222142531 54542.6 8.22 13
07 Predicted: hypothetical protein[Vitis vinifera] gi|225433510 51873.2 7.17 10
08 Catalase[Populus trichocarpa] gi|224081479 56908.5 7.09 12
09 Catalase[Populus trichocarpa] gi|224081479 56908.5 7.09 15
10 Catalase[Populus trichocarpa] gi|224081479 56908.5 7.09 14
12 GDH2[Actinidia chinensis] gi|149938958 44800.8 6.28 6
15 Monodehydroascorbate reductase[Vitis vinifera] gi|146432261 47249.7 5.93 7
17 Hypothetical protein[Vitis vinifera] gi|147862790 24295.9 7.03 11
18 Unnamed protein product[Vitis vinifera] gi|297736283 118733.5 5.38 25
19 Unnamed protein product[Vitis vinifera] gi|270253313 102134.3 6.84 20
21 Predicted protein[Populus trichocarpa] gi|224112088 40841.5 6.25 8
22 Predicted protein[Populus trichocarpa] gi|224099005 41135.6 6.25 8
26 Recname: full = malate dehydrogenase,

mitochondrial; flags: precursor
gi|126896 36178.2 8.88 7

27 Aldo/keto reductase, putative[Ricinus communis] gi|255552045 39151.3 5.69 9
28 Unknown[Picea sitchensis] gi|148905774 17181.2 6.32 10
30 40S ribosomal protein S21e, putative[Ricinus

Communis]
gi|255551737 9278.6 7.82 3

32 Unknown[Picea sitchensis] gi|116779029 18612.5 7.6 4
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Chapter 151
Purification of Alkaline Pectinase
in Engineering Bacillus subtilis

Ming Li, Xin Sun, Liying Zhou, Hongxin Wang, Dongxia Li,
Shuya Wang and Fuping Lu

Abstract The alkaline pectinase in fermentation liquid of engineering Bacillus
subtilis was isolated and purified by using centrifugation, ultrafiltration, ammo-
nium sulfate precipitation, and ion exchange chromatography, and the optimum
conditions of ion exchange chromatography were determined. The results showed
that, the recovery rate of crude enzymes ultrafiltrated by an ultrafiltration mem-
brane with molecular weight cut-off 10000 Dalton reached 73.3 %, and the spe-
cific activity was 259.7 U/mg; after fractional salting out, the recovery rate was up
to 62.9 %, and the specific activity was 1084 U/mg. With the DEAE-Sephorose
CL-4B anion exchange chromatography under gradient elution with 0–1.0 mol/L
NaCl (buffer solution of Gly-NaOH at pH8.6), the specific activity increased to
1230 U/mg. Subsequently, Sephadex-G75 column chromatography was applied
and the specific activity increased to 2352 U/mg. The purity was 12.5 times of the
crude enzyme, with the recovery rate of 21.6 %. The molecular weight of finally
obtained alkaline pectinase was 43 kDa and the SDS polyacrylamide gel elec-
trophoresis displayed that it was electrophoretically pure.

Keywords Alkaline pectinase � Isolation and purification � Ultrafiltration �
Chromatography

151.1 Introduction

Alkaline pectinase refers to the pectinase with higher activity under basic condition.
Pectate lyase mainly acts in alkaline environment, occupying a large proportion in
alkaline pectinase, thus alkaline pectinase generally refers to pectate lyase [1].
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Alkaline pectinase is widely used in leather and silk industry, and shows wide
application prospect in food, feed, and particularly in the extraction and washing
for plant drugs in the field of medicine.

A strain of Bacillus subtilis TCCC11485 with high yield of alkaline pectinase
was constructed in our laboratory. The enzyme produced by the engineering
bacteria has high expression activity, short fermentation period, fast degumming
for pectinase, and small influence on fiber quality, which has potential application
in the textile industry.

The purification of alkaline pectinase is the prerequisite and foundation for the
effective utilization of alkaline pectinase.

The purification methods for alkaline pectinase produced by bacteria, mold, and
yeast reported at home and abroad were different. In the initial separation, salting
out or organic solvents were usually used to precipitate it and the commonly used
organic solvents are methanol, ethanol, isopropanol, and acetone. Schjter and
Marcus precipitated pectin esterase and polygalacturonase from Botrytis cinere-
aPers with 20 % and 66 % acetone respectively, which were purified by 5 times
and 6 times respectively [2]. Compared with ammonium sulfate fractionation, the
biggest drawback of organic solvent precipitation was the partially inactivation of
the enzyme.

DEAE-cellulose chromatography, DEAE-Sephadex, and CM-Sephadex have
good application in the purification of pectinase [3–6]. In addition, affinity chro-
matography also has certain applications in the separation of enzymes. Rombouts
and Pilnik crosslinked pectic acid or sodium pectinate (high molecular weight)
with epichlorohydrin under alkaline conditions, and methyl esterified the products
to separate pectin esterase from the orange. Two peaks of pectin esterase were
obtained [7]. Tibensky et al. used crosslinked products without methyl esterifi-
cation to isolate endo-polygalacturonase from Aspergillus niger with the pH 6
elution condition [8].

Sephadex gel filtration was one of the common means used in pectinase puri-
fication process. Tagawa and Kaji used Sephadex G-100 to separate polygalac-
turonase from Cuoticium rolfsii after affinity chromatography, having good results
[9]. In the separation of pectinases from mutant of Cladosporium herbarum, Wu
Meihua et al. compared several different Sephadax fixed materials and elution
conditions, and found that QAE Sephadex A-25 gradient elution can achieve better
results [10]. In fact, Sephadex gel filtration combined with other methods had been
widely used in the purification of pectinase.

To sum up, the purification process of pectinase is flexible and diverse, so in the
working practice, the methods could be combined according to the specific cir-
cumstances, but the primary separation with ammonium sulfate and organic sol-
vent is necessary.

In the fermentation of B. subtilis engineering baterium, except alkaline pec-
tinase, there were also other proteins produced by B. subtilis and some remaining
medium components, which affected the purification of alkaline pectinase. Thus,
this article focus on the purification method of alkaline pectinase from B. subtilis
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TCCC11485, in order to lay the foundation for the further study of structure and
properties, such as remixing with other enzymes or auxiliary agents for the
application in the textile industry.

151.2 Materials and Methods

151.2.1 Materials

Bacillus subtilis TCCC11485 with the high yield of alkaline pectinase was con-
structed by Enzyme and Applied Microbiology Laboratory in Tianjin University of
Science and Technology. Polygalacturonic acid was purchased from sigma.
Molecular weight makers, acrylamide, bis acrylamide, ammonium persulfate,
sodium dodecyl sulfate (SDS), coomassie brilliant blue, DEAE-Sephorose CL-4B,
and Sephadex-G75 were purchased from Sangon Biotech (Shanghai) Co., Ltd.
(China), and Bradford Protein Assay Kit was purchased from Beyotime Institute of
Biotechnology (Shanghai) Co., Ltd. (China),and neutral protease was bought from
Tianjin Noao Science and Technology Co., Ltd.(China), and other reagents were
analytically pure and made in China.

151.2.2 Preparation of Alkaline Pectinase Crude Enzyme

Single colony of engineering B. subtilis TCCC11485 was selected and inoculated
in LB seed culture medium with the culture at 37 �C and 200 r/min for 12 h, which
was then inoculated in a 5 L fermentation tank with the inoculation amount of 4 %
for fermentation of 24 h. The dissolved oxygen concentration was controlled to
15–20 % in the fermentation process, and the temperature was controlled at 41 �C
in 0–4 h, and at 35 �C in 4–22 h, and the speed was 500 r/min in 0–5 h, and 600
r/min after 5 h. The initial pH of the fermentation medium was 7.0.

After fermentation, the fermentation liquid was centrifuged at 4 �C and 6,000
r/min for 20 min to collect the supernatant, which was alkaline pectinase crude
enzyme, and then preserved at 4 �C.

151.2.3 Purification of Alkaline Pectinase

151.2.3.1 Ultrafiltration of Alkaline Pectinase Crude Enzyme

The crude enzyme was concentrated by an ultrafiltration membrane with molecular
weight cut-off of 10,000 Dalton to 1/5 of the original volume, and the concentrate
was collected.
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151.2.3.2 Ammonium Sulfate Fractionation

First according to ammonium sulfate fractionation curve, the suitable saturation
was selected for salting out.

500 mL of concentrated crude enzyme was put in ice bath, and 50 % saturation
ammonium sulfate salting out was conducted overnight for precipitation of other
proteins, then it was centrifuged in high-speed refrigerated centrifuge at 9000
r/min for 15 min to remove the precipitation, and 80 % saturation ammonium
sulfate was added to the supernatant for overnight to precipitate target enzyme,
subsequently, it was centrifuged in high-speed refrigerated centrifuge at 9000
r/min for 15 min to remove the supernatant, and the precipitation was the frac-
tionation of crude enzyme.

Dialysis was conducted using a dialysis bag immersed into balance buffer with
the volume more than 5 times that of the crude enzyme in 4 �C refrigerator. After a
few hours, balance buffer was replaced and repeated until the precipitation cannot
be seen after dropping 10 % BaCl2 solution.

151.2.3.3 DEAE-Sephorose CL-4B Anion Exchange Chromatography

(1) The choice of pH value of ion exchange eluate

1 mL anion exchanger was aspirated to 10 test tubes, and washed by buffer with
different pH values for 10 times. After the ion exchange resin being equilibrated,
1 mL buffer was added, and 100 lL alkaline pectinase solution salted out with
ammonium sulfate was added and mixed and then in the marinade for 10 min. The
activity of the enzyme in the supernatant was detected to judge whether target
protein existed.

(2) Purification of alkaline pectinase

The samples after desaltation were added into DEAE- Sephorose CL-4B anion
exchange chromatography column being balanced with pH 8.6 Gly-NaOH buffer,
and eluted with pH 8.6 Gly-NaOH buffer at 1 mL/min for 120 min, and then
linearly gradient eluted with pH 8.6 Gly-NaOH buffer containing 0–1 mol/L NaCl,
with the eluting rate of 1 mL/min. The elution solution was collected automati-
cally with the speed of 1 min/pipe.

151.2.3.4 Sephadex-G75 Column Chromatography

Glass column packed with Sephadex G-75 dextran gel was balanced with pH 8.6
Gly-NaOH buffer, and sampled, and then eluted with pH 8.6 Gly-NaOH buffer,
with the flow rate of 1 mL/min, and the effluent was on-line detected by UV
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detector at the wavelength of 214 nm, to record ultraviolet absorption peak curve.
The components were collected, used for the determination of enzyme activity and
protein content.

151.2.4 Determination of Alkaline Pectinase Activity

(1) The definition of enzyme unit: the amount of the enzyme in 1 mL enzyme
solution that catalyzes polygalacturonic acid to degenerate into 1 lmol
unsaturated polygalacturonic acid per minute at 45 �C and pH 9.0.

(2) The measurement of enzyme activity [11]: 20 lL crude enzyme dilution and
2 mL glycine-NaOH (0.2 mol/L) buffer solution containing 0.2 % polygal-
acturonic acid (pH 9.0, containing 0.44 mmol/L CaCl2) were included in
measurement system. The solution with no activity was taken as the blank
control. Buffer solution containing substrate was added to start enzymatic
reaction. The reaction was conducted at 45 �C for 15 min, and 3 mL 0.03
mol/L phosphoric acid was added to terminate reaction, and the absorbance
values were measured at 235 nm. Enzyme blank parallel to the samples was
used for zeroing.

Enzyme blank: 2 mL of above buffer system was insulated for 2 min, and then
3 mL 0.03 mol/L phosphoric acid was added, subsequently, 20 lL inactivate
enzyme solution of the same dilution ratio with the sample was added and mixed.
Other operations were same as those for the samples.

Enzyme activity U/mlð Þ ¼ 103 � t� 4; 600� volume of enzyme preparation
OD235 � 106 � dilution factor � volume of mixture

in which, 4,600 (L.mol-1 cm-1) was the molar absorptivity of unsaturated polyg-
alacturonic acid at 235 nm.
t (min) Enzymatic reaction time (within the linear range of enzymatic reaction)
b (cm) The thickness of cuvette

to be simplified as: enzyme activity (U/ml) = 3.6232 9 dilution multiple 9

OD235.

151.2.5 Determination of Protein Content and SDS–
Polyacrylamide Gel Electrophoresis (SDS-PAGE)

Protein content was determined by Bradford [12] method, and SDS-PAGE was
conducted according to the methods from the literature [13] to identify enzyme
purity.
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151.3 Results and Discussion

151.3.1 Fermentation Results in 5 L Fermentor

The fermentation curve is shown in Fig. 151.1.
As seen in Fig. 151.1: the whole fermentation process lasted for 26 h. In 0–4 h,

due to self-decomposition of nutrients in fermentation medium, pH value declined;
after 4 h, with the substantial growth and reproduction of bacteria, pH value of
fermentation liquid rose gradually to make the bacteria grow in the optimal
environment; at 18 h, nucleic acid reached peak, and bacteria reached stable; at
22 h, enzyme activity reached the maximum value, and alkaline pectinase activity
in the final fermentation liquid reached 1536 U/mL. 2133 mL supernatant was
obtained by centrifugation to remove bacteria from the fermentation liquid, with
the total enzyme activity of 3276288 U.

151.3.2 Ultrafiltration

Fermentation liquid was centrifuged to remove bacteria, and crude enzyme was
ultrafiltrated by an ultrafiltration membrane with molecular weight cut-off
10,000 Dalton, and about 500 mL concentrated liquid was collected. After ultra-
filtration, pectinase activity was 4,802.6 U/mL, and the total enzyme activity was
240,1307 U. The activity loss was around 26.7 %.

The loss of enzyme activity was the result of some enzymes which were
deactivated with the ultrafiltration time. It was probably due to a small part of
enzyme molecules adsorbed in hollow fiber membrane.

Fig. 151.1 Fermentation
curve
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151.3.3 Ammonium Sulfate Fractionation

The fractionation curve is shown in Fig. 151.2.
Figure 151.2 showed that, when ammonium sulfate was saturated to 50–80 %,

enzyme activities of the precipitation increased and that of the supernatant
decreased significantly with the saturation. When the saturation rate reached
80–100 %, enzyme activities of the supernatant and precipitation did not change
significantly. Thereafter fractional salting out should be adopted. First 50 % sat-
urated ammonium sulfate was added for salting out to remove impure proteins, and
then 80 % saturated ammonium sulfate was added to the supernatant to precipitate
the target protein.

The target protein after salting out was redissolved with 200 mL buffer. The
enzyme activity determined was 10303.2 U/mL, and the total enzyme activity was
2060635 U, with the activity loss of about 37.1 %. The loss of enzyme activity
may be due to the protein denaturation under higher salt concentration.

The crude enzyme salted out was desalted and dried in freeze drying conditions
to obtain about 1.9 g enzyme powder. The final product was preserved at 4 �C.

151.3.4 Choice of pH Value for DEAE-Sephorose CL-4B Ion
Exchange Eluate

The results were shown in Fig. 151.3. When the pH value was 9.0, there was only a
very low enzyme activity value of alkaline pectinase determined in the superna-
tant, which indicated that pectinase was adsorbed to the column at this pH value.

Fig. 151.2 Ammonium
sulfate fractionation curve
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When pH was 8.6, alkaline pectinase was not absorbed but impure proteins were
adsorbed, thus the crude enzyme can be purified. By comprehensive consideration,
the most suitable pH for alkaline pectinase was 8.5, thus pH 8.6 buffer should be
chosen.

151.3.5 DEAE-Sephorose CL-4B Anion Exchange
Chromatography

0.05 g enzyme powder was dissolved in 10 mL buffer and centrifuged to remove
small amounts of insoluble materials. The supernatant was then purified with
DEAE- Sephorose CL-4B ion exchange column.

The results were shown in Fig. 151.4. When the desalted alkaline pectinase was
eluted first with pH 8.6 Gly-NaOH buffer, two kinds of protein components were
washed off, and when the column was gradiently eluted with pH 8.6 Gly-NaOH
buffer containing 0–1 mol/L NaCl, three proteins were washed off. The elution
curve was detected at 214 nm. By the detection of enzyme activity, it was found
the first elution peak was active component while other elution peaks were inac-
tive, which illustrated that alkaline pectinase was not adsorbed on ion exchange
chromatography column, and can be separated completely from impure proteins.

About 60 mL of the first elution peak was collected with enzyme activity of
565.3 U/mL, and then the protein purity was identified with the SDS-PAGE. The
total activity was 1301277 U, and enzyme activity lost around 60.3 %. The activity
loss may be resulted from the adsorption of a small amount of enzyme in ion
exchange column and was not washed off.

The eluted liquid was dried in freeze drying conditions at -70 �C, and con-
centrated to be stored at 4 �C.

Fig. 151.3 Change of relative enzyme activity of the supernatant (%) with pH value for DEAE-
Sephorose CL-4B eluate
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151.3.6 Sephadex-G75 Column Chromatography

After salting out, dialysis and anion exchange chromatography, crude enzyme
solution was subjected to Sephadex-G75 column chromatography to further
remove impure proteins. The sample volume was 2 mL. The elution curve was
drawn with time as abscissa and absorption of the liquid in each tube as ordinate.
As shown in Fig. 151.5, there were two protein peaks in the elution process. By the
detection of enzyme activity, the first elution peak was determined as active
component, whose shape was nearly symmetric and the baseline was close to zero,
which indicated that it could be separated from another protein group.

About 37 mL corresponding to the first elution peak was collected with the
enzyme activity of 303.6 U/mL, and total enzyme activity of 707,715 U. After the
purification through the steps described previously, the total recovery rate was
21.6 %, and purification multiples reached 12.5 times.

151.3.7 Purity Identification

The molecular weight of the purified alkaline pectinases was detected by Coo-
massie brilliant blue staining and SDS polyacrylamide gel electrophoresis.
Figure 151.6 showed it was 43 kDa, with the electrophoretical purity.

M: molecular weight makers; 1. fermentation liquid; 2. ultrafiltration; 3. con-
centrated ammonium sulfate salting out solution; 4. DEAE-Sephorose CL-4B ion
exchange chromatography; 5, 6. Sephadex-G75 column chromatography.

Fig. 151.4 Elution curve of DEAE-Sephorose CL-4B anion exchange chromatography
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Fig. 151.5 Sephadex-G75column chromatography elution curve

Fig. 151.6 Polyacrylamide gel electrophoretogram
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151.4 Conclusions

By the processes of centrifugation, ultrafiltration, ammonium sulfate precipitation,
DEAE-Sephorose CL-4B anion exchange chromatography and Sephadex-G75
column chromatography for the fermentation liquid, the specific activity of elec-
trophoretically pure alkaline pectinase finally obtained, which was 12.5 times
higher than that of the original enzyme with the recovery rate up to 21.6 %. It can
be seen that the purification route described above can improve the purity of the
alkaline pectinase, with high recovery rate. It was an effective purification method
(Table 151.1).

This experiment uses the previous purification methods of microbial pectinase
for reference, and combines ammonium sulfate salting out, ion exchange chro-
matography, gel filtration, and other conventional separation methods, to establish
a kind of separation method for alkaline pectinase with low cost and good puri-
fication effect, which will be helpful to further research on enzyme properties and
advanced structure of alkaline pectinase, laying the foundation for remixing with
other enzymes or auxiliary agents to be applied in degumming in the textile
industry.
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Table 151.1 The purification results of alkaline pectinase

Total
activity (U)

Protein
content (mg)

Specify activity
(U/mg)

Purification
multiple

Recovery
rate (%)

Fermentation
liquid

3276288 17400 188.2 1 100

Ultrafiltration 2401307 9246 259.7 1.4 73.3
Ammonium

sulfate
2060635 1900 1084 5.8 62.9

DEAE-
Sephorose
CL-4B

1301277 1057 1230 6.5 39.7

Sephadex-G75 707715 301 2352 12.5 21.6
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Chapter 152
In situ Preparation and Characteristics
of a New Water-Soluble Heme Iron Via
Hemin-Arginate Coacervation

Wenhang Wang, Ting Liu, Ying Zhang, Rujie Chen and Anjun Liu

Abstract A new water-soluble heme iron (WSHI) was prepared and character-
ized. Crystalline hemin and L-arginate in molar proportions of 1:3 were mixed in a
acetone solution (acetone: water = 100:10, V: V), stirred at 25 �C, for 12 h, and
then centrifuged, washed with acetone, freeze-dried, referred to as WSHI. No clear
differences in UV spectrum, IR spectrum between hemin-arginate and hemin was
founded, while a notable distinct of thermal sensitivity occurred by differential
thermal analysis (DTA), which partly explained dissolution elevation of hemin-
arginate. Hemin-arginate is stable and no coagulate occurred in Carbonate solu-
tion, phosphate solution, or tea water, respectively. So, Hemin-arginate can be
used as a new heme iron supplement in food additives, functional foods, and
pharmaceuticals.

Keywords Hemin � L-arginate � Coacervation � Dissolution � Stability

152.1 Introduction

Iron is the most abundant essential trace elements in the body, the main component
of hemoglobin, myoglobin, and cytochrome enzymes, and involved in oxygen
transshipment, carbon dioxide exchange, and tissue respiration process [1, 2]. In
addition, iron participate in red blood cell formation and maturation, and associ-
ated with the catalytics of b-carotene into vitamin A, purine and collagen
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synthesis, antibody production, lipid transportation from the blood and drugs
detoxification in liver [3].

Iron deficiency anemia is one of the world’s highest incidence of nutritional
deficiency diseases, which is storage iron in the body cannot meet the needs of
normal erythropoiesis, due to insufficient iron intake, low absorption, increased
demand, and losing too much [4, 5]. About 500 million people worldwide suffer
from anemia, of which nearly half of the iron deficiency anemia. Iron deficiency
anemia has become the most serious public health problem with the prevalence
rate second only to tuberculosis. World Health Report (2002) of World Health
Organization pointed that iron deficiency is one of ten top preventable health risk
factors in world [6].

A lot of iron supplement have been on the market recently, but most is some
nonheme iron supplement, such as ferrous chloride, ferrous sulfate, ferrous lactate,
ferrous fumarate, and ferrous gluconate. Due to the impact of food phytic acid,
oxalic acid, tannic acid, phosphate, carbonate, nonheme iron supplement has a low
absorption rate for the body, which is generally 5–8 %. In addition, some side
effects (prone to nausea, bloating or abdominal pain, digestive disorders, diarrhea,
constipation, and other symptoms), and special metal taste of rust cause its diffi-
culty of long-term consumption. Excessive intake of nonheme iron in body leads
to iron overload in the body, resulting in iron accumulation poisoning [7–9].

Heme, also known as porphyrin iron, is a key assistance factor of many bio-
logically active macromolecules, such as hemoglobin, myoglobin, cytochrome,
and peroxidase. Heme is a natural class of porphyrin compounds, a combination
with the organic molecules, widely present in the animal’s blood, muscle, and
some plant tissues [10]. The basic structure of the heme is composed of porphyrin
and ferrous. Two N atoms of the porphyrin ring was covalently combined with the
iron, the other two N atoms is contacted the iron with a Coordination bond, that is
to say, the entire molecule of heme is in a resonance state. When heme combines
with oxygen, the molecule of the heme iron is oxidized to trivalent heme namely
as hemin; when the separation of heme with oxygen, the heme iron molecule is
reduced to divalent, which is called heme [11]. Heme iron is a well-known, ideal
antianemia drug, due to good promotion of bone marrow hematopoietic, treatment
of animals hemolytic, and hemorrhagic anemia [12, 13].

Heme iron is usually extracted from pork or cow blood with acetone-HCl method.
In fact, Probable formation of large insoluble heme polymers in digestion was
another disadvantage for heme application although its good absorption, so some
research efforts to improve the water-soluble porphyrin iron dispersion [14, 15].

This paper was focused on preparation WSHI via hemin-arginate coacervation,
in order to improve the solubility of the heme iron. At the same time, UV, IR, and
DTA of WSHI were characterized and its stability in different solutions (tea,
phosphate, and carbonate) was studied.
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152.2 Materials and Methods

152.2.1 Reagents and Materials

Fresh pork blood was obtained from Jingwu meat food Co., Ltd., added with 0.5 %
sodium citrate for anticoagulation. Other reagents were of analytical grade.

152.2.2 Preparation of WSHI

Anticoagulated blood was centrifuged at 4,000 r/min, for 15 min. the upper was
discarded and, the bottom red blood cells was Collected. Red blood cells were
added with a final concentration of 0.2 % Na2SO3. After mixing, adding five times
volume of acetone solution (acetone:6 mol/L HCl = 100:3, v:v), the reactive
substances was disturbed for 2 h, and then filtrated. The filtered liquid was added
with constantly dropping 1 mol/L NaOH solution until pH 4.6, and then precipi-
tated by the sodium acetate solution with the final concentration of 1 %. The
precipitation was separated with centrifugation, spurred by repeated washing with
ethanol and distilled water, crystallization. The dried matter is hemin.

Crystalline hemin and L-arginate in molar proportions of 1:3 were mixed in an
acetone solution (acetone: water = 100:10, V: V). the mixture was stirred vig-
orously to react, at 25 �C, for 12 h, and then was centrifuged at 10,000 g, for
5 min. The precipitates were collected, washed with acetone, and freeze-dried. The
dried matter is WSHI [16].

152.2.3 Detection of Hemin Content

Hemin content of WSHI was detected with the Colorimetry method [17]. 20 mg
hemin sample was completely dissolved at 100 mL 0.1 mol/L NaOH solution. 0.5,
1.0, 2.0, 4.0, 5.0 mL of the above solution was mixed with 100 mL 0.1 mol/L
NaOH solution again, respectively. With Solvent blank as control, all absorbance
values were measured at 392 nm, and the standard curve of hemin is drawn. 20 mg
WSHI sample was detected by the same above procedure. According to standard
curve of hemin, the hemin content of WSHI was calculated.
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152.2.4 UV: Visible Absorption Spectroscopy

0.5 g WSIH and hemin were dissolved in 0.1 mol/L NaOH solution, fully stirred
and centrifuged. The supernatant was scanned in 300–800 nm with 0.1 mol/L
NaOH solution for blank sample.

152.2.5 IR Absorption Spectroscopy

1 mg WSIH and hemin was ground into about 2 lm particles, and mixed with
100 mg spectroscopically pure KBr powder, followed grinding again. The mixture
was made into a thickness of 1 mm, diameter of 10 mm, transparent sheets under
10 MPa pressure. Absorption spectrums of the sheets were observed in
4,000–500 cm-1.

152.2.6 Differential Scanning Calorimetry (DSC)

Differential scanning calorimetry analysis was carried out using a Polymer dif-
ferential scanning calorimetry DSC141 (seraram corp., France). Temperature was
raised from 50 to 200 �C, at a heating rate of 10 �C/min-1 [18].

152.2.7 Stability of WSIH

0.1 g of ferrous lactate, ferrous fumarate, ferrous gluconate, WSHI, ferrous
chloride, and ferrous sulfate was weighed, divided in each test tube, and labeled.
About 5 g green tea was boiled in 100 mL deionized water for 2 min and then
cooled. The cold tea water was filtered for next detection. 10 ml tea water was
added slowly and mixed completely. After 20 min standing, the change of the
solution was observed. The stability of different iron supplement in the 0.2 mol/L
sodium phosphate and 0.1 mol/L sodium carbonate was detected at the same
procedure.
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152.3 Results and Discussion

152.3.1 Hemin Content of WSHI

A new, water-soluble heme iron named WSHI was prepared via hemin-alrginate
coacervation. WSHI was completely dissolved in distilled water.

The standard curve of hemin was showed in Fig. 152.1, with a linear rela-
tionship between absorbance and the hemin concentration in the range of 0 lg/
mL–10 lg/mL. The regression equation was Y = 0.0844 X + 0.0112, Y repre-
sented absorbance, X represented concentration. According to the formula in
Fig. 152.1, the purity of WSHI prepared is 86.9 %.

152.3.2 UV, IR Spectrum

Absorption Spectroscopy of WSHI and hemin in the range of 300–800 nm were
showed in Fig. 152.2. According to Fig. 152.2, the maximum absorption peak in
visible spectrum of WSHI and hemin was found at the wave length of 392 nm. No
other apparent differences were observed in absorption of WSHI and hemin.

The infrared absorption spectra of WSHI and hemin were shown in Fig. 152.3.
The common characteristic absorption peak were determined at the wave number
of 2919, 1717, 1272, 939, 841, and 719 cm-1.

An absorption peak appeared at 2,919 cm-1 is attributed to carboxyl group
stretching, while 1,272 cm-1 indicated C–N stretching, and 939 cm-1 and
841 cm-1 is attributed to C–H bending vibration of hydrocarbon compounds. In
addition, 719 cm-1 indicated C–H bending vibration of benzene compounds.

From Fig. 152.3, A distinct absorption of at 3,422 cm-1 and 1626 cm-1

occurred in WSHI. 3,422 cm -1 is mainly caused by alcohols or phenols structure

y = 0.0844x + 0.0112
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Fig. 152.1 Standard curve of
hemin
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Fig. 152.2 UV spectrum of WSHI and hemin. a Hemin. b WSHI
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in the OH stretching vibration, 1,626 cm-1, amine compounds of NH bending
vibration. It contributes to peptide of WSHI.

152.3.3 DSC Analysis

Figure 152.4 showed that hemin melted at 341.1 �C, but WSHI melted at 52.9 �C.
It is obvious that both of them did not have fixed melting point.

From Fig. 152.4, hemin began to melt at 341.44 �C. There may be two melting
range, 359.08 �C first endothermic peak, 380 �C second endothermic peak. WSHI
began to melt at 52.92 �C, and along with the temperature gradually increasing, to
generate other substances in the late degeneration due to thermal instability of it. It
began to release heat at about 175 �C, and the maximum amount of heat release
was obtained at 158 �C.

152.3.4 Stability of WSHI

Many green vegetables, such as seek, spinach, parsley all contain carbonate, and
the ferrous lactate, ferrous chloride, ferrous sulfate iron in iron combine to form
the insoluble precipitate, thus affecting the iron absorption. Patients with anemia in
the iron at the same time, large-scale use of these substances would greatly reduce
the absorption rate of iron precipitation can also cause stomach discomfort and
indigestion [19, 20].

Stability of WSHI in different solutions was studied with other iron supple-
ments for comparisons.

From Fig. 152.5a, except WSHI, other iron supplements rapidly produced a
black precipitate after mixing with tea water. This is because tea contains large
amounts of tannic acid, which being iron-binding agents reacted with many
nonheme irons, such as Ferrous lactate, ferrous fumarate, ferrous gluconate, fer-
rous sulfate, ferrous chloride, to form insoluble tannin iron precipitation.

Fig. 152.4 DTA analysis of WSHI and hemin. a Hemin. b WSHI
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An insoluble precipitate formed in 0.2 % sodium Phosphate solutions, after all
nonheme iron supplements added to while WSHI is an exception, as shown in
Fig. 152.5b.

It can be seen from Fig. 152.5c, after mixed 0.1 % carbonate buffer solution
with a variety of iron supplement, ferrous lactate, ferrous chloride, ferrous sulfate,
a dark green flocculent precipitate occurred.

152.4 Conclusions

The UV spectrogram and Infrared absorption spectrum of WSHI was analogous to
hemin, but differential thermal analysis was significantly different from hemin.
WSHI was soluble and stable in distilled water and other solution, such as in
Carbonate, phosphate, and tea water, which indicated its potential application as a
new heme iron supplement in food additives, functional foods, and pharmaceuticals.
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Chapter 153
Enzymatic Extraction and Characteristics
of Collagen Fibers from Cattle Skin

Wenhang Wang, Ke Zhao, Wei Ren, Ting Liu and Ying Zhang

Abstract Collagen fibers from cattle skin were enzymatically extracted and
analyzed. The results of texture analyzer determination and microscopic obser-
vation of collagen fibers showed that extract efficiency was affected by pH,
enzyme concentration, and combined ratio. The optimal conditions were obtained
as follows: adding 0.5 ml 6 % complex enzyme solution (alkaline proteinase:
neutral protease = 1:1, w/w) into 1 g leather, ultrasonic shocking for 20 min,
incubating in the shaking box at 30 �C for 24 h, and soaking in the pH = 2
hydrochloric acid solution for 7 h. Extracted collagen fibers are potentially used in
edible film production and casing making.

Keywords Cattle skin � Collagen fibers � Extraction � Characteristics

153.1 Introduction

When thought about the packaging innovations for the twenty-first century, the
most interesting thing to review was the technologies that are enabling these
changes. As packaging innovations were researched across the food industry, there
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are numerous examples of breakthrough innovations in meat, snack, and beverage
industry [1], such as high-density polyethylene coffee containers and polyethylene
plastic bags. However, these new materials were not so friendly to the environment
in some way. Many polyethylene plastic bags were found to be flying all around in
the street at one time. So interest in edible films was rooted in attempts to develop
easily degradable packaging, nonaggressive to the environment, thus improving
the quality of food products and providing new markets for the materials used in
the manufacture of these films [2]. The new food packaging technologies are also
developing as a response to consumer demands or industrial production trends
toward mildly preserved, fresh, tasty, and convenient food products with pro-
longed shelf life and controlled quality [3].

Edible films are defined as a thin layer of material which can be consumed and
provides a barrier to moisture, oxygen, and solute movement for the food. The
material can manufacture a complete food coating or can be disposed as a con-
tinuous layer between food components [4]. Edible films can be formed as food
coatings and free-standing films, and have the potential to be used with food as gas
aroma barrier [5].

Edible films can be produced from materials with film forming ability. During
manufacturing, film materials must be dispersed and dissolved in a solvent such as
water, alcohol, or mixture of water and alcohol or a mixture of other solvents.
Plasticizers, antimicrobial agents, colors, or flavors can be added in this process.
Adjusting the pH and heating the solutions may be done for the specific polymer to
facilitate dispersion. Film solution is then casted and dried at a desired temperature
and relative humidity to obtain free-standing films. In food applications, film
solutions could be applied to food by several methods such as dipping, spraying,
brushing, and panning followed by drying. Components used for the preparation of
edible films can be classified into three categories: hydrocolloids (such as proteins,
polysaccharides, and alginate), lipids (such as fatty acids, acyl glycerol, and
waxes), and composites [6].

In their native states, proteins generally exist as either fibrous proteins or
globular proteins [7]. Fibrous proteins are fully extended and associated closely
with each other in parallel structures, generally through hydrogen bonding, to form
fibers [8]. At the same time, proteins can assured their biodegradability and
environmental compatibility to form films [9], and films made from protein can
supplement the nutritional value of the food [10].

Collagen is widely found in nature as the major constituent of skin, bones and
connective tissue, which has a high value whether in the field of food or medicine,
and cosmetics. So the extraction of collagen from cattle skin will have a high cost-
effectiveness and practical value. Plasticizers, antimicrobial agents, colors, or
flavors have been added to improve its characteristics, such as mechanical prop-
erties and water vapor permeability. Chambi and Grosso [11] produced edible
films with gelatin and casein cross-linked with transglutaminase. Vanin et al. [12]
studied the effects of plasticizers and their concentrations on the thermal and
functional properties of gelatin-based films.
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Found by the preceding work, collagen fibers were mainly extracted by
chemical methods, such as acid, alkali, which caused serious environment pollu-
tion and potential toxicity. Few researches were reported by enzymatic methods,
although enzymatic hydrolysis has already used in gelatin production, collagen
hydrolyte extraction, which showed enzymatic extraction is an efficient, envi-
ronment-friendly way for collagen treatment.

The objective of this work was to study the enzymatic extraction conditions for
collagen fibers from cattle skin, and to characterize their mechanical properties,
providing a basic for produce potentially used in edible film production and casing
making.

153.2 Materials and Methods

153.2.1 Materials

Cattle skins were obtained from Longbao Collagen Co., Ltd, and the initial pH was
12. Enzymes were purchased from Tianjin Nuoao Technology Co., Ltd. For
simplicity in this article, trypsin and high alkali alkaline proteinase were abbre-
viated as Try and Haap. Alkaline proteinase and neutral protease in food and
industry grade were abbreviated as Apf, Api, Npf, and Npi, respectively.

153.2.2 Collagen Fibers Production

Initial cattle skins were washed to the neutral pH, dried in the air, and then cut into
pieces, vibrated 20 min in the ultrasonic oscillator, and cultivated with different
enzyme solutions at 30 �C for 24 h. After washed up the residual enzyme, skins
were put in hydrochloric acid in order to swell the collagen fibers, and neutralize
the acid finally. In control group, cattle skins were treated with distilled water [13,
14]. Each sample was examined in triplicate.

153.2.3 Mechanical Properties

Firmness and shear force were determined according to the NY/T 1180-2006 using
a texture analyzer (TA-XT Plus, Stable Micro Systems, SMS, UK), and the
software Texture Expert V 5.1.2.0. The trigger force was 40 g. The speed before
and after used initially was 1.50 and 10.00 mm/s, respectively [15]. Mechanical
measurements were done in triplicate.
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153.2.4 Histological Study

Cattle skins were cut into small pieces, embedded in the sample care using the
Tissue Freezing Medium, sectioned at 4–6 lm thickness using a Freezing splicer
(Leica CM1950). After fixed by the stationary liquid [16], the sections were
stained with hematoxylin and eosion for microscopic examination using confocal
laser scanning microscopy [17, 18].

153.3 Results and Discussion

153.3.1 Mechanical Properties

The firmness and shear force of cattle skins were determined using a Texture
Analyzer. The data can react rough understanding of the enzymatic degree. The
firmness and shear force of cattle skins were studied using six enzymes at 2, 4, 6,
and 8 % (w/w) concentrations. Figure 153.1 showed the changes of firmness and
shear force under six different enzymes. The initial cattle skin firmness and shear
force were 500.424 N and 639.7 N/s, respectively. The firmness and shear force of
control group were 258.58 N and 201 N/s, respectively.

In Fig. 153.1, it was obvious that the firmness of skins treated with different
enzymes had similar trend with the shear force. Compared with the control group,
cattle skins dealt with Npf and Npi were obviously tougher than other groups.
However, the Apf, Api, and Haap groups were almost twice softer than first three
groups. Try was similar with animal proteinase in the way to degrade collagen, and
it also acted on 780–781 sector of the amino acid sequence which is close to the
sectors animal proteinase acted [19]. The optimum pH of Npf and Npi is 6.0–7.5,
while APf, Api, and Haap is 9–11. Figure 153.1 showed that it was better to
choose Apf, Api, or Haap to degrade the collagen.

With enzyme concentration increasing, firmness and shear force decreased
quickly under 6 %. When the concentration was higher, firmness and shear force
increased immediately. In this case, the best concentration of enzyme was 6 %.

Fig. 153.1 Firmness and shear force of different enzymes at different concentrations
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In Fig. 153.2, firmness and shear force of different enzymes with different ratios
(1:1, 1:2, 2:1) were researched. The concentration of different complex enzyme
was fixed to 6 % according to Fig. 153.1. It was obvious that the effect was best
when Npf/Apf was 1:1. Other groups were similar each other, but they were all too
tough compared to the best group. So the best condition was to add 0.5 ml 6 %
complex enzyme solution (alkaline proteinase: neutral protease = 1:1, w/w) into
1 g leather.

After cattle skins were broken by enzymes, the isolated protein and many other
components were cleaned up together. So the content of fibers was increased
relatively. Then it was swelled by acid. Fibers became rougher, and space between
fibers was not so tight. As is well-known, protein is hydrophilic, so its size
becomes bigger when it absorbs water. However, fibers will be used to manu-
facture collagen casings by drying it, so the casings contain fibers most, and they
have strong tensile strength. The better the fibers are swelled, the stronger casings
are made. Figure 153.3 showed that when pH was 2, firmness and shear force of
the fibers were both better than pH was 5.

Fig. 153.2 Firmness and shear force of different enzymes with different ratios (1:1, 1:2, 2:1)

Fig. 153.3 Firmness and
shear force of different pH
values
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153.3.2 Microscope Imaging

Figure 153.4 showed four micrographs of the cattle skin in different enzyme
conditions: the control group, Api (2 %), Api (6 %), and the complex enzyme
(6 %). Enzyme can get rid of the dissociate protein. It was obvious in the
micrographs that the majority of materials in cattle skin were collagen fibers.

Fig. 153.4 Fibers micrographs in different conditions: a the control group, b Api (2 %), c Api
(6 %), d complex enzyme (6 %). Magnification: 100X

Fig. 153.5 Fibers micrographs in pH = 2 and pH = 7. Magnification: 100X
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Fibers rank tidily and regularly according to certain directions in the casings [20].
When cattle skins were dealt with alkali proteinase, extracted fibers were obvi-
ously thicker than the control ones, which add nothing to the cattle skins. More-
over, with the increasing concentration of enzyme, the fibers were thicker, and the
gap between fibers was broader. In addition, it also showed that it was better when
enzymes were mixed and the most suitable result was found when the complex
enzymes (Alkaline proteinase/Neutral protease) ratio was 1:1.

After enzymatic extraction, collagen fibers were soaked in the hydrochloric
acid. When the pH was too low, as well as the concentration of hydrochloric acid
was too high, acid can break protein [21], and make it degeneration, so fibers were
broken, casings can not be made. Figure 153.5 showed that when pH = 2, fibers
were thicker than pH = 7. What is more, the gap between fibers became broader.

153.4 Conclusions

The collagen fibers from cattle skins were extracted by using the combined
enzymolysis method. Effects of enzyme addition, solid-liquor ratio on the
extraction, as well as pH efficiency of collagen fibers were investigated in this
paper. The optimal processing conditions were obtained as follows: adding 0.6 %
compound enzyme solution into 1 g leather, ultrasonic shocking for 20 min, then
incubation at 30 �C in shaking box for 24 h, soaked in the pH = 2 hydrochloric
acid solution. The results of texture analyzers determination and frozen section
microscope observation of collagen fibers showed that in all conditions, the con-
dition with alkaline proteinase/neutral protease = 1:1 was best.
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Chapter 154
Detection of DNA Target with Highly
Enhanced Specificity by Self-
Circularization Rolling Circle
Amplification

Xingyu Wang, Xiaoliang Wang, Ping Dong, Masatomo Suzuki,
Hiroyuki Asanuma and Xingguo Liang

Abstract DNA detection is widely used for gene analysis. However, false-posi-
tive results are difficult to be avoided due to the non-specific amplification. Here,
we described a novel RCA approach to improve the specificity. With the help of
TspR I (endonuclease), DNA was cleaved into smaller duplex fragments,
including the target DNA fragment, with 9 nt sticky ends. A duplex adaptor with
two sticky ends which were complementary to that of the target fragment was
designed. After hybridization of the adaptor with the target fragments, T4 DNA
ligase was used to ligate them to form a circular ds DNA with a gap. Then RCA
was carried out from the free 30-end of the open strand by Phi29 DNA polymerase
with two primers which were complementary to the target sequence. Different
from the traditional padlock-RCA, SC-RCA showed excellent specificity by
amplifying the specific DNA target other than the added probe.
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154.1 Introduction

DNA amplification technology has greatly facilitated the development of molec-
ular biology. Based on the amplification protocols, nucleic acid detection for
harmful bacteria and virus won the edge in diagnosis, infectious disease preven-
tion, environment monitor, and food industry [1]. As a traditional amplification
approach, polymerase chain reaction (PCR) has been widely used for detecting
DNA targets with high specificity and sensitivity. However, besides the elaborate
routine for primer design, since PCR requires expensive equipment for fast ther-
mal cycles and precise temperature control, its application in low-cost and rapid
DNA detection has been limited [2]. Also, PCR can lead to sequence-dependent
bias due to the mismatched primer-target hybridization and the intense thermal
cycles [3].

As an isothermal detection method for overcoming the shortcomings of PCR,
RCA (rolling circle amplification) has gained a great attention over the past decade
[4]. The most distinguished feature of RCA is that it can be easily carried out on a
chip for high-throughput detections [5]. However, the specificity of traditional
padlock-RCA is not high enough and various methods have been tried to improve
it [6]. The specificity of padlock-RCA is based on the specific hybridization of two
ends of a pre-circular DNA (probe) with the target sequence, followed by circu-
larization of the probe with the help of ligase. With the specifically formed circular
probe, RCA can be carried out. Nonetheless, even in the case that several mis-
matches are present at the position not close to the ligation site, the probe can also
be circularized and end up with false-positive results [7]. Moreover, the amplifi-
cation reaction of padlock-RCA only generates tandem copies of the probe itself
but not the DNA target [8].

Here we present a novel DNA detection method, termed ‘‘Self-Circularization
Rolling Circle Amplification’’ (SC-RCA), which features the sensitivity compa-
rable to that of padlock-RCA but with much higher specificity. Unlike padlock-
RCA, in SC-RCA procedure, the DNA target but not the probe is circularized and
amplified sequentially. Furthermore, its specificity is as well be enhanced by
branched RCA using oligonucleotide primers complementary to the DNA target
sequence. Therefore, SC-RCA is promising to be used as a low-cost, high speci-
ficity, and high-throughput detection method.

154.2 Materials and Methods

154.2.1 Materials

All oligonucleotides used as primers or adapters were synthesized and purified
with HPLC at Sangon Biological Engineering Technology and Services Co. Ltd.
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(Shanghai, China). Their sequences were listed in Table 154.1. The phoshphor-
thioate primers were used to avoid the hydrolysis by the 30-exonuclease activity of
Phi29 DNA polymerase. The adapters designed with 9 nt sticky ends that were
perfectly complementary with the digested DNA target. All the adapters used in
this work were composed by mixing two single strand oligonucleotides together in
buffer solution. The plasmid DNA pUC-18, employed as the DNA target, was
purchased from New England Biolabs (Ipswich, MA, US). T4 DNA ligase, TspR I
endonuclease, Phi29 DNA polymerase, and One Taq polymerase were also
obtained from New England Biolabs. DNA ladder containing 1 kb–100 bp and
deoxyribonucleotides (dNTPs) were purchased from Tiangen (Beijing, China).
SYBR Green I and ethidium bromide nucleic dye were offered by Invitrogen
(Beijing, China). Multi-functional DNA gel recovery kit was provided by Aidlab
Biolab (Nanjing, China). Other chemicals employed were of analytical reagent
grade and used without further purification. The high-purity deionized water
(resistance [ 18 M9X* cm) was used in all instances.

154.2.2 Digestion of DNA with TspR I Endonuclease

For DNA digestion, 2 lL target DNA (plasmid pUC-18) was mixed with 5 U
TspR I (0.1 U/lL, recognition site: 50-NNCACSTGNN-30) in 20 lL buffers [9].
The buffer (pH = 7.5) contained 20 mM Tris–acetate, 50 mM KAc, 10 mM
MgAc2, and 1 mM DTT. The reaction mixture was incubated at 65 �C for 2 h. To
obtain the target DNA with different concentration, gradient dilution was applied
and the diluted solution was stored at -18 �C for the following sensitivity assay.

Table 154.1 Sequence of oligonucleotide used in this study

Name Sequence (50 ? 30) Length (nt)

105 adp TAATACGACTCACTATAGGTACAGTGAG 28
CCTATAGTGAGTCGTATTATATTAGCACTGGG 32

271 adp TAATACGACTCACTATAGGGCCACTGGT 28
CCTATAGTGAGTCGTATTATATTTCCACTGAG 32

506 adp TAATACGACTCACTATAGGCTCACTGAC 28
CCTATAGTGAGTCGTATTATATTGCCAGTGGC 32

958 adp TAATACGACTCACTATAGGAGCACTGCA 28
CCTATAGTGAGTCGTATTATATTGGCACTGGC 32

105 P1 GGCAACTATGGATGA 15
105 P2 ATAACTACGATACGG 15
271 P1 GTAGCCGTAGTTAGG 15
271 P2 CAAGCAGCAGATTAC 15
506 P1 ACCTACACCGAACTG 15
506 P2 ACGCAGGAAAGAACA 15
958 P1 ACGAGTGGGTTACAT 15
958 P2 AGATGCGTAAGGAGA 15
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154.2.3 Ligation of Hybridized DNA with T4 DNA Ligase

To circularize dsDNA molecules, the adapter with 9 nt cohesive ends that were
perfectly complementary to that of the target was introduced. 1.0 lL adapter
storage solution (10 nM/lL), 1.0 lL digest solution containing the target, 1.0 lL
10 9 T4 DNA ligase buffer (pH = 7.5, 0.5 mM Tris–HCl, 0.1 mM MgCl2,
0.1 mM DTT and 10 mM ATP), and 1.0 lL of T4 DNA ligase (1.0 U/lL) were
mixed. High-purity deionized water was added to a final volume of 10 lL,
followed by incubation at 25 �C for 25 min. After that, ligation reaction was
terminated by heating at 65 �C for 10 min [10].

154.2.4 Amplification of the Ligated DNA with Phi29 DNA
Polymerase

The above 10 lL of ligation solution was used to perform RCA reaction with the
final volume of 20 lL consisting of 50 mM Tris–HCl (pH = 7.5), 10 mM MgCl2,
10 mM (NH4)2SO4, 4 mM DTT, 0.5 mM dNTP, 0.25 lM primer, and 5U Phi29
DNA polymerase (1.0 U/lL). Then, the mixture was incubated at 30 �C for 8 h.
The reaction was terminated by heating the mixture at 65 �C in water bath for
10 min [11].

154.2.5 Digestion of Amplification Products with TspR I
Endonuclease and Electrophoresis Analysis

Aliquots of 2 lL of amplification reaction were pipette and mixed with 0.5 lL
(0.1 lL/U) TspR I and 2 lL 10 9 NEB buffer 4 (pH = 7.9, 0.5 M KAc, 0.2 M
Tris-Ac, 0.1 M Mg(Ac)2, 10 mM DTT). The final volume was filled up to 20 lL
by high-purity deionized water. The reactions were carried out at 65 �C for 2 h.
All the digestion aliquots were subjected to polyacrylamide gel electrophoresis to
evaluate the performance of SC-RCA.

154.3 Results and Discussion

154.3.1 Principle of SC-RCA

Self-Circularization RCA was developed to provide an effective method for
detecting specific DNA target sequence in a solution. A simple scheme outlining
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the SC-RCA was shown in Fig. 154.1. A digestion step is employed to generate a
number of shorter fragments, including the target DNA fragment, with 9 nt sticky
ends. Then a ligase is utilized to ligate the adaptor and the target DNA to form a
double stranded circle with a gap. Phi29 DNA polymerase is then used to amplify
the circle by RCA using the integral strand as the template and the open strand as
the primer. The exponential amplification is achieved with the help of two primers
complementary to the target sequence. Finally, the products consisting of tandem
copies of dsDNA target were digested by restriction endonuclease (TspR I) at the
cutting site as 50-NNCASTGNN-30. Hence, the target DNA meant to be replicated
or detected is obtained with the augmentation of several magnitudes. However, if
there are mismatches in sticky ends between the target and the adaptor DNA,
ligation reaction will fail and no circular DNA will be produced for RCA.

T4 DNA ligase was exploited to perform the ligation reaction. The ligase
features a high efficiency and low specificity, which means non-perfectly matched
template-adapter could be ligated to form a unexpected circle [12]. Once the
hybridization of the template and adapter was circularized, amplification was
initiated by Phi29 DNA polymerase afterward. Hence, erroneous DNA sequences
could be amplified unexpectedly. To eliminate the false-positive result mentioned
above, two primers were introduced to the system to ignite exponential amplifi-
cation. The primers are complementary to the target sequence away from the
overhang region of the sticky ends. Therefore, the non-target circles only initiate a
linear amplification generating fewer products than that of exponential amplifi-
cation by several magnitudes [13]. Higher specificity can be expected
consequently.

154.3.2 Amplification of the Single Fragment

Here, we used plasmid pUC-18 as a model target to check the feasibility of our
strategy. There were 10 recognition sites on pUC-18 for TspR I digestion. After
being cleaved by the endonuclease, 10 fragments with 9 nt sticky ends were
generated and with the length ranging from 13 to 958 bp. The electrophoresis
pattern of pUC-18 digested by TspR I was shown in Fig. 154.2. At first, the
purified 271 bp fragment was chosen as the target DNA to be detected by
SC-RCA. The fragment was separated by agarose electrophoresis and purified with
Multi-functional DNA gel recovery kit. Concentration of the fragment was

Fig. 154.1 Schematic illustration of the principle of SC-RCA
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measured by Nano Drop NA analyzer. The result of the 271 bp fragment amplified
by SC-RCA was shown in Fig. 154.3.

The products of SC-RCA, as shown in Fig. 154.3 lane 1, were in a ladder
pattern and most of them were longer than 10 kb. The minimum band was 271 bp
followed by the products with the length of integral multiples of 271 bp. From the
size of the bands, it can be deduced that the products were typical RCA products
which were the tandem repeats of the target sequence. The digested products
exhibited as a neat, single band pattern which proved that the target DNA had been
replicated efficiently by the protocol we presented.

Fig. 154.2 Analysis of pUC-
18 fragmentation by
restriction enzyme TspR I.
Lane 1: Digested fragments
of pUC-18. The concentration
of pUC-18 digestion reaction
was 10 nM, and the reaction
processed at 65 �C in water
bath for 2 h. 6 lL digestion
solution mixed with 1.2 lL
loading buffer was loaded on
8 % PAGE. For
electrophoresis, the voltage
was set as 350 V and
processed for 1.5 h

Fig. 154.3 Amplification of
a single fragment by SC-
RCA. Lane 1: SC-RCA
products; Lane 2: SC-RCA
products after digestion by
TspR I; Lane 3: A negative
control in the absence of T4
ligase. The concentration of
adaptor and template was 10,
1.0 nM respectively
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154.3.3 Amplification of One Specific Target from Multiple
Fragments

In this part, SC-RCA was exploited to amplify a specific target among the multiple
fragments created by TspR I digestion. To investigate the specificity of SC-RCA,
105, 271, 508, and 958 bp fragments were selected out of the 10 nascent frag-
ments digested from pUC-18. Four types of adaptors and primers were elaborately
designed in order to replicate each target mentioned above. As shown in
Fig. 154.4, the amplification products with TspR I-cut templates appeared as a
single clean band for four target fragments separately. Therefore, the results
demonstrated that the method we presented here was not only applicable for
replicating targets of various lengths with high specificity, but also can avoid non-
specific amplification that might be found in the operation of PCR [14].

To evaluate the sensitivity of this method, which is usually regarded as one of
the most crucial parameters, different concentrations of the 271 bp target DNA
were mixed with 10 nM adapter duplex respectively, in 10 lL of reaction buffer,
and then was ligated and amplified according to the protocol described before. The
electrophoresis results were shown in Fig. 154.5. As the concentration of template
DNA decreased, the band intensity declined gradually. The band intensity
decreased significantly when the target concentration hit to 1.0 fM, which indi-
cated that diluted templates with about 600 mole/ml can be effectively amplified
by means of SC-RCA. Hence, boasting the sensitivity like this, the method we
proposed can be confidently applied in routine tests with general materials.

Fig. 154.4 Analysis of SC-
RCA products with templates
digested by TspR I. Lane 1:
105 bp; Lane 2: 271 bp; Lane
3: 508 bp; Lane 4: 958 bp.
Concentration of the adaptors
and the targets were 10,
1.0 nM, respectively
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154.3.4 Comparison Between SC-RCA and PCR

As a modern detection and amplification method prevalently used worldwide, PCR
is employed in most nucleic analysis tests for its stability and sensitivity [15].
Here, two amplification methods were compared in terms of specificity and sen-
sitivity. As shown in Fig. 154.6, with the interference generated by other non-
target fragment whose sticky ends shared the sequence in part with that of the
target, 271 bp fragment replicated by SC-RCA manifested a desirable specificity

Fig. 154.6 Comparison between PCR and SC-RCA for amplifying target DNA. Lane 1: target
amplified by PCR; Lane 2: target amplified by SC-RCA. Concentration of the template was 1 nM,
and the protocol of PCR was referred to the literature with modification [18]. PCR procedure was
as follow: initial denaturation performed at 94 �C for 30 s, annealing at 49 �C for 30 s, then
primer elongation at 68 �C for 60 s. 30 cycles was employed. Finally the samples were incubated
at 68 �C for another 5 min and terminated at 4 �C. 50 lL PCR reaction system (pH = 8.3)
consisted of 1 lL template, 10 mM Tris–HCl, 50 mM KCl, 1.5 mM MgCl2, 0.2 mM dNTPs,
0.2 lM primer, and 1.25 U One Taq DNA polymerase. Two primers are listed as follow: primer
1: 50-atgaccaaaatcccttaacg-30, primer 2: 50-gtcttgagtccaacccgg-30

Fig. 154.5 The
electrophoresis result of
sensitivity of SC-RCA
towards 271 bp target on the
condition of multiple
fragments. Lane 1: 1.0 pM;
Lane 2: 100 fM; Lane
3:10 fM; Lane 4: 1 fM;
Control: No T4 ligase.
Concentration of 271 bp
adaptor was 10 nM. The
concentration of the DNA
target was diluted from
1.0 pM to 1.0 fM
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as much as that of PCR. However, since PCR relies on the precise thermal
equipment, SC-RCA wins its edge for lower cost and easier procedure. For sen-
sitivity of PCR, the detection limit of PCR toward the 271 bp target was also
investigated (Fig. 154.7). The 358 bp PCR product contains the 271 bp target
inside. Comparing to Fig. 154.5, PCR was able to detect 100 aM template target,
which was one magnitude lower than that of SC-RCA. Distinct amplification
mechanisms may mainly be responsible for the difference [16]. Nonetheless, as the
specificity provided by SC-RCA is not only based on the 9-nt sticky ends but also
enhanced by the added primers, there are reasons to believe that SC-RCA would
reveal higher specificity than PCR when the test aliquots intermingle with tre-
mendous DNA molecules sharing the sequence with the target [17].

154.4 Conclusions

In this work, we have developed a new method to detect and amplify target DNA
with the digested plasmid fragment as a model. All the four fragments whose
length ranging from 0.1 to 1.0 kb were successfully replicated with high sensi-
tivity and specificity which can be mainly attributed to the specific ligase reaction
and the robust amplifying capability of RCA. The detection limit has been
decreased to 1.0 fM. The developed method holds some advantages over other
techniques, such as simplicity and high specificity. Furthermore, comparing to
PCR, SC-RCA can avoid complicated thermal cycling steps, heating in a period of
time using a simple incubator is sufficient to amplify DNA to detectable levels
[19]. Combining with the technology of DNA chip, the proposed protocol is
promising to be easily extended to a high-throughput and automatic screening
format in future applications [20].

Acknowledgments We are grateful for the financial support of the recruitment programs of
‘‘Wanren Plan’’, ‘‘Fund for Distinguished Young Scholars’’ of Shandong province, and ‘‘National
Youth Qianren Plan’’.

Fig. 154.7 The electrophoresis result demonstrating sensitivity of PCR for amplifying target
DNA. Lane 1: 100 pM; Lane 2: 10 pM; Lane 3: 1 pM; Lane 4: 100 fM; Lane 5: 10 fM Lane 6:
1 fM; Lane 7: 100 aM; Control: no template
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Chapter 155
Effect of Proteinase A Propeptide Deletion
on its Enzyme Activity in Saccharomyces
cerevisiae

Deguang Wu, Yefu Chen, Jun Lu, Yanan Qi, Cuiying Zhang and
Dongguang Xiao

Abstract Two expression plasmids YCP-EP and YCP-54A respectively
expressing the complete PEP4 gene and the incomplete PEP4 gene without the
prosequence (encode the propeptide of proteinase A) from Saccharomyces cere-
visiae W303-1A were constructed and transferred into S. cerevisiae W303-K22
(4PEP4). The yeast transformants WYCP-EP and WYCP-54A were obtained.
Meanwhile, a mutant strain W54A deleted the prosequence of PEP4 was obtained
by homologous recombination. The proteinase A enzyme activities of the yeast
transformants WYCP-EP, WYCP-54A and the mutant strain W54A were detected
by fluorescent substrate, respectively. The results showed that only the strain
WYCP-EP was able to produce the active proteinase A. Consequently, the results
confirmed that the propeptide was required for formation of active mature pro-
teinase A, and it provided the theoretical basis for the construction of genetic
engineering strain with low-proteinase A by the deletion of prosequence.

Keywords Saccharomyces cerevisiae � Proteinase A � Propeptide � Expression
plasmid � Enzyme activity

155.1 Introduction

Saccharomyces cerevisiae proteinase A (PrA, EC3.4.23.25) is a member of the
aspartic proteinase superfamily, which is synthesized as a precursor (PreproPrA)
of 405 amino acids encoded by PEP4 gene [1]. The precursor consists of
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N-terminal signal peptide, followed by a propeptide (the prosequence of PEP4
encoded) and the mature peptide. During the process of PrA mature, the 22 amino
acids signal peptide is cleaved off in the endoplasmic reticulum (ER), and the
zymogen proPrA was formed. The proPrA undergoes further carbohydrate mod-
ification in the Golgi complex, and subsequently an 54-amino-acid propeptide is
cleaved to generate the mature PrA upon arrival in the vacuole [2]. However, when
the culture condition goes against growth of yeast, such as nutritional deficiency,
hyperosmolality, the proPrA will be conveyed to extracellular instead of being
targeted to the vacuole [3] [Kondo 1995 #133]. Furthermore, the inactive proPrA
will be matured to active PrA by automatically activation mechanism in vitro [4].
The active PrA can directly degrade foam proteins in beer, therefore, the extra-
cellular mature PrA is the main reason that beer foam stability is decrease.

In recent years, seeking for the methods for decreasing the PrA content in draft
beer has been the research focus in beer industry. Several research reported that the
propeptide of PrA contained the sorting signal for targeting proPrA to the vacuole,
however, the proPrA would be completely degraded in the ER in case of lacking
the propeptide [5, 6]. Therefore, in this study, we researched the effect of PrA
propeptide deletion (PrADpro) on its enzyme activity by monitoring the PrA
enzyme activities of several constructed mutants with different PEP4 genotypes.
Our data provided the theoretical basis for the construction of genetic engineering
strain with low-proteinase A by the deletion of prosequence.

155.2 Materials and Methods

155.2.1 Materials, Plasmids, and Strains

All Oligonucleotide primers used in this study are listed in Table 155.1.
Saccharomyces cerevisiae-Escherichia coli shutter vector YCP50 (AmpR

URA3) was used for construction of expression plasmids. The complete PEP4
gene was amplified from W303-1A [7] genomic DNA with primers DA-up and
DB-down, and the PCR product was inserted into vector YCP50 to create the
expression plasmid YCP-EP. Another expression plasmid YCP-54A, which con-
tains the incomplete PEP4 lacking the prosequence (pep4-23476), was con-
structed as Fig. 155.1 described. The constructed recombinant plasmid pUC-ABK
(Fig. 155.2), which contained A, B fragments from the upstream and downstream
of the prosequence respectively and KanMX gene from pUG6, was used for the
prosequence of PEP4 deletion.

Escherichia coli strain DH5a was used for plasmid preparation and construc-
tion. S. cerevisiae W303-1A(Mata his3-11,15 leu2-3,112 trp1-1, ade2-1, ura3-1,
can1-100)was used as the control for chromosomal expressing of wild-type PrA.
Strain W303-K22 (4pep4), which derived from W303-1A deleted PEP4 gene,
was used for the expression of mutant forms of PrA in a4pep4 strain background.
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The yeast transformants WYCP-EP and WYCP-54A were constructed via trans-
ferring the expression plasmids YCP-EP and YCP-54A into W303-K22, respec-
tively. The yeast transformant WYCP was constructed previously by transferring
YCP50 into W303-K22 in our lab. The mutant strain W54A was constructed by
homologous recombination. The recombinant cassette A-KanMX-B fragment was
amplified via PCR from plasmid pUC-ABK and transformed into the parental
strains W303-1A by the lithium acetate method. The W54A-K excised the KanMX
gene was obtained by using the Cre-loxP recombination system [8, 9].

Table 155.1 PCR primers used in this study

Primer Sequence(50 ? 30) Restriction site

DA-up CGCGGATCCGAGAGAAGATGGTAGATACC BamH I
DA-down AACTGCAGCAACTTGGTTGGCGCTGAC Pst I
DB-up AACTGCAGGTGGTCACGATGTTCCATTG Pst I
DB-down CGTGCATGCTTTTCGCTTCTGCTTACATTGC Sph I
A-up CCCAAGCTTCGCTGCTATTTATTCATTCCACC Hind III
A-down GTGAAGCTTTGCAGCAACTTGGTTGGCGCT Hind III
B-up CGAGCTCGGTGGTCACGATGTTCCAT Sac I
B-down CGAGCTCTGGTAGCCTCAGCGAAGTCT Sac I
Kan-up CGGGGTACCCAGCTGAAGCTTCGTACGC Kpn I
Kan-down CGGGGTACCCATAGGCCACTAGTGGATCTG Kpn I
YZ1-up GTTAGCTCACTCATTAGGCA
YZ1-down GACTTTTGCAGCAACTTGGT
YZ2-up GTTAGCTCACTCATTAGGCA
YZ2-down CGCTGCTATTTATTCATTCCACC
YZ0-up AGAAGCCTACCACGTAAG
YZ0-down GCTTCATGATCGTATTTAGAAT

Note The restriction site introduced in each primer is indicated by an underline

Fig. 155.1 Construction of
expression plasmid YCP-54A
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155.2.2 Media and Cultivation Conditions

Escherichia coli strain DH5a was incubated in LB medium added ampicillin
resistance at 37 �C for plasmid maintenance. Yeast strains were cultured in
standard YEPD medium at 30 �C. The yeast recombinants were screened on
YEPD plates additionally added 800 lg/mL G418. Yeast Synthetic Drop-Out
Media Supplement without Uracil (Sigma USA) was used to screen the yeast
transformants [7]. And YEPG medium (10 g/L yeast extract, 20 g/L peptone, and
20 g/L galactose) was used for Cre recombinase expression in yeast mutant strain.

155.2.3 Fermentation Assay and Analytical Methods

Fermentation assay was performed according to the method described by Hao [10].
PrA activity was assayed by a fluorescent method [11]. One unit of PrA will
hydrolyze 1 mg of insulin chain B (oxidized) per minute at pH 6.0 (25 �C).
Intracellular total proteins were measured by Bradford method [12]. Residual
sugar was measured by Fehling reagent-Spectrophotometric method, and alcohol
content was measured using Beer Analyzer.

155.3 Results and Discussions

155.3.1 Construction of Yeast Transformants WYCP-EP
and WYCP-54A

According to the method described in the Materials and Methods section, two
expression plasmids YCP-EP (expressing complete PEP4) and YCP-54A
(expressing incomplete PEP4 deleted prosequence) were successfully constructed

Fig. 155.2 Schematic
diagram of recombinant
plasmid pUC-ABK
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and transferred into W303-K22 respectively, then two yeast transformants,
WYCP-EP and WYCP-54A were obtained. In order to verify the two yeast
transformants, compared with WYCP, the yeast plasmids of WYCP-EP and
WYCP-54A were extracted and used as templates of PCR verification. The PCR
verification was executed with primer pair YZ0-up/YZ0-down, which was located
in the flank of the coding region of prosequence. The size of the PCR product from
WYCP-54A should be less 162 bp than that of WYCP-EP and the WYCP has no
PCR product. As shown in Fig. 155.3, the results indicated that we successfully
constructed yeast transformants WYCP-EP and WYCP-54A.

155.3.2 Construction of PrA Propeptide Deletion Mutants

PrA propeptide deletion mutant W54A was constructed via homologous recom-
bination. Two primer pairs YZ1-up/YZ1-down and YZ2-up/YZ2-down were
designed to verify the deletion of prosequence of PEP4 gene. Theoretically, the
target 2.0 and 1.6 kb bands could be obtained from genome of W54A, but they
could not be obtained from that of the parental strain W303-1A. Figure. 155.4
showed that the PCR products were consistent with expectation. Therefore, the
results proved that the recombinant cassette A-KanMX-B fragment was success-
fully inserted into the locus of prosequence of PEP4 and the prosequence was
replaced by KanMX. In addition, the KanMX gene was excised from the mutant
strain W54A, and another mutant strain W54A-K was obtained and identified via
PCR (Fig. 155.4).

Fig. 155.3 PCR verification
of yeast transformants. M
marker DL 5000; Lane 1,2,3
Respective PCR product from
WYCP-EP, WYCP, WYCP-
54A with primers YZ0-up/
YZ0-down
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155.3.3 PrA Activity of Mutant Strains

The PrA activity of host strain W303-K22 and three yeast transformants (WYCP,
WYCP-EP and WYCP-54A) cultivated in wort medium were measured. As
illustrated in Table 155.2, taking the PrA activity of host strain W303-K22 and
yeast transformant WYCP as the references, the obvious PrA activity
(5.128 ± 0.02 9 10-5 U/mg) of the yeast transformant WYCP-EP (expressing
complete PrA) was detected. By contrast, no PrA signal was detected in the yeast
transformant WYCP-54A (expressing mutant PrADpro). The results indicated that
the active PrA cannot be synthesized when the prosequence of PEP4 is deleted and
the propeptide is required for formation of active mature PrA.

Also, the same conclusion was suggested by monitoring the PrA enzyme
activities of PEP4 prosequence deletion mutants. The intracellular and extracel-
lular PrA activity of two mutant strains (W54A and W54A-K) and the parental
strain (W303-1A) were measured in the same wort medium. As shown in
Table 155.3, the intracellular and extracellular PrA activity of the parental strain
W303-1A were 12.308 9 10-5 and 12.208 9 10-5 U/mL, respectively. However,

Fig. 155.4 PCR verification
of the yeast recombinant
strains. M marker DL 5000;
DNA templates W54A (lane
1,3,6); W303-1A (lane 2,4);
W54A-K (lane 5). Primers
YZ1-up/YZ1-down (lane
1,2); YZ2-up/YZ2-down
(lane 3,4); Kan-up/Kan-down
(lane 5,6)

Table 155.2 PrA activity of host strain and different yeast transformants

Strains PrA construct in vector Intracellular PrA activitya(9 10-5 U/mg)

W303-K22 – 0.104 ± 0.002
WYCP None 0.324 ± 0.005
WYCP-EP PrA 5.128 ± 0.022
WYCP-54A PrA4pro 0.639 ± 0.003
a The PrA activity in 1 mg intracellular total proteins was defined as the intracellular PrA activity
(U PrA activity/mg)
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no PrA activities were found in the mutant strains W54A and W54A-K. Taking
into account the results described above, we can draw an obvious conclusion that
deletion of the prosequence of PEP4 can significantly decrease the PrA activity of
S. cerevisiae.

155.3.4 Fermentation Characteristics

In order to investigate the impact of the prosequence deletion on the fermentation
performance, CO2 reduction, ethanol and residual sugar of mutant strains were
measured after the primary beer fermentation. As is shown in Table 155.4, com-
pared to the parental strain, the CO2 reduction of mutant strains remained stable. In
addition, there were no significant differences for ethanol and residual between
recombinant strains and the parental strain. Therefore, we can deduce that the
entire leavening ability was almost the same either before or after prosequence of
PEP4 deleted. However, the reasons for this phenomenon may be that PrA can
control the glycolytic enzymes expression in the direct or indirect manner [13] and
the mutant PrA4pro can still activate the other necessary vacuolar hydrolyases
such as PrB, CPY [14], so as to lead to the delay of cell metabolism.

Table 155.3 The intracellular and extracellular PrA activities of mutant strains and the parental
strain

Strains Genotype Extracellular PrAa

activity ( 9 10-5 U/mL)
Intracellular PrA activity
( 9 10-5 U/mg)

W303-1A PEP4 12.208 ± 0.434 12.308 ± 0.272
W54A pep4-23476::KanMX 0.716 ± 0.006 0.347 ± 0.005
W54A-K pep4-23476::loxP 0.102 ± 0.005 0.431 ± 0.004
a The PrA activity in 1 mL fermentation liquor was defined as the extracellular PrA activity (U
PrA activity/mL)

Table 155.4 CO2 reduction, ethanol and residual sugar of mutant strains and the parental strain

Strains CO2 reduction (g) Ethanol (% vol) Residual sugar (g/L)

W303-1A 1.18 ± 0.02 0.8 ± 0.06 42 ± 0.6
W54A 1.15 ± 0.01 0.7 ± 0.06 43 ± 1.0
W54A-K 1.14 ± 0.02 0.7 ± 0.06 42 ± 0.6
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155.4 Conclusion

In this study, two expression yeast strains WYCP-EP and WYCP-54A and two
deletion mutant strains W54A and W54A-K were constructed, and the fermenta-
tion assay was performed to investigate the impact of lacking of the propeptide of
PrA on its enzyme activity. Our data suggested that deletion of the propeptide of
PrA could significantly decrease the PrA activity and the decline trend was not
influenced by the presence of the KanMX gene. Moreover, there were no signifi-
cant differences in the fermentation characteristics between mutant strains and the
parental strain. Therefore, our results provided the theoretical basis for the con-
struction of genetic engineering strain with low-proteinase A by the deletion of
prosequence.
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Chapter 156
Corncob Residue Pretreatment
for 2,3-Butanediol Production
by Simultaneous Saccharification
and Fermentation

Xiaopei Peng, Cuiying Zhang, Yujie Tian, Xuewu Guo, Yanwen Liu
and Dongguang Xiao

Abstract In order to utilize corncob residue in the production of 2,3-butanediol, a
pretreatment method was carried out. Sodium hydroxide method was chosen from
six different types of pretreatment for lignocellulosic materials. After the
composition analysis and fermentation experiment of the treated residue, the
condition of pretreatment was suggested (hydroxide concentration of 1.5 %,
processing temperature at 80 �C, processing time of 3 h, solid-to-liquid ratio of
1:8). Comparison between the primary material and the treated residue was
conducted, the results proved that the output of 2,3-butanediol and acetoin
(20.35 g/L) with the treated material was 3.38 times of the yield with the unpre-
treated corncob residue (6.02 g/L). After 72 h SSF, sugar yield of the cellulose
was 75.40 %.

Keywords 2,3-Butanediol � Corncob residue � Lignocellulose � Pretreatment �
Simultaneous saccharification and fermentation

156.1 Introduction

2,3-Butanediol (2,3-BD) is a kind of transparent, odorless, and tasteless liquid. As
an important platform chemical of the petroleum substitution theorem [1], its
derivatives have a wide range of potential applications in many fields [2–5].
Recently, the production of 2,3-BD by microbial fermentation received increasing
attention because of its economical efficiency [6–8]. However, the caring of the
concentration of product and the neglecting of the raw material cost by most of the
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studies may be harmful to the commercial process of 2,3-BD product by microbial
fermentation.

As an abundant lignocellulosic by-product in the main agricultural countries,
corncob has certain positive benefits such as renewability, large storage,
environment-friendly, and low cost [9–11]. The unusually high content (35–40 %,
w/w) of hemicelluloses in corncob justifies it as an attractive feedstock for pen-
tose-based biotransformation aimed at production of xylitol, bulk chemicals [12],
and bioethanol [13]. However, the waste residue rich in cellulose is discarded or
furnace-burned in many cases, this is a great waste of natural resources, and this
may damage the environment because of the chemical reagent which reacts with
the corncob. Therefore, it is significant to utilize this valuable cellulosic residue in
an economical and environmental-friendly way.

In order to utilize the corncob residue by microbial fermentation, the cellulosic
should be hydrolyzed to glucose by direct acting of cellulose [14–16]. However,
most of the cellulose was wrapped by lignin or the compact structures of the
corncob. Thus, some effectual and low-cost pretreatment methods to remove the
obstacle of the enzymolysis are necessary [17]. Although several types of
pretreatment of various lignocellulosic materials have been proposed in order to
alter the structure of the lignocellulose matrix by removing lignin, hemicelluloses,
or combinations, there is no pretreatment method fit for treating each kind of
lignocellulosic material. Therefore, an appropriate pretreatment method toward
corncob residue is a vital area of research.

In this study, corncob residue was used in 2,3-BD production. The aim of this
work is to select and optimize a pretreatment method of corncob residue which
could increase the yield of the 2,3-BD simultaneous saccharification and
fermentation (SSF).

156.2 Materials and Methods

156.2.1 Materials and Pretreatment

Corncob residue from Longlive Biotechnology Co., LTD in Shandong Province
was used as the raw material. Particles (after washing to pH7.0) ranged from 0.25
to 0.38 mm (40–60 mesh) were used in the experiments. The residue consisted of
cellulose (66.19 %), lignin (16.60 %), hemicelluloses (4.76 %), and others
(12.45 %).

Experiments were conducted in 250 mL flasks containing 10 g corncob resi-
dues which were treated with six different types of methods at 80 �C and a ratio
1:10 of weight of residues to volume sodium hydroxide solution for 2 h; other
conditions of the six different types of pretreatment are shown in Table 156.1.
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156.2.2 Culture Media

Seed culture medium with natural pH contained 2 % (w/v) glucose, 0.5 % (w/v)
yeast extract, 0.2 % (w/v) ammonium sulfate, 0.1 % (w/v) sodium citrate, and
0.04 % (w/v) magnesium sulfate.

The medium used in SSF contained 10 % (w/v) corncob residue, 2 % (w/v)
monopotassium phosphate, 0.5 % (w/v) dipotassium hydrogen phosphate, 1.5 %
(w/v) corn steep liquor, 0.2 % (w/v) ammonium sulfate, 0.04 % (w/v) magnesium
sulfate, and pH 4.8.

All the media were autoclaved at 115 �C for 20 min.

156.2.3 Microorganism and Fermentation Experiments

Klebsiella pneumonia strain CICC 10011 was obtained from the China Center of
Industrial Culture Collection.

The activated strain was inoculated in 50 mL seed medium at 200 rpm and
37 �C for 12 h. Subsequently, 10 % seed culture was inoculated in fermentation
medium. Furthermore, 40 FPIU cellulase/g residue were added, and the simulta-
neous saccharification and fermentations (SSFs) were conducted in 250 mL flasks
with 50 mL working volume. All SSF experiments were carried out at 35 �C and
150 rpm. The resultant culture broth was withdrawn at a predetermined time of
36 h. Each experiment was conducted for 3 times.

156.2.4 Analytical Methods

The cellulose, hemicellulose, and lignin contents of corncob residue were analyzed
by the methods described by Goering HK and Van Soest [18].

The liquid samples were analyzed by HPLC, equipped with RI detectors.
2,3-BD, and acetoin were analyzed using the refractive index detector and Aminex
HPX-87H column at 65 �C with 5 mM H2SO4 as the mobile phase at
0.8 mL min-1 [19].

Table 156.1 Conditions of six different types of pretreatment

No. Methods Compound Mass concentration (%) pH

1. Sulfuric acid process Sulfuric acid 2 –
2. Hydrochloric acid process Hydrochloric acid 2 –
3. Sodium hydroxide method Sodium hydroxide 2 –
4. Hydrocarbonylation

process
Hydrogen peroxide 2 11

5. Organic solvents process Ethanol 60 11
6. Combined process Hydrogen peroxide and ethanol 2 and 60 11

‘‘–’’ means not control
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156.3 Results and Discussion

156.3.1 Method Selection

156.3.1.1 Effect of Different Types of Pretreatment

Six types of pretreatment (sulfuric acid process, hydrochloric acid process, sodium
hydroxide method, hydrocarbonylation process, organic solvents process, and
combined process of hydrocarbonylation and organic solvents) were conducted in
the processing of the corncob residue for three times. The compositions of the
materials after treatment were shown in Fig. 156.1. It was found that method 3
(sodium hydroxide method) resulted in lower lignin content (3.5 %) and higher
amount of lignin removed (87.69 %) as compared to the other pretreatment
compositions. It was observed that lignocelluloses became less compact after
alkaline pretreatment due to the removal of lignin and the swell of cellulose [20].
Furthermore, it was noted that relaxing the structure enhanced enzymolysis. Thus,
sodium hydroxide method was chosen from these six types of pretreatment.

156.3.1.2 Fermentation Experiment of Treated Samples

Due to the inhibition of cellulase in hydrolysis (the glucose would inhibit the
action of cellulase), enzymolysis cannot demonstrate the real situation of SSF of
2,3-BD.Therefore, shake-flask fermentation experiments were conducted in order
to prove the validity of the above selection. The residues, with equal weight
cellulose, were inoculated in the medium for SSF. The result of SSF was shown in

Fig. 156.1 Compositions of
the treated materials
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Fig. 156.2. It was clearly demonstrated that the output (19.468 g/L) of 2,3-BD and
acetoin with alkali-treated residue was the greatest among the tested types. Thus,
sodium hydroxide method was selected in the SSF of 2,3-BD.

156.3.2 Single Factor Experiments of Sodium Hydroxide
Method

156.3.2.1 Effect of Sodium Hydroxide Concentration

The results generated by different sodium hydroxide concentrations are shown in
Table 156.2. It was noted that with the increase in concentration of sodium
hydroxide, there is a considerable decrease in lignin content and a dramatic
increase in cellulose content. The decrease of lignin content does not continue
significantly after concentration of alkali greater than 1.5 %.

156.3.2.2 Effect of Processing Temperature

Table 156.3 presents the effect of the processing temperature in sodium hydroxide
pretreatment on cellulose and lignin. The results revealed that temperature had a

Fig. 156.2 Results of SSFs
with residues treated with
different methods. 1 sulfuric
acid process, 2 hydrochloric
acid process, 3 sodium
hydroxide method, 4
hydrocarbonylation process,
5 organic solvents process, 6
combined process, 7
untreated

Table 156.2 Effect of sodium hydroxide concentration

Sodium hydroxide
concentration (%)

Cellulose content (%) Cellulose retention (%) Lignin content (%)

0.5 79.75 ± 0.25 87.17 9.5 ± 0.2
1 85.05 ± 0.41 84.94 4.9 ± 0.1
1.5 87.74 ± 0.21 83.85 3.8 ± 0.1
2 89.69 ± 0.26 83.45 3.5 ± 0.1
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great influence on alkali pretreatment. With the increase of temperature, the
content of lignin decreased, but the incremental decreases markedly reduced at
temperatures above 80 �C. In addition, the cellulose retention also reduced with
increasing temperature. What was interesting was the fact at temperatures above
80 �C, the rate of cellulose retention dramatically decreased. This decrease
resulted in the reduction of cellulose content (87.74 % at 80 �C and 84.15 % at
100 �C, the tendency of cellulose content was raised below 80 �C), which may be
due to a faster decomposition of cellulose at high temperatures.

156.3.2.3 Effect of Processing Time

It is known that processing time is one of the important parameters in the pre-
treatment of lignocellulose. In this experiment, effect of processing time was
studied. As the results shown in Table 156.4, the lignin content decreased to 3.7 %
in 3 h, but the decrease was not obvious with longer processing time. In addition,
the cellulose retention reduced continuously during the first 4 h, with the cellulose
increasing only gradually in the first 2 h.

156.3.3 Orthogonal Optimization of Sodium Hydroxide
Method

156.3.3.1 Design of the Orthogonal Test

After the single factor experiments of sodium hydroxide method, an orthogonal
test for optimizing the alkali pretreatment was designed. The parameters studied in
the single factor experiments (hydroxide concentration, processing temperature,

Table 156.3 Effect of processing temperature

Processing temperature (�C) Cellulose content (%) Cellulose retention (%) Lignin content (%)

40 81.54 ± 0.21 87.35 8.1 ± 0.2
60 84.1 ± 0.31 86.26 6.3 ± 0.2
80 87.74 ± 0.29 83.85 3.8 ± 0.1
100 84.15 ± 0.36 77.15 3.5 ± 0.1

Table 156.4 Effect of processing time

Processing time (h) Cellulose content (%) Cellulose retention (%) Lignin content (%)

1. 85.74 ± 0.42 85.45 4.7 ± 0.2
2. 87.74 ± 0.57 83.85 3.9 ± 0.1
3. 88.08 ± 0.13 83.24 3.7 ± 0.2
4. 88.21 ± 0.42 82.63 3.6 ± 0.1
5. 88.41 ± 0.28 82.57 3.6 ± 0.1
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and processing time) were used as the factors of the orthogonal test. Furthermore,
based on the influence on the dosage of the sodium hydroxide used in the pre-
treatment, solid-to-liquid ratio was also considered as an orthogonal factor.
Therefore, an orthogonal test of 4 factors and 3 levels was designed (Table 156.5).

156.3.3.2 Results of the Orthogonal Test

With the orthogonal table, the test was conducted. Further investigations of the
composition and the nature of fermentation were studied by composition analysis
and SSF. The results are shown in Table 156.6. However, it is known that there
was only one type of result that could be used in the analysis of orthogonal tests
and thus how to analyze the results of the tests became a puzzle.

156.3.3.3 Analysis of the Results

A function E (shown in (1)) has been built for analyzing the results. With the
function, the illustrative table (Table 156.7) was reached by orthogonal analysis.
Thus 80 �C and 1:8 were chosen as the temperature and solid-to-liquid ratio for

Table 156.5 Orthogonal experimental design of the pretreatment

No. Sodium hydroxide
concentration (%)

Processing
temperature (�C)

Processing
time (h)

Solid-to-liquid
ratio (w/v)

1. 1 60 1 1:8
2. 1 80 2 1:10
3. 1 100 3 1:12
4. 1.5 60 2 1:12
5. 1.5 80 3 1:8
6. 1.5 100 1 1:10
7. 2 60 3 1:10
8. 2 80 1 1:12
9. 2 100 2 1:8

Table 156.6 Results of the orthogonal test

No. Cellulose
content (%)

Cellulose
retention (%)

Lignin
content (%)

Concentration
of product (g/l)

1. 87.13 ± 0.34 94.07 8.34 ± 0.1 15.347 ± 0.243
2. 88.01 ± 0.23 89.22 5.6 ± 0.1 18.769 ± 0.152
3. 88.67 ± 0.28 84.67 3.95 ± 0.1 20.071 ± 0.353
4. 88.32 ± 0.38 89.32 5.5 ± 0.2 18.869 ± 0.159
5. 85.92 ± 0.19 87 3.35 ± 0.1 20.334 ± 0.094
6. 83.63 ± 0.23 80.37 4.15 ± 0.2 19.956 ± 0.153
7. 85.65 ± 0.38 85.16 4.85 ± 0.1 19.455 ± 0.325
8. 87.19 ± 0.41 82.13 4.1 ± 0.1 19.985 ± 0.231
9. 80.57 ± 0.51 79.5 3.2 ± 0.1 20.379 ± 0.184
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economizing cost. 1.5 % was chosen easily as the sodium hydroxide concentra-
tion. Longer processing time resulted in a better impact, and 3 h was considered as
the best processing time.

E ¼ C� 50� Rc� 66:19 %
5� Cc

ð1Þ

E means the sum weight (g) of 2,3-BD and acetoin produced by SSF with the
samples that were pretreated from unit mass (kg) of the untreated corncob residue.
C stands for the concentration of the product in the zymotic fluid, Rc stands for the
cellulose retention of the materials, Cc stands for the cellulose content of the stuff,
50 is the volume of the zymotic in each flask, 5 is the weight of treated or untreated
corncob residues, 66.19 % is the cellulose content of the untreated raw stuff.

156.3.3.4 Result of the Pretreatment and SSF Experiment

The corncob residue after the optimized pretreatment was observed under a
scanning electron microscope (enlargement ratio was 10,000 times). It is found
that the change was large: the treated residue (Fig. 156.3a) had looser structure
than the untreated one (Fig. 156.3b), and the cellulose was exposed from the
embedding of the lignin after treatment. In order to prove the effect of these
changes, a SSFs comparison between primary materials and pretreated residue was
conducted. With the result shown in Fig. 156.4, it is proved that the output of
2,3-BD and acetoin (the precursor of 2,3-butanediol) (20.35 g/L) with the
treated material was 3.38 times as the yield of the unpretreated corncob residue
(6.02 g/L). This reflected that the pretreatment was remarkably useful to rise the
hydrolysis speed and increase the output of 2,3-BD.

Table 156.7 Illustrative table of the orthogonal test

No. Sodium hydroxide
concentration (%)

Processing
temperature (�C)

Processing
time

Solid-to-liquid
ratio (w/v)

E

1. 1 60 1 h 1:8 109.67
2. 1 80 2 h 1:10 125.94
3. 1 100 3 h 1:12 126.85
4. 1.5 60 2 h 1:12 126.31
5. 1.5 80 3 h 1:8 136.28
6. 1.5 100 1 h 1:10 126.94
7. 2 60 3 h 1:10 128.04
8. 2 80 1 h 1:12 124.61
9. 2 100 2 h 1:8 133.10
E.V.1* 120.820 121.340 120.407 126.350 –
E.V.2* 129.843 128.943 128.450 126.973 –
E.V.3* 128.583 128.963 130.390 125.923 –
E.D.# 9.023 7.623 9.983 1.050 –

E.V. * equalizing value; E.D. # extreme difference
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Aimed to find out the final production and the sugar yield, time course of SSF
with treated materials was conducted (Fig. 156.5), the maximum yield (26.01 g/L)
was got at 72 h, sugar yield of cellulose at this time was 75.40 %.

Fig. 156.3 Structures of the treated and untreated corncob residues (a is treated and b is
untreated)

Fig. 156.4 Comparison
between treated and untreated
stuff

Fig. 156.5 Time course of
SSFs with treated residue
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156.4 Conclusion

In conclusion, corncob residue is a feasible type of lignocelluloses for the
production of 2,3-BD. Using the treated corncob residue by optimal sodium
hydroxide method, 20.35 g/L 2,3-BD and acetoin were produced in 36 h with SSF,
which is 3.38 times as the yield of raw stuff (6.02 g/L). The maximum yield
(26.001 g/L) was got at 72 h, by this the sugar yield of cellulose was 75.40 %.
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Chapter 157
The Comparison on the Genotype of idh-1
Between Paralichthys olivaceus
and Scophthalmus maximus

Zhiyi Qiao, Shi Dong, Jinhui Sun, Yue Pei and Qi Wang

Abstract Paralichthys olivaceus and Scophthalmus maximus were two economic
mariculture species in China. To study the relativity between the genotype of idh-1
and the growth indices, 141 Paralichthys olivaceus from the culture stocks in
Rongcheng and Yantai in Shandong province, Beidaihe in Hebei province and 60
Scophthalmus maximus from Hangu of Tianjin were investigated by the isozyme
electrophoresis and specific dying and their biological indices. The results showed
that the idh-loci of both species were polymorphic, but the genotype was quite
different: there were three genotypes of Paralichthys olivaceus (AA, BB and AB,
identical with the dimer of IDH); thus there were two genotypes of Scophthalmus
maximus (A1, A2) with 53 and 7 individuals, respectively. By the statistical
analysis of gene frequency, Paralichthys olivaceus showed the heterozygote sur-
plus and genetic bias in Hardy–Weinberg equilibrium. The chi-test explained that
only the loci of idh-1 in Rongcheng expressed the significant bias in Hardy–
Weinberg equilibrium, there were significant difference between the observational
values of heterozygosity (Ho) and Hardy–Weinberg expected heterozygosity (He)
(P \ 0.05). From the relationship between locus and growth triats, we found that
the heterozygote(AB) of idh-1 have the growth dominance in comparison with
homozygote (AA or BB). In the data of two groups of Scophthalmus maximus, the
average value of the weight, length, and body height of the A2-individuals were all
higher than those of A1. Compared to A1-individuals, the weight (group1)\height
(group1 and 2) of A2-individuals have a significant difference(P \ 0.01). This
result has provided reference for the molecular marker-assisted breeding of
Paralichthys olivaceus and Scophthalmus maximus.
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157.1 Introduction

Japanese flounder, Paralichthys olivaceus, is widely distributed along the coast of
Northeast Asia and is one of the most economically important marine species in
the region. P. olivaceus is successfully cultured in Japan, China, and Korea. Like
other aquaculture species, Japanese flounder is susceptible to several viruses,
bacteria, and protozoan pathogens, and may also show pigmentation abnormalities,
which decrease its market price [1]. Some economically important traits like
disease resistance and growth are significantly associated with the genotype of idh-
1 [2–4].

Turbot, Scophthalmus maximus, is also a commercially important aquaculture
species in China with 10-years’ introduction from Britain. In recent years, infec-
tious pathogens of the turbot have emerged. In particular, the bacterium Strepto-
coccus iniae is responsible for major losses in many countries [5]. There is the
relationship between the genotype of idh-1 and growth trait [6].

IDH (E.C.1.1.1.42), which can catalyze the oxidation of isocitric acid to a-
ketoglutaric acid in TCA cycle, is an important oxidoreductase in energy metab-
olism. The biocatalytic activities of IDH have an impact on the health and growth
of fish directly or indirectly, and then influence the proportion of the gene phe-
notype in population. While Siyang [3] has found heterozygote surplus of 23
release groups of Paralichthys olivaceus in Japan, showing the selection advantage
of heterozygote. Meanwhile, Feng [7] also found the significance bias in Hardy–
Weinberg equilibrium in the analysis of the idh-1 loci of the cultured stock of
Japanese flounder, which shows the heterozygosis deletion. In the research of the
idh-1 of Scophthalmus maximus, we found the genetic deviation also [6]. This
suggests that there may be an internal relationship between the genotype of idh-1
and the health and the growth of flatfish.

In this paper, horizontal starch gel electrophoresis and specific dying of idh-1
were employed to identify the gene phenotype of three groups of 141 Paralichthys
olivaceus and two groups of Scophthalmus maximus, so as to find the molecular
genetic marker of Bothidae by the comparison of their expressing features of idh-1.

157.2 Materials and Methods

Paralichthys olivaceus comes from three groups: 47 samples of the Rongcheng
groups (280 days, the offspring of 27 wild parents from yellow sea) whose average
weight is 26.66 ± 11.81; 41 samples of Beidaihe groups (70 days, the offspring of
200 wild parents from Bohai sea) whose average weight is 2.31 ± 0.91, and 40
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samples of Yantai groups (110 days, the offspring of 120 wild parents from yel-
lowi sea) whose average weight is 26.66 ± 11.8. The parents’ sex ratio of three
groups is about 2:1.

Sixty Scophthalmus maximus were randomly selected in different growth period
of breeding stock, 30 individuals per group with the average weight of
10.61 ± 5.82 g (116 days) and 12.6 ± 28.20 g (165 days), respectively.

After the morphometry of every samples, they were put in the marked plastic
bag and preserved at -20 �C. Separated the livers of the cryopreserved samples,
then put on the dry agglutination plate, and covered with the filter paper of
5 9 5 mm.

The idh-1 genotypes were determined by horizontal starch gel electrophoresis
[8] and specificity dyeing technology. The gel of 11 % starch was prepared before
one day and overnight at 4 �C.

Insert the filter papers which has absorbed the melting liquid into the gel on the
second day, carry out the electrophoresis at 4 �Cin refrigerator (C-T, pH = 8.0
buffer), keep the constant current at 4 mA/cm2 for about 4 h. Then cut the gel into
slices with the thickness of 1 mm [8], dyeing and chromogenesis at 37 �C in dark,
the formulation of dye solution is shown in Table 157.1. Then terminate reaction
and decolorization by 0.7 % acetic acid. Finally, determine the genotype of idh-1
and analyze the data by SPSS13.0.

157.3 Results

157.3.1 The Expression Character of idh-1

IDH is a dimer which is coded by two gene loci, idh-1 and idh-2. Though their
mobility is close, the tissue specificity and the enzyme activity are quite different.
In two species, the idh-1 activity of liver is the strongest and expressing poly-
morphism; while the idh-2 express better in muscle and heart, expressing mono-
morphism (Fig. 157.1).

There are two alleles of idh-1 in P. olivaceus: *a and *b, appears three geno-
types: AA, AB, and BB (Fig. 157.2). In the idh-1 detection of the Scophthalmus
maximus of two period, we have gained clear pattern of phenotype of isozyme
(Fig. 157.2): The phenotype is distinguished into two types: A1 and A2, the
electrophoretic mobility of A2 is greater than A1. By the statistical analysis of the
idh-1 genotype of 60 Scophthalmus maximus samples, we find both phenotype

Table 157.1 The dyeing reagent of IDH

Reagent NADP
(0.5 %)

PMS
(1 %)

NBT
(1 %)

Na3isocitrate
(3 %)

Tris–HCl buffer
(0.2 M pH 8.0)

D.W.

Dosage 9 mg 1.5 mg 3 mg 9 mg 15 ml 12 ml
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appear in two groups (Table 157.2). The occurrence frequency of A1 is higher
with 88.33 %, No heterozygous with three bands were observed.

157.3.2 The Character of the Genotype of idh-1

Table 157.2 shows that, the deviation indices from Hardy–Weinberg equilibrum
(d value) of polymorphic locus of three groups of P. olivaceus are positive, i.e.,
there is the bias of Hardy–Weinberg equilibrium more or less, and is heterozygote

Fig. 157.1 The elcctrophoresis pattern of IDH in seven tissues of P. olivaceus and Scophthalmus
maximus

Fig. 157.2 The expression of the polymorphic of Idh-1 in liver of P. olivaceus and
Scophthalmus maximus

Table 157.2 The gene frequencies and other genetic indices of P. olivaceus

Indices Groups

Rongcheng Beidaihe Yantai

Frequency of a 0.2449 0.3942 0.2750
Frequency of b 0.7551 0.6058 0.7250
Ho 0.490 0.558 0.450
He 0.370 0.478 0.399
d 0.324 0.168 0.129
Ne 72.5 62.5 45.9

Ho observed value of the heterozygosity of polymorphic loci
He expected value of the heterozygosity of polymorphic loci
d deviation indexes from Hardy–Weinberg equilibrum
Ne effective population size
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surplus. The number of effective population size (Ne) of population which is
calculated from d value can reflect the degree of the deviation from Hardy–
Weinberg equilibrum more clearly. When Ne value is higher than the sample
number, means heterozygote surplus and heterozygosis deletion on the contrary. In
our research, Rongcheng groups of P. olivaceus has a high degree of the hetero-
zygote surplus of idh-1 with the d value is 0.3240. Actually the Hardy–Weinberg
equilibrum is a dynamic balance, the deviation within permitted is regard as
coincidence.

The chi-test suggest that only the probability of the P. olivaceus of Rongcheng
is significant difference (0.01 \ P \ 0.05) that fall short of Hardy–Weinberg
equilibrum.

In the study of Scophthalmus maximus, we obtain two genotypes of homozy-
gote, A1 and A2. The electrophoretic mobility of A2 is greater than A1. since
isocitrate dehydrogenase (IDH) is dimer, every locus is controlled by a pair of
alleles, there are three phenotype in general: the homozygous of allele A (AA); the
homozygous of allele B (BB), and the heterozygous (AB). But the performance of
Scophthalmus maximus is unusual, there must be a unique mechanism of the
activity generation and the genetic patterns of IDH compared to P. olivaceus. The
reason maybe that the dimer has no activity which consist of subunit-A and
subunit-B, or the individual cannot hatch to survive who carries the AB gene, or
there is other reasons hiding waiting for find.

157.3.3 The Relationship Between the Phenotype of idh-1
and Growth Indices

We have compared the weight of P. olivaceus to the different phenotypes
(Table 157.3). Individuals of AB have the significant growth advantage than that
of homozygous (BB) (P \ 0.05). In addition, the growth advantage of heterozy-
gous is displayed gradually by the growth of the fish.

From the results shown in Table 157.3, among two groups of Scophthalmus
maximus, the average weight of the individuals with genotype A2 is higher than
that of with genotype A1. Analyzing the data by SPSS 16.0, we find the Scoph-
thalmus maximus with A2 has an obvious advantage than others (extremely sig-
nificant difference, P \ 0.01).

157.4 Discussion

To the P. olivaceus, Feng [7] also found the diversity of the IDH in liver of wild
populations, but no heterozygote surplus. From Table 157.4, we can conclude that
except Yantai groups, the Ho of the groups in this paper are higher than the wild
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groups of Feng [9]. But the data of He is just the opposite. The values of Feng [9]
are all higher than that in our experiment. The d values of Feng [9]’s research are
negative, which means heterozygous deficiency, while our conclusions is hetero-
zygous surplus.

In Siyang [3]’s research, there were 19 groups that appear to be heterozygous
surplus among the phenotype of idh-1 of 23 groups of breeding P. olivaceus in
Japan, that show the selective advantage of heterozygous. Suppose that the mor-
tality of this 19 groups with heterozygous surplus is zero, namely the survival rate
of heterozygous (AB) is 100 %, then the survival rate of homozygous of AA and
BB are 69.2 and 75.2 %, respectively. In the aspects of body length, the values of
15 groups of heterozygous (AB) are higher than that of homozygous (BB), which
reflect the correlation between survival rate/growing and the genotype of idh-1of
the breeding groups.

Paralichthy solivaceus and Scophthalmus maximus both belong to Bothidae,
but natural distribution in different area. Some reseachers has made great effort on
the hybridization of this two speices to improve germplasm [11–13]. In our results,

Table 157.4 The comparison of heterozygote of the idh-1 in 3 populations of P. olivaceus

Youfeng Za Youfeng Yb Rongcheng Beidaihe Yantai

Ho 0.4531 0.3461 0.4898 0.5577 0.4500
He 0.4998 0.4992 0.3700 0.4775 0.3988
d -0.0934c -0.3067c 0.3240 0.1679 0.1285

Za the natural population in Feng [9]
Yb the wild population in Feng [9]
c calculated from the data of Feng [9]

Table 157.3 The
comparison of weight
to the genotype of idh-1 of
two speices

Groups days Genotypes Individual
number

Weight (g)

Rongcheng 280 AA 0 –
BB 25 195.62 ± 65.23
AB 24 217.46 ± 50.47
Total 49 199.82 ± 65.97

Beidaihe 110 AA 6 2.63 ± 0.51
BB 17 2.44 ± 0.88
AB 29 2.40 ± 0.84
Total 52 2.44 ± 0.81

Yantai 70 AA 2 24.40 ± 11.17
BB 20 26.46 ± 13.09
AB 18 27.12 ± 10.97
Total 40 26.66 ± 11.81

Jia group A1 27 10.18 ± 2.37
A2 3 14.33 ± 1.15

Yi group A1 26 12.15 ± 1.59
A2 4 16.25 ± 0.55
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there is great difference on the expression of IDH, it is mainly due to the genetic
polymorphism. Paralichthy solivaceus is wild resources with higher genetic
diversity, while Scophthalmus maximus is a introduction species with a serious
degeneration by breeding in China [10]. This would provide reference to the
breeding of Bothidae in the future.
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Chapter 158
Production of Natural Chitosan
from Xylose by Actinomucor elegans
Culture

Xi Wang, Hua Zhao, Xin Feng and Jing Yang

Abstract The production of natural chitosan from xylose by Actinomucor elegans
culture was investigated. The proportion of two main medium components (corn
steep liquor and xylose) was optimized by response surface methodology. The
optimal medium components were corn steep liquor 73.0 g/L, xylose 32.0 g/L,
KH2PO4 2.0 g/L, MgSO4 2.0 g/L. Under the optimal conditions, the cultivation of
Actinomucor elegans was carried out in a 250 mL flask containing 50 mL of
medium which the initial pH value was 7.0 at 30 �C on a rotary shaker at 200 r/min,
and the inoculum concentration was 6 %. The yield of chitosan reached 1.42 g/L
after 48 h.

Keywords Actinomucor elegans � Chitosan � Cultivation � Xylose

158.1 Introduction

Chitosan is a linear hydrophilic polysaccharide of b-1, 4-glucosamine [1], and it is
the only one natural alkaline polysaccharide discovered in the world until now [2].
It has the unique properties and physiological function, for example permeability,
fiberizability, hygroscopicity, increasing viscosity, film property, adsorbability,
antibiotic property, biocompatibility, moisture retention [3]. Due to its unique
properties, chitosan has many practical applications especially in the agriculture,
cosmetics, food, and pharmaceutical industries [4]. The traditional way for
producing chitosan is extracting from shell waste of shrimp and crab [5]. During
the process, the environmental pollution is increased and instability physico-
chemical properties caused by using large amount of concentrated alkaline [6, 7].
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Chitosan is also an important component of the cell wall of certain fungi,
particularly of those belonging to the class of Zygomycetes [8]. Thus huge amount
of chitosan can be produced from fungal cell wall using fermentation technology,
which could become the new alternatives in the current world.

Xylose takes the second position of most abundant carbohydrate polymer in
nature world, following by the glucose, and it can reach 30 % of hydrolysate from
lignocellulose [9]. It is one of the major components of lignocellulose [10] and it
also can be the residual sugar from lignocellulose after production of ethanol. The
process of transferring fuel in high yield from lignin and hemicellulose is a huge
challenge in the current world’s technology [11]. Xylose can be used to produce
ethanol through the fermentation of some genetically engineered microorganism
[12–16], but the result of this process was not very obvious. Thus, there will be a
long way for it to be applicable in industry [12].

A large amount of microorganisms in nature are able to utilize xylose, including
bacterium, fungus, and yeast [17]. Many of them are able to convert xylose to
other products [18–21]. This essay aims to examine the potential of using xylose to
produce chitosan by Actinomucor elegans fermentation. Moreover, it also provides
a new idea for producing chitosan from lignocellulose.

158.2 Materials and Methods

158.2.1 Material

158.2.1.1 Microorganism

Actinomucor elegans TCCC45001 obtained from Culture Collection Tianjin
University of Science and Technology was used in this study.

158.2.1.2 Medium

cant medium PDA
Fermentation medium the liquid was supplemented with xylose, corn syrup,

2.0 % MgSO4�7H2O, 2.0 % KH2PO4

158.2.2 Methods

158.2.2.1 Fermentation Condition

The fermentation was carried out in a 250 mL flask containing 50 mL of medium
in which the initial pH value was 7.0 at 30 �C on a rotary shaker at 200 r/min for
48 h. The flasks were inoculated with a spore suspension (106 spores/flask), which
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was prepared by suspending the spores of the fungus in 0.9 % saline after its full
growth in potato-dextrose agar plates at 30 �C for 3–7 days. The inoculum
concentration of the fermentation medium was 6 % (v/v).

158.2.2.2 Mycelia Collection

At the end of fermentation, mycelia were filtrated by buchner funnel, and washed
with distilled water, subsequently it was air-dried at 65 �C and weighed.

Chitosan Extraction

Chitosan was isolated from the dried mycelia as the following procedure [22].
Dried mycelia were dealt with 2 % NaOH (1:20, w/v) at 100 �C for 2 h. Alkali
insoluble mass was thoroughly washed with water and dealt with 2 % acetic acid
(w/v) at 60 �C for 3 h. This was centrifuged, then the supernatant was adjusted to
pH 9.0 with NaOH to precipitate out chitosan. The precipitate was washed with
chilled water, followed by ethanol and acetone and air-dried at 50 �C.

Method of Calculation

Mycelium concentration ¼ M1

V
� 100 %

M1 is dry weight of mycelium (g); V is fermentation broth volume (L).

Chitosan production =
M2

V
� 100%

M2 is dry weight of chitosan (g); V is fermentation broth volume (L).

158.3 Results and Discussion

158.3.1 Optimization of The Addition of Xylose and Corn
Steep Liquor with Response Surface Methodology

Medium composition has a great impact on chitosan production in fermentation
processed by Actinomucor elegans. The fermentation medium contained xylose,
corn steep liquor, and some inorganic salts. Xylose and corn steep liquor were the
main ingredient among them, and their concentrations have great influence on cell
growth and chitosan production, so the optimum components in medium were
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determined with the response surface methodology. The chitosan production was
taken as the response. According to the experimental results designed in
Tables 158.1 and 158.2. Quadratic regression equation was built using SAS
software. The regression equation was: Y1 = 0.9628 ? 0.061492X1 ?

0.030506X2 - 0.045525X1X1 - 0.0115X1X2 - 0.060525X2X2. The results of
the variance analysis and model credibility analysis of regression equation were
shown in Tables 158.3 and 158.4.

As shown in Table 158.3, the quadratic regression model was significantly
notable(p = 0.000174) and the lack of fit was not notable (p = 0.267065), which
indicated that the model fits better with the experiment, so it can be used to analyze
and forecast the chitosan production. Model credibility analysis was shown in
Table 158.4, in which the r-square, R2 showed that the variability of the 95.23 %
of chitosan yield could be explained by the model. The variation coefficient of Y
was lower, CV = 2.55903, so the experimental operation was credible. In
summary, the regression equation provided a suitable model for calculation of
chitosan production.

Analyzed from the diagram and software, there were stable points in the
regression equation. Stable point was the maximum point. The major factors which

Table 158.1 Levels and codes of factor

Factor (%) Code Coding standards

-1.41421 -1 0 1 +1.41421

Corn steep
liquor

X1 3.17 4 6 8 8.83

Xylose X2 1.59 2 3 4 4.41

Table 158.2 Test design and results of the central composite design

Experiment number X1 X2 Production of chitosan (g/L)

1. -1 -1 0.748
2. -1 1 0.811
3. 1 -1 0.901
4. 1 1 0.918
5. -1.41421 0 0.802
6. +1.41421 0 0.966
7. 0 -1.41421 0.796
8. 0 1.41421 0.912
9. 0 0 0.964
10. 0 0 0.930
11. 0 0 0.981
12. 0 0 0.972
13. 0 0 0.967

x1 = (X1 - 6.0)/2.0, x2 = (X2 - 3.0)/1.0
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corresponded to Maxima were x1, x2, The coded value was 0.65134, 0.19013,
respectively. The best concentrations of xylose and corn steep liquor were 73.0 g/L
and 32.0 g/L, now and the chitosan production could be 0.98 g/L (Fig. 158.1).

Table 158.3 Variance analysis of regression equation

Siurce DF SS MS F Prob [ F

X1 1 0.03025 0.03025 57.3407 0.000129
X2 1 0.007445 0.007445 14.11269 0.007106
X1X1 1 0.014418 0.014418 27.32976 0.001215
X1X2 1 0.000529 0.000529 1.002764 0.349994
X2X2 1 0.025484 0.025484 48.3064 0.000221
Model 5 0.073728 0.014746 27.9517 0.000174
Linear 2 0.037694 0.018847 35.72653 0.000212
Qadratic 2 0.035505 0.017752 33.65133 0.000257
Cross product 1 0.000529 0.000529 1.002764 0.349994
Error 7 0.003693 0.000528
Lack of fit 3 0.002182 0.000727 1.925684 0.267065
Pure Error 4 0.001511 0.000378
Total 12 0.077421

Table 158.4 Fit statistics
for Y

Analysis items Master Model

Mean 0.897538
R-square R2 95.23 %
Adj. R-square R2 91.82 %
RMSE 0.022968
CV 2.55903

Fig. 158.1 Response surface stereograms and contour map
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158.3.2 Optimization of Fermentation Condition

158.3.2.1 Effect of Initial pH on Chitosan Production

Initial pH was adjusted to different levels, and the fermentation temperature was
controlled at 30 �C, the shaking speed was 150 r/min and the inoculum concen-
tration was 4 %. The mycelium concentration and the chitosan production were
tested after 48 h. The experimental results were shown in Fig. 158.2a.

As shown in Fig. 158.2a, the pH value had a significant effect on mycelium
concentration and chitosan production in mycelium. When the pH of medium was
controlled at 4.0–5.0, the mycelium concentration was the highest and the chitosan
production was the highest too. However, pH value has greater effect on the degree
of chitosan deacetylation. When the pH is neutral, the degree of chitosan
deacetylation is the highest, because the deacetylase activity is the highest when
pH is neutral. When pH value was 4.0–7.0, the chitosan production was about the
same. So, the optimal pH of medium was 7.0.

158.3.2.2 Effect of Temperature on Production of Chitosan

Initial pH was adjusted to 7.0, shaking speed was 150 r/min, and the inoculum
concentration was 6 %. At different fermentation temperatures, the mycelium
concentration and chitosan production were determined after 48 h. The experi-
mental results were shown in Fig. 158.2b.

As shown in Fig. 158.2b, temperature had a significant effect on mycelium
concentration and chitosan production in mycelium after 48 h. Mycelium needs an
optimal temperature range to grow vigorously. Optimal incubation temperature
was 30 �C according to the experimental results.

158.3.2.3 Effect of Loaded Liquid on Chitosan Production

Initial pH was adjusted to 7.0, fermentation temperature was 30 �C, and shaking
speed was 150 r/min, and the inoculum concentration was 4 %. Different loaded
liquids were used and the mycelium concentration and the chitosan production
were tested after 48 h respectively. The experimental results were shown in
Fig. 158.2c.

As shown in Fig. 158.2c, when the liquid volume was 30 mL, the mycelium
concentration was the highest, and when liquid volume was 50 mL, the chitosan
production was about 30 mL. When the liquid volume was too small, the total
yield of chitosan was low, and when liquid volume was too large, the dissolved
oxygen, the medium production and the total chitosan production were also low.
Above all, the optimal-loaded medium liquid was 50 mL/250 mL.
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158.3.2.4 Effect of Shaking Speed on Chitosan Production

The initial pH was adjusted to 7.0 and the fermentation temperature was 30 �C. At
different rotational speed, with the 4 % inoculum concentration, the determined
mycelium concentration and the chitosan production were determined after 48 h,
the experimental results were shown in Fig. 158.2d.

As shown in Fig. 158.2d, with the increasing speed, the dissolved oxygen
increased and the mycelium was also increased. When the rotational speed was
200 r/min, the mycelium concentration and the chitosan production were the
maximum. However, if the speed was too large, the mycelium will be destroyed.
So, the optimal shaking speed of medium was 200 r/min.
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Fig. 158.2 Effect fermentation conditions on mycelium concentration and chitosan production
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158.3.2.5 Effect of the Inoculum Concentration on Chitosan
Production

The initial pH was adjusted to 7.0. The fermentation temperature was 30 �C and
the shaking speed was 200 r/min. With different inoculum concentrations, the
mycelium concentration and the chitosan production were determined after 48 h,
the experimental results were shown in Fig. 158.2e.

As shown in Fig. 158.2e, when the inoculum concentration was 6 %, the
mycelium and the chitosan production reached the maximum. When the inoculum
concentration was too large, the chitosan production was decreased. The reason
may be that the content of sugar in the substrate could not meet the mycelium
growth needs so that the nutrients would be premature failure. Above all, the
inoculum concentration was confirmed as 6 %.

158.3.2.6 Effect of The Culture Time on Chitosan Production

The initial pH was adjusted to 7.0, and the fermentation temperature was 30 �C.
The shaking speed was 200 r/min and the inoculum concentration was 6 %. The
mycelium concentration and the chitosan production were determined after
different times. The experimental results were shown in Fig. 158.2f.

As shown in Fig. 158.2f, the mycelium concentration and the chitosan
production were both changed. Mycelium bloomed in 24 to 48 h. The mycelium
concentration increased slowly and began to decline after 48 h, and the chitosan
production was also falling. The reason may be that the cell wall of mycelium
autolyzed gradually with the extending incubation time. The optimal culture time
was 48 h according to the experimental result.

158.4 Conclusion

The proportion of two main medium components (corn steep liquor and xylose)
was optimized by response surface methodology. The optimal medium compo-
nents were 73.0 g/L of corn steep liquor, 32.0 g/L of xylose, 2.0 g/L of KH2PO4,
and 2.0 g/L of MgSO4. The fermentation conditions were optimized, and the
optimal conditions were 7.0 of pH, 30 �C of temperature, 50 mL/250 mL of
loaded liquid, 200 r/min of shaking speed, 6 % of inoculum concentration, 48 h of
fermentation time. The chitosan production reached to 1.42 g/L with the optimized
medium and fermentation conditions, which indicated that the potential use of
xylose for the chitosan production by Actinomucor elegans was promising.
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Chapter 159
Inhibition of a-Amylase Activities
by Extracts of Chinese Yam

Sai Qu, Liming Zhang, Xiaobian Zhang and Zhengjun Li

Abstract In order to search for new a-amylase inhibitors from Chinese Yam
(Dioscorea opposita Thunb.), the extracts of alkali-soluble crude polysaccharides
(ACP), water-soluble crude polysaccharides (WCP), total saponins, and flavones
were isolated, and their inhibitory effects on a-amylase were evaluated. The
experimental results show that the saponins and flavones had a marked inhibition
effect on a-amylase, however, the ACP and WCP exhibited weakly inhibitory
activities. The kinetic analysis indicates that the inhibition type of these extracts on
a-amylase was competitive, and the enzyme-substrate apparent dissociation con-
stant (Km’) of acarbose (the control), WCP, saponins, and flavones is 118.86,
32.46, 79.23, 49.51 mg/ml, respectively.

Keywords Chinese yam � a-amylase � Inhibitory activitiy � Enzyme reaction
kinetics

159.1 Introduction

At present, management of the blood glucose level is a critical strategy in the
control of diabetes complications [1]. The drugs for diabetes include sulfonylureas
and biguanides [2]. Inhibition of a-amylase could delay carbohydrate digestion and
prolong overall carbohydrate digestion time, causing a reduction in the rate of
glucose absorption and consequently reducing the postprandial plasma glucose
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rise, therefore inhibitors of a-amylase play a significant role in the therapy as
chemotherapeutic agents for Noninsulin-dependent diabetes mellitus (NIDDM).

Yam (Dioscorea species) is a member of the monocotyledonous family Dio-
scoreaceae. In China, the cultivation of yam has a long history for both edible and
medical purpose [3]. Huai Shan Yao has been used for more than 2000 years in
traditional Chinese medicine for the treatment of diabetes, diarrhea, asthma, and
other ailments [4]. Of special note is the remedy for diabetes by Huai Shan Yao
which has been consistently used since being recorded in the earliest Chinese
medicinal documents Shen Nong Ben Cao Jing. Recent studies revealed that Huai
Shan Yao has insulin sensitivity associated with the regulation of GLUT4 (glucose
transporter type 4) expression [5]. In the present study, the inhibitory activities of
polysaccharide, saponins, flavones on a-amylase were assayed. Following the
tracks of a-amylase inhibition, polysaccharide, saponins, flavones with consider-
able inhibition were isolated and their activity were measured. After that, the
inhibition type was determined by data analysis of enzyme reaction kinetics.

159.2 Materials and Methods

159.2.1 Materials

Plant sample of Chinese Yam was obtained from Anguo city, Hebei province,
China. Both portions of yam were washed before sun drying and then milled to be
obtained in a powder flour form. Chemicals and reagents used such as soluble
starch, Hog pancreatic a-amylase, were procured from Sigma-Aldrich Chemical
Co. (St. Louis. MO). All others are analytical reagent.

159.2.2 Extraction of Water-Soluble Crude Polysaccharide

The dried yam powder (100 g) was extracted with distilled water (1000 ml) at
70 �C water for 3 h, followed by a centrifugation (5000 g, 15 min). The water
extracts were collected, and the residues were extracted again for three cycles. The
combined extracts were pooled, and then condensed to about 200 mL under a
reduced pressure. Subsequently, 4 volume of 95 % alcohol was added slowly by
stirring to precipitate the polysaccharides. After deproteinization by Sevag method
and lyophilization, the water-soluble crude polysaccharides (WCP) were obtained.
The contents of WCP were analyzed by the phenol–sulfuric acid assay [6]. The
result shows the yield of WCP was 12.68 %.
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159.2.3 Extraction of Alkali-Soluble Crude Polysaccharide

The dried extracted residues of yam were suspended in NaHCO3 solution
(pH = 9.5) to extract the alkali-soluble crude polysaccharides (ACP). The residues
were extracted at 70 �C for 3 h thrice. After that, the suspension was neutralized
with citric acid. The supernatant containing ACP were concentrated and precipi-
tated with 95 % EtOH (1:4, v/v) at 4 �C for overnight. The precipitate was col-
lected by centrifugation and deproteinated by Sevag method [7]. Finally the
supernatant was lyophilized to give ACP. The contents of ACP were analyzed by
the phenol–sulfuric acid assay [6]. The result shows the yield of WCP was
13.09 %.

159.2.4 Extraction of Total Saponins

The yam flour was extracted via refluxing with different concentrations of ethanol
(50, 60, 70, 80, 95 %), while other extraction parameters were constant (liquid-to-
material ratio 10:1, extraction time 3 h, and extracted three times). The extracts
were filtered and filtrates were evaporated to dryness using vacuum evaporator.
The residue was treated with n-butyl alcohol saturated by water, then the resulting
solution employed to degrease the materials by petroleum ether and deproteinated.
Finally, the supernatant was lyophilized to give total saponins [8]. The contents
were analyzed by the perchloric acid assay [9]. The results reviewed that the
saponins yield ranged from 3.6 to 16.38 % with the increasing ethanol concen-
tration. The highest yield of saponins was 16.38 % obtained at 70 % ethanol.

159.2.5 Extraction of Total Flavones

The dried powder of yam (100 g) was extracted with 95 % EtOH (1.5 L) for 3 h at
95 �C. After extraction, the sample was filtered and the filtrate was evaporated to
dryness in a rotary vacuum evaporator (B45 �C). The residue was degreased by
petroleum ether and deproteinated. Finally the extracts were lyophilized to give
yam flavones. The contents of flavones were analyzed by the sodium nitrite-
aluminum nitrate-sodium hydroxide assay [10]. According to the data, the yield of
flavones was 1.56 %.
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159.2.6 Assay of a-Amylase Inhibitor Activity

The a-amylase inhibitor activity was measured by quantifying the reducing starch
and described by improving iodine colorimetry [11]. The reaction mixture in a
total volume of 20 ml contained 1 ml a-amylase enzyme which prepared fresh by
dissolving 10 mg a-amylase (porcine pancreatic a-amylase) in 10 ml PBS, 1 ml
suitably diluted a-amylase inhibitor, 15 ml 1 % starch solution and 3 ml buffer.
The enzyme and inhibitor were first preincubated for 20 min at 50 �C before
adding the substrate and buffer. In control, a-amylase inhibitor was replaced with
equivalent volume of buffer. The blank contained equal volume of buffer instead
of a-amylase enzyme and all other reagents. The reaction was stopped after 5 min,
then 1 ml reaction mixture were pipetted into a tube which contents 5 ml 0.1 M
iodine solution and 0.5 ml 0.5 M hydrochloride. The absorbance of the color
developed was measured against the blank at 660 nm using UV/VIS Spectro-
photometer [12].

One unit amylase activity was defined as the decrement of the starch under
assay conditions by 1 ml amylase in 1 min. One unit of a-amylase inhibitor
activity was defined as the reduction in amylase activity [13].

The percentage of inhibition ratio (IR) was determined according to the fol-
lowing equation:

Inhibition Ratio (% ) ¼ Uð0Þ�Uði)
Uð0Þ � 100

where U (0) is the a-amylase activity after reaction without sample. U (i) is the
a-amylase activity with sample.

159.2.7 Enzymatic Reaction Kinetics Analysis

To determine the nature of inhibition, a-amylase activity was measured at varying
substrate concentration in the absence and presence of the fixed inhibitor con-
centrations in the reaction mixture and Lineweaver-Burk plot was plotted. The Km
and Km’ (enzyme-substrate apparent dissociation constant) value was determined
from the plot as described by Lineweaver-Burk plot [14].
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159.3 Results and Discussion

159.3.1 a-Amylase Inhibitory Activities of Yam Extracts

To determine the inhibitory potency of a-amylase inhibitor with the modified
iodine Ultraviolet Spectrophotometry method, we compared the effect of different
yam extracts at the series concentration of 0–50 mg/ml. In the present research,
acarbose (a commercially available a-amylase inhibitor) was employed as the
model compound for the evaluation of our method [15]. The ability of yam
extraction to inhibit a-amylase activity in vitro was investigated and the result is
presented in Figs. 159.1 and 159.2. It can be seen from Fig. 159.1 that the a-
amylase inhibitory activities increased with the gradually enhanced concentration
of inhibitor in the solvent. Totally speaking, the IR of saponins was between
7.33 % and 86.97 %. The percentage of inhibition of flavones was up to 78.45 %
and the acarbose was to 99 %. As shown in Fig. 159.2, The polysaccharides of
water extraction and alkali extraction had a few inhibition effects on a-amylase.
When 50 mg/ml polyaccharides inhibitor was added into assay mixture, the IR of
a-amylase activity was found to be 43 %. After that, no increase inhibition was
observed.

159.3.2 Kinetic Parameters and the Type of Inhibition

We obtained Km of the reaction on the basis of the optimal conditions. The a-
amylase solution was diluted at 100 U/mL. Five different concentrations of soluble
starch were used, ranging from 2.5 to 30 mg/ml. Through the data shown in
Fig. 159.3, the slope and intercept of Lineweaver-Burk plot was calculated, then
the Km value for a-amylase was determined to be 25.68 mg/ml by michaelis–
menten equation [16].

In the present research, acarbose was employed as the model compound for the
evaluation of our method. A series of experiments were carried out in varied
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concentrations of soluble starch ranging from 2.5 mg/ml to 30 mg/ml at certain
concentrations of yam extracts and acarbose. The data from these experiments
were plotted by the method of Lineweaver-Burk [17]. Lineweaver-Burk plot was
obtained as shown in Fig. 159.4. When the data were plotted by the method of
Lineweaver-Burk, the intercept on axis of ordinates was the same in the presence
or absence of yam extracts, clearly indicating that the inhibition was the com-
petitive type [18]. Furthermore, the characteristic of inhibitory kinetics of yam
extracts was also investigated (see Table 159.1) in the same way [19]. After the
calculation by michaelis–menten equation, the Km’ of acarbose (the control),
WCP, saponins, and flavones is 118.86, 32.46, 79.23, 49.51 mg/ml, respectively.

According to the knowledge of enzyme reaction kinetics, the Km’ value are
directly related to the firmness of enzyme-substrate, and Km’ value increased with
the weakly binding of enzyme-substrate [20], so the inhibitory activity increase
with an increased Km’value [21]. As the data revealed in Table 159.1, all
Km’values were higher than Km value. This date validated the conclusion that
yam extracts have inhibition effects on a-amylase. From analyzing the data in
Fig. 159.4, a decreasing order of the inhibitory activity was confirmed:
saponins [ flavones [ polysaccharides.
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159.4 Conclusion

The extracts of Chinese Yam showed considerable a-amylase inhibitory activity.
The saponins exhibited remarkable competitive inhibitory activities against a-
amylase and the inhibition ratio reach to 86.97 %. The percentage of inhibition of
flavones was up to 78.45 %. From the michaelis–menten equation, the Km’ value
of acarbose, WCP, saponins, and flavones is 118.86, 32.46, 79.23, 49.51 mg/ml,
respectively. We believe that our results have shown Chinese Yam to be a new
source of a-amylase inhibitors, which may give some scientific evidences for
Chinese conventional therapy of diabetes by Huai Shan Yao. The extracts could be
used as lead compounds for drug screening, and might enable the preparation of
new a-amylase inhibitors as functional food ingredients in the prevention and
treatment of type-II diabetes and obesity.
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Chapter 160
VvpGLT, a Grapevine Gene Encoding
for a Plastidic Localized Glucose
Transporter

Lei Zeng, Yanjie Yi, Huaijian Tang and Jinshui Wang

Abstract Glucose transporters mediate the membrane transport of a variable
range of glucose, which play a crucial role in sugar distribution throughout the
plant. To investigate the significance of glucose transporters during grapevine
(Vitis vinifera L.) fruit development, a cDNA clone of a putative glucose trans-
porter gene VvpGLT was isolated by screening the grapevine cDNA library.
Phylogenetic comparison of the amino acid sequences showed the highest simi-
larity to the AtpGLcT gene from Arabidopsis thaliana. The 1,629 bp VvpGLT
cDNA clone was heterologously expressed in yeast resulting that VvpGLT
was able to work as a glucose transporter in Saccharomyces cerevisiae, suggesting
that VvpGLT is a gene that encodes for a glucose transporter. Induction of
VvpGLT-GFP fusion protein expression in transgenic yeast and VvpGLT-GFP
transient expression in onion epidermal cells revealed its plastidic localization.
Based on the above analyses of VvpGLT, this is the first report of a functional
plastidic localized glucose transporter in grapevine.
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160.1 Introduction

In higher plants, sugars are essential for plants, as building blocks for biomacro-
molecule, as osmotic regulators for cell enlargement, as regulatory signals for
different signal-transduction pathways, as basic materials for various anabolic and
catabolic reactions. In grape berries and other fruits, sugar content is one of the
most important criteria for commercial quality. Sugars particularly contribute to
grape berry and wine sensory properties such as color and flavor. Thus, the ade-
quate production, storage, transport, and regulation of sugars in fruits have
attracted close attentions.

Sugars are synthesized in the photosynthetic mesophyll cells of the leaves and
then moved through the long-distance vascular system into the reproductive organs
and storage and developing tissues like as roots, seeds, and flowers for their
nutrition. The assimilate distribution between source and sink tissues recognized as
a major determinant in crop yield involves several transport steps across mem-
branes. Sugar transporters controlling photoassimilate partitioning within cells and
among organs, play key roles in phloem apoplastic loading, transport, and
unloading [1, 2].

Sugar transporter genes reported to date belong to a large gene family, known
as the major facilitator superfamily (MFS). Two main subfamilies of the MSF are
the disaccharide (or sucrose), transporters (DSTs), and the monosaccharide (or
hexose) transporters (MSTs). Whereas DSTs appear to be specific for plants, the
plant MSTs show the strongest homology to other eukaryotes and prokaryotes
MSTs. Sugar transporters share little homology at the amino acid level, although
they contain 12 putative transmembrane a-helices and a central hydrophilic region
[3]. Sugar transporters can be identified based on sequence homology, functional
similarity, and predicted topology models [4, 5]. DSTs and MSTs are responsible
for coordination of sugar transport in various tissues at different stages of devel-
opment and under varying environmental conditions [6].

In many plants, MSTs mediate the transport of a wide range of monosaccha-
rides including glucose, fructose, maltose, raffinose, and sugar alcohols. In Ara-
bidopsis for example, 53 putative monosaccharide transporter genes belonging to
seven different subfamilies have been identified [7]. In addition to transport across
the plasma membrane, monosaccharides are also transported across organelle
membranes, such as the inner plastid envelope [8] and tonoplast [9]. MSTs on the
Golgi apparatus have also been reported [10]. The grapevine genome encodes a
total of 59 MST genes that group into the seven known subfamilies as defined by
the Arabidopsis clades [11]. The localization of a few of these transporters are
known but, to date, nothing is known about their exact physiological functions.

To understand the mechanisms of source-sink regulation in grapevines and to
manipulate complicated mutual effect, it is significant that the potential membrane
transport processes are thoroughly characterized. In this chapter, we functionally
analyzed a candidate for the glucose transporter of the plastid inner envelope
membrane from grape berries.
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160.2 Materials and Methods

160.2.1 Plant Material

Grape (Vitis vinifera L. cv. Riesling) berries were harvested from the Sino-French
Demonstration Farm, Huailai, China, in 2011. Eight to ten randomly selected
bunches were sampled and transported to the laboratory at approximately 4 �C,
then the berries were peeled and seeded, immediately frozen in liquid nitrogen,
and stored at -80 �C for further analysis.

160.2.2 Grape Berry cDNA Library Construction

Total RNA of grape berries collected 45 days after flowering was isolated as
described by Davies and Robinson [12]. RNA was then treated with RNase-free
DNase I (Takara). The purity and quality of the RNA were checked by gel elec-
trophoresis and OD260/280 ratio. First-stranded cDNA was synthesized with a
SuperScript RT-PCR kit (Invitrogen), and used for candidate sugar transporter
cDNA cloning.

160.2.3 Cloning and Sequence Analysis of VvpGLT Gene

The cDNA fragment of VvpGLT was cloned by PCR using specific primers
VvpGLT-F1 and VvPGLT-R1 (Table 160.1) from the aforementioned cDNA
library. The PCR products were subcloned into the pMD19T simple vector
(Takara) for amplification and sequencing.

Sequence analysis was performed on the BLAST server (http://www.ncbi.nlm.
nih.gov/blast/Blast.cgi). A phylogenetic tree showing the relationships between
VvpGLT and sugar transporters from A. thaliana and other organisms was

Table 160.1 Primers used for cloning and expression

Primer pairs Primer sequence (50-30)

VvpGLT-F1 CCGCTCGAGATGCAAACTTCGACATA
VvPGLT-R1 GATGCCGCGGTTAAGTTGCAGGGTTA
VvpGLT-F2 ATGGGTACCATGCAAACTTCGACATA
VvpGLT-R2 CGCGGATCCAGTTGCAGGGTTAAGA
VvHT1F CCGAGCTCATGCCGGCTGTCGGAGGCT
VvHT1R CGCGGATCCTACATTCTTAACAGGGTAGT
VvpGLT-S TCCCCGCGGATGCAAACTTCGACATA
VvpGLT-A CGCGGATCCAGTTGCAGGGTTAAGA
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constructed by aligning amino acid sequences with the program ClustalW (http://
www.ebi.ac.uk/Tools/clustalw2/index.html). An unrooted tree was constructed and
viewed using TreeView (http://taxonomy.zoology.gla.ac.uk/rod/treeview.html).
Putative signal peptides were predicted using SignalP 3.0 [13], and transmembrane
helices were predicted with the TMHMM Server v. 2.0 [14].

160.2.4 Plasmid Construction for Yeast Expression

VvpGLT cDNA was excised from the pMD19T-VvpGLT construct by XhoI/SacII
digestion and inserted into the corresponding restriction sites of the pDR195 yeast
shuttle vector [15]. The pDR195-VvpGLT construct was confirmed by DNA
sequencing.

The pYES2 (Invitrogen) shuttle vector, which allows expression of full-length
cDNA under control of the inducible yeast GAL1 promoter, was modified to yield
the plasmid pYES2-GFP which contains the full-length GFP ORF downstream of
the multiple cloning site [16] and used to express VvpGLT-GFP fusion proteins in
yeast. The VvpGLT coding sequence was amplified using primers VvpGLT-F2 and
VvpGLT-R2 (Table 160.1), which introduced BamHI sites at the N-terminal end
and KpnI sites at the C-terminal end of the VvpGLT ORF and replaced the stop
codon of the original VvpGLT ORF. This modified VvpGLT sequence was sub-
cloned in-frame to the 50 end of GFP, yielding the plasmid pYES2-VvpGLT-GFP.
As a positive control, VvHT1 cDNA (GenBank accession number AJ001061) was
cloned upstream of GFP using the primer pair VvHT1F and VvHT1R
(Table 160.1), yielding the plasmid pYES2-VvHT1-GFP. All of the constructs
were validated by DNA sequencing.

160.2.5 Transformation into Glucose-Transport-Deficient
Yeast

The pDR195-VvpGLT plasmid was used to transform Saccharomyces cerevisiae
strain EBY.VW4000 by the lithium acetate method [17]. Transformants were
selected on solid yeast nitrogen base (YNB) medium minus uracil and containing
2 % maltose. The fast-growing colonies were selected and verified by PCR after
incubation for 3 days at 30 �C. Positive clones were replica-plated onto the same
medium containing 2 % glucose instead of maltose, and the growth phenotype on
glucose medium was assessed after 7 days at 30 �C. Cells transformed with the
empty pDR195 vector were used as controls.

For in vivo localization of VvpGLT, the EBY.VW4000 yeast strain was
transformed with the pYES2-VvpGLT-GFP plasmid, and in parallel, pYES2-
VvHT1-GFP was transformed as additional controls. Transformants were selected
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and verified as described above. Fast-growing colonies were picked and incubated
in liquid YNB medium lacking uracil and containing 2 % maltose as the carbon
source. The transformed yeast cells were washed with physiological saline,
induced by the addition of 2 % galactose, and incubated at 30 �C for 12 h. The
cells were observed by fluorescence microscopy (Nikon, Eclipse TE2000-E) at an
excitation wavelength of 488 nm.

160.2.6 Transient Expression of VvpGLT-GFP Fusion
Protein

The pEZS-NL shuttle vector was used transiently to express VvpGLT-GFP fusion
proteins in onion epidermal strips. Full-length VvpGLT cDNA was amplified by PCR
with gene-specific primers VvpGLT-S and VvpGLT-A (Table 160.1), and cloned
upstream of in-frame with the GFP reporter gene to produce the VvpGLT-GFP
fusion protein under control of the Cauliflower Mosaic Virus (CaMV) 35S promoter.
Transient expression of the VvpGLT-GFP fusion protein in onion epidermal cells
was conducted as described by Hayes and others [18]. Plasmolyzed onion epidermal
cells were obtained by treatment with 5 % NaCl before observation.

160.3 Results and Discussion

160.3.1 Cloning of VvpGLT cDNA Sequence

VvpGLT has a 1,629 bp ORF potentially encoding a 542-aa protein, with a cal-
culated molecular mass of 57.3 kDa and an isoelectric point at pH 9.6. Phyloge-
netic analysis of predicted VvHTs other V. vinifera MSTs and DSTs distributed
them into different clades [16]. Analysis of the deduced amino acid sequences by
TMHMM revealed the presence of 10 membrane-spanning domains with a large
central hydrophilic loop between transmembrane domains 5 and 6 (Fig. 160.1).
This topological model is consistent with the structures proposed for the MSTs and
DSTs identified to date in microbes, mammals, and plants.

According to SignalP analysis, VvpGLT may not contain a signal peptide.
Thus, it was unlikely to be exposed to the N-glycosylation machinery and may not
be glycosylated (in vivo) even though it contain potential motif (asparagines
residue 43). Sugar transporter signatures, including GRK motifs in loops 7, and in
particular motifs corresponding to the PESPR/PETKGR motif after helices 5 and
10, were all present in the predicted amino acid sequences of the VvpGLT.
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160.3.2 Heterologous Expression of VvpGLT in Yeast

To assess the physiological functionality of VvpGLT, we expressed VvpGLT in the
yeast strain EBY.VW4000. This strain is completely lacking in glucose uptake due
to concurrent knockout of endogenous hexose transporters, and can grow only on
medium containing maltose as the carbon source. The pDR195-VvpGLT and
pDR195 constructs were used for the transformation. URA+ transformants were
selected on maltose as a permissive carbon source and subsequently replica-plated
onto synthetic medium containing 2 % glucose as the sole carbon source. pDR195-
VvpGLT-positive transformants showed partially restored growth on glucose,
whereas the transformants containing pDR195 were unable to form visible colo-
nies on glucose medium (Fig. 160.2a).

To determine its possible subcellular localization, GFP-tagged VvpGLT was
expressed in the mutant hxt-null yeast strain. Transformed cells containing pYES2-
VvpGLT-GFP were cultured separately in selective medium containing maltose,
with gene expression under the control of the GAL1 promoter. Distribution of the
fusion proteins in the living cells was examined by fluorescence microscopy.
A strong green fluorescent signal was observed after galactose induction, whereas
the signal in cells without galactose induction was very weak (data not shown). As
shown in Fig. 160. 2b, the fluorescence pattern of cells expressing pYES2-
VvpGLT-GFP was significantly different from that of cells expressing pYES2-HT1-
GFP, in the former, bright fluorescence was concentrated in the internal structures,
which resembled plastids, suggesting that VvpGLT might be a plastidic localized
transporter. In contrast, the fluorescence in cells expressing pYES2-HT1-GFP was
predominantly localized at the cell periphery (Fig. 160.2c), which is consistent with
the plasma membrane localization reported by Vignault and others [19].

Fig. 160.1 Hydropathy profile and membrane-spanning model of VvpGLT
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160.3.3 Subcellular Localization of VvpGLT Protein
in Planta

To investigate the subcellular localization of VvpGLT in planta, the VvpGLT ORF
was cloned upstream of, and in-frame with, the GFP reporter gene to produce a
VvpGLT-GFP fusion protein, under control of the cauliflower mosaic virus (CaMV)
35S promoter. The construct, together with a construct containing native, non-
targeted GFP, were bombarded into onion epidermal cells and the cellular locali-
zation of the fusion proteins determined by confocal microscopy. No fluorescence
was observed in the plasma membrane, but clear fluorescence of the fusion protein
was found in the inner layer of bombarded cells (Fig. 160.3), labeling the plastid and
not the plasma membrane.

Fig. 160.2 Functional expression of VvpGLT cDNA in the S. cerevisiae EBY.VW4000 mutant
defective in hexose uptake. a Growth phenotype of the mutant complemented by the empty
vector (pDR195) and the vector carrying VvpGLT (pDR195-VvpGLT) on medium containing
2 % glucose as the sole carbon source. b Subcellular localization of VvpGLT-GFP fusion protein
in transgenic yeast, dark-field image of yeast cell expressing the VvpGLT-GFP fusion construct,
fluorescence signal resemble plastid structures. c Subcellular localization of VvHT1-GFP fusion
protein in transgenic yeast, dark-field image of yeast cells expressing the VvHT1-GFP fusion
construct, fluorescence signal is strong in the yeast plasma membrane

Fig. 160.3 Analysis of the
cellular targeting of
VvpGLT-GFP fusion protein
in onion epidermal cells
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160.4 Conclusion

Although several MSTs and DSTs have been functionally characterized and
localized at the cellular level in grapevine, none have been functional plastidic
localized sugar transporters. Here we describe the functional characterization and
subcellular localization of VvpGLT, a member of the V. vinifera MST family.

Searching GenBank with predicted amino acid sequences revealed a high sim-
ilarity of VvpGLT with other sugar transporters (Fig. 160. 4). Our in silico analyses
revealed that VvpGLT contains amino acid motifs which are conserved among
members of the MFS and the amino acid signatures of typical sugar transporters.

Although sequence homologies enable the assignment of putative functions to
unknown genes, the actual transport function of VvpGLT needed to be tested
precisely by homologous or heterologous expression. Yeast growth experiments
provide important evidence for the functionality of cloned gene. We further
analyzed the intracellular localization of VvpGLT in the hxt-null yeast mutant
strain EBY.VW4000 and in onion epidermis cells. The VvpGLT-GFP fusion
protein localized preferentially to the plastid envelope membrane and not the
plasma membrane.

In conclusion, the VvpGLT gene was cloned from grape berries. The sugar
transporter function of VvpGLT was confirmed by heterologous expression in
yeast, which also localized the transporter protein to the plastid. Transient
expression in onion epidermis supported its role as a plastid transporter. The
detailed roles of VvpGLT in berry development, sugar accumulation, and its
upstream regulation await further investigation.

Acknowledgments This work was financially supported by the Doctor Foundation of Henan
University of Technology (2011BS057) and the Key Research Project of the Education
Department Henan Province (12B180005).

Fig. 160.4 Unrooted phylogenetic tree showing comparison of VvpGLT from grapevine and
other organisms. Multiple sequence alignment was performed with Clustalx. The sequences were
retrieved from the NCBI with the following accession numbers: Vitis (VvpGT1:AY608701),
Olea europaea (AAK62031), Camellia sinensis (AFP19448), Glycine max (XP_003541360),
Mesembryanthemum crystallinum (AF286906), Nicotiana tabacum (AF215852), Spinacia
oleracea (AF215851), Prunus armeniaca (AAB88879), Arabidopsis thaliana (CAC01856),
Solanum tuberosum (AF215853)
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Chapter 161
Preparation and Characterization of New
GA Carboxylic Acid Derivatives

Caiju Zhou, Yong-En Guo, Laitao Zhang, Baoguo Wang, Longjiang
Chen and Tong-Cun Zhang

Abstract Gambogic acid (GA) shows important biological activities for carci-
noma cells, such as selectively inducing apoptosis and differentiation, inhibiting
proliferation and transference, inversing multiple drug resistance (MDR). How-
ever, its aqueous solubility is so low that its oral bioavailability is not as good as
those marketed antitumor chemical drugs. In this paper, two GA derivatives with
better aqueous solubility were designed and prepared. Among them N,N-bis-
(b-hydroxyethyl) GA carboxamide was synthesized by DCC-HOBt catalyzed
coupling reaction between GA and diethanolamine, and monoester of succinic acid
by GA esterification with methyl succinyl chloride followed by mild hydrolysis
with lithium hydroxide. The structures of these two target compounds and one
intermediate were characterized by ESI–MS and 1H NMR spectra after their
purification. These studies are of great significance for us to develop GA chemical
entities with effective potency to treat cancers.

Keywords Gambogic acid � Derivatives � Antitumor � Aqueous solubility �
Prepare � Characterize

161.1 Introduction

Chemotherapy is one of the most extensively studied methods in antitumor ther-
apies. Medicinal herbs are main sources of new drugs. More than half of the new
chemicals approved between 1982 and 2002 were derived directly or indirectly
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from natural products [1]. Gambogic acid (GA) and other active compounds have
been isolated from Chinese medicinal herbs and tested for anticancer effects. GA
has demonstrated its potential as an excellent cytotoxic agent against a variety of
malignant tumors, including glioblastoma, and cancers of the breast, lung, and
liver [2–9].

161.2 Materials and Methods

161.2.1 Materials

The 1H NMR spectra were recorded on a Bruker ARX-300 spectrometer. Proton
chemical shifts (d) were reported in ppm downfield from tetramethylsilane (TMS).
Mass spectra were obtained on an Agilent 1946A-MSD (ESIMS). All chemical
reagents used were of analytical grade. GA was purified from gamboge supplied
by Huashen Pharmaceutical Co., Bozhou, and methyl succinyl chloride prepared
from succinic anhydride [10].

161.2.2 Methods [11, 12]

161.2.2.1 N, N-Bis(2-hydroxyethyl) GA Carboxamide (1)

To the mixture of gambolic acid (0.30 g, 0.48 mmol), dicyclohexylcarbodiimide
(DCC, 0.12 g, 0.58 mmol), and 1-hydroxybenzotriazole (HOBt, 80 mg,
0.59 mmol) in THF (6.0 mL) stirred at rt, was added diethanolamine (50 mg,
0.48 mmol) in THF (1.0 mL). Stirring at rt continued for an additional 7.5 h, until
GA disappeared by TLC detection on precoated silica gel G plates (petroleum
ether-acetone, v/v 2:1). After the reaction mixture was concentrated at vacuum, the
residue was mixed with icy water (1 mL), and extracted with dichloromethane
(3 9 3 mL). The organic solutions were combined, and dried over anhydrous
magnesium sulfate. After the drying agent was removed by filtration, the filtrate
was concentrated under reduced pressure, and the residue was purified by flash
column chromatography (silica gel, petroleum ether-EtOAc, v/v 3:1 to 1:1) to
yield compound 1 (0.26 g, 76 %) as a wax.
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161.2.2.2 GA-6-CO2(CH2)2CO2H

GA-6-CO2(CH2)2CO2Me (2)

To the stirred solution of gambolic acid (0.10 g, 0.16 mmol) and triethylamin
(32.2 mg, 0.32 mmol) in anhydrous dichloromethane (3.0 mL) cooled in an icy
water bath, was added methyl succinyl chloride (35.9 mg, 0.24 mmol) in
dichloromethane (2.0 mL). Stirring at rt continued for an additional 18 h, until GA
disappeared by TLC detection on precoated silica gel G plates (petroleum ether-
methanol-ethyl acetate, v/v 60:4:20). The same treatment procedure in compound
1 preparation was carried out, and the residue was purified by silica gel chroma-
tography with petroleum ether- EtOAc (v/v 3:1) as the eluent to get compound 2
(83 mg, 70 %) as a yellow oil.

GA-6-CO2(CH2)2CO2H (3)

To the solution of GA-6-CO2(CH2)2CO2Me (0.28 g, 0.38 mmol) dissolved in
ethanol(2.0 mL)and THF(2.0 mL),was added aqueous lithium hydroxide (3.0 mol/
mL, 0.60 mL, 1.8 mmol). The mixture was stirred at 38–40 �C for 6 h, until GA-
6-CO2(CH2)2CO2Me disappeared by TLC detection on precoated silica gel G
plates (petroleum ether-ethyl acetate–methanol, v/v 6:3:1). When the mixture was
acidified to pH 2 with 3 mol/L hydrochloric acid, some solid appeared. The similar
treatment procedure in compound 1 synthesis was carried out again, and the res-
idue was purified by column chromatography (silica gel) with petroleum ether-
EtOAc –AcOH (v/v 2:1:0.1) as the eluent to yield compound 3 (0.18 g, 66 %) as a
yellow wax.

161.3 Results and Discussion

3.1 More aqueously soluble N,N-bis(b-hydroxylethyl) GA carboxamide (1) by
means of DCC-HOBt catalyzed coupling reaction of GA with diethanolamine
(as shown in Scheme 161.1) [13].

Compound 1: 1H NMR (CDCl3, 300 MHz) d: 12.67 (s, 1H, 6-OH), 7.53 (d,
J = 6.9 Hz, 1H, 10-H), 6.67 (d, J = 10.2 Hz, 1H, 4-H), 6.12–6.16 (m, 1H, 27-H),
5.38 (d, J = 10.2 Hz, 1H, 3-H), 5.07–5.09 (m, 1H, 37-H), 3.81 (t, J = 1.0 Hz, 4H,
2CH2OH), 3.50–3.51 (m, 1H, 11-H), 3.24–3.28 (m, 1H, 31a-H), 3.14–3.18 (m, 1H,
31b-H), 3.13 (t, J = 1.0 Hz, 4H, 2NCH2), 2.98 (d, J = 7.3 Hz, 2H, 26-H),
2.81–2.84 (m, 1H, 32-H), 2.52 (d, J = 9.0 Hz, 1H, 22-H), 2.32–2.30 (m, 1H, 21a-
H), 2.05–2.07 (m, 2H, 36-H), 1.94 (s, 3H, 34-H), 1.76 (s, 3H, 35-H), 1.68 (s, 3H,
29-H), 1.66 (t, J = 8.6 Hz, 2H, 20-H), 1.63 (s, 3H, 39-H), 1.48 (s, 3H, 35-H), 1.42
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(s, 3H, 40-H), 1.35–1.38 (m, 1H, 21b-H), 1.29–1.33 (m, 3H, 24-H), 1.27 (s, 3H,
19-H). ESI–MS: m/z 717 [M ? 2H] +, 715 [M] +.

GA monoester of succinic acid (2) was obtained by esterification of GA with
methyl succinyl chloride, followed by mild hydrolysis with lithium hydroxide in
THF-EtOH-H2O (as shown in Scheme 161.2) [14].

Compound 2: 1H NMR (CDCl3, 300 MHz) d: 7.53 (d, J = 6.9 Hz, 1H, 10-H),
6.67 (d, J = 10.2 Hz, 1H, 4-H), 6.12–6.16 (m, 1H, 27-H), 5.38 (d, J = 10.2 Hz,
1H, 3-H), 5.07–5.09 (m, 1H, 37-H), 4.10 (s, CO2CH3), 3.50–3.51 (m, 1H, 11-H),
3.24–3.28 (m, 1H, 31a-H), 3.14–3.18 (m, 1H, 31b-H), 2.98 (d, J = 7.3 Hz, 2H, 26-
H), 2.81–2.84 (m, 1H, 32-H), 2.63 [m, 4H, (CH2)2CO2], 2.52 (d, J = 9.0 Hz, 1H,
22-H), 2.32–2.30 (m, 1H, 21a-H), 2.05–2.07 (m, 2H, 36-H), 1.94 (s, 3H, 34-H),
1.76 (s, 3H, 35-H), 1.68 (s, 3H, 29-H), 1.66 (t, J = 8.7 Hz, 2H, 20-H), 1.63 (s, 3H,
39-H), 1.48 (s, 3H, 35-H), 1.42 (s, 3H, 40-H), 1.35–1.38 (m, 1H, 21b-H),
1.29–1.33 (m, 3H, 24-H), 1.27 (s, 3H, 19-H). ESI–MS: m/z 744 [M ? 2H] +, 742
[M] +.

Compound 3: 1H NMR (CDCl3, 300 MHz) d: 11.00 (s, 1H, CO2H), 7.53 (d,
J = 6.9 Hz, 1H, 10-H), 6.67 (d, J = 10.2 Hz, 1H, 4-H), 6.12–6.16 (m, 1H, 27-H),
5.38 (d, J = 10.2 Hz, 1H, 3-H), 5.07–5.09 (m, 1H, 37-H), 3.50–3.51 (m, 1H, 11-
H), 3.24–3.28 (m, 1H, 31a-H), 3.14–3.18 (m, 1H, 31b-H), 2.98 (d, J = 7.3 Hz, 2H,
26-H), 2.81–2.84 (m, 1H, 32-H), 2.65 [m, 4H, (CH2)2CO2], 2.52 (d, J = 9.0 Hz,
1H, 22-H), 2.32–2.30 (m, 1H, 21a-H), 2.05–2.07 (m, 2H, 36-H), 1.94 (s, 3H, 34-
H), 1.76 (s, 3H, 35-H), 1.68 (s, 3H, 29-H), 1.66 (t, J = 8.8 Hz, 2H, 20-H), 1.63 (s,
3H, 39-H), 1.48 (s, 3H, 35-H), 1.42 (s, 3H, 40-H), 1.35–1.38 (m, 1H, 21b-H),
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1.29–1.33 (m, 3H, 24-H), 1.27 (s, 3H, 19-H). ESI–MS: m/z 730 [M ? 2H] +, 728
[M] +.

The phenolic hydroxyl in GA is not reactive enough to get this monoester from
GA’s direct reaction with succinic anhydride catalyzed by NaOBu-t.

3.2 GA was stable when dissolved in acetone, acetonitrile, chloroform or
dichloromethane, so the latter was chosen as the reaction solvent.

3.3 Usually a, b-unsaturated ketone in GA reacts easily with secondary amines in
Michael addition manner. To avoid this side reaction only after more reactive
intermediate was formed from GA, DCC, and HOBt, diethanolamine was
added in icy water. Derivative 1 was obtained in 76 % of yield, and only small
quantity of side product was detected by TLC with petroleum ether-EtOAc (v/
v 2:1) as developing solvent.

3.4 Solubility and lipophilicity are among the important factors affecting drugs’
absorption, distribution, metabolism, and elimination, destined by their
molecular scaffolds and/or side chains apart from pharmacophore. After their
chemical structure characterization, both target compounds will be evaluated
soon for their expected improved aqueous solubility, absorption, cell memb-
raneous permeability, and inhibitory activity against HCC cell proliferation.
The goal of our GA anticancer agent design is to make pharmacodynamics,
pharmacokinetics, and physicochemical properties in optimal match. The
structure modification on C-30 and C-6 not only increases these derivatives’
aqueous solubility, but also may contribute to their antitumor target
orientation.

3.5 As one of the most important factors in GA derivatives preparation, reaction
temperature is preferred to be controlled at 35*40 �C, so that reaction rate
was accelerated while side reactions or GA degradation at higher temperature
was suppressed.

161.4 Conclusion

From gambogic acid its two target derivatives and one intermediate were prepared,
and their structures confirmed by 1H NMR and ESI–MS techniques.
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Chapter 162
Separation and Purification of Hyaluronic
Acid from Fermentation Broth

Yunshuang Wang, Jian Zhang and Hao Liu

Abstract The objective of this research was to compare different methods for the
separation and purification of hyaluronic acid from Streptococcus zooepidemicus
ATCC39920 for their ease of use and reliability. The most appropriate conditions
of pretreatment stage were heated to 70 �C for 1 h and kept at room temperature
for 5 h. The fermented broth was diluted with the equal volume deionized water.
Ten milligrams chitosan was slowly added to 1 L of solution with stirring for
30 min, followed by the addition 20 g diatomaceous earth-type filter aid. The
mixture was stirring for 1 h. Then, the mixture was filtrated with diatomite,
microfiltration (MF) membranes (5 lm in pore diameter), and ultrafiltration (UF)
membranes (MWCO 50KD) to achieve the separation stage.The retentate was
washed by the equal volume deionized water and when the volume concentration
ratio (VCR) reached 4, the UF stage ended. Finally, the purification procedure
adopted Sevag process to remove protein. The overall yield of HA could reach
62.53 % and the removal rate of protein could reach 95.22 %.

Keywords Hyaluronic acid � Fermentation broth � Pretreatment process �
Separation process

162.1 Introduction

Hyaluronic acid (HA), is a high-molecular weight linear polysaccharide, com-
posed of D-glucuronic acid and N-acetylglucosamine linked alternately by b-(1-3)-
and b-(1-4)-glycosidic bonds. HA is typically found in the connective tissues of
animals as well as in the capsules of streptococcal bacteria. The highest content of
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HA is found in rooster combs. Its molecular mass in human normal synovial fluid
has been estimated to be 6–7 9 106 and in rheumatoid fluid 3–5 9 106 Dalton [1].

Traditionally, HA has been extracted from bovine eyes and rooster combs [2].
However due to limited tissue sources, risks of viral infection and high cost, HA
production from microbial sources through the fermentation process has received
increased attention especially when using the gram-positive bacterium Strepto-
coccus zooepidemicus [3–7].

The separation and purification of HA involves the precipitation of HA from
fermentation broth by repeatedly using large amounts of organic solvents such as
ethanol, acetone, isopropanol, etc. [8–12]. However, the process is complicated
and time-consuming, which leads to high cost. In order to improve the efficiency of
the purification of HA a better understanding of each steps in the purification
process is needed.

The purpose of this study was to compare different methods for the separation
and purification of HA from S. zooepidemicus ATCC39920 for their ease of use
and reliability. The yield of HA, the removal of protein and the transmittance of
solution has been chosen to evaluate the step of the purification methods. The
result presented can be used as a guide for the choice of purification method of HA
from fermentation broth.

162.2 Materials and Methods

162.2.1 Bacterial Strain and Media

For the experiment, the broth used was produced by fermentation with S. zooep-
idemicus ATCC39920 (from College of Bioengineering, Tianjin University of
Science and Technology).

The medium for seed culture contained (in g L-1 distilled water): glucose, 2.5;
soy peptone, 3; tryptone, 17; K2HPO4, 2.5; NaCl, 5. After inoculum, the medium
was incubated at 37 �C in a reciprocal shaker at 200 rpm for 12 h [13].

The production of HA was carried out in a 5 L fermentor (Biostat Aplus,
Germany) with a working volume of 3 L. The fermentation medium contained (in
g L-1 distilled water): sucrose, 50; yeast extract, 3.5; casein peptone, 10;
K2HPO4, 2; NaCl, 1.5; MgSO4�7H2O, 0.4. The fermentor was operated at 37 �C
under shaking conditions at 400 rpm for 28 h at 2 vvm aeration [14].
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162.2.2 Methods

162.2.2.1 General Separation and Purification Process

Figure 162.1 shows the general purification process of HA. Generally, the puri-
fication process included three steps, pretreatment procedure, separation procedure
and purification procedure.

162.2.2.2 Pretreatment Procedure

Three pretreatment procedure including acidification, heating and dilution were
treated to compare. Detailed methods see below.

1. Acidification: � The fermentation broth was adjusted to a pH of about 4.5 with
trichloroacetic acid and then rest for 1 h. ` The solution was readjusted to a pH
of about 6 with NaOH and then rest for 5 h. ´ The solution was diluted with the
equal volume deionized water.

2. Heating process: � The fermentation broth was heated to 70 �C for 1 h. ` The
solution was kept at room temperature for 5 h. ´ The solution was diluted with
the equal volume deionized water.

3. Dilution process was that fermentation broth was diluted with the equal volume
of deionized water directly.

Then, add 10 mg of chitosan to every 1 L of solution which were treated with
three methods with stirring for 30 min. After that, add 20 g of diatomaceous earth-
type filter aid to per liter of solutions with stirring for 1 h. The mixture was filtered
by buchner funnel and filtrate was carried out with 5 lm in a continuous diafil-
tration mode. HA was recovered in the permeate solution.

Fermentation 

broth

Dilution 

process

Heating 

process

Trichloroacetic

acid process

Ultrafiltration  

(UF) process

Cetyl-pyridinium 

chloride(CPC) process

Alcohol Sedimentation

process

Pretreatment procedure

VCR 2

VCR 4

Separation procedure

Sevag process

Activated

carbon process

Purification procedure

Fig. 162.1 The flow chart of experiment

162 Separation and Purification of Hyaluronic Acid 1525



162.2.2.3 Separation Procedure

The fermentation broth was investigated to determine the suitable operating
condition for the good pretreatment process. Then pretreatment fermentation broth
was treated, respectively, with alcohol sedimentation, cetyl-pyridinium chloride
(CPC), and ultrafiltration (UF).

1. Alcohol sedimentation process: The HA solution was precipitated from the
fermentation mixture by addition of 2 volumes of absolute ethanol and the
mixture was kept at 4 �C for 1 h. Then the precipitate was separated by cen-
trifugation and redissolved in pure water.

2. Cetylpyridinium chloride process: A 4 % solution of CPC was added to the
pretreatment fermentation broth. The amount of CPC added is 2 times in weight
than HA and the mixture was kept at 4 �C for 1 h. The precipitated cetylpyr-
idinium salt was separated by centrifugation, and then redissolved in 2 M
sodium chloride.

3. Ultrafiltration process: The experimental run was stopped upon achieving the
desired volume concentration ratio (VCR). The UF processing used ultrafil-
tration membranes (MWCO 50KD) with pure water as diafiltrate. The trans-
membrane pressure (TMP) for UF was determined to be 0.1 MPa under
different operation modes. HA product was collected from the retentate of UF.
To investigate the effects of different operation modes on the performance of
UF, two operation modes were examined, including � UF stage ended when
VCR reached 2. ` The equal volume deionized water was added to the
retentate and made VCR reached to 4, after the process of UF was ended.

162.2.2.4 Purification Procedure

Activated charcoal process: The solution was treated with 10 g L-1 of activated
charcoal and the mixture was shook in a reciprocal shaker at 200 rpm for 3 h.

Sevag process: The solution was treated with a quarter of the volume chloro-
form-normal butanol (volume ratio is 4:1), and shook fully for 30 min. Then,
water phase and organic phase were separated by centrifugation. Water phase was
collected and added a quarter of the volume chloroform-normal butanol, repeated
many times.

162.2.3 Analytical Methods

The analysis of HA concentration, the raw fermentation broth sample was treated
with the equal volume of 0.1 % (w/v) sodium dodecyl sulfate for 10 min to
liberate the capsular HA and to facilitate the separation of the cells [15]. After the
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cells were removed by High speed refrigerated centrifuge (CR 22G, Hitachi,
Japan) at 12,000 rpm for 15 min, the supernatant was then subjected to HA pre-
cipitation by mixing it with three volumes of ethanol. The precipitate was col-
lected by centrifugation at 5,000 rpm for 15 min, redissolved in deionized water,
and analyzed for the HA concentration by the method of Bitter and Muir [16]. The
optical density was measured at 530 nm by spectrophotometer (TU-1810, Purkinje
General, China) with D-glucuronic acid used as the standard.

The concentration of protein was measured by the Bradford protein assay using
BSA (bovine serum albumin) as standard.

The transmittance of solution was determined by spectrophotometer at 600 nm,
and the transmittance of pure water was 100.

162.2.4 Calculation Methods

162.2.4.1 Symbol Meaning

C0 HA concentration in raw fermentation broth (g L-1)
Ci,HA HA concentration in treated fermentation broth (g L-1)
Cp Protein concentration in raw fermentation broth (lg mL-1)
Ci,p Protein concentration in treated fermentation broth (lg mL-1)
Vo Raw fermentation broth volume (mL)
Vi Treated fermentation broth volume (mL)
Yi The yield of HA in different processes
Ri The removal of protein in different processes

162.2.4.2 Equations

During the experiments, the yield of HA in different processes was calculated by
using the following equations.

Yi ¼
Ci;HA � Vi

Co � Vo

� 100 % ð1Þ

The removal of protein in different processes:

Ri ¼
Cp � Vo � Ci;p � Vi

Cp � Vo

� 100 % ð2Þ
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162.3 Results and Discussion

162.3.1 Comparison of Different Pretreatment Procedures

Sterilization and degerming were considered first in the downstream process. In
this section, the study compared the removal of protein impurities, the transmit-
tance of solution at 600 nm, and the yield of HA after fermentation broth was
treated with three pretreatment procedure methods. The data was shown in
Table 162.1.

As can be seen in Table 162.1, trichloroacetic acid process should be elimi-
nated due to its low yield of HA (69.59 %). The yield of HA (92.46 %) by heating
process was the highest in three pretreatment processes. What’s more, heating
process had an obvious advantage on the transmittance of solution when compared
with dilution process. Moreover, heating process without adding other substances
will not contaminate environment potentially and lead to low cost. Therefore,
heating process was more suitable for the pretreatment procedure.

162.3.2 Separation Procedures

The separation and purification of HA is one of the keys in HA production, and the
method of separation and purification not only affect the quality of products, but
also the cost of production. In this section, after fermentation broth was treated
with three separation procedure methods, the removal of protein impurities, the
transmittance of solution, and the yield of HA were determined. The data was
shown in Table 162.2.

The experimental data of separation procedure under the four conditions were
shown in Table 162.2. The CPC process and alcohol sedimentation process were
lower than UF process in the content of HA. In UF process, the VCR 4 process
showed higher the yield of HA and the removal of protein about 7.78 % and
39.87 % than the VCR 2 process, respectively. In addition, the transmittance of the
solution of the VCR 4 process was higher, which showed lower impurity and
pigment. In order to realize high degrees of yield and purification during HA

Table 162.1 The comparison of three pretreatment procedures

Operating mode HA Protein T600nm

Ci,HA Yi Ci,p Ri

Raw fermentation broth 4.11 100 3.16 0 41.52
Trichloroacetic acid process 2.86 69.59 2.32 26.58 92.88
Heating process 3.80 92.46 2.96 6.33 94.13
Dilution process 3.34 81.27 3.04 3.80 69.63
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separation, the VCR 4 process was adopted to effectively recover HA and washed
out more small soluble molecules.

162.3.3 Purification Procedures

In this section, the main objective was to remove protein. The data of the two
different methods were shown in Table 162.3.

As shown in Table 162.3, Sevag process had an obvious advantage of higher
transmittance at 600 nm. What’s more, the yield of HA (62.53 %) and the removal
of protein (95.22 %) by Sevag process was slightly lower than the activated
charcoal process, which were 58.64 % and 92.97 %, respectively. Therefore,
Sevag process was more favorable to purification procedure.

162.4 Conclusions

The optimal procedure for purification was as follows: the fermentation broth was
heated for 1 h at 70 �C and then kept at room temperature for 5 h and diluted with
the equal volume deionized water. Ten milligrams of chitosan per liter of solution
were added slowly to the fermentation broth by stirring for 30 min, 20 g L-1 of
diatomaceous earth-type filter aid were added to the solution with stirring for 1 h.
The mixture was filtered by buchner funnel and the filtrate was carried out with
5 lm in a continuous diafiltration mode. Then the filtrate used UF and the retentate

Table 162.2 The comparison of three methods for separation procedure

Operating mode HA Protein T600nm

Ci,HA Yi Ci,p Ri

Raw fermentation broth 4.11 100 3.16 0 41.52
Alcohol sedimentation process 1.50 36.50 1.87 40.82 96.26
Cetylpyridinium chloride

(CPC) process
1.85 45.01 1.2 62.03 13.95

Ultrafiltration (UF) process VCR 2 2.53 61.56 2.5 20.89 95.57
VCR 4 2.85 69.34 1.24 60.76 97.25

Table 162.3 The comparison of two methods for purification procedure

Operating mode HA Protein T600nm

Ci,HA Yi Ci,p Ri

Raw fermentation broth 4.11 100 3.16 0 41.52
Activated charcoal process 2.41 58.64 0.222 92.97 68.46
Sevag process 2.57 62.53 0.151 95.22 99.13
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was washed with the equal volume of deionized water. The UF process did not
finish until VCR was four. Finally, the Sevag process was used to remove protein
in the purification procedure. The overall yield of HA could reach 62.53% and the
overall removal rate of protein could reach 95.22 %.
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Chapter 163
In Vitro Cytotoxicity of the Bile Acids
and Bile Acid Derivatives

Xiangzheng Hu, Hongjian Zhou, Guangzhen Song, Anjun Liu
and Lixia Wang

Abstract Polymeric dental resin materials are known to leach cytotoxic unreacted
monomers and degradation products. In this study, methacrylic derivatives of bile
acids have been synthesized for use as monomers in dental composites, their
in vitro cytotoxicity and bile acids toward NIH3T3 fibroblasts has been evaluated
by colorimetric MTT assay and compared with that of the common dental
monomers BisGMA and TEGDMA. The results show that bile acids and their
derivatives can induce mitochondrial dysfunction at similar or higher concentra-
tions than the commercial dental monomers. Certain monomers did not influence
colorimetric absorbance in MTT assay against the normal control over their entire
range of solubility.

Keywords Bile acid derivative � Cytotoxicity � MTT colorimetric method �
Synthesis

163.1 Introduction

Biocompatibility is one of important problems that should be considered for the
preparation and use of biomaterials. The use of compounds of natural origin offers
the advantage of improved biocompatibility. Bile acids (cholic acid, chenodeox-
ycholic acid, deoxycholic acid, and ursodeoxycholic acid, etc) and their deriva-
tives are currently used for biomedical and biomaterial applications [1, 2].
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Methacrylate monomers derived from bile acids have been proposed as monomers
for composite dental fillings [3, 4]. Polymeric biomaterials with bile acid groups
have attracted significant attention because their degradation is expected to lead to
the release of endogenous compounds and to improve their physical properties
[4–7]. The objective of this study is to evaluate the in vitro cytotoxicity of bile
acids as well as their (meth)acrylate derivatives. This study places particular
emphasis on comparing the cytotoxicity of these compounds to the common dental
monomers 2,2-bis(4-(2-hydroxy-3-meth-acryloxypropoxy) phenyl)propane (Bis-
GMA) and triethylglycol dimethacrylate (TEGDMA). The structures of all the
compounds are listed in Fig. 163.1.
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Fig. 163.1 Chemical structures of the commercial monomers, bile acids, and bile acid
derivatives
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163.2 Materials and Methods

163.2.1 Materials and Equipments

Cholic acid was purchased from (An hui Kebao Company, China), Chenodeoxy-
cholic acid, ursodeoxycholic acid, deoxycholic acid, lithocholic acid were pre-
pared in our laboratory. BisGMA,TEGDMA were purchased from PolyScience
(PolyScience Company, USA). 3-(4,5-dimethyl-2-thiazoly)-2,5-diphenyl-2H tet-
razolium bromide(MTT) was obtained from Sigma (Sigma Chemical Company,
USA). Dimethy l sulfoxide (DMSO) was from Amresco (Amresco Company,
USA). Dolbecco’s modification of Eagle’s Medium (DMEM), EDTA- tryp-
sin,penicillin and streptomycin,Hanks-balanced salt solution,fetal bovine serum
were purchased from Gibco (Gibco Company, USA). Other regents and solvents
were purchased from Tianjin Chemicals Company, China. Methacryloyl chloride
(MAC) was prepared from methacrylic acid and benzoyl chloride. The solvents
were all redistilled prior to use.

Cell strain: Mouse fibroblast cell line NIH3T3 was received from College of
Biotechnology of Tianjin University of Science and Technology as a gift.

ELISA instrument (Bio-Rad Laboratories, USA), pipettes (Thermo Electron
Corporation, USA), inverted phase contrast microscope (Nikon Corporation,
Japan), BCM-1000A biological clean bench (Air tech Company, China), 2123TC
water-jacketed CO2 incubator (Shellab, USA). NMR spectra were recorded at
23 �C on a Bruker AMX-400 operating at 400.13 MHz for 1H in deuterochloro-
form, which also served as an internal reference.

163.2.2 Synthesis of Bile Acid Derivatives

(1) Compounds 8–18 were synthesized according to the procedure published in
literature [5–7].

(2) Synthesis of 19

This compound was synthesized with modified procedure from literature [5]. A
solution of cholic acid (10.0 g) in 100 mL ethanol was acidified with concentrated
hydrochloric acid to keep pH 3–4. The mixture was stirred at approximately 60 �C
for 5 h and then was poured into 150 mL cool water to precipitate the solid. The
product was filtered and washed with water, 5 % Na2CO3 aqueous solution and
water. The product was obtained by recrystallization from ethyl acetate and got
white powder solid 8.9 g, yield:89 %. m.p.: 161.4–162.7 �C. IR(cm-1): 3337.9,
2938.9, 2859.7, 1738.6, 1445.5, 1375.7, 1256.0, 1179.5, 1089.5, 1044.2, 980.2,
910.1. 1H NMR(400.13 MHz,CDCl3):d/ppm = 0.72 (s, 3H, 18-H3), 0. 92 (s, 3H,
19-H3), 1.00 (d, 3H, 21-H3), 3.49 (m, 1H, 3a-H), 3.88 (s, 1H, 7a-H), 4.01 (s, 1H,
12a-H), 4.15 (s, 3H, COOCH2CH3), 4.17 (s, 2H, COOCH2CH3).
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(3) Synthesis of 20

Compound 20 was synthesized with the same procedure as described for 19,
with n-butyl alcohol instead ethanol.yield:82 %. m.p.: 132.7–133.4 �C. IR(cm-1):
3399.7, 2936.2, 2867.8, 1735.8, 1465.9, 1377.2, 1251.1, 1180.0, 1078.8, 1046.0,
980.9, 913.1. 1H NMR(400.13 MHz,CDCl3):d/ppm = 0.72 (s, 3H, 18-H3), 0. 93
(d, 3H, 19-H3), 1.01 (d, 3H, 21-H3), 3.48 (m, 1H, 3a-H), 3.88 (s, 1H, 7a-H), 4.01
(s, 1H, 12a-H), 4.09 (s, 6H, COO(CH2)3CH3).

(4) Synthesis of 21

To an ice-cooled vigorous-stirred solution of 14(1.0 g, 1.70 mmol) in dry
CHCl2(25 mL), with 4-dimethylaminopyridine (DMAP, 0.08 g, 0.65 mmol) as
catalyst and Et3N (0.5 g, 4.81 mmol), methanesulfonyl chloride (0.58 g,
5.10 mmol) in CHCl2 (10 mL) is slowly added dropwise under nitrogen atmo-
sphere. The mixture was ice-cooled for 0.5 h, then left at room temperature for
24 h. The mixture was washed successively with brine, 5 % aqueous NaHCO3 and
brine. After drying the organic layer over anhydrous Mg2SO4 and evaporating the
solvent under reduced pressure, the crude product was purified by column chro-
matography (silica gel, ethylacetate/petroleum ether = 2/1, ethylacetate, ethyl-
acetate/ethanol = 10/1 as the eluent). IR(cm-1): 3548.6, 3103.7, 2956.3, 2874.6,
1888.5, 1735.6, 1637.1, 1451.7, 1375.7, 1247.0, 1174.6, 1042.6, 961.8, 916.8. 1H
NMR(400.13 MHz, CDCl3):d/ppm = 0.60 (s, 3H, 18-H3), 0. 88 (s, 3H, 19-H3),
1.00 (d, 3H, 21-H3), 1.93 (s, 3H, C(CH3) = CH2), 1.97 (s, 3H, C(CH3) = CH2),
2.42(s, 3H, OSO2CH3), 4.10 (s, 1H, 7a-H), 4.36 (s, 4H, COOCH2CH2OCO), 4.79
(d, 1H, 3a-H), 5.14(d, 1H, 12a-H), 5.53 (s, 1H, C(CH3) = CH), 5.62 (s, 1H,
C(CH3) = CH), 6.10 (s, 1H, C(CH3) = CH), 6.16 (s, 1H, C(CH3) = CH); MS: m/
z = 666.24(M+).

163.2.3 Cytotoxicity Test

Cytotoxicity of the molecules was measured by the 3-(4,5-dimethyl-2-thiazoly)-
2,5-diphenyl-2H tetrazolium bromide (MTT) assay using NIH3T3 fibroblasts.
These molecules were initially dissolved in DMSO which served as carrier for
distribution into the wells and then diluted in cell culture medium. The cells
(1 9 104/well) were maintained in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10 vol % fetal bovine serum (FBS),100 U/ml peni-
cillin and 100 lg/ml streptomycin. Monolayers of exponentially growing NIH3T3
fibroblasts were then incubated in the 96-well plate with the individual molecule to
be tested at 37 �C in a humidified atmosphere of 5 % CO2 for 24 h. The con-
centration of DMSO was always 1 vol % of the total volume of culture medium.
Cells treated with 1 vol % DMSO served as controls. After removing the medium,
cells were washed with phosphate-buffered saline (PBS), then 20 ll of MTT
solution (5 mg of MTT/ml PBS) were added to each well. After 4 h of incubation,
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200 ll DMSO was added to each well to dissolve the reduced MTT. The optical
densities of formazan production were measured at 490 nm. All experiments were
performed in triplicate. Relative cell viability at each concentration and for each
analyte was measured fifteen times (three times each on five different microplates).
The IC50 value was obtained from the dose-response curves shown in Figs. 163.2,
163.3, 163.4, 163.5, 163.6, 163.7.
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Statistical comparison of IC50 values was performed by one-way ANOVA
followed by pairwise comparison of means using Dunnett’s T3 post hoc test, with
the use of SPSS 19.0 software.
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163.3 Results and Discussion

Two types of cells can be used for in vitro cytotoxicity test: primary cell lines
(such as pulp tissue fibroblasts and gingival tissue fibroblast) and built cell lines
(such as of L929, 3T3, and cancer cells, etc.). Previous results showed that there
was no obvious difference between primary gingival tissue fibroblasts and L-929
cells for cytotoxicity test [8]. In vitro cytotoxicity assay, dental pulp cells were
more sensitive to dimethyl acrylic resin than odontoblasts [9].

NIH3T3 fibroblasts were exposed to increasing concentrations of the molecules,
and the cytotoxic activities were analyzed by MTT. Cell line and cytotoxicity
assay were selected based on their extensive precedence for evaluating the cyto-
toxicity [10, 11]. All molecules exhibited a dose-dependent effect, dose-response
profiles were measured for each analyte (Figs. 163.2, 163.3, 163.4, 163.5, 163.6,
163.7), and the results of those cytotoxicities indicated by IC50 (concentration
which inhibited 50 % cell growth relative to the controls). The results of these
assays are presented in Table 163.1. The IC50 values of commercial monomers
BisGMA and TEGDMA has been reported in previous literature [7, 12–14].

163.3.1 Cytotoxicity of Bile Acids and Bile Acid Alcohol
Esters

The cytotoxicity of bile acids can induce hepatocyte death. The reduction of
relative cell viability is depending on bile acid concentration. Bile acids accu-
mulation in the liver during cholestasis is believed to be the reason of hepato-
cellular necrosis and apoptosis in part through induction of mitochondrial

Table 163.1 Comparison of the cytotoxicity (IC50)

Compound IC50 (mM) Compound IC50 (mM)

1(BisGMA) 0.025 ± 0.002i 13 0.017 ± 0.001j

2(TEGDMA) 1.462 ± 0.076b 14 0.280 ± 0.048d,e

3(cholic acid) 1.720 ± 0.071a 15 [1
4(chenodeoxycholic acid) 0.216 ± 0.016e 16 [1
5(ursodeoxycholic acid) 0.216 ± 0.011e 17 0.041 ± 0.002g

6(deoxycholic acid) 0.231 ± 0.010e 18 0.033 ± 0.001h

7(lithocholic acid) 0.232 ± 0.021e 19 0.041 ± 0.002g,h

8 0.048 ± 0.004g 20 0.034 ± 0.001h

9 0.046 ± 0.007g,h,i 21 0.385 ± 0.009d

10 0.262 ± 0.034e

11 0.648 ± 0.009c

12 0.066 ± 0.005f

All values displayed as mean ± S.D. Superscript letters denote equivalent means determined by
pairwise comparison (Dunnett T3, p \ 0.05
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permeability transition (MPT) and mitochondrial generation of oxidative stress
[15–20].

Bile acids, include chenodeoxycholic acid, ursodeoxycholic acid, deoxycholic
acid, lithocholic acid have lower cytotoxicity than their ester derivatives
(Figs. 163.3, 163.4). Cholic acid has much lower cytotoxicity than chenodeoxy-
cholic acid, ursodeoxycholic acid, deoxycholic acid, and lithocholic acid
(Fig. 163.3), which proved that the natural products have better cell compatibility.
The cytotoxicity of bile acid esters became higher with their molecular weight
increasing (Figs. 163.4, 163.5).

163.3.2 Cytotoxicity of Bile Acid Ester Derivatives

The cholic acid derivative 9 have similar cytotoxicity as its precursor 8, the
cytotoxicity of 13 was higher than its precursor 12 and commercial monomers
BisGMA(1). These seemingly contradictory trends are an indication that the
mechanism of mitochondrial dysfunction caused by bile acids is relatively struc-
ture specific and modifications on different positions of these compounds may
influence cytotoxicity. The cytotoxicity of bile acid esters derivatives became
lower with the methacrylate group increasing (Figs. 163.6, 163.7). Especially, 15
and 16 even have not exhibited any cytotoxic response over their range of solu-
bility. Figure 163.7 shows that the cytotoxicity of 15 (methacrylate on position 12)
was higher than 21 (mesylate on position 12), which indicates that different
reactive groups in the same reaction site of the steroidal backbone can lead to
different cytotoxicity.

163.3.3 Synthesis of Bile Acid Derivatives

Literature reported that the reactive activity of three hydroxyl groups on bile acid
steroidal skeleton is C3 [ C12 [ C7 [5]. Compounds 8–18 were synthesized by
the use of a procedure as described in the literature. Compound 21 was synthesized

Table 163.2 Effect on
productivity of feeding ratio
between sulfonyl chloride
and compound 14

N(sulfoyl chloride/14) Response time/h Yield/%

1.5 12 45–55
1.5 24 45–55
2.5 12 65–75
2.5 24 65–75
3.5 12 40–50
3.5 24 40–50
4.5 12 \10
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by the use of a procedure as front description. Reaction conditions in Table 163.2
were used, the results are shown in Table 163.2 . Table 163.2 shows that 21 can be
obtained by controlling the ratio of sulfonyl chloride and compound 14.

163.4 Conclusion

Cholic acid derivatives with di-, tri-, and tetra-methacrylate groups indicate lower
cytotoxicity than the commercial dental monomers BisGMA, and higher cyto-
toxicity than diluent TEGDMA. Especially, cholic acid derivative with tri-, tetra-
methacrylate group did not affect cell viability over their entire range of solubility.
The mono-methacrylate derivative of bile acid with methacrylate group on C3
position has comparable cytotoxicity to BisGMA, while mono-methacrylate
derivative of bile acid with methacrylate group on position 24 has higher cyto-
toxicity than BisGMA. Methyl sulfonyl could reduce the cytotoxicity, and its
effect is more obvious than methyl acryloyl. The cholic acid is significantly less
cytotoxic than other natural bile acids and BisGMA,TEGDMA. These results
verify the feasibility and safety of polymeric materials based on bile acid deriv-
atives for biomedical applications. However, it is also necessary to perform more
extensive evaluation of the mechanism underlying cell lysis and the exact nature of
the biodegradation compounds produced for these molecules.
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Chapter 164
Studying on Extraction of Betulin
from the White Birch and Synthesis
of Betulinic Acid

Tong-Cun Zhang, Weiwei Xu, Nan Wang, Xuegang Luo, Jing Wang
and Xiangzheng Hu

Abstract Betulin and betulinic acid are natural product with antitumor and anti-
HIV-1 activity. Betulin can be got by chemical extraction from a lot of plants.
Betulinic acid can be synthesized from betulin. In order to get high biological
activity compounds with antitumor and anti-HIV-1 activity from the bark of the
white birch, the extraction and purification method of betulin was studied; the
optimized extraction and purification condition was obtained. The two-step syn-
thetic routes of betulinic acid from betulin were discussed. Betulinic acid was
synthesized by oxidizing betulin with Jones reagent, followed by selective
reduction with NaBH4. IR, HPLC–MS, H1-NMR were used to identify the
structure of betulin and betulinic acid.
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164.1 Introduction

Cancer and AIDS have been the most important diseases leading to death nowa-
days. But most of the commonly used medicines of anti-HIV or anticancer are
proved to have many limitations in clinical application, especially toxic side effect
and drug-resistance. Therefore, the development of medicine with perfect anti-
cancer and anti-HIV effect is needed.
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Betulin exists in various plant resources, especially in the white birch bark.
Betulin is a kind of bioactive substance with diverse biological activities, such as
anti-inflammatory, antitumor, anti-HIV [1], which can be widely applied in food,
cosmetic, and pharmaceutical fields. Betulin, as an important intermediate of
medicine, can be obtained by extraction with organic solvent from the white birch
bark [2].

Betulinic acid has antitumor, anti-HIV-1 and anti-inflammatory activities [3, 4],
especially has an excellent effect on melanoma. As a potential precursor medicine
of antitumor or anti-HIV, it has drawn the attention of researchers and investors.
Betulin and betulinic acid have become a hotspot because of their excellent bio-
logical properties and good selectivity, low toxicity, and less side effects [5–8].

164.2 Materials and Methods

164.2.1 Materials, Reagents, Instruments

The white birch bark was collected in summer, Heilongjiang Province
(2008–2009), in China. The birch bark was shattered to 60 meshes and immedi-
ately dried at 60 �C and stored in a dry and dark place.

Methanol, acetonitrile, ethanol, methanol, chloroform (Chl.), isopropyl alcohol
(IPA), petroleum ether (B.P.: 60–90 �C, PE), ethyl acetate (EA), tetrahydrofuran
(THF), and NaBH4 are all of analytical grade.

H1-NMR spectra are recorded on Bruker AM-400 NMR spectrometer in deu-
terated chloroform. HPLC spectra are recorded on Hitachi D–2000 spectrometers
with UV detector. And Mass Detector is Waters 3,100; IR spectrometer is Perk-
inElmer spectrum65.

164.2.2 Methods

164.2.2.1 The Extraction and Purification of Betulin

The birch bark (100 g) with ethanol/IPA (10/1, V/V, 1,100 mL) was refluxed for
6 h in a Soxhlet’s extractor; solvent was kept overnight at 0 �C. The precipitate
was separated by filtration, washed on the filter with cold ethanol and then dried in
vacuum drying oven.

In order to determine the optimum purification conditions for betulin, the sol-
vents (A), solid–liquid ratio (B), and recrystallization times (C) were evaluated.
And in every factor, we have chosen 3 levels to take the orthogonal design test
(Table 164.1). Record every yield of crystal and determine the purity of betulin.
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The optimal recrystallization process was determined based on both the yield of
crystal (40 %) and the purity of betulin (60 %) as the combined value.

164.2.2.2 Synthesis and Purification of Betulinic Acid

A. Synthesis and Purification of Betulonic Acid

Freshly prepared Jones solution (2.3 mL) was added to a solution with betulin
(1.0 g, 2.26 mmol) in acetone (100 mL) at 0 �C and the mixture were stirred at
0 �C. The course of the reaction was confirmed by TLC. After the reaction, the
solvent was quenched with methanol (25 mL), stirred for 5 min, and added 40 mL
H2O. All the solid impurities in mixture were filtered out. After removing the
organic solvent by reduced pressure distillation, the aqueous residue was extracted
twice with ethyl acetate (40 mL). The organic layer was washed (H2O, brine),
dried (MgSO4), and filtered. The solvent was removed in vacuum. The residue was
column chromatographed over silica gel (200–300 mesh) using PE/EA (8/1) to
obtain betulonic acid.

B. Synthesis and Purification of Betulinic Acid

NaBH4 (0.227 g, 6 mmol) was gradually added to a solution with betulonic
acid (0.90 g, 2 mmol) in THF (20 mL) at 0 �C and the mixture were stirred at
0 �C. The course of the reaction is confirmed by TLC. The reaction was quenched
with HCl solution (3 mL, 2 mol/L). The solution was diluted with ethyl acetate
(60 mL). The organic layer was washed (H2O, brine), dried (MgSO4), and filtered.
The solvent was removed in vacuum to obtain crude betulinic acid. The crude
betulinic acid was column chromatographed over silica gel (200–300 mesh) using
PE/EA (6/1) to obtain betulinic acid.

164.2.2.3 Identification of the Chemical Structure and Purity
of Betulin and Betulinic Acid

(1) Identification of the chemical structure

The chemical structure of betulin and betulinic acid was confirmed by IR,
HPLC–MS,and H1-NMR.

Table 164.1 Levels and factors in orthogonal design test of extraction of betulin

Level Factor

A B (V/V) C

1 IPA/PE (10/1,V/V) 1/20 1
2 Chl./Methanol (1/1,V/V) 1/30 2
3 IPA/Methanol (3/1,V/V) 1/40 3

164 Studying on Extraction of Betulin 1543



The HPLC analysis was carried out by VenusilC8 (4.6 9 250 mm). The mobile
phase was methanol/acetonitrile/H2O (45/45/10, V/V). The flow rate and injection
volume were 1.0 mL/min and 10 lL. Betulin and betulinic acid were quantified,
respectively, by UV detector at k = 210 nm. All chromatographic operations were
carried out at 30 �C [9, 10].

The MS conditions: The ion source is ESI (betulinic acid); the ion mode is
negative; the scanning cover is 50–1000 u, the scanning mode is full scanning, the
flow of desolvation gas is 700 L/h, the temperature of desolvation gas is 350 �C,
the temperature of ion source is 150 �C.

(2) Determination of the purity of betulin and betulinic acid
A. The HPLC Conditions

The HPLC analysis was carried out by VenusilC8 (4.6 mm 9 250 mm). The
mobile phase was methanol/acetonitrile/H2O (45/45/10, V/V). The flow rate and
injection volume were 1.0 ml/min and 10 lL. Betulin and betulinic acid were
quantified by UV detector at k = 210 nm, respectively. All chromatographic
operations were carried out at ambient temperature.

B. Preparation of Sample Solution

Accurately weighed equivalent to 2.0 mg of betulin or betulinic acid were
dissolved with methanol/acetonitrile/H2O (45/45/10, V/V, 1 mL). And then the
solution was filtered through a membrane filter (u = 0.45 lm).

C. The preparation of the blank reference solution

The blank reference solution were methanol/acetonitrile/H2O (45/45/10, V/V)
at the same conditions.

164.3 Results and Discussion

164.3.1 Results

164.3.1.1 The optimization process of the extraction and purification
of betulin

The white birch bark (60 mesh, 100 g) with ethanol/IPA (10:1, V/V, 1100 mL)
was refluxed for 6 h at 78 �C to give the crude betulin (34.7 g).

The orthogonal design test result of betulin purification is shown in
Table 164.2.

According to the data (K1, K2, and K3) in Table 164.1, the effect of solvent,
solid–liquid ratio, and recrystallization times on betulin quality were shown in
Fig. 164.1.
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The optimum recrystallization condition is: the solvent is IPA/methanol (3/1, V/
V), the solid–liquid ratio is 1/30 (g/mL) and the recrystallization time is 3 times.

164.3.1.2 The chemical structure and purity of betulin and betulinic
acid

(1) The chemical structure of betulin and betulinic acid

The chemical structures of the betulinic acid and the betulin have been determined
by H1-NMR (Fig. 164.2a, b), respectively. IR (Fig. 164.3a, b) was used to identify
the results. HPLC–MS spectrum of betulinic acid was carried out too (Fig. 164.4).

(2) The purity of betulin and betulinic acid

The HPLC spectrum showed that the purity of crude betulin is 50.56 % with a
yield of 34.7 %. By the optimum recrystallization process, the purity of betulin is
95.2 % (Fig. 164.5a); yield of crystal is 20.8 %; and the purity of betulinic acid is
96.2 % (Fig. 164.5b) with a yield of 78.6 %.

164.3.2 Discussion

Betulin and betulinic acid possess antitumor, anti-HIV, and other biological
properties. In the past decade, betulin, betulinic acid, and their derivatives have
drawn the attention of researchers because of their excellent biological properties
[11]. High quality betulin and betulinic acid have a huge market value.

Table 164.2 The result of the orthogonal design test of betulin purification

Ordinal Factor Result

A B C Yield of crystal (%) Purity (%) Combined value (%)

1 1 1 1 57.5 54.18 55.51
2 1 2 2 38.9 89.02 68.97
3 1 3 3 20.8 96.65 66.31
4 2 1 2 40.4 71.04 58.78
5 2 2 3 27.2 95.60 68.24
6 2 3 1 63.4 67.02 64.37
7 3 1 3 20.2 96.40 65.92
8 3 2 1 71.7 66.38 68.51
9 3 3 2 45.1 76.24 63.78
K1 63.60 % 60.07 % 62.80 %
K2 63.80 % 68.57 % 63.85 %
K3 66.07 % 64.82 % 66.82 %
R 2.47 % 8.50 % 4.03 %

The combined value is derived from the yield of crystal (40 %) and the purity of betulin (60 %)
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The commonly used organic-solvents, such as chloroform, methanol [12],
methylbenzene [13], ethanol, dichloromethane, and diethyl ether [14], are inef-
fective for the extraction and purification of betulin. The experimental results
showed: mixed-solvent ethanol/IPA is effective extraction solvent, which can
improve the extraction yield as well as the purity of betulin. In this study, the
orthogonal design test was used to optimize the recrystallization technology.
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Betulinic acid can be obtained by extraction from plants and chemical synthesis
[15–17]. But it is difficult to obtain betulinic acid by the method of extraction
because of its very low content in plants [18]. Several kinds of synthesis methods
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Fig. 164.2 a The H1-NMR spectrum of betulinic acid. b The H1-NMR spectrum of betulin
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can be used to obtain betulinic acid [19, 20]. Semi-synthesis method by two-step
synthesis with betulin as raw material is the most effective one. To this method, the
betulin was oxidized by Jones reagent at first, followed by a reduction with NaBH4

to afford crude betulinic acid of 73.4 % yield. The crude betulinic acid was
purified by column chromatographed over silica gel (200–300 mesh) using PE/EA
(6/1) to obtain 96.2 % betulinic acid (HPLC data) with a yield of 84.0 %.

164.4 Conclusion

Betulin was obtained from the white birch bark with ethanol/IPA as extraction
solvent. Betulinic acid was prepared from betulin with two-step method. The
optimal process and conditions were determined for the extraction of betulin and
synthesis of betulinic acid. The betulin extraction method developed in this report
may bring huge potential value for the development of new antitumor and anti-
HIV-1 drug.
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Chapter 165
Research on the Optimum Conditions
and the Effect of Antioxidant Peptide
from Scallop Protein

Yuan Liu, Jian Wang, Zhisheng Zhang and Jie Wang

Abstract Bay scallop and Japanese scallop were chosen for enzymatic hydrolysis
by neutral protease, alkaline protease, and papain, and the enzymolysis technology
of scallop protein was optimized to obtain antioxidant peptide. The effect of kinds
of scallop and enzyme, enzyme quantity, temperature, and the ratio of solid to
liquid on the degree of hydrolysis (DH) and the free radical scavenging activity
was studied. On the basis of single factor experiment, orthogonal experiment of
L9(34) was used to optimize the technical parameters. The results indicated that the
optimal hydrolytic conditions were as follows: using Bay scallop as the material,
the enzyme quantity of the Neutral Protease was 3.25 % ([E]/[S]), temperature was
40 �C, and the ratio of solid to liquid was 1:2.5. Under this condition, the DH was
45.91 %, and the scavenging rate of DPPH radical and superoxide anion radical
were 91.90 % and 79.72 % respectively.

Keywords DPPH radical � Antioxidant peptide � Scallop � Superoxide anion

165.1 Introduction

Because of the shortage of terrestrial resources, much attention is increasingly paid
to find the novel active material from marine organism. Therefore, more and more
active material has been gradually found from marine shellfish. Polypeptide from
chlamys farreri (PCF) is a water-soluble polypeptide isolated first from chlamys
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farreri. The study of cultured cells has found that PCF can efficiently remove
oxygen free radicals produced by chemical systems [1], inhibit the oxidative stress
of UVA on Hela epithelial cells [2], the oxidative stress of UVB on fibroblasts [3],
obviously relieve the damage effects of UVA and UVB on the skin of km mutant
hairless mice [4], increase the immunologic cellular activity, relieve the oxidative
stress of thymocyte, inhibit thymocyte apoptosis [5], and avoid the immune cells
damaged by ultraviolet and (60)Co radiation, and so on [6, 7]. So PCF, as a new
natural antioxidant, is of great exploitation value.

Presently, many kinds of polypeptides with antioxidant activity have been
extracted from different proteins [8, 9]. In this research, Scallop was chosen for
enzymatic hydrolysis by protease to obtain antioxidant peptide. On the basis of
screening experiment and single factor experiment, the technical parameters were
optimized by orthogonal experiment, and the antioxidant obtained was used for
antioxidation test in order to provide the theory basis for further study of the
properties of antioxidant peptide from scallop protein.

165.2 Materials and Methods

165.2.1 Technologic Progress of the Preparation
of Antioxidant Peptide from Scallop Protein

Fresh Scallop ? removal of visceral ? cleaning ? preparation of meat emul-
sion ? mixing with water according to a certain proportion ? adjusting
pH ? isothermal enzymatic hydrolysis for 4 h according to different enzyme
quantity and temperature ? killing enzyme by boiling water bath for
10 min ? centrifugation (10,000 r�min-1) for 30 min after cooling ? collecting
the supernatant ? antioxidant peptide.

165.2.2 Design for Screening Kinds of Scallop and Enzyme

Three portions were taken, respectively, from the meat emulsion (the ratio of solid
to liquid being 1:5) of Bay scallop and Japanese scallop. Each of them was
separately added by neutral protease, alkaline protease, and papain ([E]/[S] =

1.2 %). Then the hydrolysis temperature and pH were adjusted to make each
hydrolysate hydrolyzed for 4 h under the optimum conditions. The DH and free
radical scavenging activity of the antioxidant peptide obtained were determined to
screen kinds of scallop and enzyme.
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165.2.3 Single Factor Design for Enzymatic Hydrolysis
Conditions

165.2.3.1 Effect of Enzyme Quantity on the DH and Free Radical
Scavenging Activity

Eight portions of meat emulsion of scallop (the ratio of solid to liquid 1:5) were
added by protease selected according to the enzyme quantity ([E]/[S]) 0.5 %,
1.0 %, 1.5 %, 2.0 %, 2.5 %, 3.0 %, 3.5 %, 4.0 %, respectively. Then the hydro-
lysis temperature and pH were adjusted to make each portion of hydrolysate
hydrolyzed for 4 h under the optimum conditions. Eventually, the DH and free
radical scavenging activity were determined.

165.2.3.2 Effects of the Ratio of Solid to Liquid on the DH and Free
Radical Scavenging Activity

Eight portions of meat emulsion of scallop were well mixed with water according
to the ratio of solid to liquid 1:1, 1:2, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, and then added by
protease according to the proportion selected, respectively. Then the hydrolysis
temperature and pH were adjusted to make each hydrolysate hydrolyzed for 4 h
under optimum conditions. Then, the DH and free radical scavenging activity were
determined.

165.2.3.3 Effect of Temperature on the DH and Free Radical
Scavenging Activity

Five portions of meat emulsion of scallop (treated according to the ratio of solid to
liquid and enzyme quantity selected) were adjusted to the optimum pH, and then
hydrolyzed for 4 h under 25, 30, 35, 40, 45 �C. Finally, the DH and free radical
scavenging activity were determined.

165.2.4 Orthogonal Design for Enzymatic Hydrolysis
Conditions

According to the principle of orthogonal experiment of L9(34), the technological
parameters were optimized by three factors and three levels of orthorhombic
methods. The DH was selected as index, and enzyme quantity, the ratio of solid to
liquid and temperature as contributing factors.
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165.2.5 Determination of the DH

Total nitrogen content: by micro-kjeldahl method [10].
Ammonia nitrogen content: by formaldehyde value method (GB/T5009.39-

2003).
The DH was determined by the following formula (1):

DH ð%Þ ¼ The weight of ammonia nitrogen
The weight of total nitrogen

� 100 ð1Þ

165.2.6 Determination of the Scavenging Rate of DPPH
Radical

The method was improved on the basis of Ref. [11]. The sample of 0.5 mL,
0.5 mL distilled water, and 0.5 mL DPPH-ethanol solution of 0.2 mmol L-1 was
successively added to the tube and well mixed, and then the reaction occurred in
the dark at room temperature for 20 min. At last, the absorbance (As) at 517 nm
was determined. In the blank group, DPPH- ethanol solution was replaced by
0.5 mL ethanol and the absorbance was Ax. In the control group, the sample was
replaced by 0.5 mL distilled water and the absorbance was A0, and distilled water
and ethanol of the same volume were used for zero adjusting. The scavenging rate
of DPPH radical was calculated by the following formula (2).

Scavenging rate of DPPH radical ð%Þ ¼ 1� ðAs � AxÞ
A0

� 100 ð2Þ

A0: the absorbance of control group; As: the absorbance of sampling group;
Ax: the absorbance of blank group

165.2.7 Determination of the Scavenging Rate of Superoxide
Anion Radical

The method was improved on the basis of Ref. [12]. 2.4 mL Tris–HCl buffer (pH
8.2) of 0.05 mol/L was used as water bath heated for 20 min at 25 �C, and then
mixed with 0.3 mL pyrogallol solution (4 mmol L-1) preheated and the sample
solution with different concentrations. The reaction occurred at 25 �C for 4 min,
and was stopped by one drop of HCl (10 mmol L-1), and the absorbance was
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determined at 325 nm. The test was repeated thrice and the mean value was
calculated, as in (3).

Scavenging rate of O�2 � ð%Þ ¼ ðA0 � ðAs � AxÞÞ=A0 � 100 ð3Þ

A0 The absorbance without the sample solution.
As The absorbance with the sample solution.
Ax The absorbance of the sample solution without the pyrogallol solution.

165.3 Results and Discussion

165.3.1 Screening of Kinds of Scallop and Enzyme

Table 165.1 shows that by using Bay scallop and neutral protease for enzymatic
hydrolysis, the antioxidant peptide obtained had the highest DH and the strongest
scavenging rate of DPPH radical and superoxide anion radical. It was possibly
related to the type of enzyme and the amino acid composition of the scallop.

Enzyme can be divided into endopeptidase and exopeptidase according to the
different action sites. Compared with endopeptidase mainly acting on the middle
peptide bond of protein, the exopeptidase mainly acts on free amino and c-terminal
and then gradually degradates amino acid residues. Neutral protease and alkaline
protease selected in the study were both endopeptidase, and alkaline protease had a
wide range of hydrolysis [13], while the papain mainly plays the role of exo-
peptidase in hydrolysis [14]. Now the research reports on protease cleavage site
are few. Zhao et al. [15] deduced the cleavage site of neutral protease and alkaline
protease for sodium caseinate by the High Performance Liquid Chromatography.
They found that neutral protease had a wide range of cleavage sites when it

TableTable 165.1 Effect of species of scallop and enzyme on enzymatic hydrolysis

DH (%) Scavenging
rate of DPPH
radical (%)

Scavenging
rate of superoxide
anion radical (%)

Bay scallop papain 36.62 ± 3.90łł 60.39 ± 7.24łł 52.84 ± 7.24łł

alkaline protease 34.92 ± 1.47łł# 35.12 ± 7.49# 51.85 ± 7.49łł#

neutral protease 45.99 ± 5.11ł# 80.10 ± 8.14ł 64.68 ± 8.14ł#

Japanese scallop papain 23.01 ± 3.4łł 66.17 ± 1.77ł# 33.69 ± 4.40łł

alkaline protease 21.53 ± 2.57łł# 43.95 ± 5.43łł 29.60 ± 5.87łł#

neutral protease 40.09 ± 1.29ł# 68.84 ± 7.04ł 55.22 ± 7.50ł#

Note There was significant difference between those whose shoulder markers in the same column
were different (p \ 0.05), while there was no obvious difference between those whose shoulder
markers were the same
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hydrolyzed sodium caseinate because it could hydrolyze many amino acid resi-
dues, such as –Val, -Phe, -Cys, -Leu, -Tyr, -Trp, -Ile, -Lys, -Gly, etc. Besides, Bay
scallop is rich in Tyr, Lys, Gly, and other amino acids compared with Japanese
scallop [16]. Therefore, neutral protease had stronger hydrolytic capability when
the hydrolysis on Bay scallop was carried out.

165.3.2 Effects of Enzyme Quantity on the DH and Free
Radical Scavenging Activity

As shown in Fig. 165.1, when enzyme quantity ([S]/[E]) was at 0.50 %*4.0 %,
the DH was higher slowly with the increase in enzyme quantity, and reached its
maximum of 30.66 % at 3.0 %, and then decreased slowly with the unceasing
increase in enzyme quantity. Hydrolysis efficiency generally could be improved
with the increase in enzyme quantity when the substrate concentration was satu-
rable, but when the ratio of solid to liquid in the test was 1:5, it obviously did not
reach the saturated concentration, so the DH increased first and then decreased.

Enhanced with the increase in enzyme quantity, the scavenging activity of
DPPH radical and superoxide anion radical both gradually, respectively, reached
their maximum 89.75 % and 65.12 % at 3.0 %, and then decreased with the
unceasing increase in enzyme quantity, possibly because the radical scavenging
activity of polypeptide from enzymatic hydrolysis was lost when the polypeptide
was hydrolyzed with the enzymatic hydrolysis.

165.3.3 Effects of the Ratio of Solid to Liquid on the DH
and Free Radical Scavenging Activity

As shown in Fig. 165.2, when the ratio of solid to liquid was at 1:1*1:8, the DH
increased rapidly and then decreased slowly, and reached its maximum of 33.22 %
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at 1:3, the scavenging rate of DPPH radical increased first and then decreased, but
the change was not clear, and it reached its maximum of 84.48 % at 1:3; the
change range of the scavenging rate of superoxide anion radical was much more
obvious, and the ratio of solid to liquid increased suddenly to its maximum of
73.28 %, and then decreased rapidly. Because the substrate concentration was too
high at first result in excess substrate aggregating on the surface of enzyme, it
formed an inactive intermediate which inhibited the enzymatic hydrolysis [17];
when the ratio of solid to liquid was at 1:3, the substrate concentration was
moderate, which was beneficial for occupying the active center of enzyme,
enhancing the amount of sensitive peptide bond, accelerating the reaction rate [18–
20], and getting the target product with free radical scavenging activity. The
substrate concentration and hydrolysis efficiency gradually decreased with the
increase in the ratio of solid to liquid.

165.3.4 Effects of Temperature on the DH and Free Radical
Scavenging Activity

From Fig. 165.3 it is seen that the DH was the highest and the scavenging activity
of DPPH radical and superoxide anion radical was the strongest at 40 �C. It was
possibly connected with the neutral protease in the test whose optimum temper-
ature was 40 �C. When the temperature was higher or lower than it, the enzyme
activity and reaction rate were affected, and the radical scavenging activity
decreased.

165.3.5 Orthogonal Experiment of L9(34)

On the basis of the above single factor experiment, according to the principle of
orthogonal experiment of L9(34), the technological parameters were optimized by
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three factors and three levels of orthorhombic methods. The DH was selected as
index, and enzyme quantity, the ratio of solid to liquid and temperature as con-
tributing factors. The specific factors and levels are as follows (Table 165.2), and
the results are shown in Table 165.3.

On the basis of single factor experiment, the results of orthogonal experiment of
L9(34) are shown in Table 3. According to the magnitude of extreme difference of
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Table 165.2 The factors and levels of orthogonal experiment

Level Enzyme quantity ([E]/[S]) (%) The ratio of solid to liquid Temperature (�C)

1 2.75 1:2.5 37
2 3.0 1:3 40
3 3.25 1:3.5 43

Table 165.3 L9(34) orthogonal design and results

No. Factors DH
(%)

A B C Null columns

I 1 1 1 1 35.77
II 1 2 2 2 43.44
III 1 3 3 3 10.22
IV 2 1 2 3 45.99
V 2 2 3 1 38.33
VI 2 3 1 2 15.33
VIII 3 1 3 2 43.44
IX 3 2 1 3 33.22
X 3 3 2 1 40.88
K1 89.43 125.20 84.32
K2 99.65 114.99 130.31
K3 117.54 66.43 91.99
k1 29.81 41.73 28.11
k2 33.22 38.33 43.44
k3 39.18 22.14 30.66
R 9.37 19.59 15.33
Optimization levels A3 B1 C2
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the three factors, their descending sequence was the ratio of solid to liquid, the
temperature, and enzyme quantity. The best optimal combination was A3 B1 C2,
that is, enzyme quantity ([E]/[S]) 3.25 %, the temperature 40 �C and the ratio of
solid to liquid (W/V)1:2.5. On this basis the verification experiment was conducted
and repeated thrice. The mean value of the DH was 45.91 %, and the scavenging
rate of DPPH radical and superoxide anion radical were 91.90 % and 79.72 %,
respectively. This shows that the antioxidant peptide with higher radical scav-
enging activity can be obtained by using optimized technical parameters.

165.4 Conclusion

(1) By comparing the effects of kinds of scallop and enzyme on the DH and
radical scavenging activity of the antioxidant peptide obtained, Bay scallop
and neutral protease were chosen for enzymatic hydrolysis.

(2) Through single factor experiment, the DH was the highest and radical scav-
enging activity was the strongest when enzyme quantity ([E]/[S]), the ratio of
solid to liquid (W/V), and temperature were 3.0 %, 1:3 and 40 �C,
respectively.

(3) Three factors of enzyme quantity, temperature, and ratio of solid to liquid
were optimized by orthogonal experiment. The optimal hydrolytic conditions
were as follows: enzyme quantity ([E]/[S]) 3.25 %, the ratio of solid to liquid
(W/V) 1:2.5, temperature 40 �C. Under these conditions, the DH was 45.91 %
and the scavenging activity of DPPH radical and superoxide anion radical
were 91.90 % and 79.72 %. This indicates that the antioxidant peptide
obtained had strong scavenging activity of DPPH radical and superoxide anion
radical.
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Chapter 166
Tracing the Origin of Pigment in Broilers
by Stable Nitrogen and Carbon Isotopes
Analysis

Huiwen Wang, Fengmei Sun and Shuming Yang

Abstract A trial was carried on to tracing the origin of pigment in broilers with
different contents of maize and different concentration of carophyll red in ration.
About 320 broilers of AA were fed on basic diets with different contents of maize
and basic diets with different concentration of carophyll red for 21 days, respec-
tively, and then fed on the changed basic diets for 21 days. The results showed that
the maize contents and the concentration of carophyll red had significant influence
on the foot and skin color (p \ 0.05). The d13C values in muscles were signifi-
cantly affected by maize contents (p \ 0.05), however, the d15N values of chicken
had no obvious rules. It is confirmed that the origin of pigment in broilers was
inferred by analyzing the d13C values and d15N values, and the stable isotope mass
spectrometry technique was confirmed to be an effective tool in tracing the animal
products.
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166.1 Introduction

In recent years, organic or natural agricultural foods are more and more popular in
China. Comparing with ordinary products, these organic or natural foods are sold
at higher price. Sometimes the labels are only way to distinguish them, it is
necessary to make another way to check them.

Carophyll red is a kind of artificial pigment that can legally used to improve
skin or yolk color with maximum usage up to 30 mg/kg of diet in China, since
some customers like yellow skin broiler and eggs with red yolk. But some cus-
tomers do not like the charming products from chicken fed on artificial pigment,
they prefer the products from chicken fed on natural pigments such as maize, chili
powder, or alfalfa meal.

In the past 30 years, the analysis of naturally occurring variations on the
abundance of stable isotopes has been increasingly used in the physiological and
metabolism research [1], and has also helped to reconstruct the dietary of animals
through the analysis of different tissues [2]. The ratios of stable isotopes of bio-
elements, such as H, O, C, and N have been used to test the authenticity and
geographical origin of several products such as fruit juice [3–7], honey [8–10],
wines [11, 12], vegetable oils [13], and milk products [14, 15]. Piasentier et al. [16]
demonstrated that it was possible to certify the food regimen of lamb by analyzing
carbon and nitrogen isotope levels in muscle and fat by mass spectrometry.

The objective of this study was to trace the origin of pigment in broilers by
nitrogen and carbon isotope analysis.

166.2 Materials and Methods

About 320 one-day-old broilers of AA were raised until 42 days old under similar
condition and standard management procedures, feed and water were supplied
ad libitum (Table 166.1).

The broilers were assigned to eight treatments with four replicates according to
a completely randomized experimental design. The broilers were divided into two

Table 166.1 Experimental design

Group 1 Day 1–21 (Initial period) Day 22–42 (Final period)

Treatment 1 Basic diets Basic diets
Treatment 2 Basic diets ? 15 mg/kg carophyll red Basic diets
Treatment 3 Basic diets ? 30 mg/kg carophyll red Basic diets
Treatment 4 Basic diets ? 60 mg/kg carophyll red Basic diets
Treatment 5 Basic diets including 10 % maize Basic diets including 70 % maize
Treatment 6 Basic diets including 30 % maize Basic diets including 30 % maize
Treatment 7 Basic diets including 50 % maize Basic diets including 50 % maize
Treatment 8 Basic diets including 70 % maize Basic diets including 10 % maize
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groups and the experiment was divided into two periods. Four diets with different
concentration of carophyll red and four diets with different contents of maize had
been fed to these broilers.

On day 21 and 42, 12 samples of each treatment approximately 30 g were
collected from breast muscle. At the same time, the color of chicken skin was
tested by a Roche Color Fan. After handling, the muscle samples were determined
by stable isotope mass spectrometry for 13C/12C and 15N/14N. The samples were
weighed into tin capsules and introduced by means of an autosampler into the
elemental analyser, where, in the presence of oxygen and copper oxide, they were
quantitatively combusted to CO2 and NOx, the latter was then reduced to N2 with
copper. The gases formed were separated in a gas chromatograph column and
analyzed in an isotope ratio mass spectrometer (Delta S- Finnigan MAT, Bremen,
Germany).

Isotope ratio values were expressed as delta per thousand (d %) in relation to
Pee Dee Belemnite (PDB) international standards for d13C and atmospheric air for
d15N, according to the following equation:

d& sample; standardð Þ ¼ Rsample � Rstandard

� ��
Rstandard

� �
� 1000 ð1Þ

where R represents the ratio between the least and most abundant isotopes, in
particular 13C/12C and 15N/14N. Each sample was analyzed twice and the values
were averaged. Results were statistically analyzed by SAS.

166.3 Result and Discussion

The RCF values of initial and final period of each treatment are shown in
Table 166.2, the result of isotopic analysis for d13C and d15N of breast muscle
samples of each treatment are shown in Tables 166.3 and 166.4.

Hobson and Clark [17] reported that the choice of tissue type for isotopic
analysis depended on the speed at which different tissues reflected the isotopic
signature. Therefore, it depends on the metabolism rate of the tissue. Since the
turnover rate in breast muscle of growing broiler chickens is very high and 99 % of

Table 166.2 Effect of group 1 and group 2 on RCF values

Group 1 RCF values Group 2 RCF values

Initial period Final period Initial period Final period

Treatment 1 3.17ef ± 0.75 3.50def ± 1.05 Treatment 5 2.58ef ± 0.80 5.42b ± 0.80
Treatment 2 3.67cde ± 0.82 3.50def ± 0.82 Treatment 6 3.00ef ± 0.63 3.50def ± 0.55
Treatment 3 4.33bcd ± 0.82 3.33def ± 1.03 Treatment 7 4.67bc ± 1.03 4.92b ± 0.80
Treatment 4 4.67bc ± 1.03 3.58cde ± 0.80 Treatment 8 7.75a ± 0.76 2.42f ± 0.92

Notes Means with different superscripts are differ significantly (P \ 0.05), same superscripts are
differ insignificantly (P [ 0.05)
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the tissue carbon is replaced in approximately 17 days, the isotopic signature
should safely represent the diets given to broilers. Therefore, breast muscle was
chosen for analysis due to the higher commercial value of this cut, the low fat
levels in the tissue, and mainly the higher turnover rate.

The Table 166.4 shows: with the increasing level of carophyll red and maize,
the RCF values increased correspondingly, and when carophyll red was removed
or the levels of maize decreased, the RCF values decreased too (Figs. 166.1 and
166.2). It explains all carophyll red and maize could improve the products’ color,
but maize is a C4 plant that has higher 13C content than most of C3 plant, while
carophyll red is only a kind of artificial pigment that has no influence to poultry
products. So, the improved color products with increased d13C values are caused
by high levels of maize, conversely, the products are caused by carophyll red.

The d15N values of each treatment have no significant difference during the
initial period in group 1, but its have significant difference between initial and final
period (p [ 0.05, Figs. 166.1 and 166.2). Delgado and Garcia [18] reported the
d15N values are influenced by the protein of animal origin. So, the high d15N
values in final period are related to the high content of fish meal of this study. The
d15N values have no distinct rule in group 2. Kornexl et al. [19] and Rossmann
et al. [20] owed the changed d15N values of animal products to the environmental
factor, so the unsteady d15N values in group 2 may be caused by temperature,
humidity, soil, and agricultural practice.

Table 166.3 Effect of different levels of carophyll red on d13C values and d15N values

Group 1 d13C values (%) d15N values (%)

Initial period Final period Initial period Final period

Treatment 1 -19.75ij ± 0.33 -19.23fghi ± 0.20 2.99e ± 0.26 4.09bc ± 0.30
Treatment 2 -19.32ghi ± 0.38 -19.17fgh ± 0.21 2.88e ± 0.12 4.05bc ± 0.13
Treatment 3 -19.70hij ± 0.32 -18.90efg ± 0.28 2.87e ± 0.23 4.22b ± 0.13
Treatment 4 -19.99j ± 0.39 -19.36ghi ± 0.31 2.90e ± 0.26 3.98bc ± 0.21

Notes Means with different superscripts are differ significantly (P \ 0.05), same superscripts are
differ insignificantly (P [ 0.05)

Table 166.4 Effect of different levels of maize on d13C values and d15N values

Group 2 d13C values (%) d15N values (%)

Initial period Final period Initial period Final period

Treatment 5 -21.41k ± 0.57 -17.29b ± 0.55 3.45d ± 0.16 4.73a ± 0.17
Treatment 6 -19.99j ± 0.46 -18.75def ± 0.27 3.33d ± 0.27 4.26b ± 0.20
Treatment 7 -18.51de ± 0.36 -17.98c ± 0.32 2.72e ± 0.22 3.98bc ± 0.15
Treatment 8 -16.61a ± 0.48 -18.29cd ± 0.89 3.86c ± 0.35 4.68a ± 0.15

Notes Means with different superscripts are differ significantly (P \ 0.05), same superscripts are
differ insignificantly (P [ 0.05)
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166.4 Conclusion

In maize diets, the RCF of leg and body skin and the d13C values are positively
dependent on maize contents of diets. If carophyll red is used, the d13C values of
chicken meat with golden skin (RCF6 ± 1)is less than -18 %. This study shows
important difference in d13C values of the breast chicken and indicates the analysis
of carbon and nitrogen stable isotopes might be used as a reliable evaluation tool
for certification of qualified products from those unqualified products caused by
carophyll red.
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Chapter 167
Vascular Endothelial Growth Factor
Induces Bone Marrow-Derived
Mesenchymal Stem Cells Differentiation
into Endothelial Cells

Nan Wang, Rui Zhang, Shuijing Wang, Jianjie du, Yanyang Tang
and Tong-Cun Zhang

Abstract Mesenchymal stem cells (MSCs) are pluripotent progenitors and can
differentiate into a variety of cell types, including osteoblasts, chondrocytes, and
adipocytes. Vascular endothelial growth factor (VEGF) has been shown to stimulate
endothelial cell mitogenesis and migrations. To investigate whether VEGF could
induce rat bone marrow-derived MSCs differentiation into endothelial cells, we
isolated and cultured rat bone marrow-derived MSCs from the femur of the Sprague–
Dawley rats. MSCs were treated with VEGF for 2, 4, 7 days. The cellular mor-
phology changes of MSCs were observed under phase contrast microscope. Then we
tested the expression of endothelial cell markers VEGF receptor fms-related tyrosine
kinase 1 (Flt-1) by reverse-transcription PCR (RT-PCR), western blot, and immu-
nofluorescence technology. Our results showed that the expression levels of Flt-1
were significantly increased in time-dependent manner. The above results show that
VEGF can induce mesenchymal stem cells differentiation into endothelial cells. The
data provides the basis of constructing tissue engineering vascular.

Keywords Mesenchymal stem cells � Vascular endothelial growth factor �
Endothelial cells � Differentiation

167.1 Introduction

Mesenchymal stem cell [1] (MSCs) are pluripotent progenitors that can differen-
tiate into a variety of cell types, including osteoblasts, chondrocytes, and adipo-
cytes. The ability of mesenchymal stem cells (MSCs) to differentiate into
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endothelial cells was recently demonstrated. Oswald et al. reported the differen-
tiation of expanded adult human MSCs into cells with phenotypic and functional
features of endothelial cells [2]. The differentiated MSCs provide new options for
engineering of artificial tissues based on autologous MSCs and vascularized
engineered tissues [3].

Vascular endothelial growth factor (VEGF), a vasculogenic factor [4], is an
important signaling protein involved in both vasculogenesis (the formation of the
circulatory system) and angiogenesis (the growth of blood vessels from pre-
existing vasculature). As its name implies, VEGF activity is restricted mainly to
cells of the vascular endothelium, although it does have effects on a limited
number of other cell types [5, 6]. In vitro, VEGF has been shown to stimulate
endothelial cell mitogenesis and cell migration. VEGF also enhances microvas-
cular permeability and is sometimes referred to as vascular permeability factor
[7, 8]. All members of the VEGF family stimulate cellular responses by binding to
tyrosine kinase receptors (the VEGFRs) on the cell surface, causing them to
dimerize and become activated through transphosphorylation. VEGF receptors
fms-related tyrosine kinase 1 (Flt-1) [9] and the kinase insert domain receptor
(KDR) [10] have an extracellular portion consisting of 7 immunoglobulin-like
domains, a single transmembrane spanning region and an intracellular portion
containing a split tyrosine kinase domain.

VEGF-A binds to VEGFR-1 (Flt-1) and VEGFR-2 (KDR/Flk-1). VEGFR-2
appears to mediate almost all of the known cellular responses to VEGF. The
function of VEGFR-1 is less well defined, although it is thought to modulate
VEGFR-2 signaling. Another function of VEGFR-1 is to act as a dummy/decoy
receptor, sequestering VEGF from VEGFR-2 binding (this appears to be partic-
ularly important during vasculogenesis in the embryo).

The aim of our study is to investigate whether VEGF could induce rat bone
marrow-derived MSCs differentiation into endothelial cells. It has the vital sig-
nificance to cell transplantation for clinical treatment.

167.2 Materials and Methods

167.2.1 Cell Culture

Bone marrow-derived MSCs were isolated from the femurs and tibias of male
Sprague—Dawley rats (weight 90–100 g) with the method published by our
previous study [11, 12]. Bovine serum (FBS, PAA) at 37 �C in humified air with
5 % CO2. COS-7 cells (ATCC) were cultured in DMEM containing 10 % FBS,
penicillin (100 U/mL) and streptomycin (100 U/mL).
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167.2.2 Immunocytochemistry Assay

Immunocytochemistry assays were performed as described previously [13, 14].
The cells aftertreatment were fixed in 4 % paraformaldehyde for 15 min, and then
blocked with normal goat serum for 30 min at room temperature (RT). Then,
rabbit monoclonal antibody of Flt1 (1:500 dilution, Sigma) were added and
incubated in a humid chamber over night. After washing with phosphate buffered
saline (PBS) thrice, cells were incubated with appropriate secondary antibodies
(fluorescein isothiocyanate (FITC)-goat anti-mouse IgG, Santa Cruz) for 50 min at
37 �C. After washing with PBS, the samples were observed under laser scanning
confocal microscope (OLYMPUS, Japan). DAPI stain (blue) highlights the total
nuclei.

167.2.3 Semi-Quantitative Reverse-Transcription
Polymerase Chain Reaction

Semi-quantitative RT-PCR analysis was carried out as described previously
[15, 16]. Briefly, total cellular RNA was extracted from cultured cells with Trizol
reagent (Invitrogen) and reverse-transcribed using M-MLV reverse transcriptase
(Promega) according to the manufacturer’s instructions. The thermal cycle profile
was as follows: denaturation for 30 s at 95 �C, annealing for 45 s at 52 �C about
Flt-1 and 54 �C about GAPDH depending on the primers used, and extension for
45 s at 72 �C. For semi-quantitative assessment of expression levels, each PCR
reaction was carried out for 28 cycles. PCR products were visualized on 2 %
agarose gels stained with ethidium bromide under UV transillumination. Glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control to
show equal loading of the cDNA samples. The PCR primer sequences are as
follows: GAPDH: forward-50ATTCAACGGCACAGTCAAGG30, reverse-50

GCAGAAGGGGCGGAGATGA30; Flt-1: forward-50CGGAGAAATCTGCTCGC
TAT30; reverse-50CTTGGAAGGGACGACACG30.

167.2.4 Western Blotting

Western Blotting was performed as described previously [17, 18]. The total protein
of the cells was prepared using extraction buffer composed of PBS containing
0.5 % Triton X-100, EDTA, phenylmethylsulfonyl fluoride (PMSF), and complete
protease inhibitors (Roche). The concentration of each protein lysate was deter-
mined by BCATM protein assay kit (Thermo). Equal amount of total protein was
loaded on 12 % sodium dodecylsulfate polyacrylamide gel. Then samples were
transferred to NC membranes and blocked for 60 min at RT in 5 % skim milk
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powder (wt/vol) in PBS. The membranes were immunoblotted with mouse anti-rat
b-actin (1:250 dilution, Santa Cruz) and rabbit anti-rat Flt1 (1:1,000 dilution,
Abcam) antibodies overnight at 4 �C, and then incubated with IRDyeTM-800
conjugated anti-rabbit secondary antibodies (Li-COR) for 30 min at RT. The
specific proteins were visualized by OdysseyTM Infrared Imaging System (Gene
Company). b-actin expression was used as an internal control to show equal
loading of the protein samples.

167.3 Results and Discussion

167.3.1 The Morphological Changes of MSCs Treated
with VEGF

To investigate whether VEGF was able to induce differentiation of rat bone
marrow-derived MSCs to endothelial cells, we used 50 ng/mL VEGF to stimulate
MSCs for 2d, 4d and 7d. Endothelial phenotype was evident in VEGF-treated
cells, while no obvious morphological changes were observed in those untreated
cells (Fig. 167.1). MSCs in the control group were applanation, fusiform or
polygon, and the cells in VEGF-treated groups became into colony, ellipse and
arranged like pebble 7 days later.

167.3.2 The Expression of Flt-1 is Upregulated in VEGF-
Treated MSCs Confirmed by Immunocytochemistry
Analysis

To address the endothelial potential of MSCs, bone marrow-derived MSCs were
treated with 50 ng/ml VEGF for 2d, 4d and 7d, and the expression of Flt-1 was
estimated by immunocytochemistry. DAPI stained the nuclear in blue, and Flt1
stained in green. As shown in Fig. 167.2, MSCs stimulated with VEGF exhibit
strong positive Flt expression, while MSCs in the control group have low
expression. The results showed that the upregulation of endothelial cell marker Flt-
1 expression was detected in MSCs treated with VEGF.

Fig. 167.1 The
morphological changes of
MSCs treated with VEGF at
2d, 4d and 7d in RMSC
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167.3.3 The mRNA Levels of Flt-1 are Increased
in VEGF-Treated MSCs

To investigate the mRNA level changes of Flt-1 in MSCs differentiation, we tested
the mRNA levels of Flt-1 by RT-PCR. As shown in Fig. 167.3a, VEGF increased
the mRNA levels of endothelial cell markers Flt-1 in time-dependent manner. The
intensity of PCR products on the agarose gel image was quantified using Biorad
software and was plotted using Microsoft Excel. Data were shown as relative
expression level after being normalized by GAPDH. Error bars represent the mean
(±SE) of three independent experiments performed in triplicate. The chart showed
that compared with no VEGF treatment, VEGF stimulation significantly upregu-
lated Flt-1 mRNA levels (Fig. 167.3b).

Fig. 167.2 Immunocytochemistry analysis Flt-1 expression by VEGF for 2d, 4d and 7d in
RMSC

Fig. 167.3 The mRNA
levels of Flt-1 in VEGF-
treated MSCs at 2d, 4d, 7d.
a The mRNA levels of Flt-1
by RT-PCR. b The relative
quantity of Flt-1 mRNA
levels depicted as a bar chart
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167.3.4 Western Blot Analysis Confirmed
that the Expression of Flt-1 Increased
in VEGF-Treated MSCs

We next detected the expression of Flt-1 in MSCs with or without VEGF by
western blotting. As shown in Fig. 167.4a, with the VEGF-treated time prolonged,
the expression of Flt-1 protein markedly rised in MSCs. The data in Fig. 167.4b
showed relative expression level of Flt-1 after being normalized by b-actin. The
results indicated that endothelial cell marker Flt-1 protein expression was upreg-
ulated in VEGF-treated mesenchymal stem cells.

167.4 Conclusion

To investigate whether VEGF can induce rat bone marrow-derived mesenchymal
stem cells differentiation to endothelial cells, we did the above experiments. The
cellular morphology changes of MSCs were observed under phase contrast
microscope. MSCs treated with VEGF showed endothelial phenotype feature.
Then we tested the expression of Flt-1 by RT-PCR, western blot and immuno-
fluorescence. Results showed that the expression levels of Flt-1 were significantly
increased in time-dependent manner. The above results show that VEGF can
induce rat bone marrow-derived mesenchymal stem cells differentiation into
endothelial cells. The data provides the basis of constructing tissue engineering
vascular [19, 20].

Fig. 167.4 Western blot assay detected Flt-1 expression in MSCs treated with VEGF at 2d, 4d
and 7d. a The bands of Flt-1 protein by western blot assay. b The relative quantity of Flt-1 protein
depicted as a bar chart
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Chapter 168
Fasting Effects on the Content of Liver
and Muscle Glycogen in Sparrow

Xingjun Xu, Shuli Shao, Huaiyong Li, Ziqiang Wang,
Guangjun Zhang, Chenyang Jin, Yabo Sun and Shijie Zhao

Abstract Glycogen is an important energy source of animals. In this study, we
tested the effects of hunger domestication in baby mass, basal metabolic rate
(BMR), and the content of liver glycogen and muscle glycogen. The sparrows
were divided into the control group, the fasting group I, the fasting group II, the
fasting group III, and the fasting group IV, respectively. After hunger domesti-
cation, baby mass was determined with a Sartorius balance, BMR was measured
using the closed-circuit respirometer, the contents of liver and muscle glycogen
were determined by the anthrone method. The results showed that the content of
liver glycogen was higher than muscle glycogen in control group. The content of
liver and muscle glycogen decreased significantly after fasting (p \ 0.01).

Keywords Sparrows � Liver glycogen �Muscle glycogen � Hunger domestication

168.1 Introduction

Energy balance between ingestion and consumption is very important to animal’s
survival, growth, and reproduction. The energy reserves of the animals include
direct energy substances in blood sugar, liver glycogen, muscle glycogen, and
indirect energy material fat [1]. Glycogen, a storage form is important for animals
to obtain energy for survival [2]. Sparrow is the common birds in the north, there
are many research about it, but, up to now, the reports about the content of liver
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and muscle glycogen of sparrow under hunger environmental conditions are little.
Therefore, determination the content of liver and muscle glycogen of the sparrow
in vivo has important theoretical significance and practical value for small birds
energy balance.

168.2 Materials and Methods

168.2.1 Animals

Tree sparrows were live-trapped in Zhalong National Nature Reserve, Qiqihar
City, Hei Longjiang Province (123� 470 *124� 370 E, 46� 520 *47� 320 N). The
mean body mass of sparrows were 20.2 ± 0.5 g. Birds were transported to the
laboratory and caged (50 9 30 9 20 cm) under natural photoperiod and room
temperature. Food and water were supplied ad lib. After one week of adaptive
feeding, sparrows were divided into five groups: control groups, fasting 1d, fasting
2d, fasting 3d, fasting 4d, respectively.

168.2.2 Determination of Body Mass

Body mass to the nearest 0.01 g was determined before experiment and after
experiment with a Sartorius balance (model BS210).

168.2.3 Metabolic Trials

Oxygen consumption was measured using the closed-circuit respirometer
according to Grecki [3]. Temperatures inside the animal chambers in a water bath
were measured and maintained constant to ± 0.5 �C. The volume of the metabolic
chamber was 3.6 L. The metabolic rates were measured at 25 �C and each trial
lasted for 60 min after the animals had been in the metabolic chamber for about
1 h to stabilize its environment. Food was withheld 4 h to minimize the specific
dynamic action before each test. H2O and CO2 were absorbed by silica gel and
KOH. Records of oxygen consumption due to animal’s activity in the chamber
were discarded when computing the metabolic rate of each individual. The
recording interval of O2 consumption was 5 min. Two consecutive, stable and
minimum readings were used to calculate metabolic rates. We used 20.08 J/ml O2

to convert oxygen consumption to heat production and corrected to STP conditions
[4–6].
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168.2.4 Determination of Liver and Muscle Glycogen
Content

After measurements, the animals were killed by decapitation and their liver and
muscle were dissected out. Pieces of the liver and muscle (about 0.5 g) were
isolated and added 5 % trichloroacetic acid solution (2 mL). Homogenization of
the material for analysis was performed with Cole-Parmer 4,710 ultrasonic
homogenizer for a period of 10–15 s room temperature. Food and water were
supplied ad lib. After one week of adaptive feeding, sparrows were divided into
five groups: control groups, fasting 1d, fasting 2d, fasting 3d, fasting 4d, respec-
tively. The whole procedure was performed at a temperature of 0–4 �C (on ice).
The glycogen content was determined by the anthrone method [7].

168.2.5 Determination of Body Fat

Body fat content was determined by Soxhlet extraction method [8]. Body fat
content (%) = (W1 - W2)/W 9 100 %; Individual moisture content (%) = (W -

W1)/W 9 100 % (W1: carcass dry mass; W2: fat-free carcass dry mass after
extraction; W: individual mass).

168.2.6 Statistics

The data were analyzed using SPSS package (16.0 version). Differences among
groups were determined by One-Way ANOVA. All results were expressed as
mean ±SD. Least significant difference (LSD) was used for statistical analysis of
different groups, and p \ 0.05 was taken to be statistically significant.

168.3 Results

168.3.1 Body Mass and Basal Metabolic Rate (BMR)

The mean masses of sparrows had no significant difference among the control
groups and experimental groups (p [ 0.05) (Table 168.1). After hunger domes-
tication, the masses loss 2.50 g after 1d; 6.30 g after 2d; 6.70 g after 3d; 7.10 g
after 4d; with the extension of the starvation, the weight reduced significantly
(p \ 0.05). Mass of sparrows increased 0.6 g in the control group after 4d
(p \ 0.05). Compared with the control group, the mass of the 1d group of sparrows
decreased less than the 2d group, 2d, 3d, 4d group decreased to a larger extent.
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Results from 2d to 4d group gave a slightly lower mass between groups, but the
change in magnitude of the difference was not significant (p [ 0.05). In the
beginning of domestication, the body fat between the control group and
experimental group sparrow had no significant difference. After domestication the
sparrows body fat of four groups were decreased significantly (p \ 0.05). The
body fat of 3d and 4d group was lower than of 1d and 2d group, and body fat
content of sparrows in the two groups did not differ significantly (p [ 0.05). The
BMR of sparrows in domesticated groups did not change significantly (p [ 0.05).

168.3.2 Content of Glycogen

The content of liver glycogen differed among groups (F = 575.493, p \ 0.05), the
values decreased significantly within 1d and decreased slightly and slowly after 2d
(Table 168.2). It was found that the content of muscle glycogen was lower than
liver glycogen in the control group, and the content of both liver glycogen and
muscle glycogen differed among groups (F = 76.383, p \ 0.05). Compared with
control groups, there was no difference after fasting 1d (p [ 0.05), the values
decreased significantly after 2d (p \ 0.01), the differences of muscle glycogen
content of sparrows among the other three groups were not significant (p [ 0.05)
(Table 168.2).

Table 168.1 The influence of sparrow’s masses, body fat and BMR by fasting

Project Control
group

1d 2d 3d 4d

n 8 8 8 8 8
Early masses (g) 20.22 ± 0.51 21.74 ± 0.93 21.49 ± 0.20 21.35 ± 0.42 21.61 ± 0.47
Final masses (g) 20.85 ± 0.55 19.26 ± 1.63 15.19 ± 0.36 14.62 ± 0.44 14.50 ± 0.23
Masses change (g) +0.57 -2.48 -6.30 -6.73 -7.11
Body fat content (%) 14.84 ± 1.28 8.76 ± 0.63 9.48 ± 0.50 7.14 ± 0.17 7.01 ± 0.13
BMR (mLO2/g�h) 5.67 ± 0.33 5.96 ± 0.60 6.20 ± 0.85 6.49 ± 0.89 5.58 ± 0.42

Table 168.2 The influence of sparrow’s glycogen content by fasting
Project Control

group
1d 2d 3d 4d

n 8 8 8 8 8
Liver glycogen (%) 1.508 ± 0.04 0.305 ± 0.03** 0.128 ± 0.01**a 0.102 ± 0.01**a 0.072 ± 0.01**a

Muscle glycogen (%) 0.569 ± 0.02 0.486 ± 0.47* 0.139 ± 0.12**a 0.146 ± 0.16**a 0.083 ± 0.01**a

* P \ 0.05, ** P \ 0.01, compare with control group
a P \ 0.01, compare with 1d group
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168.4 Discussion

This study showed that the content of liver and muscle glycogen of sparrow would
have been reduced gradually after fasting. The content of hephormone and muscle
glycogen was affected significantly in the hunger domestication on the sparrow
because of no direct source of energy for the sparrow in fasting conditions. In
order to provide normal life activities of the energy required to sustain life, the
body burns liver and muscle glycogen for energy [9]. The content of liver
glycogen was more than the muscle glycogen, but the content of liver glycogen
was reduced more significantly than muscle glycogen [10]. The reason was that the
liver could directly improve energy, but muscle glycogen need to become liver
glycogen to improve energy; the decline amplitude of liver glycogen and muscle
glycogen of 1d group was larger than 2d, 3d, and 4d group, the changes of 2d, 3d,
and 4d group was not significant. As an important energy source for the body,
glycogen was metabolized after feed, and the next day, sparrow made a corre-
sponding adjustment in order to adapt to this change. After fasting, the content of
glycogen of sparrows and body mass was positively correlated, this may be due to
the sparrow of higher mass stores more glycogen. The regulation of animal mass
depends on the balance of energy intake and energy expenditure, weight change
can reflect some adaptability adjustment due to the influence of the change of the
nutrition and the environment, furthermore, the change of animal mass had an
important effect on the animal physiology, morphology, and behavior.

Basal metabolic rate (BMR) is the rate of energy transformation in a rested,
awake, and fasted state in the absence of thermal stress and is the smallest ther-
mogenetic unit of animals maintaining normally physiological function. The use of
BMR as an index of energy expenditure has received a great deal of attention from
environmental physiologists, ecophysiologists, and comparative physiologists
[11]. In this study, basal metabolic rate had no significant change, probably
because when hungry sparrows lack the direct source of energy, the body had been
at the lowest level of energy consumption [10].

168.5 Conclusion

The content of both liver glycogen and muscle glycogen decreased significantly
after fasting, and the content of liver glycogen was higher than muscle glycogen.
Tree sparrows could deplete the body’s energy reserves and reducing the basis of
energy consumption to ease the pressure to survive. This was one of animal’s
survival strategies.
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Chapter 169
Antibacterial Activity of Polyprenols
and Other Lipids from Ginkgo biloba
L. Leaves

Ran Tao, Chengzhang Wang and Zhenwu Kong

Abstract Polyprenols are new effective lipids separated from Ginkgo biloba
L. leaves. In this paper, the light and heavy distillates were prepared from ginkgo
lipids by extraction with petroleum ether, saponification, and molecular distilla-
tion. And then the seven known compounds: b-sitosterol acetate (1), palmitamide
(2), glyceryl tripalmitate (3), b-sitosterol-3-O-b-D-glucopyranoside (4), b-sitos-
terol (5), stigmasterol (6), ergosterol (7), and polyprenols were isolated by chro-
matograph from lipids of Ginkgo biloba L. leaves. In the meantime, the
antibacterial activity of light and heavy distillates, seven compounds and poly-
prenols was assessed against three pathogenic strains (Staphylococcus aureus,
Escherichia coli, and Bacillus subtilis) employing disc-diffusion and broth-dilution
assays. The heavy distillates showed the highest activity (zone of inhibition of
14–17 mm) followed by the light distillates (13–15 mm), polyprenols
(12–14 mm), b-sitosterol (5) (10–14 mm), palmitamide (2) (11–13 mm),
b-sitosterol-3-O-b-D-glucopyranoside (4) (10–13 mm), b-sitosterol acetate (1)
(10–12 mm), stigmasterol (6), and ergosterol (7) (9–10 mm), glyceryl tripalmitate
(3) (10 mm) at 500 lg/mL. MIC and MBC values for the bacteria sensitive to
polyprenols were in the range of 31.3–62.5 lg/mL and 125 lg/mL. It can be
inferred polyprenols which have synergistic inhibitory effect with other lipids.

Keywords Ginkgo biloba � Lipids � Polyprenols � Antibacterial activity
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169.1 Introduction

Ginkgo biloba L. an endemic gymnospermous plant in china, is considered as a
living fossil due to its survival over 180 millions of years. Ginkgo biloba L.
leaves (GBL), as traditional chinese medicine, are commonly used in clinical. It
was reported in the best-known chinese herbal, Shen Nong Ben Cao Jing (2800
BC) [1, 2]. GBL contain many kinds of bioactive components such as flavonoids,
biflavones, proanthocyanidins, alkylphenols, carboxylic acids, polyprenols, and so
on [2]. Ageta’s study showed that ginkgo lipids mainly consisted of 10 % of fatty
acids, 15 % of esters, 75 % of wax esters, aldehydes and long-chain alkanols [3].
Polyprenols, a kind of lipid from GBL, mainly existed in the form of acetates and
were difficult to be separated from other lipid components. It was reported that
non-saponifiable lipids of GBL contained terpenoids, polyprenols, sterols, cha-
inlike alcohol (ketone, ester), and so on [4]. In the early 1970, Kircher [5]
reported that the non-saponifiable fraction of GBL lipids was crystallized from
alcohol-acetone and ethyl acetate to yield b-sitosterol. Thanh Thuy Nguyen Tu
et al. used GC/MS to analyze the chemical composition of Ginkgo biloba L.
external and internal leaves lipids and identify some components including
several series of phenolic constituents and chain-like alcohol (ketone) [6]. Ginkgo
polyprenols and chromatography of polyprenols in general were published at
2000 [7]. Wang et al. reported on studies separated of polyprenols enriched in
heavy distillates from GBL by Molecular Short Distillation [4]. We reported
recently on analysis of light distillates containing mainly volatile oil and chain-
like alcohol (ketone, ester) separated by molecular distillation from non-saponi-
fiable fraction of GBL based on Py-GC–MS [8]. Containing mainly sterols of the
crystalline solids were separated from non-saponifiable fraction of GBL by
saponification, extraction, refrigeration, and recrystallization [9]. However, there
are still no systematic reports on the separation and purification of polyprenols
and their co-existing lipids. On the basis of these studies, it is important to
separate and identify main compounds of non-saponifiable lipids of GBL by
chromatography and spectrometry for elucidating and studying further
non-saponifiable lipids of GBL.

Biological activities of Ginkgo extracts and constituents were reported on
defense against bacteria, insects, and fungi [10]. Sati et al. reported that hexane
extracts of GBL had the function of defense against five animal and plant path-
ogenic strains [11]. A chloroform fraction that the active compounds were eluci-
dated to be salicylic acids prepared from the sarcotesta of Ginkgo showed potent
inhibitory activity against vancomycin-resistant Enterococcus (VRE) [12].
Therefore, we can conclude that fat-soluble components of GBL have the activ-
ity of defense against some specific types of bacteria. However, there are no
evaluation of antibacterial activity of polyprenols and other lipids from GBL.
Recently, we found that some components separated from non-saponifiable lipids
of GBL had the antibacterial effect in vitro. In this study, we report that
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polyprenols and other lipids are separated from non-saponifiable lipids of GBL by
saponification, refrigeration, and chromatography. Besides, we report that the
antibacterial effect of polyprenols and other lipids from GBL.

169.2 Materials and Methods

169.2.1 Materials

The dried GBL was collected in October 2011 from China’s Jiangsu Province.
This plant was identified and authenticated by Prof. WANG Cheng-zhang at the
Institute of Chemical Industry of Forestry Products, CAF in China. Three bacteria
(Staphylococcus aureus ATCC25923; Escherichia coli, NCTC12923; Bacillus
subtilis NCTC10400) buyed from China General Microbiological Culture
Collection Center (CGMCC) were used.

169.2.2 Extraction and Isolation

Air-dried and pulverized GBL (5 kg) were extracted 3 times with 15 L (total)
petroleum ether (60–90 �C) for 24 h at 70 �C to give an extract (220 g) which was
mixed with 2.5 L 5 % NaOH–EtOH for 2 h at room temperature, successively. The
hydrolysate was extracted with 2.5 L petroleum ether for 3–4 times. The collected
organic phases were washed with water to neutral and dried with anhydrous
Na2SO4. The solvent was evaporated under vacuum to give the non-saponifiable
lipid extract (110 g) which was dissolved in a solvent mixture (acetone:metha-
nol = 85:15, V/V) for a solid–liquid ratio 1:6–1:8 (g/mL), then refrigerated for 2 h
at -10 �C [4, 9, 13]. As a result, the frozen sediment (8 g) was generated by
filtering quickly at low temperature from the refrigerated solution and the dis-
solved matters were concentrated to yield a product as brown oil (101 g).

The dissolved matters (101 g) were isolated by molecular distillation at feed
temperature of 60 �C, distillation temperature of 280 �C, feed flow rate of
180 mL/h, scraper rate of 300 rpm, and operating pressure of 0.1–0.5 Pa to give
the light distillates (LD) as yellow oil 21 g and the heavy distillates (HD) as dark
brown oil 78 g. Polyprenols were further purified from a portion (10 g) of the
heavy distillates by flash column chromatography (Merck, Kieselgel 60;
0.063–0.2 mm particle size; 6 9 80 cm), using petroleum ether (5 9 250 mL)
and 1, 2, 3 % ethyl ether/petroleum ether (5 9 250 mL) as eluents [4, 13, 14]. The
polyprenols (1.5 g, yielded) contents (over 95 %) in the samples were determined
by HPLC using external standard method and the standard polyprenols (C75–C105)
were purchased from Larodan Fine Chemical Co., Ltd, Sweden. HPLC measure-
ment was performed at room temperature with Shimadzu SPD-10A instrument
equipped with UV detector (210 nm) and a 5 lm Kromasil C18 ODS-1
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(150 9 4.6 mm) column, using a solvent mixture (isopropanol:methanol = 38:37,
V/V) as the eluent at 1.0 mL/min (Fig. 169.1).

The frozen sediment (8 g) was dissolved in CHCl3 (10 mL) and the CHCl3
solution was subjected to silica gel (Merck, Kieselgel 60; 0.063–0.2 mm particle
size; 6 9 80 cm) column chromatography. The fraction was eluted step by step
with CHCl3/MeOH (100:0–85:15 %, V/V) (10 9 150 mL). Fractions of similar
composition determined by TLC analysis were pooled. The 100 % CHCl3 portion
was recrystallized from the 2-propanol to yield compound 1 (65 mg). The CHCl3/
MeOH (97:3 %, V/V) portion was recrystallized from anhydrous EtOH in order to
generate compound 2 (40 mg). The CHCl3/MeOH (95:5 %, V/V) portion was
collected to yield compound 3 (30 mg). The CHCl3/MeOH (90:10 %, V/V) por-
tion was recrystallized from chloroform at low temperature to yield compound 4
(55 mg). The CHCl3/MeOH (99:1 %, V/V) portion was subjected to gel perme-
ation (GE, Sephadex LH-20; 1.5 9 80 cm) column chromatography, and eluted
with CHCl3/MeOH (50:50 %, V/V) (10 9 10 mL) in order to purify compounds 5
(6.6 g, cyclohexanone), 6 (35 mg, n-pentanol) and 7 (30 mg, Et2O).

169.2.3 Determination of Antibacterial Activity

Antibacterial tests of selected bacteria were carried out using a disc-diffusion
method [15]. A small sterile cotton swab was dipped into the 24-hour-old culture
of bacteria and was inoculated by streaking the swab over the entire agar surface.
After inoculation the plates were allowed to dry at room temperature in laminar
chamber. The filter paper discs (6 mm) loaded with 100 lL of extract were placed
on the surface of the agar plates. After 5 min the plates were incubated at 37 �C for
24 h. Gentamycin Sulfate (SigmaG3632, 100 mg) was used as positive control and
the respective solvent as negative control. After 24 h of incubation, the diameter
was observed for zone of inhibition, ZOI (measured in mm including disc size).
All tests were performed in triplicate and observed values of ZOI are expressed as
mean value with standard error of means (SEM).

Time (min)

V
ol

ta
ge

 (
m

V
)

Fig. 169.1 Chromatogram of the polyprenols from Ginkgo biloba L. leaves
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169.2.4 Determination of Minimum Inhibitory
Concentration and Minimum Bactericidal
Concentration

Minimum inhibitory concentration (MIC) and Minimum bactericidal concentra-
tion (MBC) were determined using the broth-dilution method. MIC was performed
at six concentrations of samples (250, 125, 62.5, 31.3, 15.6, 7.8 lg/mL) followed
by serial dilution technique. All the wells showing no visible growth of strains
were subcultured and incubated at 37 �C overnight. The highest dilution showing
100 % inhibition was recorded as MBC [11].

169.3 Results and Discussion

Totally seven known compounds were isolated from the different polar portion of
the frozen sediment that collected from the non-saponifiable lipids of GBL by
chromatography and the structures of the seven compounds were determined using
spectroscopic techniques including 1H and 13C NMR according to the references:
b-sitosterol acetate (1) [16], palmitamide (2) [17], glyceryl tripalmitate (3) [18,
19], b-sitosterol-3-O-b-D-glucopyranoside (4) [20], b-sitosterol (5) [21], stigmas-
terol (6), and ergosterol (7) [22] (Fig. 169.2).

The antibacterial activity of the light distillates (LD) and the heavy distillates
(HD), seven compounds and polyprenols against bacteria were examined in this
study and their potency were quantitatively assessed by ZOI (Table 169.1), MIC
and MBC values (Table 169.2). The results from the diameters of inhibition zone
showed from high to low were the heavy distillates (14–17 mm), the light distil-
lates (13–15 mm), polyprenols (12–14 mm), b-sitosterol (5) (10–14 m), palmita-
mide (2) (11–13 mm), b-sitosterol-3-O-b-D-glucopyranoside (4) (10–13 mm),
b-sitosterol acetate (1) (10–12 mm), stigmasterol (6), and ergosterol (7)
(9–10 mm), glyceryl tripalmitate (3) (10 mm) at 500 lg/mL. The results indicated
that the heavy distillates showed the highest activity among all the tested samples
and inhibited the growth of all the bacterial strains (Table 169.1). MIC and MBC
values for the bacteria sensitive to the heavy distillates were in the range of
15.6–31.3 lg/mL and 62.5–125 lg/mL, respectively (Table 169.2). The light
distillates showed the second high activity, and the MIC values were in the range
of 31.3–62.5 lg/mL and MBC were 62.5–250 lg/mL. MIC and MBC values for
the bacteria sensitive to polyprenols were in the range of 31.3–62.5 lg/mL and
125 lg/mL. Glyceryl tripalmitate (3) was not active against Staphylococcus aur-
eus and Escherichia coli. Stigmasterol (6) and ergosterol (7) was not active against
Bacillus subtilis. All the samples were found less active than the used standard
antibiotic gentamycin.

The non-saponifiable lipids of GBL were studied a little on its systematical
isolation and antibacterial activity. Therefore, this study highlights for the first
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time the in vitro antibacterial activities of components separated from non-
saponifiable lipids of GBL. This investigation supports that ethnobotanical uses of
GBL relying on terpene trilactones and flavonoid glycosides, the active compo-
nents of GBL might be responsible for their antibacterial activity [23]. In our
previous study, it was reported on hepatoprotective and antitumor effects of GBL
polyprenols in rats [14, 24, 25]. In this paper, this study supports new leads as there
are no previous records on the antibacterial activity of polyprenols. Especially, the
polyprenols are an important component [4] separated from the heavy distillates
isolated by molecular distillation in the non-saponifiable lipids of GBL. And the
heavy distillates had highest antibacterial activity in all samples of this study,
except the positive control gentamycin. Therefore, it is of new implication to find
out the other lipids having much more higher antibacterial activity than the pol-
yprenols in the heavy distillates. It can also be inferred polyprenols that have
synergistic inhibitory effect with other lipids.

Fig. 169.2 Chemical structures of compounds 1–7 from Ginkgo biloba L. leaves
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169.4 Conclusion

In this paper, the known compounds: b-sitosterol acetate (1), palmitamide (2),
glyceryl tripalmitate (3) isolated and identified were reported first in all the
components separated from GBL. The heavy distillates separated from GBL by
molecular distillation showed the highest activity (zone of inhibition of
14–17 mm) in all samples of this study, except the positive control gentamycin.
MIC and MBC values for the bacteria sensitive to polyprenols were in the range of
31.3–62.5 lg/mL and 125 lg/mL. Besides, this study can be inferred polyprenols
that have synergistic inhibitory effect with other lipids. This study also provides
new evidences as there are no previous reports on the antibacterial activity of non-
saponifiable lipids including polyprenols from GBL against the pathogenic strains
Staphylococcus aureus, Escherichia coli, and Bacillus subtilis. This study provides
a new scientific basis for the ethnomedical use of GBL against bacterial diseases of
animals and plants.
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Chapter 170
Effect of Lactococcus lactis subsp.
on Production of Pigment and Citrinin
by Monascus

Shichao Wang, Shuxin Zhao, Hongxia Mu, Fengyun Sun
and Peng Chen

Abstract This study aimed at evaluation the effect of Lactococcus lactis subsp.
TC-1 on production of pigment and citrinin by Monascus. 12 h fermented Lac-
tococcus lactis subsp. TC-1 broth mixed with 24 h fermented Monascus FJ1 and
FJ46, co-cultured for 96 h. Compared with the control, the result demonstrated that
mixed culture could decrease the citrinin level dramatically, from 15.7 mg/kg to
1.3 mg/kg, and the red, orange, yellow pigment yield increased by 3.89, 2.22,
7.64 %, respectively. To study this phenomenon primarily, a series of experiments
were carried out. Research revealed that, sodium lactate which exist in Lacto-
coccus lactis subsp. TC-1 fermented broth play an important role. After mixed
culture with sodium lactate, red, orange, yellow pigment yield increased by 130 %,
102 %, 46 % respectively, and citrinin yield decreased by 68 %.

Keywords Monascus � Lactococcus lactis subsp � Pigment � Citrinin � Mixed
culture

170.1 Introduction

Red pigment is one of the most important color attributes for the acceptance of
many types of food. Natural colorants derived from plants and microorganisms
have recently gained popularity over synthetic coloring agents, which are potential
carcinogens in some cases [1–3]. Pigments fermented by the fungi Monascus sp.
have been traditionally used in Asia for coloring and securing a number of
fermented foods [4–6]. Red yeast rice is produced by growing Monascus sp. on
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cooked rice to produce a red-colored product [7–9]. In China, monascus fermented
product was also used as a Chinese medicine to strengthen the spleen, promote
digestion, eliminate dampness and phlegm, promote blood circulation, and remove
blood stasis [10, 11].

Besides pigments, most of Monascus sp. excretes a mycotoxin, citrinin, which
rules out the use of the red pigments in various countries. Citrinin shows activity
against bacteria, bacteriophages, sarcomas, protozoa, animal cells, and superior
plant cells [12–14]. Citrinin has been known to be nephrotoxic, hepatotoxic, and
carcinogenic to humans and animals. At present, the State Food and Drug
Administration (SFDA) of China has enforced a limit of citrinin with level of
50 lg/kg in Red yeast rice-based functional foods [15]. Because of great concern
about citrinin contamination, Japan has issued an advisory limit of 200 ppb; the
current American Food and Drug Administration (FDA) action level of citrinin in
agricultural products for sale is 20 ppb, and the European Union has a recom-
mended a limit of 100 ppb [16].

Monascus pigment fermentations have been performed mainly in solid state
cultures [17–19]. However, liquid state fermentation method features in large
scale, higher degree of automation, and other significant advantages, so that much
research has focused on liquid state fermentation [20]. There have been reports
that improve many factors such as carbon and nitrogen sources, pH, and minerals
that influence pigment and production in flask cultures [21]. In our laboratory,
earlier research had mixed cultured monascus and the other strain, in this way,
pigment production increased and excitation wavelength decreased.

The purpose of this work was to study the effect of Lactococcus lactis subsp.
TC-1 on pigment and citrinin production of Monascus, and the mechanism of the
action was also studied.

170.2 Materials and Methods

170.2.1 Material

Monascus stain: FJ1; Lactococcus lactis subsp. TC-1

170.2.2 Method

170.2.2.1 Cultivation

Seed Culture Preparation

Spore suspensions of Monascus sp. was prepared from actively growing plants in
sterile distilled water. Spore suspension (1 ml) of FJ1 was inoculated to 250 ml
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Erlenmeyer flasks containing 50 ml seed cultive medim (sucrose 1 %, peptone
0.3 %, K2HPO4 0.05 %, MgSO4 0.05 %, pH 5.7) and incubated at 35 �C for 24 h
in a rotary shaker incubator at 160 r/min.

Monascus Fermentation

Prepared seed culture was transferred to the fermentation medium (rice powder
2 %, peptone 0.1 %, glucose 2 %, pH 5.8. 50mL in 250 mL Erlenmeyer flasks)
and fermented for 5 days at 35 �C in a rotary shaker (160 r/min).

Lactococcus lactis subsp. TC-1 Fermentation

TC-1 was transferred to CM medium from stock culture and incubated at 30 �C for
12 h. And then 1 ml of seed culture was transferred to the CM medium (sucrose
1 %, peptone 1 %, yeast extract powder 1 %, K2HPO4 1 %, NaCl 0.2 %, MgSO4

0.02 %, pH 6.8. Fifty milli litre in 250 mL Erlenmeyer flasks) and static culture for
12 h at 30 �C.

Pretreatment of TC-1 Fermented Broth

The TC-1 fermented broth was centrifuged at 10,000 r/min for 10 min. The
deposit washed with sterile water for three times and the supernatant filtered throw
0.22 lm filtration membrane before use. Heat treated the cell and supernatant to
get the inactivated cell and supernatant. To separate the fermented supernatant, a
4000da hollow-fiber membrane was introduced, and the permeate and retentate
filtered throw 0.22 lm filtration membrane before use.

Mixed Cultured of Different Treated TC-1 Fermented Broth and FJ1

After static culture for 12 h, 0.4 ml of TC-1 fermentation product was added to
FJ1 fermented broth which was cultured for 24 h and co-cultured for 4 days at
35 �C in a rotary shaker (160 r/min).

170.2.2.2 Analytical Methods

Pigment Extraction and Analysis

Finely homogenized and ground sample 2 ml and 5 ml of absolute ethyl alcohol
was placed in a tube with stopper, water bath (60 �C) for 1 h, and then the extract
strained by a filter paper. The absorbance maxima of pigment extract was
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measured by spectral analysis at 505, 465 and 410 nm to analyze the red and
yellow pigments, respectively.

Pigment production was expressed as a formula:Pigment production

¼ OD � D� V

m
ð1Þ

V volume of fermented broth, ml.
D dilution.
m The biomass of V volume fermented broth, g.

Citrinin Determination

To make citrinin extraction, 2 ml broken mycelium suspension mixed with 4 ml
absolute ethyl alcohol was placed in a water bath (60 �C) for 1 h,and then the
fungal extracts filtered through a 0.22 lm hydrophobic membranes and analyzed
for citrinin content by HPLC (Agilent 1,200 serious). A C18 column,
4.6 9 250 mm, i.d. 5 lm, was used as the analytical column (Agilent Eclip-
se XDB-C18). The mobile phase contained acetonitrile 35 %, nano water 65 %
(pH 2.5), and the flow ratio was set at 1.5 ml/min, and citrinin was detected using a
FLD detector set at excitation wavelength of 331 nm and emission wavelength
500 nm.

Citrinin production was expressed as a formula:C ¼ C0 � D� V
m

ð2Þ

C citrinin concentration, mg/kg.
D dilution.
C0 citrinin concentration detect by HPLC, mg/L.
V volume of fermented broth, ml.
m The biomass of V volume fermented broth, ml.

1594 S. Wang et al.



170.3 Results and Discussion

170.3.1 Effect of TC-1 on Fermentation of FJ1

Mixed cultured FJ1 and TC-1and the result were shown in Tables 170.1 and 170.2.
As shown in the Table 170.2, the amount of pigment increased, and citrinin
decreased distinctly.

170.3.2 Preliminary Study of the Effect that TC-1 Displayed
in Fermentation of FJ1

170.3.2.1 The Effect of Supernatant

FJ1 fermentation broth added TC-1 fermented supernatant and inactive superna-
tant by heat treatment as a result, the amount of pigment production increased, and
the citrinin production decreased (Table 170.3 and Fig. 170.1).

We can conclude from the results that certain components in the fermented
supernatant increase the pigment production and decrease the citrinin produc-
tion,and that compounds have heat resistance.

170.3.2.2 The Effect of Cell

Table 170.4 and Fig. 170.2 indicate co-cultured TC-1 cell and inactive cell by heat
treatment with FJ1, respectively as preceding, the amount of pigment increased,
and the citrinin increased.

Table 170.1 Effect of TC-1 on fermentation of FJ1

Strains Pr/U/
gD

Po/U/
gD

Py/U/
gD

Pc/mg/
kg

FJ1 2574 1730 3304 15.7
L-FJ1 2605 1768 3557 1.3

L-FJ1: TC-1 mixed with FJ1, D: Dry mycelium, Pr, Po, Py, Pc: Production of red, orange and
yellow pigment and citrinin

Table 170.2 Effect of TC-1 on FJ1 pigment and citrinin production change ratio

Strains Promotion ratio (%) Inhibition ratio (%)

Pr Po Py Pc

FJ1 3.89 2.22 7.64 91.8
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170.3.2.3 The Effect of Different Components

Previous researches showed that, components decreased critrinin and increased
pigments exist in TC-1 fermented supernatant. In further study, the main emphasis
of our research focused on separation by ultrafiltration.

Effect of Different Size Molecules

In this experiment, added retentate and permeate separated from TC-1fermented
supernant into FJ1 fermented broth. The amount of pigment increased, and the
citrinin decreased, when mixed cultured with permeate. The retentate make the
results adverse to that of permeate (Table 170.5 and Fig. 170.3).

Table 170.3 Effect of different treated TC-1 fermented broth on FJ1 pigment and citrinin pro-
duction change ratio

Additive Promotion ratio (%) Inhibition ratio (%)

Pr Po Py Pc

Fermented broth 8.2 2.5 12.1 75.4
Supernatant 29.7 60.5 29.3 68.8
Inactive supernatant 19.6 32.6 39.4 54.6
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Fig. 170.1 The effect of different treated TC-1 fermented broth

Table 170.4 The effect of different treated TC-1 cell on FJ1 pigment and citrinin production
change ratio

Additive Promotion ratio (%) Inhibition ratio (%)

Pr Po Py Pc

Fermented broth 25.2 13.8 28.3 40.6
Cell 12.6 25.1 0.05 -24.8
Inactive cell 3.2 -15.0 4.0 -11.6
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As we know, lactic acid and sodium lactate are important productions exit in
Lactic acid bacteria fermentation broth. We surmised that the effects were caused by
acetic acid and sodium lactate. Further study focused on the check of the surmise.
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Fig. 170.2 The effect of different treated TC-1 cell

Table 170.5 The effect of composition of different size molecules on FJ1 pigment and citrinin
production change ratio

Additive Promotion ratio (%) Inhibition ratio (%)

Pr Po Pr Po

Permeate 31 23 23 51
Retentate -18 -17 -2 -295
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Fig. 170.3 The effect of composition of different size molecules
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Effect of Lactic Acid and Sodium Lactate

In this experiment, Lactic acid and sodium lactate added into FJ1 fermentation
broth as mentioned above.

According to Table 170.6 and Fig. 170.4 the amount of pigment increased, and
the citrinin decreased, and the effect of sodium lactate superior to that of lactic
acid.

170.4 Conclusions

Higher pigments production and lower critrinin production were achieved by
mixed cultured Lactococcus lactis subsp. TC-1with Monascus FJ1. In this study,
pigment production increased slightly, the critrinin decreased effectively.
According to the study, sodium lactate, which produced by TC-1, played an
important role in the procedure of increase in the pigment and decrease citrinin
production. Further studies should be taken to investigate the mechanism of the
action in detail.

Table 170.6 The effect of lactic acid and sodium lactate on FJ1 pigment and citrinin production
change ratio

Additive Promotion ratio (%) Inhibition ratio (%)

Pr Po Py Pc

Supernatant 109 84 39 59
Sodium lactate 130 102 46 68
Lactic acid 86 63 35 12
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Fig. 170.4 The effect of lactic acid and sodium lactate
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Chapter 171
Prediction of NH4

+ Concentration During
the Temperature Triggered Glutamate
Fermentation Using At-Line
Near-Infrared Spectroscopy

Jingbo Liang, Dalong Zhang, Xuan Guo, Qingyang Xu, Xixian Xie,
Chenglin Zhang and Ning Chen

Abstract Near-infrared (NIR) spectroscopy, a rapid and nondestructive analytical
technique, was applied to predict the NH4

+ concentration of the culture broth from
temperature triggered glutamate fermentation. NIR data of 164 samples of super-
natant were analyzed by partial least squares (PLS) regression with several spectra
preprocessing methods. The coefficient of determination (R2), model root mean
square error of calibration (RMSEC), and root-mean-square error of prediction
(RMSEP) of the test calibration for NH4

+ concentration were 0.9839, 4.34 and
4.62 mmol/l, respectively. These results suggested that the model had an accurate
predictive capacity for NH4

+ concentration. The proposed model provides a
potential fast way for control and optimization of glutamate fermentation process.

Keywords Glutamate fermentation � NH4
+ � Near-Infrared spectroscopy � Partial

least squares

171.1 Introduction

Glutamate, mainly used as a flavoring agent, has become an important product for
industrial exploitation of microbiology [1–3]. Since Corynebacterium glutamicum
was selected for the glutamate producing bacterium by Kinoshita in 1957 [4],
glutamate production is more than 1,500,000 tons per year worldwide [5]. Several
strategies can induce glutamate overproduction, such as biotin limitation, addition
of antibiotics (penicillin, ethambutol), detergents, or cerulenin (an inhibitor of the
condensing enzyme of the fatty acid synthase complex), and temperature triggered
[6–9]. In particular, when the temperature triggered strategy is used, the process is
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divided in two phases: (1) a first phase, where an optimal temperature is applied to
the cell growth and (2) a second phase with a temperature shift for inducing
glutamate overproduction [10].

In Corynebacterium glutamicum, glutamate is produced from 2-oxoglutarate
amination as shown in Eq. (1), and thus NH4

+ is rapidly exhausted during the
process of glutamate production [11]. So ammonia is additionally and continu-
ously added to enhance glutamate production during the fermentation process.
While superfluous ammonia can lead to higher pH of fermentation broth and
toxicity to the bacteria. So real time and exact monitoring of NH4

+ concentration
seems rather necessary.

2 � oxoglutarate þ NHþ4 þ NADPH þ Hþ �

glutamatedehydrogenase

glutamate
þ H2O þ NADPþ ð1Þ

In recent years, near-infrared (NIR) spectroscopy has increasingly been adopted
as an analytical tool to detect targeted substance qualitatively and quantitatively in
various fields including fermentation industry NH4[12–20]. And it has even
superseded some traditional methods for its unique advantages [21]: (1) it is a
noninvasive, nondestructive characteristic; (2) it requires minimal sample without
any addition preparation; (3) measurement and result delivery are quite fast and (4)
a single spectrum allows several analytes to be determined simultaneously.

In this study, multivariate models were developed to quantify NH4
+ concen-

tration through the process of temperature triggered glutamate fermentation using
at-line NIR spectroscopy and the partial least squares (PLS) regression. It will be
of critical significance for the control fermentation process and instability of
glutamate production.

171.2 Materials and Methods

171.2.1 Microorganism and Medium

The temperature triggered strain Corynebacterium glutamicum CN1021 used as
glutamate-producing strain in this study was obtained from earlier work in our
laboratory and stored at the Culture Collection of Tianjin University of Science
and Technology.

The seed medium contained the following (per liter of water): glucose 30 g;
corn steep liquor 40 ml; soybean protein hydrolysate 30 ml; vitamin B1 0.6 mg;
vitamin H 0.6 mg; KH2PO4 3 g; MgSO4 2 g; MnSO4 5 mg; FeSO4 5 mg;
methionine 0.05 mg; and urea 5 g.

The medium for glutamate fermentation contained the following (per liter of
water): glucose 50 g; beet molasses 40 g; corn steep liquor 40 ml; soybean protein
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hydrolysate 20 ml; vitamin B1 0.6 mg; vitamin H 0.6 mg; K2HPO4 4.5 g; MgSO4

2 g; MnSO4 30 mg; and FeSO4 30 mg.
The pH of both media was adjusted to 7.0 with 4 mol/l NaOH.

171.2.2 Process of Fermentation

A single colony of Corynebacterium glutamicum CN1021 was inoculate into a
1,000 ml baffled flask containing 100 ml of seed medium and cultivated at 32 �C,
200 rpm for 14 h. A 300 ml inoculum of this culture was transferred aseptically to
a 5–l seed fermenter (Biotech-2002 Bioprocess controller, Baoxing, Shanghai,
China) containing 3–l seed medium and cultivated at 33 �C for 14 h. The pH was
adjusted to 7.0 with 25 % (v/v) ammonia during the whole cultivation period. The
dissolved oxygen (DO) level was maintained at approximately 20 % saturation by
adjusting the agitation and aeration rate.

Fed-batch fermentation was performed in 30–l jar fermenters (Biotech-2002
Bioprocess controller, Baoxing, Shanghai, China) containing 15 l of production
medium with 20 % (v/v) inoculum size. In the process of glutamate fermentation,
pH was maintained at 7.0 with 25 % (v/v) ammonia. The temperature of growth
phase was kept at 33 �C and at 38.5 �C during the overproduction phase to pro-
voke glutamate production. The DO level of growth phase and production phase
was respectively maintained at approximately 20 and 10 % saturation by adjusting
the agitation and aeration rate. When the initial glucose was depleted, 800 g/l
glucose solution was fed into the fermenter to meet specific experimental
requirement.

171.2.3 Sampling and Analytical Methods

For each microfermentation trial, samplings were carried out every hour during
process of glutamate fermentation and a total of 164 samples from eight batches
were obtained. Samples were centrifuged at 13,000xg for 2 min and supernatant
were collected to determine NH4

+ concentration by BioProfile 300A Nova (Nova
Biomedical, Massachusetts, America).

171.2.4 NIR Spectra Acquisition and Preprocessing

The infrared spectra from 833–2,500 nm were obtained with a resolution of
8.0 cm-1 and an accumulation of 32 scans using a Bruker NIR Analyzer Tensor 37
spectrophotometer (Bruker Optics, Ettlingen, Germany).
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The raw spectra were mathematically transformed and visualized using
the software OPUS 7.0 (Bruker Optics, Ettlingen, Germany) with the aim to reduce
the spectral variability associated with the physical characteristics of samples and
the instrumental variability [22]. In order to achieve the best prediction perfor-
mance, several spectral preprocessings were investigated followed by variable
selection by different methods. The preprocessing methods include first derivative
(1st), second derivative (2nd), standard normal variate (SNV), multivariate scatter
correction (MSC), 1st ? SNV and 1st ? MSC.

171.2.5 Multivariate Calibration Model

The multivariate calibration model is a statistical tool that has been widely used in
spectroscopy analysis [23]. Partial least squares regression (PLS) is a popular
multivariate calibration technique for quantitative analysis of NIR spectral data
[24]. The objective of this multivariate statistical technique to develop regression
models is to establish a model for the analysis of unknown samples (determination
of a physical or chemical property from the spectrum). Multivariate calibration
model was developed using partial least square (PLS) regression with test set
validation. The sampling was divided into calibration set and validation set. The
selection of the number of latent variables (LVs) was due to the minimization of
root-mean-square error of prediction (RMSEP) of the validation set, which
reminded the predictive error obtained in the test set validation stage. PLS model
was developed by OPUS 7.0 (Bruker Optics, Ettlingen, Germany). The RMSEP
was calculated as Eq. (2):

RMSEP ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Pnp

i¼1
Xpi � Xpi

� �2

np

vuuut
ð2Þ

in which np is the number of observations in the validation set and Xpi as well as
Xpi is the measured and predicted values, respectively.

171.3 Results and Discussion

171.3.1 Chemical Analysis and NIR Spectra of Sample

The raw spectrum of samples by Bruker NIR Analyzer Tensor 37 spectropho-
tometer was shown in Fig. 171.1 and concentration of NH4

+ from 164 collected
samples during temperature triggered glutamate fermentation process was shown
in Table 171.1. The NH4

+ concentration of calibration set and validation set was
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74.87 and 62.43 g/l, respectively. Of the determinations, the standard deviation of
NH4

+ concentration between calibration set and validation set was 34.87 and
34.65 g/l.

171.3.2 Development of a Multivariate Calibration Model

In order to establish multivariate calibration model, the fermentation broth samples
were divided into the calibration set and validation set, which were selected
randomly and equably by software (OPUS 7.0). In all, 131 samples were used for
the calibration set, while the others 33 samples were used for the validation set
(Table 171.1). Several spectral preprocessing methods were tested before the
development of the multivariate calibration model (Sect. 171.2.5). The optimal
preprocessing method was adopted by lowest RMSEP.

For the multivariate calibration model of NH4
+ concentration, 1st ? SNV

(smoothing points 13) was identified as optimal preprocessing method. The main
feature of the spectra was absorption bands at 2173.2–2353.8 nm, which was
related to the combination tone of the N–H bond of NH4

+. With the calibration

Fig. 171.1 NIR spectra of samples taken from glutamate fermentations

Table 171.1 Concentration of NH4
+ collected from the fermentation broth

Constituent NH4
+

Subsets Calibration set Validation set

Number of samples 131 33
Range (mmol/l) 4.21–135.86 9.49–127.09
Mean (mmol/l) 74.87 62.43
Standard deviation (mmol/l) 34.87 34.65
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model, the lowest RMSEP was 4.62 and LVs was 3 (Table 171.2 and Fig. 171.2).
Figure 171.3 and Table 171.2 showed that true-prediction fitting equation and
coefficient of determination (R2) were y = 0.9391x ? 4.3227 and 0.9839 between
experimental value and predictive value in the test set validation.

Residual predictive deviation (RPD) was used to evaluate how well the cali-
bration model could predict compositional data. The RPD was defined as the
standard deviation (SD) of the population’s reference values divided by the
RMSEP for the NIRS calibrations. The relatively high RPD values indicated
models to have greater power to predict the chemical composition. Generally, an
RPD greater than three could be considered very well for prediction purposes [25].
The RPD of calibration model for NH4

+ concentration was 7.43 (Table 171.2).
The multivariate calibration model has the very strong predication ability of NH4

+

concentration.

Table 171.2 Parameters of multivariate calibration models of NH4
+ in the fermentation broth

samples

Constituent NH4
+

Latent variables 3
Bands 2173.2–2353.8 nm
Spectra pre-processing First derivative ? SNV
RMSECa 4.34
RMSEPb 4.62
True-prediction fitting equation y = 0.9391x ? 4.3227
Coefficient of determination 0.9839
Offset -0.52
RPDc 7.43

a RMSEC: root-mean-square error of calibration
b RMSEP: root-mean-square error of prediction
c RPD: residual predictive deviation

Fig. 171.2 RMSEE, RMSEP
of NH4

+ vs. latent variables
number f determination by
NIR
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171.4 Conclusion

NIR spectroscopy was widely used as a rapid, nondestructive method for deter-
mining various compounds simultaneously in fermentation industry. Comparing
with the traditional chemical analysis, NIR spectroscopy and PLS model is a fast,
versatile, cheap, and environmentally safe analytical method to predict compounds
concentration. The results of this work demonstrate a good ability of NIR spec-
troscopy to predict NH4

+ concentration in temperature triggered glutamate fer-
mentation process. The model had well correlation of determination and low
predictive errors. NIR spectroscopy has the potential to dramatically reduce ana-
lytical time and cost of monitoring significant compounds in glutamate during
fermentation for both research and commercial production applications.

Acknowledgments This work was supported by Program for Changjiang Scholars and Inno-
vative Research Team in University (IRT 1166), by Tianjin Research Program of science and
technology (Grant No. 12ZCZDSY01900), national high technology research and development
program (2013AA102106), and by national science and technology supporting program
(2011BAC11BB03).

References

1. Nandakumar R, Yoshimune K, Wakayama M et al (2003) Microbial glutaminase:
biochemistry, molecular approaches and applications in the food industry. J Mol Catal B-
Enzym 23:87–100

2. Jyothi A, Sasikiran K, Nambisan B et al (2005) Optimisation of glutamic acid production
from cassava starch factory residues using Brevibacterium divaricatum. Process Biochem
40:3576–3579

3. Kusumoto I (2001) Industrial production of L-glutamine. J Nutr 131:2552S–2555S
4. Kinoshita S (1985) Glutamic acid bacteria. In: Demain, Solomon (eds) Biology of industrial

microorganisms. Wiley, London, pp 115–142

Fig. 171.3 Predictive value
for NH4

+ versus true value for
validation set

171 Prediction of NH4
+ Concentration 1607



5. Shimizu H, Hirasawa T (2007) Production of glutamate and glutamate-related amino acids:
molecular mechanism analysis and metabolic engineering. In: Wendisch Volker F (ed)
Amino acid biosynthesis-pathways. Regulation and Metabolic Engineering, Wiley, pp 1–38

6. Momose H, Takagi T (1978) Glutamic acid production in biotin-rich media by temperature
sensitive mutants of Brevibacterium lactofermentum, a novel fermentation process. Agr Biol
Chem 42:1911–1917

7. Delaunay S, Gourdon P, Lapujade P et al (1999) An improved temperature-triggered process
for glutamate production with Corynebacterium glutamicum. Enzyme Microb Tech
25:762–768

8. Eggeling L, Bott M (2005) Handbook of Corynebacterium glutamicum. CRC Press, Boca
Raton, pp 439–463

9. Hashimoto KI, Kawasaki H, Akazawa K et al (2006) Changes in composition and content of
mycolic acids in glutamate-overproducing Corynebacterium glutamicum. Biosci Biotech
Biochem 70:22–30

10. Bokas D, Grattepanche F, Duportail G et al (2007) Cell envelope fluidity modification for an
effective glutamate excretion in Corynebacterium glutamicum 2262. Appl Microbiol Biot
76:773–781

11. Tesch M, Eikmanns B J, Graaf AA et al (1998) Ammonia assimilation in Corynebacterium
glutamicum and a glutamate dehydrogenase-deficient mutant. Biotech Lett 20:953–957

12. Nicolai BM, Beullens K, Bobelyn E et al (2007) Nondestructive measurement of fruit and
vegetable quality by means of NIR spectroscopy: a review. Postharvest Biol Tec 46:99–118

13. Aït Kaddour A, Mondet M, Cuq B (2008) Application of two-dimensional cross-correlation
spectroscopy to analyse infrared (MIR and NIR) spectra recorded during bread dough mixing.
J Cereal Sci 48:678–685

14. Shiroma C, Rodriguez-Saona L (2009) Application of NIR and MIR spectroscopy in quality
control of potato chips. J Food Compos Anal 22:596–605

15. Krämer K, Ebel S (2000) Application of NIR reflectance spectroscopy for the identification
of pharmaceutical excipients. Anal Chim Acta 420:155–161

16. De Maesschalck R, Sanchez FC, Massart DL et al (1998) On-line monitoring of powder
blending with near-infrared spectroscopy. Appl Spectrosc 52:725–731

17. Amigo J, Cruz JM, Bautista M et al (2008) Study of pharmaceutical samples by NIR
chemical-image and multivariate analysis. Trac-Trend Anal Chem 27:696–713

18. Fernández-Novales J, López MI, Sánchez MT et al (2008) A feasibility study on the use of a
miniature fiber optic NIR spectrometer for the prediction of volumic mass and reducing
sugars in white wine fermentations. J Food Eng 89:325–329

19. Zeaiter M, Roger JM, Bellon-Maurel V (2006) Dynamic orthogonal projection. A new
method to maintain the on-line robustness of multivariate calibrations. Application to NIR-
based monitoring of wine fermentations. Chemometr Intell Lab 80:227–235

20. Yu HY, Niu XY, Lin HJ et al (2009) A feasibility study on on-line determination of rice wine
composition by Vis–NIR spectroscopy and least-squares support vector machines. Food
Chem 113:291–296

21. Blanco M, Villarroya I (2002) NIR spectroscopy: a rapid-response analytical tool. Trac-
Trend Anal Chem 21:240–250

22. Puchert T, Holzhauer CV, Menezes JC et al (2011) A new PAT/QbD approach for the
determination of blend homogeneity: combination of on-line NIRS analysis with PC scores
distance analysis (PC-SDA). Eur J Pharm Biopharm 78:173–182

23. Thomas EV (2000) Adaptable multivariate calibration models for spectral applications. Anal
Chem 72:2821–2827

24. Spiegelman CH, McShane MJ, Goetz MJ et al (1998) Theoretical justification of wavelength
selection in PLS calibration: development of a new algorithm. Anal Chem 70:35–44

25. Cozzolino D, Kwiatkowski MJ, Parker M et al (2004) Prediction of phenolic compounds in
red wine fermentations by visible and near infrared spectroscopy. Anal Chim Acta 513:73–80

1608 J. Liang et al.



Chapter 172
Studies on Protein Extraction
from Caragana korshinskii Kom.
Using Acetone Precipitation Method

Cheng Zhong, Zhao Zhou, Rui Wang, Peipei Han and Shiru Jia

Abstract Caragana korhinskii Kom is a desert shrub which belongs to genus
Caragana. In this work, protein extraction from C. Korshinskii Kom using acetone
precipitation method was investigated. Orthogonal experiments showed that the
optimal extraction conditions were as follows: ratio of extraction buffer to tissue
pounder 20:1, extraction time 7 h, ratio of acetone to supernatant 3.5:1. Sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) analysis indicated
that five major bands and two large diffuse bands could be found. The approximate
molecular weight for the extracted proteins ranged from 25 to 66.2 kDa.

Keywords Caragana korshinskii Kom. � Protein extraction �Orthogonal analysis �
SDS-PAGE

172.1 Introduction

Protein has played a significant role in our daily life. It can satisfy not only our
energy requirements but also the needs of a variety of amino acids. According to
Food and Agriculture Organization Reports, protein consumption in many devel-
oping countries is even lower than the global protein average intake [1]. As protein
with high quality can apply in human consumption as well as animal feed additive,
protein extraction from biomass, and other resources would greatly reduce the threat
of protein scarcity and certainly benefit the underdeveloped countries [2].
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In 1763, Philip Caragana Fabricicus found the genus Caragana [3]. Since then,
more than 100 Caragana species have already been discovered, of which 66 have
been reported in China [4]. Moreover, numerous species cultured are often applied
to dune-fixation, livestock forage and biological resources for energy as well as
fiber production. In addition, more than 10 species have been used in traditional
Chinese medicine for a long time [5]. As one species of the genus Caragana,
Caragana korshinskii Kom. is long-lived grassland and desert shrub species [6]
which is supposed to be an indicators of desertification in sandy land-scapes [7]
and is widely used to improve regional eco-environments [8]. However, few data
is available on protein of C. korshiskii Kom. and limits its application on food
industry. Gao et al. [9] assessed the content of crude protein and crude fat in
C. korshinskii Kom., and showed that the average content of crude protein was
18.65 % and crude protein in leaf was highest (24.84 %). Due to its high content
of protein, C. korshinskii Kom. promises to be one potential protein resource.

In this work, acetone precipitation method was used for protein extraction from
C. korshinskii Kom., and the optimal extraction condition was established. The
isolated protein was investigated by SDS-PAGE in order to have a preliminary
estimate of the molecular weight.

172.2 Materials and Methods

172.2.1 Material and Reagents

Unstained protein molecular weight maker was obtained from Fermentas. All
chemicals used were analytical grade.

172.2.2 Plant Samples

C. korshinskii Kom. was obtained from Liang Cheng County of Inner Mongolia,
China. Air-dried leaves and tissues were milled by a 20-mesh sieve and ground
into powders in liquid nitrogen before stored at -20 �C.

172.2.3 Protein Extraction

Acetone precipitation method to extract protein from C. Korshinskii Kom. was
preformed according to the method of Wu et al. [10] with some modifications.

For 1 g scale: 1 g tissue pounder with 0.1 g insoluble polyvinylpyrrolidone was
ground in a mortar and a given ratio of extraction buffer [62.5 mmol� L-1 Tris-HCl

1610 C. Zhong et al.



(pH 6.8), 0.5 % (w/v) SDS, 10 % (v/v) glycerol, 5 % (v/v) b-mercaptoethanol]
was added. The mixture was homogenized at 4 �C for a given time and centrifuged
at 12,000 g for 20 min at 4 �C. The supernatant was transferred to a 50 mL
centrifuge tubes preweighed and given volumes of cooled acetone (-20 �C) were
added. Proteins were allowed to precipitate overnight at -20 �C, and were then
collected by centrifugation at 12,000 g for 20 min at 4 �C. After discarding the
supernatant, the precipitate was rinsed three times with cooled acetone (-20 �C)
and dried under vacuum before stored at -80 �C.

172.2.4 Optimization of Protein Extraction

An orthogonal L9 (3)4 design was used to optimize the extraction conditions. As
shown in Table 172.1, nine experiments were carried out at the above three factors
(ratio of extraction buffer to tissue pounder, extraction time, ratio of acetone to
supernatant) with three different levels on the basis of single-factor test. The
results were assessed by the protein extraction yield, which was defined as the
protein content extracted to the tissue pounder (mg/g).

172.2.5 Protein Recovery

The acetone-precipitated extracts were dissolved in MilliQ water. The solution
was measured by the Bradford method (1976) [11] to determine the protein
concentration and stored at -80 �C for latter use.

172.2.6 Sodium Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis (SDS-PAGE)

SDS-PAGE was performed according to the method of Laemmli [12], using dis-
continuous polyacrylamide gels consisting of a 5 % stacking gel and a 12 %
separation gel. Briefly, protein solution was diluted in 2 9 loading buffer [12.5 %
(v/v) 0.5 mol/L Tris-HCl (pH 6.8), 10 % (w/v) SDS, 10 % (v/v) glycerol, 5 %

Table 172.1 Factors and
levels for orthogonal test

Variable Level

1 2 3

A: ratio of extraction buffer
to tissue pounder (v/w)

1:15 1:20 1:25

B: extraction time (h) 5 6 7
C: ratio of acetone to supernatant (v/v) 2.5 3 3.5
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(v/v) b-mercaptoethanol, 2.5 % (w/v) bromophenolblue], and was boiled for
5 min. 30–50 lg proteins were loaded per slot. The SDS-PAGE gel was run on
electrophoresis apparatus (DYY-8C, Beijing Liuyi Instrument Factory, Beijing) at
80 V constant voltages for 45 min and at 110 V constant voltages for 60 min in
stacking gel and separation gel respectively. At the end of electrophoresis, protein
bands were been displayed after the gel was stained with Coomassie Brilliant Blue
R-250 (Bio Basic Inc.), and the images were obtained by Infrared Imaging Sys-
tems (Obyssey, LI-COR, Inc.). Three independent replicates were preformed.

172.3 Results and Discussion

172.3.1 Effect of Ratio of Extraction Buffer to Tissue
Pounder on Extraction Yield of Protein from
C. korshinkii Kom

In this study, the influence of different ratio of extraction buffer to tissue pounder
on extraction yield of protein was investigated. The extraction experiment was
carried out at a fixed extraction time (4 h) and ratio of acetone to supernatant
(2.5:1). As shown in Fig. 172.1, with increasing ratio of extraction buffer to tissue
pounder from 5:1 to 20:1, the protein extraction yield varied from 5.7 to 85.1 mg/
g. The maximum extraction yield (85.9 mg/g) was observed when the ratio of
extraction buffer to tissue pounder (v/w) was 25:1.

172.3.2 Effect of Extraction Time on Extraction Yield
of Protein from C. korshinskii Kom

In this study, the influence of different extraction time on extraction yield of
protein was investigated. The extraction experiment was carried out at a fixed ratio
of extraction buffer to tissue pounder (15:1) and ratio of acetone to supernatant

Fig. 172.1 Effect of different
ratio of extraction buffer to
tissue pounder on extraction
yield
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(3:1). Figure 172.2 showed that the extraction yield increased as the extraction
time ranged from 3 to 6 h and then decreased at the extraction time of 7 h. The
extraction yield reached the peak (62.3 mg/g) at the extraction time of 6 h.

172.3.3 Effect of Ratio of Acetone to Supernatant
on Extraction Yield of Protein from C. korshinskii
Kom

In this study, the influence of different ratio of acetone to supernatant on extraction
yield of protein was investigated. The extraction experiment was carried out at a
fixed ratio of extraction buffer to tissue pounder (15:1) and extraction time (4 h).
Figure 172.3 showed the similar tendency as in Fig. 172.2 and the highest extraction
yield (55.8 mg/g) was obtained when the ratio of acetone to supernatant was 3.5:1.

172.3.4 Orthogonal Analysis

Table 172.2 indicated that the highest extraction yield (110.87 mg/g) was obtained
in ninth experiment and the optimum conditions were as follows the ratio of

Fig. 172.2 Effect of different
extraction time on extraction
yield

Fig. 172.3 Effect on
different ratio of acetone to
supernatant on extraction
yield
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extraction buffer to tissue pounder, extraction time and the ratio of acetone to
supernatant was 20:1, 7 h and 3.5:1 according to K values. The influence of each
factor on extraction yield increased in order: C \ A \ B according to R values.

172.3.5 SDS-PAGE Analysis

As shown in the Fig. 172.4, the separation of protein samples indicated five major
bands ranging from 25 to 66.2 kDa in molecular weight could be detected and two
large diffuse bands could be visualized between 14.4 and 25 kDa. The band with

Table 172.2 Orthogonal experiments

No. A B C Extraction yield (mg/g)

1 1 1 1 67.27
2 2 1 2 84.79
3 3 1 3 109.93
4 1 2 2 86.90
5 2 2 3 105.74
6 3 2 1 105.10
7 1 3 3 66.29
8 2 3 1 91.2
9 3 3 2 110.87
K1 87.330 73.487 87.857
K2 99.247 93.910 94.187
K3 89.453 108.633 93.987
R 11.917 35.146 6.330

Fig. 172.4 SDS-PAGE
analysis of protein from C.
Korshinskii Kom. Lane 1 was
20lL molecular weight
maker, and Lanes 2, 3, 4 were
both protein solutions with
loading buffer using different
volume (20, 25, 30 lL
respectively)
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estimated molecular weight of 38 kDa and high abundance could be speculated to
correspond to DREB2 owing to its characteristic that DREB2 can be highly
expressed under adverse conditions, such as drought, high salt, or low temperature
[13], and the molecular weight of DREB2 approximated 37 kDa according to its
amino acid sequence [14, 15]. However, few research of C. Korshinskii Kom. has
been focused on its proteomics so far. As a result, the other bands existed on the
gel cannot be easily identified.

172.4 Conclusion

In this work, acetone precipitation method was used for protein extraction from C.
korshinskii Kom. Orthogonal analysis indicated that the highest extraction yield
would be obtained when the ratio of extraction buffer to tissue pounder, extraction
time and the ratio of acetone to supernatant was 20:1, 7 h, 3.5:1 respectively, and
extraction time had a significant effect on the extraction yield. SDS-PAGE analysis
indicated that five major bands ranging from 25 to 66.2 kDa and two large diffuse
bands ranging from 14.4 to 25 kDa existed in the protein of C. korshinskii Kom.
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Chapter 173
Signaling Pathways in Cardiac
Hypertrophy

Man Li, Nan Wang, Wenjing Liu, Xin Zhi and Tong-Cun Zhang

Abstract In a number of pathological conditions such as hypertension, valvular
disease, myocardial infarction, and cardiomyopathy, postnatal cardiomyocytes
undergo cardiac hypertrophy. Cardiac hypertrophy is the heart’s response to
increased biomechanical stress, which is accompanied by activation of a fetal gene
program, assembly of sarcomeres, and cellular enlargement. Prolonged hypertro-
phy is a major predictor of heart failure and sudden death. Identification of the
signaling molecules is necessary for the development of therapeutic strategies to
prevent or reverse the disease. Recent researches have found that there were
different signaling pathways activated in cardiac hypertrophy, but the molecular
mechanism of cardiac hypertrophy is not completely elucidated so far. In this
review, we summarize recent insights into hypertrophic signaling pathways.

Keywords Hypertrophy � Signaling molecules � Signaling pathways

173.1 Introduction

Cardiac hypertrophy is an important phase in heart disease development. In a
number of pathological conditions such as hypertension, valvular disease, myo-
cardial infarction, and cardiomyopathy, postnatal cardiomyocytes undergo cardiac
hypertrophy. Cardiac hypertrophy is the heart’s response to increased biome-
chanical stress which is accompanied by activation of a fetal gene program,
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assembly of sarcomeres, and cellular enlargement. Hypertrophic growth after
acute and chronic stress may initially augment cardiac output, but prolonged
hypertrophy is a major predictor of heart failure and sudden death [1]. During the
past years, the signaling mechanisms leading to cardiac hypertrophy have been
intensively investigated. There were different signaling pathways activated in
cardiac hypertrophy, for example, mitogen-activated protein kinase (MAPK)
signal transduction pathway, Ca2+ dependent signal transduction pathway, Phos-
phoinositide 3-kinase (PI3 K)/Akt signal transduction pathway, Janus kinase/sig-
nal transducer and activator of transcription (JAK/STAT) signal transduction
pathway, etc. It is believed to be mediated by signaling molecules that transduce
the stress signals from the environment into different cellular compartments.
Specific transcription factors such as myocyte enhancer factor 2 MEF2, GATA4,
nuclear factor of activated T cells NFAT, nuclear factor jb NFjB, Csx/Nkx2–5,
serum response factor (SRF) and myocardin have been identified that play an
important role in activating the fetal gene program, but the molecular mechanism
of cardiac hypertrophy is not completely elucidated so far. In this review, we
summarize recent insights into hypertrophic signaling pathways. Identification of
the signaling molecules is necessary for the development of therapeutic strategies
to prevent or reverse the disease.

173.2 Signaling Pathways in Cardiac Hypertrophy

At the cellular and molecular level, cardiac hypertrophy that happens includes three
parts, extracellular stimulating signal, cells signal transduction and changes in gene
expression. Different hypertrophic stimulus induces specific cardiac hypertrophy,
which mainly depends on activating different signal transduction pathways. Now-
adays many of the signaling pathways that have been implicated in the regulation of
hypertrophy, including MAPK signal transduction pathway, Ca2+ dependent signal
transduction pathway, PI3 K/Akt signal transduction pathway, JAK/STAT signal
transduction pathway, Wnt signaling pathway and MicroRNAs, etc.

173.2.1 MAPK Signaling Pathway

The mitogen-activated protein kinase signal transduction pathway is now recog-
nized as an important regulatory system in eukaryotic cells, which participates in
the intracellular transmission of extracellular signals that control embryogenesis,
cell differentiation, cell proliferation, and cell death. The MAPK cascades are
generally sub-classified into three main branches, including extracellular signal-
regulated kinases (ERKs), c-Jun N-terminal kinases (JNKs), and p38 s [2]. All
MAPK pathways include three signaling levels, MAPKs are activated by the
MAPK kinases (MKKs) that phosphorylate MAPKs at two sites, conserved
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threonine and tyrosine residues. The MKKs are themselves phosphorylated and
activated by serine/threonine kinases that function as MKK kinases (MKKKs).

At least five different ERK proteins have been identified in mammalian cells,
ERK1–5. ERK1/2 are known to be activated in response to almost every stress-
and agonist-induced hypertrophic stimulus. For example, in response to agonist
stimulation or cell stretching, ERK1/2 become activated in cultured cardiomyo-
cytes. Clerk etal reported that MEK1-ERK1/2 was required for sarcomeric orga-
nization induced by hypertrophic agonists [3]. Transgenic overexpression of an
ERK kinase(MEK)1, a MAPK kinase that specifically activates ERK1/2, results in
considerable cardiac hypertrophy [4]. The depletion of ERK was reported to
downregulate PE-induced hypertrophic responses in cardiomyocytes.

Another member of the MAPK family, c-Jun N-terminal kinases (JNKs), is also
activated in cultured cardiomyocytes by the growth promoters phenylephrine (PE)
and endothelin-1 [5], which suggesting that it may contribute to the hypertrophic
phenotype. But, there is no evidence that JNK activation fosters the sarcomeric
organization that is an obligate feature of cardiac hypertrophy. So it is likely that
JNK pathway alone may not be sufficient to support all of the main features
associated with the hypertrophic growth program.

Similarly, previous studies have demonstrated that p38 is activated in cultured
neonatal cardiomyocytes by hypertrophic stimulation and in mouse hearts in
response to pressure overload. Four different p38 MAPK isoforms have been
described, including p38 (or p38a), p38b, p38c, and p38d. MKK3 and MKK6 are
the major upstream activators of p38 MAPK. Indeed, adenoviral-mediated gene
transfer of activated MKK3 or MKK6 is sufficient to induce ANF expression and
hypertrophy in cultured neonatal cardiomyocytes. Adenoviral-mediated gene
transfer of a dominant-negative p38b MAPK blunted the hypertrophic response of
neonatal cardiomyocytes [6], whereas the activation of p38a led to the induction of
cardiomyocytes apoptosis. A current research suggests that choline prevents Ang
II-induced cardiac hypertrophy through inhibition of reactive oxygen species
(ROS)-mediated p38 MAPK activation [7]. These research results suggest that p38
pathway may contribute to the development of hypertrophy and the transition to
heart failure. In a word, the ERKs, JNKs, and p38 s are critically involved in the
regulation of signaling pathways, ultimately leading to cardiac hypertrophy.

173.2.2 Calcium-Dependent Signaling Pathway

Ca2+ is a major second messenger of signal out of cell and physiological and
biochemical reaction in cell. A number of hypertrophic stimuli could increase
intracellular Ca2+ levels and many reports suggest that Ca2+ is involved in the
generation of cardiac hypertrophy. The molecular mechanism of Ca2+-induced
cardiac hypertrophy has not yet been elucidated clearly. The Ca2+/calmodulin-
dependent protein kinases (CaMKs) and the Ca2+/calmodulin-dependent phos-
phatase (calcineurin) are critical transducers of Ca2+signals.
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CaMKs are serine/threonine kinases that are regulated by Ca2+ liganded cal-
modulin (CaM). The CaMK family consists of CaMKI, CaMKII, and CaMKIV, of
which CaMKII is the predominant cardiac isoform. CaMKII can phosphorylate a
range of substrates in response to increasing intracellular Ca2+ concentrations such
as ryanodine receptors, phospholamban (PLB), sarcoplasmic reticular Ca2+

ATPase (SERCA), L-type Ca2+ channels, activating transcription factor-1, and
cAMP response element-binding protein. The CaMKII subunits a, b, c, and d show
different tissue distributions. The d isoform of CaMKII predominates in the heart.
Different splice variants of the d isoform have different intracellular localization.
CaMKIIdB localizes to the nucleus, whereas CaMKIIdC localizes to the cyto-
plasm, because of the dB isoform containing a nuclear localization signal (NLS)
that is absent from dC. A growing body of evidence has suggested that Ca2+

signaling plays a critical role in the development of cardiac hypertrophy. Increased
intracellular Ca2+ binds to calmodulin (CaM) and then CaMKII is activated by
binding to Ca2+/CaM and subsequent autophosphorylation. Activation of CaMKII
regulates the phosphorylation of the histone deacetylases (HDACs), especially
class II HDACs, which associate with MEF2 to repress MEF2-induced gene
expression. Phosphorylation of HDACs by CaMKII leads to the release of MEF2
from HDACs into the nucleus and the activation of MEF2 downstream targets.
Studies initiated in vitro experiments, extended to animal models and findings
from humans suggest that CaMKII is a critical transducers of Ca2+ signals. To
stimulate neonatal rat cardiomyocytes with interleukin-1 h can activate CaMKII
and then regulate the expression of brain natriuretic peptide (BNP) that is another
hypertrophic marker gene [8]. Transient expression of CaMKIIdB in neonatal rat
cardiomyocytes-induced gene expression and resulted in an enhanced response to
phenylephrine, as assessed by transcriptional activation of an ANF-luciferase
reporter gene. Transgenic mice that overexpress CaMKIIdB, develop hypertrophy
and dilated cardiomyopathy [9]. In addition, CaMKII expression is increased in
human, mouse, and large animal models of heart failure, suggesting that CaMKII
may be involved in the transformation from hypertrophy to heart failure.

The calcium/calmodulin-activated protein phosphatase calcineurin (PP2B) is
activated by sustained elevations in intracellular calcium, which facilitates binding
to nuclear factor of activated T cells (NFAT). NFAT transcription factors are
downstream effectors of calcineurin and normally hyperphosphorylated in the
cytoplasm. After calcineurin-mediated dephosphorylation, NFAT rapidly translo-
cates to the nucleus and induces the transcription of genes. Activation of the
calcineurin-NFAT pathway in the heart is sufficient to induce cardiac hypertrophy,
for example, cardiac-specific activation of calcineurin induces a robust hypertro-
phic response in transgenic mice [10]. In vitro infection of cultured cardiomyo-
cytes with an activated calcineurin similarly induced a hypertrophic response.
Furthermore, Cardiac overexpression of a constitutively activated NFATc4 mutant
protein resulted in cardiac hypertrophy in transgenic mice [10]. Studies using
expression of a dominant-negative NFAT mutant protein in cultured cardiomyo-
cytes [11] and genetic ablation of NFATc3 in mice [12] have indicated that NFAT
proteins are essential mediators of cardiac hypertrophy. Recent data show that
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TNF-a increases the expression of CaMKIIdB by 35.21 % and that of CaN by
22.22 % compared to control, indicating that the Ca2+/CaMKII- and CaN-
dependent signaling pathways are involved in cardiac hypertrophy induced by
TNF-a [13].

173.2.3 JAK/STAT Signaling Pathway

The janus kinase/signal transducer and activator of transcription signal transduc-
tion pathway was first identified as a major intracellular signaling pathway linked
to the activation of cytokine receptors and has been implicated in pressure over-
load induced cardiac hypertrophy and remodeling. Because it transmits informa-
tion received from extracellular polypeptide signals directly to target genes in the
nucleus without the interplay of second messengers, the JAK/STAT signaling
pathway is regarded as a model for direct signal transduction. Ligand binding to
the extracellular domain of cytokine receptors induces dimerization and tyrosine
phosphorylation of Jaks. The Jaks, in turn, phosphorylate the receptor, which
provides docking sites for STAT proteins. Once STATs are phosphorylated, they
dimerize and translocate to the nucleus, where they interact with specific DNA
sequences and transcription factors to induce or modulate the expression of a broad
range of target genes.

The JAKs belong to the nonreceptor tyrosine kinase superfamily and the
mammalian JAK family has four members, Tyk2, JAK1, JAK2, and JAK3. Among
the four members, Tyk2, JAK1, and JAK2 are expressed in cardiomyocytes while
JAK3 is mainly found in cells of haematopoietic origin. The mammalian STAT
family consists of seven members, STAT1, STAT2, STAT3, STAT4, STAT5a,
STAT5b, and STAT6. STAT proteins possess a conserved structural organization.
They contain a tetramerization domain and a leucine-zipper-like domain at the N-
terminus, a DNA-binding domain in the middle, an Src homology 3 (SH3)-like
domain, an SH2 domain, and a transactivation domain at the C-terminal end. The
SH2 domain is important for cytokine receptor binding and determines the
selectivity of STAT binding to the various cytokine receptors. Between the SH2
domain and the C-terminus, approximately 700 residues from the N-terminus, are
the tyrosine residues that are phosphorylated by the JAKs. Among the seven STAT
proteins, STAT3 has been implicated in transduction of the cellular signals that are
involved in development of cardiac hypertrophy. Transgenic mice with cardiac-
specific overexpression of STAT3 exhibited marked ventricular hypertrophy with
increased expression of atrial natriuretic factor (ANF), b-myosin heavy chain
(MHC), and cardiotrophin-1 [14]. In addition, STAT3-mediated pathway plays a
critical role in gp130-dependent cardiac hypertrophy confirmed by transfecting
wild-type and mutated-type STAT3 cDNA to cardiomyocytes.

Various stimuli that are known to activate hypertrophic growth of cardio-
myocytes have been demonstrated to activate JAK-STAT signaling in cultured
cardiomyocytes or whole heart preparations. The transmembrane glycoprotein
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gp130 is an upstream activator of the JAK/STAT pathway. Activation of the JAK/
STAT pathway by overload was mediated by gp130, and at least cardiotrophin-1
(CT-1) and IL-6 were involved in activation of this pathway [15]. Moreover,
mechanical stretch, pressure overload, and ANG II, which induce cardiac hyper-
trophy, have been shown to activate cardiac JAK/STAT signaling. The compo-
nents of the Jak/STAT pathway activated by Ang II are Tyk2, Jak1, and Jak2
kinases, STAT1, STAT2, STAT3, STAT5A, and STAT6 proteins. In vitro, 20 %
mechanical stretch of neonatal rat cardiomyocytes induces phosphorylation of
Jak1, Jak2, Tyk2, STAT1, STAT3, and gp130. Similar phosphorylation patterns
are seen in pressure-overloaded rat hearts in vivo. A new study has found that in
the process of Ang II-induced cardiomyocyte hypertrophy, visfatin expression was
increased mainly through the AT1-R-JAK/STAT pathway [16]. The evidence
supports an important role of Jak/STAT signaling in the development of cardiac
hypertrophy.

173.2.4 Wnt/Frizzled Pathway

Wnt signaling has important functions in stem cell biology, cardiac development
and differentiation, angiogenesis, cardiac hypertrophy, cardiac failure, and aging.
Wnt proteins are secreted proteins and in human, 19 Wnt proteins are known. They
bind to receptors to activate intracellular signal transduction. The first and probably
best-studied class of Wnt receptors is the frizzled family, and members of the
frizzled family are widely expressed in the cardiovascular system as well as in other
organs. Stimulation of the Wnt/Frizzled pathway activates the disheveled (Dvl)
protein. Disheveled subsequently can inhibit glycogen synthase kinase-3b. The
inhibition of glycogen synthase kinase-3b leads to an increased amount of b-cate-
nin, which can act as a transcription factor for several hypertrophy-associated target
genes, including the proto-oncogenes c-myc, c-fos and c-jun and cyclin D1 [17].

Glycogen synthase kinase-3b (GSK-3b) is one of the most powerful negative
regulators that can antagonize the hypertrophic response. Hypertrophic stimuli
lead to phosphorylation of GSK-3b at the Ser9 residue and inhibition of its
activity. But Wnt signaling does not modulate the activity of GSK-3b by phos-
phorylation of its Ser9 residue; it has been proposed to disrupt the so-called
b-catenin degradation complex [18], which results in the release of GSK-3b and
accumulation of cytosolic b-catenin.

During the development of hypertrophy in the rat heart, frizzled-2 expression
was found to be upregulated. Overexpression of b-catenin-induced hypertrophic
growth both in vitro and in vivo [19]. In mice lacking the Disheveled-1 (Dvl-1)
gene, an attenuated hypertrophic response upon pressure overload induced by
aortic constriction was observed, demonstrating that an interruption of Wnt/friz-
zled signaling can attenuate the hypertrophic response [20]. These data indicate
that interruption of Wnt/Frizzled pathway may provide novel therapeutic targets
for antihypertrophic therapy.
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173.2.5 MicroRNAs in Cardiac Hypertrophy

MicroRNAs (miRNAs) are endogenous, single-stranded molecules consisting of
approximately 18–25 nucleotides that regulate target gene expression post trans-
criptionally. Many miRNAs are highly evolutionarily conserved and the human
genome can encode up to 1000 miRNAs. miRNAs are transcribed as parts of
longer molecules (pri-miRNAs) that are processed in the nucleus into hairpin
RNAs by the RNase III-type enzyme Drosha. These pre-miRNAs are transported
to the cytoplasm via exportin-5 and further processed by the ribonuclease Dicer.
Mature miRNAs negatively regulate target gene expression through complemen-
tarity to target sequences in the 30 untranslated region of target mRNAs by
translational repression or degradation of bound RNA.

The role of miRNA has been implicated in various biological and pathological
processes. Many studies have shown that miRNAs can control cardiac hypertrophy
in vitro and in vivo. Cardiac-specific overexpression of miR-195 in mice causes an
increase in left ventricular, wall size, upregulation of ANP, BNP and b-MHC, and
reduced cardiac output [21] and overexpression of miR-214 in the cardiomyocytes
also causes significant hypertrophy. In mice subjected to TAC, Akt-overexpressing
transgenic mice or exercise-trained wild-type mice, miR-1 and miR-133 expres-
sions were consistently downregulated. In vitro, transfection of cardiomyocytes
with a miR-133-expressing viral vector blunted the hypertrophic response of
cardiomyocytes stimulated with the hypertrophic agonist phenylephrine. miR-1,
miR-133, miR-29, miR-30, and miR-150 have often been found to be downreg-
ulated whereas miR-21, miR-23a, miR-125, miR-195, and miR-199 have often
been found to be upregulated with hypertrophy [22]. Several recent studies add
new evidence to its role in cardiac hypertrophy. Both miRNA-142-3p and –5p are
repressed by serum-derived growth factors in cultured cardiac myocytes, in models
of cardiac hypertrophy in vivo and human cardiomyopathic hearts [23]. miR-221
regulated cardiomyocyte hypertrophy probably through down-regulation of p27,
suggesting that miR-221 may be a new intervention target for cardiac hypertrophy
[24]. Thus, it appears that miRNAs play multiple and essential roles in the reg-
ulation of cardiac hypertrophy.

173.2.6 PI3 K/Akt Signaling Pathway

Phosphoinositide3-kinase (PI3 K)/Akt signaling is mainly involved in physiolog-
ical cardiac hypertrophy mediated by insulin-like growth factor-1 (IGF-1) and
growth hormone (GH). The binding of IGF-1 to its receptor triggers the activation
of several intracellular kinases, including PI3 K. PI3 K phosphorylates the
membrane phospholipid phosphatidylinositol-4, 5-bisphosphate and recruits the
protein kinase Akt (also known as PKB). Subsequently, Akt and its activator, 3-
phosphoinositide–dependent protein kinase–1 (PDK1), translocate to the mem-
brane, which leads to phosphorylation and activation of Akt.
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The involvement of PI3 K/Akt signaling pathway in the control of physiolog-
ical and pathological cardiac hypertrophy is well established. Over-expression of
IGF-1 receptor leads to cardiac hypertrophy with enhanced cardiac function, while
cardiac-specific deletion of the IGF-1 receptor blocks exercise-induced cardiac
hypertrophy [25]. Transgenic mice that overexpress constitutively active PI3 K or
dominant-negative PI3 K have larger or smaller hearts [26]. In addition, overex-
pression of activated Akt1 or Akt3 in the heart under the control of a-myosin
heavy chain (a-MHC) promoter is sufficient to induce cardiac hypertrophy [27].
Akt1 gene-deleted mice weigh approximately 20 % less than wild-type animals
and have a proportional reduction in size of all somatic tissues, including the heart.
Cardiac-specific inducible Akt1-Tg mice develop adaptive or physiological
hypertrophy following short-term induction but exhibit pathological hypertrophy
and cardiomyopathy with longer periods of transgene induction. These data sug-
gest that PI3 K/Akt signaling pathway contributes to the physiological and path-
ological cardiac hypertrophy.

173.3 Outlook

Clinical studies have demonstrated that cardiac hypertrophy is an independent risk
factor of cardiac morbidity and mortality. Therefore, it is important to understand
the mechanisms underlying the development of cardiac hypertrophy. The data
summarized here elucidate many mechanisms that are involved in hypertrophy,
including MAPK signal transduction pathway, Ca2? dependent signal transduction
pathway, PI3 K/Akt signaling pathway, JAK/STAT signal transduction pathway,
Wnt signaling pathway and MicroRNAs, etc. But, whether these mechanisms
apply to pathophysiological hypertrophy induced by mechanical stress in humans
is still uncertain. Further investigation will be required to fully understand the
mechanism of cardiac hypertrophy. Patients receive symptomatic treatment, and
future biologically targeted therapy will depend on the discovery of new pathways
that initiate, promote or potentially reverse the onset of cardiac hypertrophy.
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Chapter 174
Progress in Heparin-Functionalized
Biomaterials

Yingfeng Wu, Juan Li, Feipeng Zhu and Hao Wang

Abstract The present article reviews the recent progress on heparin
functionalization of biomaterials. Achievements in materials preparation based on
physical adsorption coatings, covalent graft, and biomimetic microcarriers are
included. All these heparin-containing materials have antithrombogenicity or can
control the release of growth factors, which have been extensively investigated.
However, the research in the near future will focus on construction of various
systems to control the release of heparin affinitive growth factors.

Keywords Heparin � Growth factors � Functionalization � Biomaterials

174.1 Introduction

Heparin is a natural biologically relevant, highly anionic polysaccharide. The
biological roles of this glycosaminoglycan (GAG) have been widely studied due to
its importance in medicine and biomedical applications. Heparin is able to
reversibly bind to many bioactive proteins, such as antithrombin III (AT-III),
heparin interacting protein (HIP), and platelet factors (PF) [1]. In addition, heparin
contains binding sites for many kinds of growth factors, such as basic fibroblast
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growth factor (bFGF) and vascular endothelial growth factor (VEGF) [2–4]. And
heparin can promote the cell propagate, the tissue or organ repairs and
regeneration [5]. In recent years, the heparin functionalization of biomaterials is
paid great attention to, whose various techniques have been built up continuously,
and these studies have displayed magnificent application prospect at tissue
engineering fields [6, 7].

174.2 Structures and Bioactivity of Heparin

174.2.1 Structures of Heparin

Heparin was first purified and named in 1935, in the same year, heparin was
applied to cure thrombotic diseases. Now, heparin is already considered one of the
most effective, the most widely used anticoagulant medicines. Heparin molecular
includes different length of acid mucopolysaccharide, mainly including two kinds
of disaccharide units alternatively conjuncted mixture of D-glucosamine sulphate,
D-iduronic acid sulphate, and D-glucuronic acid Fig. 174.1. The heparin
molecular weight between 4 and 40 kDa [8]. Because there are variability of
epimerization and sulfation during the process of biosynthesizes, most of heparin
molecules are different among the microstructures. When the quantity of
O-sulfation was more than that of N-sulfation in polysaccharide chain and most of
glucosamine (about 80 %) were N-sulfation, the polysaccharide could be called
heparin [9, 10].

174.2.2 Anticoagulation Function of Heparin

In the body, the cells contacting blood, like endothelial cells, can secrete sulfuric
acid heparin, heparin, and other substances to keep the blood not solidify in
circulating process. The content is very few in normal person’s blood plasma, only
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0.09 mg/L. The heparin play anticoagulant function via AT III and the heparin
cofactor (HC II) and the activated protein C inhibitors (APCI), and the AT III
offered 80 % contributions [11, 12].

In the endogenous coagulation-anticoagulation system, the interaction was
happened between heparin and vessel wall and heparin was adsorbed by the
vascular endothelial, so the vessel wall is the main storage place of the heparin.
After heparin adsorbed by the vascular endothelial, the release of endogenous
amino-polysaccharide can be promote, and the injured vascular endothelial can
recovery electric charge. The process can prevent blood platelets to attach on the
surface of vessel wall and release the protein factor from platelets, then the
anticoagulation effect can be reached. The heparin can also promote the vascular
endothelial cells to release the tissue plasminogen activator (t-PA) and prevent
blood from forming thrombus. Moreover, the heparin can make the negative
charge of the blood cell surface and blood vessel wall increase, strengthen their
repellency interaction, then change the blood viscosity, promote blood flow, and
prevent blood from bolt formation [13].

174.2.3 The Nonanticoagulation Function of Heparin

The growth factors play the important roles to the cell multiplication, tissue or
organ repair and regeneration, is one of the main aspects of the tissue engineering
fields [14]. There are studies show that a lot of growth factors make more phys-
iology functional via tying the heparin closely combined in the specific area in the
extracellular matrix (ECM). The growth factors include the fibroblast growth
factor (FGF) [15], the vascular endothelial growth factor (VEGF) [10, 16], con-
version grows the transforming growth factor-b (TGF-b) [11, 17], the bone
morphogenetic proteins (BMP) [18], the epidermal growth factor (EGF) [19, 20],
the hepatocyte growth factor (HGF) [21], the nerve growth factor (NGF) [22], the
platelet derived growth factor (PDGF) [23], and the insulin-like growth factor
(IGF) [24]. In addition, some antibiotics are also heparin binding protein [25].

174.3 Heparinized Modification on the Surface
of Biomaterials

174.3.1 Surface Coating of Heparin

The physical adsorption or coating is the most simple modification technique on
the biomaterials surface. The coating of heparin on the surface of inert material
can improve the blood compatibility of the biomaterial consumedly. With very
strong negative electricity, heparin molecule chains can avoid bending or tangling
with each other. After adsorption of heparin, the polymer materials would keep
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good anticoagulant activity for some time [26]. In order to keep the activity of
heparin, there are some researchers blended heparin with polymer materials such
as polyurethane [27], while on the surface of the polymers mixed heparin, there are
abundant reactive groups [28].

In order to increase the quantity and stability of heparin absorption on the
material surface, some researchers take steps to get a multilayer composite
materials: first, take the surface adsorption or covalence modification method to
coat the polymer surface with substance such as protein [29] or chitosan [30]; then
proceed the coating of heparin; finally, form multilayer composite materials, for
examples, polycaprolactone [26], polyurethane [31], hydroxyapatite [30], poly-
ethylene [32], polytetrafluoroethylene [29], and so on.

174.3.2 Covalence Modification of Heparin

The covalence modification is that covalent bonds connected between biomaterials
and heparin moleculars, which can not only improve the use efficiency of heparin
and the stability of heparin immobilization, but also unify the mechanical prop-
erties and anticoagulant activity of the materials.

The main steps of the covalent method is: first, preprocess the surface of
polymer materials and make the surface have more groups which can react with
heparins, then the groups on the surface can link heparin by covalent bonds
[33, 34]. The linkage mainly takes advantage of the carboxyl and sulphur amino
groups of heparin. The carboxamide linkage is one of the popular methods, which
usually takes advantage of the reaction between the carboxyl or sulfonamide of
heparin and the carboxyl or amino groups on the material surface by the EDC as a
catalyst Fig. 174.2 [35]. With such a reaction, Wang et al. [36] immobilized
heparin on the surface of poly (glutamic acid) with chitosan coating; Zhu et al.
grafted heparin on the surface of polylactic acid films [37] and polytetrafluoro-
ethylene artificial blood vessels [38] with azide chitosan coating. Figure 174.3
shows the reaction between chitosan and heparin. The other method is to graft the
azide chitosan on the material surface firstly and then link heparin and chitosan
[39]. Meanwhile, Aksoy et al. [31] took another method that immobilized heparin
on the surface of polyurethane material after the surface has been previously
oxidized and carboxylated, and they have verified the cell compatibility of the
materials. Furthermore, some researches adopted O2 plasma [40], NH3 plasma
[41], and the UV photosensitized reaction [35, 37] to preprocess the surface of
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polymer and metal materials to import active groups, which can be used to link the
heparin molecules.

Under various reaction conditions, Marconi et al. [15] made the acrolyl chloride
(AC) or the hexamethylene diisocyanate(HMDI) form covalence bonds with heparin
molecules, with dibutyltin dilaurate as the catalyst in the reaction, and then heparin
moleculars were immobilized on the surface of various compositions polyethylene
(PE). The method can significantly prolong the coagulation time of materials.

Polymers are frequently used as media substance in the process of covalent
modification on the surface of metal materials. Weng et al. [42] adopted the
3-amino-propyltriethoxylsilane as difunctional silane coupling agent to graft
heparin on the surface of TiO2. Hou et al. [43] adopted the reaction between
hydroxyl and hydroxyethyl groups catalyzed by APTES to form heparin covalence
conjunction on the surface of Ti–O-N film. Chuang et al. [30] modified the
stainless steel surface with poly ethylene glycol (PEG), and then immobilized
heparin on the surface via ester bonds.

Because of the interaction on anticoagulation path of heparin and various
affinitive factors, researchers also used the complex of heparin and anticoagulant
cofactors to modify the material surface. Zhang et al. [44] adopted heparin and
heparin affinity antithrombin to modify the material surface; Smith et al. [45] used
heparin and fibrin thrombin to get anticoagulant surface. Our group [46] has
previously reported the method that blend membranes of heparin and fibroin with
low concentration heparin were prepared, and then aminogroups were imported to
the surface of membranes by the plasma technique and AT-III were grafted to the
aminogroups by cross-linking agents; finally, the anticoagulant materials with low
toxic were gained. Besides the plasma technique, the methods of the ozone acti-
vation are also frequently applied to covalent modification of heparin [47].

174.4 Bionic Controlled Releasing of Heparin Vectors

Because the conformation of heparin will change by multisites immobilization on
the material surface after covalent linkage of heparin, some activities of heparin
will lose. Therefore the design of bionic controlled releasing of heparin vectors

Fig. 174.3 Reaction of chitosan and heparin
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emerged as the times require. The design of bionic controlled releasing vectors
refers to the design which is according to the multiple action mechanism of the
living cells, the intercellular or the biological activity substances (such as enzyme,
protein and hormone, and so on). The design and the preparation of the suitable
carries controlled the releasing of the biological activity substance. The aims
which the effective stimulus cell to multiplicate, differentiate, the grown tissue
regenerate of the design will be reached [48]. The microspheres, the hydrogel, the
microcapsule, the micell, and some other vectors all are good control releasing
carriers. These carriers can load or carry the biological activity substances in the
structure of macromolecules, which can not only control the releasing also protect
the biological active components. The interactions between heparin and many
kinds of growth factors and the biological actions of each kind of growth factors
can make dynamic balance in the releasing process. Therefore the heparin of
controlled releasing carriers is a method which not only can gain the anticoagulant
materials, but also prepare varieties of growth factors carriers simultaneously [49].

The tissue engineering hydrogel is a suitable carrier for growth factor [49],
particularly situ hydrogel. And the situ cross-linking hydrogel refers to the
hydrogel which was prepared by directly cross-linking in the raw materials
solution including medicine. Because the molecular weight of the growth factors is
low and the growth factors diffuse quickly in the hydrogel, the hydrogel cannot
control their release and protect their activities exactly. Some studies discovered
that binding heparin can make the growth factors sustained release and remain
activities in the natural or artificial macromolecule hydrogels, for instance, algi-
nate [50], chitosan [51], polyethylene glycol copolymer [52], collagen [53], and so
on. The combination of heparin and hydrogels may use the negative charge on the
heparin moleculars to form ionic bonds, and may also use–COOH,–OH, and so on
active groups in the heparin member chain to form covalent bonds [49].

Recently, more and more researchers use the polymer which covalently grafted
heparin for the hydrogel preparation [53]. Nilasaroya et al. [54] prepared PVA-
heparin hydrogel by methyl acrylate suspension-arm connected heparin, and they
discovered that the hydrogel not only has the anticoagulant activity, but also
enhance the biological activity of FGF-2 when they evaluated the biocompatibility
of the hydrogel. Tae et al. [55] exploited an injectable hydrogel through the
copolymerizing of thiol heparin (Hep-SH) and poly(the ethylene glycol) diacrylate
(PEG- DA). The hydrogel still has the activity to combine with the AT III and can
embed to fiber cell. The fiber cell can propagate normally in the hydrogel. If
fibrinogens are added in the hydrogel, the rate of cell proliferation can increase
5-fold higher. Tae et al. [52] also adopted the hydrazine heparin and PEG to make
hydrogel and VEGF was used as a target heparin-affinity factor for controlled
release. At last, the hydrogels were subcutaneous injected in the back of mice. The
results show that near the injection sites, the density of the platelet endothelial cell
adhesion molecule-1 significantly increased. Nakamura et al. [56] prepared
hydrogels to load and carry FGF-2 by the 6-O-desulfurization heparin. In the
experiments of subcutaneous implant hydrogels in rats, the hydrogel can signifi-
cantly stimulate the formation of blood vessels and fibrous tissue. Choi et al. [57]
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manufactured the hydrogel to load the human growth hormone (hGH) by the
heparin Hep-SH and PEG. The hGH can be closely conglutinated with the
hydrogels and the release of hGH can be controlled by the level of sulfhydryl
heparin. The hGH was stable in the hydrogel and kept its good bioactivity after
release.

174.5 Prospect

Heparin has good and stable anticoagulation functions; in particular, it has the
abilities of high affinity and specific binding with various growth factors. Heparin-
functional materials can improve the anticoagulant properties or the physiological
activity of the growth factors, so heparin has a wide application prospects in the
fields of biological materials and tissue engineering. Bionic controlled release
system can avoid the side effects caused by its strong anticoagulant and the dose
limitation. To set up the excellent performance of varieties ‘‘bionic’’ heparin
functionalized controlled-release system will become a research hotspot in the
coming years.
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Chapter 175
Identification of an Antifungal Bacillus
Strain and Studies on Its Antifungal
Active Ingredients

Yingde Shen, Ruibin Liu, Yuehua Chen and Jun Cai

Abstract Strain NK-2 which has broad spectrum of antifungal activity against
eight kinds of phytopathogenic fungi was identified as Bacillus amyloliquefaciens
by analysis of partial 16S rDNA, gyrA gene, and rpoB gene sequences. The crude
protein, obtained from NK-2 culture, exhibited inhibitory activity on mycelial
growth and conidial spore germination of Fusarium oxysporum. The crude pro-
teins were further purified by Sephadex G-200 and the antifungal fraction was
checked by SDS-PAGE. The putative active protein was then analyzed by Tandem
mass spectrum. The result revealed that the target protein was high similar to
protein YhfE from B. amyloliquefaciens FZB 42. Then we cloned the yhfE
(GenBank accession:HM143898) from NK-2 genome and expressed it in Esche-
richia coli BL21. The purified recombinant YhfE protein could also inhibit the
spore germination and mycelial growth of F. oxysporum. We have found for the
first time, to our knowledge, that YhfE has antifungal activity.

Keywords Antifungal protein � Bacillus amyloliquefaciens �Mass spectrometry �
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175.1 Introduction

Bacillus amyloliquefaciens which is closely related to Bacillus subtillis has
extensively been studied as biological control agents of plant pathogens, and it can
produce a range of antimicrobial compounds, for example cyclic lipopeptides [1],
polyketides [2], proteins, and so on. Many investigators have devoted their time
and energy to search for the cyclic lipopeptides including iturins [3, 4], fengycins
[5], and surfactines [5, 6]. Some bacterial antifungal proteins have also been
isolated successfully from B. amyloliquefaciens, such as baciamin [7],
b-Glucanase [8], and cellulose [9]. However, it is much less abundantly compared
with that on bacterial antifungal peptides.

In this paper, strain NK-2 with broad antifungal spectrum was identified as
B. amyloliquefaciens using methods of molecular biology [10–12]. In order to
probe what substances were responsible for its antifungal activity, we analyzed the
putative active protein by Tandem Mass Spectrometry (MS-MS). Fortunately, the
protein could be found in database and had high similar to protein YhfE of
B. amyloliquefaciens FZB 42. To verify its antifungal activity, yhfE gene from
NK-2 genome was expressed in E. coli 21 (DE3) and the recombinant protein was
purified to test if it can control of the spore germination and mycelium growth of
F. oxysporum. The results indicated that the recombinant protein did work. It is the
first time, to our knowledge, that YhfE has antifungal activity.

175.2 Materials and Methods

175.2.1 Bacterial Strain, Fungi Strains, and Growth
Conditions

NK-2 was cultivated in LB medium with shaking in 200 rpm at 30 �C. E. coli
BL21(DE3) was cultivated in LB medium with shaking in 200 rpm in at 37 �C.

The fungi such as Aspergillium niger, Botrytis cinerea, Fusarium graminearum,
Fusarium oxysporum, Penicillium chrysogenum, Physalospora piricola, Rhizopus
nigricans, Rhizoctonia solani were incubated in a potato-dextrose agar (PDA)
medium at 25 �C and stored in our laboratory.

175.2.2 Strain Identification

Strain NK-2 identification, including 16S rDNA, gyrA and rpoB sequence analysis
and the neighbor joining phylogenetic tree construction, was performed as
described previously [12].
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175.2.3 Isolation and Analysis of Antifungal Protein
from Strain NK-2

NK-2 was grown in 100 ml LB medium m for 72 h at 30 �C. Cell-free supernatant
was precipitated by 65 % ammonium sulphate saturation and the precipitate was
dissolved in 10 ml 25 mM Tris-HCl buffer (pH 7.20), and dialyzed extensively
against the same buffer for 24 h to remove ammonium sulphate. Following dial-
yzation, the supernatant was concentrated with Millipore centrifugal filter with a
30 kDa cutoff, and the antifungal activity of crude proteins was tested against F.
oxysporum. The concentrated antifungal crude protein was applied to a Sephadex
G-200 column. The active-peak fractions were pooled and concentrated. Sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was used to
check the protein purity and to determine the molecular weight of the protein.
After electrophoresis, the gel was stained in silver-stained method.

Tandem Mass Spectrometry (MS-MS) analysis was performed by Tianjin
Biochip Corporation (Tianjin, China) to analyze the character of protein segment
sequences and molecular weight of the antifungal compounds. The concentration
of protein was assayed with the Bradford method.

175.2.4 Antifungal Activity

NK-2 was first screened for its ability to inhibit fungal growth on PDA plates using
the dual culture technique [13], and eight sort of phytopathogenic fungi were
tested. Antifungal activity of the crude protein and recombination protein against
F. oxysporum including inhibited the growth of mycelium and spores were assayed
according to the method of Roberts et al. [14]. Described simply, conidial sus-
pension (20 ll) was mixed with 180 ll crude protein obtained from NK-2 culture
or purified recombinant protein and added to the cylinder on PDA plate. For the
control treatment, conidial suspension (20 ll) was mixed with 180 ll sterile Tris
buffer was added to another cylinder. The plates were incubated at 30 �C for 72 h,
and then inhibition of spore germination in the cylinders was judged by visual
inspection. To test the ability of inhibiting fungal growth, the fungus F. oxysporum
was grown in PDA for 2 days at 30 �C, then 200 ll crude proteins obtained from
NK-2 culture or purified recombinant protein was added to the cylinder on PDA
plate. The plates were incubated at 30 �C for 72 h.

175.2.5 Cloning and Expressing of yhfE from Strain NK-2

The putative antifungal protein gene yhfE was amplified using forward primer
(GTAGGATCCGTGGCAAATATGAAAC) and reward primer (CTTGAGCTC
TTATGCCATCGG). The amplified yhfE PCR products were extracted using Gel
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Extraction kit (Bio Basic Inc., Markham Ontario, Canada). The BamHI and SacI
fragments were recovered and cloned into the corresponding sites of the plasmid
pET-28a (Novagen) and transformed into competent cells of E. coli BL21. The
recombinant YhfE protein was induced by IPTG, purified by Ni-NTA affinity
column. SDS-PAGE was performed to check the protein purity and to determine
the molecular weight of the protein. After electrophoresis, gels were stained with
Coomassie brilliant blue R-250.

175.3 Results

175.3.1 Identification of Strain NK-2

The 16S rDNA from NK-2 (Accession no. GU064894) were analyzed on the
website (http://blast.ncbi.nlm.nih.gov/Blast.cgi), the sequence showed high simi-
larities (100 % or 99 %) to B. subtillis, B. amyloiquefaciens, and B. velezensis.

The gyrA (Accession no. GU226662) sequence from strain NK-2 had 99 % or
98 % identity with the sequence of B. amyloliquefaciens and B. velezensis; while
rpoB (accession no. GU226663) sequences from strain NK-2 had 100 % identity
with B. amyloliquefaciens FZB42 and DSM7. The phylogenetic tree was
constructed using concatenated gyrA and rpoB sequences of related members
of the Bacillus genus revealed that strain NK-2 should be assigned to
B. amyloliquefaciens rather than B. velezensis (Data not shown).

175.3.2 Antifungal Spectrum of Wild Strain NK-2

Antifungal activity of NK-2 toward eight fungi was observed. The result showed
us that NK-2 exhibited a broad spectrum of antifungal activity against all tested
plant pathogenic fungi (Fig. 175.1).

175.3.3 Isolation of Crude Protein, Purification, SDS-PAGE,
and MS Analysis

A crude antifungal protein was obtained by adding ammonium sulphate to
supernatant fluid of strain NK-2 to a final saturation of 65 % and displayed anti-
fungal activity against F. oxysporum. Moreover, after ultrafiltration separation, the
retentate of crude protein kept the activity while the filtrate did not. The crude
protein was subsequently separated by gel filtration on a Sephadex G-200 column
chromatography. The active fractions were further separated by SDS-PAGE. The
protein with apparent molecular weight 42 kDa was supposed to be the putative
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active protein (Fig. 175.2). MS-MS was utilized to identify the antifungal
compounds. The result of mass spectrum revealed our target protein was similar to
protein YhfE from B. amyloliquefaciens FZB 42.

Rhizopus nigricans Rhizopus solani

Aspergillus niger      Botrytis cinerea

Fusarium graminearum Fusarium oxysporum

Penicillium chrysogenum Physalospora piricola

Fig. 175.1 The test of antifungal spectrum of NK-2 against eight phytopathogenic fungi
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175.3.4 Cloning, Expressing, and Bio-Activity of yhfE Gene
from Strain NK-2

The yfhE from NK-2 genome was cloned and the sequencing result was submitted
to GenBank (accession no. HM143898). And yhfE was expressed in E. coli BL21
with recombinant pET28(a+)-yhfE plasmid, then purified by Ni-NTA spin
columns. SDS-PAGE was used to test the expression and purification of YhfE
(Fig. 175.2). The bioassay demonstrated that the purified recombinant YhfE
protein could also inhibit the spore germination and mycelium growth of
F. oxysporum (Fig. 175.3).

1 2 3 4Fig. 175.2 SDS-PAGE
analysis of the expression of
the recombinant yhfE. 1
E. coli BL21 without yhfE in
pET28 as control, 2 E. coli
BL21 with yhfE in pET28, 3
protein marker, 4 the purified
YhfE

(a)

1 2

(b)

3
4

Fig. 175.3 Bioassay of the
purified recombinant YhfE
protein against F. oxysporum.
A inhibition of spore
germination, B inhibition of
mycelium growth. 1, 3:
Tris-HCl buffer, 2, 4: YhfE
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175.4 Conclusion

The 16S rDNA gene is usually used as a framework for modern bacterial classi-
fication, but it shows limited variation in classifying some closely related taxa
[15]. In contrast, some protein-coding genes with higher mutation rates have been
used successfully to differentiate taxa that cannot be identified using 16S rRNA
sequences alone. For example, gyrA (codes for DNA gyrase subunit A) and rpoB
(codes for DNA-directed RNA polymerase subunit beta) genes are useful for the
rapid identification of Bacillus subtilis and allied taxa, especially organisms in
these taxa that cannot be differentiated by using 16S rRNA analysis [12]. In this
study, strain NK-2 showed 16S rDNA sequences almost identical to members of
the B. subtilis group. Thus, the sequence data of gyrA and rpoB genes were used to
distinguish NK-2 from other closely related taxa. It is obvious that the combined
analysis of partial gyrA and rpoB gene sequences is a very efficient method for
identifying B. subtilis and allied taxa, especially when these taxa cannot be
differentiated using conventional phenotypic tests and 16S rDNA analysis.

Many researchers attempt to get the antifungal protein-coding genes by
N-terminal amino acid sequencing, but these sequences often showed no signifi-
cant homology with any known proteins in date base, suggesting that the purified
protein may be novel one. So they usually could not get the genes with the method
of N-terminal amino acid sequencing as a result.

It is very complicated and tedious in the process of protein purification. The
primary purified protein is enough to satisfy the need of MS-MS which can avoid
the time-consuming process of protein purification. The genome of B. amyloliq-
uefaciens FZB42 has been sequenced for several years [1]. In light of the whole
genome sequence information, we got the yhfE gene successfully from strain NK-2
on the basis of MS-MS analysis. Moreover, the purified recombinant YhfE protein
could also inhibit the spore germination of F. oxysporum.
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Chapter 176
Enrichment of Flavonoids and Removal
of Organic Acid by Treatment of Weak-
Base Anion Resins

Yuping Zhao, Shuyang Sun, Zuli Sun, Wenguang Jiang, Jianrong
Yang, Pu Song, Xiangping Zheng and Tiantian Tian

Abstract In the manufacture of flavonoids-enriched hawthorn juice, a high con-
centration of organic acids is the main problem. In order to produce high quality
juice and facilitate its use in many food products, an investigation on the
deacidification of Chinese hawthorn juice using an ion exchange process was
initiated. Among the tested five resins, D301G was found to perform the best,
allowing the production of hawthorn juice with the lowest acidity and highest
content of flavonoids. After optimization, a temperature of 30 �C and a flow rate of
10 BV/h were selected, respectively. When one cycle of processing (23 BV) was
finished, the physiochemical characteristics of combined juices were analyzed. It
was found that over 55 % of initial acid was removed; the concentrated flavonoids
reached 3.8 g/kg; and the sugars and minerals contained in the juice underwent
negligible changes. Additionally, after regeneration of D301G with 20 cycles, the
resin still possessed strong capacity to reduce organic acids and retain flavonoids.
Therefore, the current investigation proved that an adsorption processing of
hawthorn juice with weakly basic anion exchange resins enabled production of
flavonoids-enriched juices with low amount of titratable acidity and without
affecting sugars and minerals.

Keywords Hawthorn juice � Deacidification � Weak-base anion resin � Organic
acids � Flavonoids
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176.1 Introduction

Crataegus pinnatifida Bge. Var. major N.E. Br. (Rosaceae), named Shanzha in
China, is a tasteful and traditional fruit in China, which is widely distributed in the
northeast and southwest areas of China, such as Liaoning, Hebei, Henan, and
Shandong provinces. It is larger than the counterpart grown in European countries.
Other than the taste and flavor that this fruit provides, it also exerts several
pharmacological and clinical effects, such as anti-inflammatory, antiarrhythmic,
and hypolipidemic effects. Many studies suggested that consumption of Shanzha
showed benefits for cardiovascular functions, mainly due to the reduction of serum
cholesterol. In addition, it has been documented that Shanzha also functions as an
antioxidant, and one major of the active constituents showing marked antioxida-
tive activity from Shanzha was identified as flavonoids [1].

Chinese hawthorn fruit has intense and special aromas, which makes it a
desirable ingredient in the formulation of various food products, such as jam,
confect, juice, canned food, vinegar, and wine. The fruits have also been used as a
peptic agent in herbal medicine and recently as a local soft drink material for the
diet. However, the content of organic acid in the dried Chinese hawthorn fruits can
be up to 5 %, and thus only limited amounts of juice can be added to food
products, because superfluous addition can decrease the food quality by intro-
ducing a strong taste of acidity. Adding of sweetening agents or simple neutral-
ization by basic compounds are not suitable, since these methods affect the flavor
and natural taste of juices and lead to poor palatability. Therefore, various pro-
cessing aids such as calcium precipitation, ion exchange (IE), and electrodialysis
(ED) were attempted to deacidify the hawthorn juices. Among these methods, the
employment of IE process is based on the principle of physically entrapping
organic materials in the matrix [2], by subjecting the juice to a column containing
the resins. The method has the advantage of removing phenolic compounds, amino
acids, and proteins present in juice [3, 4]. Particularly, a weak-base anion resin is
preferred in the food industry for acid reduction because it does not exchange ions
but adsorbs acids [4, 5, 11, 12]. Additionally, using weak-base anion resins
includes another benefit of reduced requirement of regenerant [5]. However, one
major drawback of the IE technique is that most minerals, which are important
nutritional constituents in fruit juices, are exchanged. During recent years, IE
technique has been intensively studied for deacidification in various kinds of
juices, such as pear [3], grape [6], passion fruit [7, 8], and orange [4], and great
achievements has been accomplished in these studies.

In the current paper, studies on the deacidification of Chinese hawthorn juice
with a weak ion exchange resin are reported. The reduction of acidity was
achieved by increasing the pH from 2.9 to 4.0. Then, the physicochemical and
sensorial properties of juices treated were analyzed.
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176.2 Materials and Methods

176.2.1 Preparation of Hawthorn Juice

Fruits of Chinese hawthorn, Crataegus pimmatifida Bge variety, obtained fresh
from the local market (Hebei, China), were washed thoroughly in water, milled,
and boiled at 100 �C for 5 min, followed by cooled to about 50 �C. Then, the mash
was pressed by Universal Fruit Press HP 5000 (Bucher-Guyer), and a pectic
enzyme preparation (16 U/ml) was added, followed by incubation at 50 �C for 4 h.
Hawthorn juice was extracted from the incubated mass and centrifuged at 2200xg
for 15 min. And the obtained juice was used for the following investigations.

176.2.2 Treatment of Resins and Operation of the Columns

Five resins, D301G, D301R, D392, D201-4, D101, provided by the Chemical Plant
of NanKai University, were tested in the study. The matrix types of all resins are
crosslinked-polystyrene. D101 is macroporous, while others are using primary,
secondary, or tertiary amine as ligand. Resins (50 mL) were rinsed with water and
allowed sufficient time to swell; then the resins were transferred to a glass column
(1.8 9 28 cm). Before used, both the columns were regenerated with the requisite
quantities of 5 % (w/v) hydrochloric acid and 4 % (w/v) sodium hydroxide,
respectively, followed by washing down the column with distilled water. The
hawthorn juice was pumped into the ion exchange column using a peristaltic pump
(Masterflex, Cole-Parmer Instrument Company, Chicago, U.S.A.). And treated
juice samples were individually collected at each BV. Three temperatures (20, 30,
and 40 �C) and three flow rates (10 and 15 BV/h) were tested for the optimization
of most suitable conditions.

176.2.3 Regeneration of Resins

Regeneration of the resins was carried out using 6 BV of 4 % NaOH, followed by
washing with 7 BV of water at a flow rate of 10 ml/min. Then, the resins were
rinsed with deionized water to get rid of excessive NaOH, and ready for next
processing cycle.

176.2.4 Physical and Chemical Analysis of Juice

pH and titratable acidity were analyzed throughout the deacidification process. pH
was measured using a Mettler-Toledo MP 220 pH meter (Mettler, Viroflay,
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France). Titratable acidity was assayed by titration with 0.1 N NaOH and
expressed as grams of citric acid per kg of juice. Total soluble solids of hawthorn
juice were read off by refractometry with an Atago hand refractometer (model N-
20, Atago Co., Tokyo, Japan). Total sugars were determined by the colorimetric
method of DuBois et al. [9].

176.2.5 Minerals Analysis

Determination of minerals (Cu, Fe, Ca, Na, and K) was followed the procedure of
Vivekanand [3], using a Varian atomic absorption spectrophotometer system
(Spectra AA-400, Varian Inc., Palo Alto, Calif., U.S.A.). 2 ml juice sample was
mixed with 1 mL hydrochloric acid and 250 ll solution containing 4 % (w/v) of
cesium chloride and 8 % (w/v) of strontium chloride. And the volume was finally
made up to 10 ml using milli-Q water.

176.2.6 Analysis of Organic Acids

Fruit juice (10 g) was diluted to 50 ml with K2HPO4 (0.01 mol/l, pH 2.6), and
filtered through a 0.22-lm nylon filter. Then an aliquot of 20 ll was injected onto a
HPLC system (KNAUER, Berlin, Germany), equipped with model K-1001 pump,
thermostated column compartment model A-150 and a K-2501 UV detector
(KNAUER, Berlin, Germany) with wavelength set to 210 nm. Chromatographic
separation was performed on the column of Prontosil 120-10-C18H
(250 9 4.60 mm i.d., 10 lm) (KNAUER, Berlin, Germany), using 0.01 mol/l
K2HPO4 (pH 2.6) as the mobile phase at a flow rate of 0.5 ml/min. The compounds
were identified by their peak retention times.

176.2.7 Analysis of Flavonoids

Content of flavonoids in the juice was analyzed by the aluminum chloride color-
imetric method of Chang et al. [10]. Briefly, an aliquot of 0.5 ml sample was
separately mixed with 1.5 ml of 95 % ethanol, 0.1 ml of 10 % aluminum chloride,
0.1 ml of 1 M potassium acetate, and 2.8 ml of distilled water. The mixture was
incubated at room temperature for 30 min, followed by absorbance recording at
415 nm on a Shimadzu UV-160A spectrophotometer (Kyoto, Japan).
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176.2.8 Statistical Analysis

Statistical procedures were carried out using the SPSS version 13.0 statistical
package for windows (SPSS Inc., Chicago, Illinois). Variations between treatments
were evaluated using analysis of variance and means were separated based on least
significant difference at 95 % confidence interval.

176.3 Results and Discussion

176.3.1 Selection of Resins

Before passing through ion exchange resins for deacidification, the initial com-
positions of hawthorn juice were analyzed (Table 176.1). The titratable acidity in
respect to citric acid was 17.6 g/l, thus leading to an extreme low pH (2.9); citric
acid was the predominant acid (83.5 %) among the tested four main organic acids
including oxalic, tartaric, malic, and citric acids.

The physicochemical properties and sensorial analysis are good parameters to
discriminate and select the resins. Complementary standard is the retention of
useful substance. In the present study, acid elimination and flavonoids retention
were both used as criteria. The more efficient resins should be the ones that provide
the highest production of deacidified juice and retain the most quantity of flavo-
noids. After successively passing the column with 15 bed volume (BV), titratable
acidity of deacidified juices from each column were analyzed. Result in Fig. 176.1
shows that the concentration of organic acids differed significantly after the
treatment. Three weak anion ion exchange resins, i.e., D301G, D301R, and D392
exhibited more capability in deacidifying the juice, with the acid reduction per-
centage of 35.9, 16.5, and 26.1 % after 15 BV, respectively. Especially D301G, it
yielded a total reduction of nearly 80 %. This result was different from that
observed in the treated juices using strong basic exchange resins where organic

Table 176.1 Effect of ion exchange treatment on the chemical composition of hawthorn juice

Constituents Fresh After one cycle of treatment

Total soluble solids (g/kg) 15.5 ± 0.7 14.5 ± 0.6
Titrable acidity (g citric acid/kg) 17.6 ± 0.8 7.9 ± 0.3
pH 2.9 ± 0.1 4.1 ± 0.2
Total sugars (g/kg) 64.2 ± 3.3 63.3 ± 3.2
Flavonoids (g/kg) 7.2 ± 0.3 3.8 ± 0.1
Potassium (mg/kg) 3595 ± 146 3012 ± 129
Calcium (mg/kg) 2784 ± 113 2133 ± 101
Magnesium (mg/kg) 609 ± 30 505 ± 23
Sodium (mg/kg) 557 ± 22 581 ± 28
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acids were removed only during initial bed volumes and increased to near initial
levels after 5 bed volumes. D101 completely lose the deacidification capacity only
after 3 BVs, and D102 was quickly saturated after 6 BV. In addition, it was
reported that weak-base resins requires lower consumption of regeneration
reagents for deacidification of juices other than presenting higher ion exchange
capacities [11, 12]. Thus, these strong ion exchange resins were excluded from the
following investigations. In the meantime, the second criterion for the retention of
as much flavonoids as possible is also taken into account. It was found that the
concentration of flavonoids after the treatment was quite similar among the pro-
cessed juice. In particular, flavonoids in the obtained juice from D301G after 15
BV was retained up to 5.81, almost equal to 5.77 and 5.75 g/kg from the column of
D392 and D301R, respectively. When experiments were ended after 15 BV,
D301R resin was still effective in removing organic acids. Consequently, the most
suitable resin for the deacidification of hawthorn juice is D301G.

176.3.2 Optimization of Flow Rate and Temperature During
Resin Processing

When the resin was selected, important parameters affecting the acid removal
efficiency were studied, i.e., flow rate and temperature. As seen in Fig. 176.2, at
the beginning of the treatment, D301G resin adsorbed significant amount of
organic acids at both flow rates, thus significantly reducing the titratable acidity of
treated juice. However, the acid removal efficiency decreased slowly due to the
gradual exhaustion of the adsorption capacity of the resin. At 8 BV, a more
decrease of 11 % in acid reduction was observed when a smaller flow rate of 10
BV/h was employed compared to 15 BV/h. The amount of titratable acidity
adsorbed decreased significantly toward the end of the processing cycle (22 BV),
separate reductions of 3.7 and 1.4 % for 10 BV/h and 15 BV/h in the titratable
acidity was achieved. In the determination of flavonoids retained in treated juice,
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an opposite trend was observed. This useful substance was eliminated more when
processing at a lower flow rate, but the difference was quite negligible among the
three flow rates tested. Therefore, the reduction of flow rate (10 BV/h) is recom-
mendable in the treatment of hawthorn juice, which was in agreement with the
conclusion that Vera et al. drew from their studies [8].

The effect of processing temperatures (20, 30, and 40 �C) on the adsorption
capacity of resins was also studied. Treatment at a lower temperature (20 and
30 �C) appeared to exclude more acids. Processing at 40 �C was comparatively
more easily saturated than that at 20 and 30 �C. However, there was a slight loss of
flavonoids as a result of lower temperature, possibly due to treatment at lower
temperatures favoring an entire interaction between the flavonoids present in the
juice and the functional ligand contained in the resin. Thus, mild temperature
(30 �C) was more effective in removing organic acids throughout all bed volumes.

176.3.3 pH, Titratable Acidity, and Total Soluble Solids

After the optimization of operating parameters, a breakthrough curve of D301G
resin as a function of the volume of juice expressed in BV was presented in
Fig. 176.3. Significant changes in the pH value of treated juice from the column
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were detected in the early column volumes (first and second BV), reaching a
maximum of 7.25, but pH of juices from column decreased gradually and there-
after arrived 3.0 toward the end of the treatment, and the value decreased to its
initial level after 23 BV because the resin was saturated. When all juice volume
were combined, the final pH reached 4.1.

Figure 176.3 also shows the decline in the titratable acidity as a function of
treated juice volume expressed in BV. At pH 4.0, the titratable acidity decreased
about 62 % for the juices (12 BV). The reduction in the titratable acidity of treated
juice was insignificantly affected toward the end of the processing, due to the
exhaustion of the adsorption capacity of the resins. When all column volumes were
combined, a total reduction of 55 % was achieved after a full processing cycle.

As for the parameter of total soluble solids, it was expected that this value in
high acid juice should decrease along with the removal of acid. In our experiment,
it was found that the value decreased significantly at the beginning of the treat-
ment, probably because the resins adsorbed a large amount of organic acids. As the
processing continued, total soluble solids in the treated juice remained essentially
unchanged. Therefore, our observation was in agreement with the finding from
Vera et al. [13] that the amount of total soluble solids was also depending on
organic acid concentration.

176.3.4 Deacidification of Hawthorn Juice Using D301G

During the process of deacidification, four organic acids including oxalic, tartaric,
malic, and citric acids were quantified by means of HPLC. It was observed that a
significant reduction of over 95 % occurred in the concentration of malic acid in
the treated juice from first to fifth BV. Tartaric acid content followed the same
pattern ([92 %) as malic acid at first and second BV. However, obvious removal
of oxalic acid in the treated juice was recorded only by first BV. In the meantime,
significant decrease (98 %) took place in the content of citric acid from 1st to 4th
BV, and insignificant reduction in the adsorption capacity of resins for citric acid
was observed until 13th BV (95 % from 6th to 12th BV). At the end of the
processing cycle, the resin was exhausted and acidity was essentially the same as
the untreated juice. Based on these observations, it is speculated that citric acid
behaved as the elution buffer for all other organic acids during the treatment, and
all other organic acids were eluted before citric acid which was strongly absorbed
by the resins. When the processing continued, citric acid was finally eluted, and the
concentration of which was quite low in the treated hawthorn juice. Based on these
results, it was calculated that one L of the resin could remove about 180 g of citric
acids.
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176.3.5 Retention of Flavonoids, Sugars, and Minerals

One key factor to be considered during the selection of a treatment process for
juice is to avoid any losses of nutritional value [3]. As seen in Fig. 176.4, a marked
reduction in the content of flavonoids in hawthorn juice from the early column
volumes (first–fourth BV) was observed, resulting in a significant decrease of over
95 %. However, the flavonoids concentration of treated juice from the resin col-
umn showed a gradual decrease from the fifth BV on, but the loss was still more
than 90 %. A marked improvement in flavonoids concentration was detected in the
treated juice at seventh BV. Such increase indicated that the resin adsorbed a large
amount of flavonoids present in the hawthorn juice and was gradually saturated.
Consequently, after processing juice of 19 BV, juice entering column almost had
few losses in the content of flavonoids. Thus, the resin maintained its high recovery
efficiency on flavonoids throughout the rest processing cycle. When all column
volumes were combined, there was a 47 % loss of flavonoids in the treated juice.

The total sugars originally contained in the juice were 64.2 g/kg. As the process
continued, the amount of total sugars varied insignificantly, and the values mea-
sured at 10 and 20 BV were 65.6 and 64.4 g/kg, respectively. Similar observation
was found at other BV, indicating that only small changes occurred in the sugar
content. Therefore, the adsorption treatment appeared to have negligible effect on
the content of total sugars in the hawthorn juice. Vivekanand et al. has reported
similar results for pear juices using weak-base exchange resins [3].

The concentration of ions was analyzed in the deacidified juices until pH 4.
Table 176.1 shows the content of the major ions after the resin treatment. The
concentration of cations including potassium, magnesium, and calcium ions
showed insignificant changes. In the meantime, a slight increase in the sodium
concentration was observed in the treated juices. These results suggested little
changes occurred in the mineral content after treatment, and insignificant loss took
place during the deacidification process.

0

2

4

6

8

1 4 7 10 13 16 19 22

Bed Volume

F
la

vo
no

id
 (

g/
kg

)

20

40

60

80

T
ot

al
 s

ug
ar

s 
(g

/k
g)

flavonoid

total sugars

Fig. 176.4 Variations of
total sugars and flavonoids
during the acidification
process by D301G

176 Enrichment of Flavonoids and Removal of Organic Acid 1653



176.3.6 Regeneration

The function of regeneration is to allow the mobility of resin particles and elim-
inate air pockets as well as resin fines that may have been formed during the
processing cycle [3, 8, 14]. This also helps the redistribution of resins more
compactly. Regeneration of resins allows repeated use of same matrix, thus
decreasing the cost and improving process efficiency. In the current study, we
found after five processing cycles (115 BV), the resin still possess strong capacity
to deacidify high acidity juice. Figure 176.5 shows that the titratable acidity and
pH of the combined volume from third regeneration was 8.8 g/kg and 3.9,
respectively, quite similar to the values obtained from the first processing cycle
(7.9 g/kg and 4.1). In addition, flavonoids were insignificantly affected when the
resin was repeatedly used. The flavonoids content of the combined volume from
3rd regeneration was 5.1 g/kg, almost 1.4 times higher than that obtained from the
first processing cycle. Moreover, from the 6th to 11th processing cycle, the
treatment volume was reduced to 19 BV for each cycle, and the combined volume
from these cycles reached the same level of acidity as values obtained from the
previous five cycles, and simultaneously retained higher amount of flavonoids
(5.4 g/kg). In the following treatment (12th–18th regeneration), the processing
volume was continued to decrease to 16 BV, and it was found a similar acid
removal efficiency (49 %) was attained, and higher levels of condensable flavo-
noids (6.1 g/kg) was achieved in treated juices at the end of the 19th processing
cycle (386 BV). These data proved that resins of D301G can adsorb a large amount
of organic acids and retained its deacidification capacity after repeated use.

176.4 Conclusion

The Chinese hawthorn juice contains high content of organic acids which limits its
utilization in the formulation of many food products. Thus, a reduction of its
acidity can improve the juice quality. In the present study, the removal of organic
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acids was accomplished by an IE process using a weak-base ion exchange resin of
D301G. Regarding the juice quality, the physicochemical analysis showed that the
combined juice from the first processing cycle yielded a titratable acidity, pH and
flavonoids concentration of 7.9, 4.1, and 3.8 g/kg under the operating conditions of
30 �C and 10 BV/h. The sugar concentration remained unchanged. In addition, the
reduction of acidity led to a slight decrease in the amount of total soluble solids
and insignificant influence of cations. These results demonstrate that the IE process
is an efficient process to deacidify the Chinese hawthorn juice while retain the
amount of flavonoids.
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Chapter 177
Study on the Decolourization Methods
of Crude Alkaline Protease

Hongbin Wang, Zhijia Lv, Jing Wang and Fuping Lu

Abstract In order to optimize the decolorization process of crude alkaline pro-
tease, the effects of the decolorization methods by active carbon, ultrafiltration,
ammonium sulfate salting-out, and ultrafiltration-coupled salting-out were com-
pared. The results showed that the activate carbon method had obvious effect on
decolorization, while it could absorb a large number of enzymes and increase the
loss of enzyme activity. The ultrafiltration method would cause enzyme denatur-
ation and reduce enzymatic specific activity. The ammonium sulfate method had
no influence on enzyme activity, but it had poor effect on decolorization. The
ultrafiltration-coupled salting-out not only had little influence on enzyme activity
and protein concentration but also had excellent effect of decolorization, the
decolorization rate reached 91.99 %, the total activity decreased only 17 %, and
the specific activity increased 28 %.

Keywords Decolorization � Alkaline protease � Ultrafiltration-coupled salting-out

177.1 Introduction

In recent years, the use of alkaline proteases as industrial catalysts has increased
rapidly [1, 2]. Among all proteases, alkaline proteases are employed primarily as
detergent additives. They account for approximately 40 % of the total worldwide
enzyme market and this trend is expected to increase in future [3, 4]. There are
many different ways to obtain alkaline proteases and the most common way is
produced by alkaliphilic microorganisms. Microbial alkaline proteases have sev-
eral advantages such as high catalytic activity, selectivity, and stability
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characteristics [5, 6]. However, there are lots of pigments in fermentation broth
and the pigments increase the difficulty of separation and purification of alkaline
proteases. Therefore, crude alkaline protease should be decolorized before puri-
fication [7, 8].

There are several methods for decolorization, such as active carbon absorption
[9, 10], ammonium sulfate salting-out [11] and ultrafiltration [12, 13] method.
Active carbon can absorb pigments efficiently and rapidly, but it can also absorb a
large number of enzymes and increase the loss of enzyme activity. Ultrafiltration
can isolate small-molecular pigments from fermentation broth efficiently and have
obvious discolored effect. However, ultrafiltration may cause protein denaturation
due to high shear and reduce enzymatic specific activity. Ammonium sulfate
salting-out is the commonly used method for purification of protein [14], with high
solubility and little effect on protein denaturation, but it has poor effect on
decolorization [15]. In this paper, we combined ammonium sulfate salting-out and
ultrafiltration method together for the decolorization of crude enzyme solutions
containing alkaline proteases, which not only achieved obvious effect of decol-
orization but also reduced the loss of enzyme activity.

177.2 Materials and Methods

177.2.1 Materials

Crude alkaline proteases and active carbon ZX303 were purchased from Noao Sci
& Tech Development Co., Ltd (Tianjin, China), tubular ultrafiltration membrane
(MWCO 10 kD) was purchased from Motimo Tech Co.,Ltd (Tianjin, China). All
other reagents were analytical grade.

177.2.2 Analysis Methods

177.2.2.1 Enzyme Activity Determination

Alkaline protease activity was determined by the modified method of Anson [16]
using casein as the substrate dissolved in 50 mM borate buffer (pH 10.0). The
proteolytic reaction was carried out at 0 �C for 20 min, and stopped with 10 %
trichloroacetic acid. The mixture was kept at 0 �C for 10 min and centrifuged at
12,000 rpm for 2 min. To 1.0 mL supernatant 5.0 mL 0.5 M Na2CO3 solution and
1.0 mL threefold-diluted Folin–Ciocalteau reagent were added. After the reaction
mixture had maintained for 20 min at 0 �C, the absorbance was measured at
680 nm.
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177.2.2.2 Protein Concentration Determination

Protein concentration was determined by the method of Bradford [17]. Protein
solution (0.1 mL) was pipetted into 12 9 100 mm test tubes. 1.0 mL coomassie
brilliant blue G-250 reagent was added to the test tube and the contents mixed
either by inversion or vortexing. The absorbance at 595 nm was measured after
2 min in 1 mL cuvettes against a reagent blank prepared from 0.1 mL of buffer
and 1.0 mL of G-250 reagent.

177.2.2.3 Decolorization Rate Determination

The decolorization rate was determined using UV spectrophotometer (TU—1810)
at 420 nm, which is the wavelength of maximum absorbance of alkaline protease
solution. Decolorization rate has been evaluated using following Eq. (1).

Decolorization % ¼ ½ ðInitial absorbance
� Observed absorbanceÞ=Initial absorbance� � 100 ð1Þ

The samples were centrifuged at 5,000 rpm for 15 min by using a centrifuge
(CR-GIII).

177.2.2.4 Molecular-Weight Distribution Determination

The molecular weight distribution was determined by the method of Hiroaki
Komatsu using high-performance gel permeation chromatography (HPGPC) [18].

177.2.3 Decolorization Methods

177.2.3.1 Preparation of Enzyme Solution

Crude alkaline protease (10 g) was dissolved in distilled water (100 mL), and the
solution was kept at 0 �C and centrifuged at 5,000 rpm for 30 min. The decol-
orization of supernatant was kept at 0 �C and in natural pH.

177.2.3.2 Decolorization by Active Carbon

The crude enzyme solution (100 mL) was mixed with active carbon ZX303 at the
concentration of 4 % (w/v) and stirred with a mechanical stirrer for 30 min. The
mixture was centrifuged at 10,000 rpm for 10 min. All of the above operations
were done at 0 �C and in natural pH.
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177.2.3.3 Decolorization by Ultrafiltration

The crude enzyme solution (15 mL) was pipetted into 10 9 500 mm tubular
ultrafiltration membrane at 0 �C and centrifuged at 10,000 rpm for 60 min. Dis-
tilled water was added to maintain the volume of enzyme solution. This experi-
ment should be repeated twice.

177.2.3.4 Decolorization by Ammonium Sulfate Salting-Out

Crude enzyme solution (50 mL) was added solid ammonium sulfate (0–80 %
saturation). The precipitate was discarded, and determinate the enzyme activity of
the supernatant. According to the relationship between ammonium sulfate satu-
ration and enzyme activity, the crude enzyme solution (50 mL) was fractionated
with ammonium sulfate at 40 % saturation and the supernatant was fractionated
with ammonium sulfate at 60 % saturation.

177.2.3.5 Decolorization by Ultrafiltration-Coupled Salting-Out

Crude enzyme solution (50 mL) was added to solid ammonium sulfate (40 %
saturation), with stirring, over a 60-min period. The mixture was centrifuged at
10,000 rpm for 20 min. The precipitate was dissolved by distilled water (50 mL)
and added solid ammonium sulfate (60 % saturation). Centrifuged at 10,000 rpm
for 20 min and the supernatant was pipetted into 10 9 500 mm tubular ultrafil-
tration membrane. The mixture was centrifuged at 10,000 rpm for 60 min. All of
the above operations were done at 0 �C.

177.3 Results and Discussion

177.3.1 Effect of Active Carbon

The effect of active carbon on decolorization was presented in Table 177.1. After
treated by active carbon, the color of the enzyme solution changed obviously and
the decolorization rate reached 76.65 %. However, the enzyme activity lost 58 %
and the protein concentration lost 41.6 %. The result indicated that active carbon
could absorb pigments efficiently, but it could also absorb alkaline protease and
increase the loss of enzyme activity.

177.3.2 Effect of Ultrafiltration

Figures 177.1 and 177.2 showed the molecular weight distribution before and after
ultrafiltration. Because of the principle of molecular sieve, the protein eluted at
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short retention time and the pigment eluted at long retention time. The result
showed that a large number of pigments were isolated by ultrafiltration.
Table 177.1 showed the effect of ultrafiltration. Decolorization rate reached
60.48 %, the enzyme activity lost 47 % and the protein concentration lost 38 %.
This showed that the effect of ultrafiltration was not ideal.

177.3.3 Effect of Ammonium Sulfate Salting-Out

Figure 177.3 showed the relative activity of supernatant and precipitate at different
gradient of ammonium sulfate (0–80 %). The change of relative activity of

Table 177.1 Effects of decolorization of the crude enzyme

Methods Enzyme
activity
(U)

Protein
concentration
(mg)

Enzymatic
specific activity
(U/mg)

Decolorization
rate (%)

Activity
recovery
(%)

Crude enzyme 41284.42 84.72 498.04 – 100
Active carbon 17373.33 49.47 351.12 76.65 42.08
Ultrafiltration 22071.35 71.64 308.25 60.84 53.46
Ammonium sulfate

salting-out
40980.82 60.70 675.14 43.43 99.26

Ultrafiltration-coupled
salting-out

33885.28 52.80 641.76 91.99 82.08
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supernatant was not obvious until the gradient reached 40 %. When the gradient
reached 60 % there was no relative activity in supernatant. Therefore, hybrid
protein could be precipitated by ammonium sulfate (40 % saturation) and alkaline
protease could be separated by ammonium sulfate (60 % saturation). Table 177.1
showed the effect of ammonium sulfate salting-out, and the change of enzyme
activity was not obvious and the enzymatic specific activity increased 35 %. This
demonstrated that ammonium sulfate had no influence on enzyme activity.
However, the ammonium sulfate salting-out had no significant effect on decolor-
ization and the decolorization rate only reached 43 %.

177.3.4 Effect of Ultrafiltration-Coupled Salting-Out

The effect of ultrafiltration-coupled salting-out on decolorization was presented in
Table 177.1. After treated by ultrafiltration-coupled salting-out, the color of the
enzyme solution changed obviously and the decolorization rate reached 91.99 %,
which was much more than 76.65 % obtained by active carbon. Meanwhile, the
enzyme activity lost only 17 % and the enzymatic specific activity increased 28 %.
The result indicates that the ultrafiltration-coupled salting-out method not only had
little influence on enzyme activity and protein concentration but also had excellent
effect of decolorization.

177.4 Conclusion

Active carbon has been widely used for decolorization of enzyme because of its
well known high adsorptive power. However, the discolored effect of active car-
bon was limited because the enzyme activity loss depended on the concentration of
active carbon and the action time with the absorbent [19, 20]. In this study,
decolorization rate and the enzyme activity was used as monitoring indexes to
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evaluate the discolored effect of crude alkaline proteases by active carbon
absorption, ammonium sulfate salting-out, ultrafiltration, and ultrafiltration-cou-
pled salting-out methods. The results showed that the discolored effect of ultra-
filtration-coupled salting-out method was most obvious and the decolorization rate
reached 91.99 %. On the other hand, ultrafiltration-coupled salting-out method had
little effect on enzyme activity. Through the ultrafiltration-coupled salting-out
method, the enzyme activity lost only 17 % and the enzymatic specific activity
increased 28 %. In conclusion, the ultrafiltration-coupled salting-out method,
which not only achieved obvious effect of decolorization but also reduced the loss
of enzyme activity, was an ideal method for decolorization.
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Chapter 178
Research Progress of the Polysaccharide
O-Acetylated Pustulan-Type Glucans
from Umbilicariaceae lichens

Junjie Sun, Xinli Wei and Jiangchun Wei

Abstract Polysaccharides from lichens have been studied for many years. The
polysaccharide O-acetylated pustulan-type glucans have been found and reported
in 56 species of Umbilicariaceae, such as Umbilicaria angulata, U. caroliniana,
U. Esculenta, U. hirsuta, U. polyphylla, and Lasallia papulosa etc. All the poly-
saccharide obtained from the lichens showed a remarkable antitumour effect
especially the O-acetylated pustulan-type glucans. The authors also give a prospect
of the feasibility of research and development for such a polysaccharide from
lichens.

Keywords U. esculenta � Structure � Antitumor activity � Bioactivities �
Lichen-fungi

178.1 Introduction

Polysaccharides in lichens include lichenin, isolichenin, and pustulan [1]. Lichenin
is a linear polymer united by the b-D-glucose combining with 1, 3 or 1, 4 gly-
cosidic bonds, the molecular weight of which is ranging in 2 9 104 – 6.2 9 104.
The optical rotation is generally positive and relatively low [2–4]. Isolichenin is
also a kind of linear polymer united by a-D-glucose combining with residues 1, 3
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or 1, 4 glycosidic bonds, which is first discovered in the lichens, its molecular
weight is about 6 9 103 to 8 9 103, and its rotation is dextral [3, 5]. The pustulan
is a kind of D-glucan, bonded by b-1, 6 glycosidic bonds, which is extracted from
the Umbilicariaceae lichens. Each per number (about 10–15) of dextran monomers
contains a monomer acetylated in the position C3 or C4 (Fig. 178.1) [6, 7].
Pustulan forms a gel in water, a property directly related to the degree of acety-
lation, and the level of acetylation is influenced by lichen species and the condi-
tions under which the lichen has been stored [8].

178.2 Researches on Pustulan

Up to now, the polysaccharide O-acetylated pustulan-type glucans have been
found and reported in 56 species of Umbilicariaceae, 47 of Umbilicaria and nine
of Lasallia, apparently constant in the family [8]. The researches on the pustulan
mainly focused on these two aspects: structure and bioactivities.

178.2.1 Researches on the Structure of Pustulan

It is for the first time that pustulan had been extracted from Umbilicaria pustulata
(L.) Hoffm and U. hirsuta (Sw.) ACH. by Drake in 1943. He gave a speculation on
the structure of pustulan that it was a kind of glucan combined with b-1, 6 gly-
cosidic bonds [9]. The speculation was proved to be right by Lindberg and
MacPherson until 1954 [10]. They confirmed that the pustulan indeed was glucan
with b-1, 6 glycosidic bonds by the hydrolysis products of pustulan which are
glucose, gentiobiose, and some kind of low molecular sugars and by the methods
of degrading the fully methylated pustulan [11].

According to the results of Shibata’s researches, pustulan has been found char-
acteristically in the lichens of Umbilicaria esculenta (Miyoshi) Minks, U. angulata
Tuck, U. caroliniana Tuck, U. polyphylla (L.) Baumg, and Lasallia papulosa (Ach.)
Llano. It has also been shown that pustulan contains 2 % of O-acetyl groups which
are characterized by their absorption at 1,735 and 1,250 cm-1 and removed by
alkaline hydrolysis with 2 % aq. Na2CO3 at room temperature. The acetyl contents
in pustulan were determined by gas chromatography after hydrosis, revealing 1
acetyl group for every 10–12 glucose units [1]. By the method of Bouveng [12], the

Fig. 178.1 The structure of
b-1, 6 acetylated unit of
pustulan [7]
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native polysaccharide swollen in dimethyl-formamide was treated with phenyliso-
cynate to form a phenyl carbamate which was methylated by Kuhn’s method and
treated with LiAIH4 to give a partially methylated glucan. The methyl ether in the
3-position of D-glucose was obtained by the hydrolysis of the partially methylated
glucan to indicate, the acetyl group is attached to the 3-hydroxyl [12]. The molecular
weight of pustulan has been determined by the equilibrium sedimentation method to
be C.2000 (DP c.120) [13].

Shi isolated two kinds of water-soluble polysaccharides UV-2, UV-3 from
Umbilicaria vellea (L.) Ach. in 1994. The results of the structure analysis proved
that those polysaccharides were heteropolysaccharides with partially acetylated
groups and multiple branches [14].

178.2.2 Researches on the Bioactivities of Pustulan

The scholars began to study the bioactivities of the pustulan since 1940s. The
Japanese scholars are the pioneers. Shibata extracted a kind of b-1,6-glucan with
partially acetylated groups from U. esculenta and L. papulosa and named the
polysaccharide GE-3. The GE-3 has significant antitumor activity in vivo which is
higher than those polysaccharides without acetylated [7, 15–19]. That b-1,6-D-
glucan can inhibit the expression of HIV antigen on the Molt-4 (clone 8) cells
remarkably, therefore it can inhibit the HIV virus. When some C3 positions of GE-
3 get acetylated and then sulfated by ClS03H, the polysaccharides change into the
sulfate derivatives GE-3-S which are inhibitors of HIV [20].

The domestic researches on pustulan started relatively later. In 1994, Shi iso-
lated two kinds of water-soluble polysaccharides UV-2, UV-3. The results of
pharmacological experiments on the UV-2 and UV-3 showed that the UV-2 has
the function of strengthening the immune system and enhancing the phagocytic
ability of peritoneal macrophage [14].

The Korean scholars also did similar researches on the extracts and polysac-
charides from U. esculenta in recent years [21–23]. They found that the extracts
from U. esculenta have the inhibitive ability to the thrombosis, glycosidases, and
the formation of melanin. Kim used methanol to extract substances from U.
esculenta and named it methanol extracts. He conducted the experiments of
methanolic extract on platelet aggregation in vitro and pulmonary thrombosis
in vivo. The extract showed concentration depending inhibitory effects on platelet
aggregation induced by ADP, with IC50 value of 2.4 mg/mL. On the other hand,
the extract did not show any fibrinolytic activity and alter coagulation parameters
such as activated partial thromboplastin time (APTT), prothrombin time (PT), and
thrombin time (TT) in rat platelet. These results suggested that the antithrombotic
activity of U. esculenta extracts might be due to antiplatelet activity rather than
anticoagulation activity [23]. The extracts also showed to reduce melanin for-
mation in human melanoma cells which evidenced melanogenesis inhibitory
effects via multiple routes [22]. Lee detected inhibitory activity of the extracts
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from U. esculenta toward b-glucosidase. The extracts showed strong inhibition of
disaccharide hydrolytic enzymes of mold and mammalian origin, but weak or no
inhibition of polysaccharide hydrolytic enzymes except glucoamylase and lam-
inarinase. Purified inhibitor was identified as 1-deoxynojirimycin (1, 5-dideoxy-1,
5-immino-D-glucitol) by NMR spectrometry. The purified inhibitor was identified
as 1-deoxynojirimycin (1, 5-dideoxy-1, 5-immino-D-glucitol) by NMR spec-
trometry [23].

Kim evaluated the phenotype and functional maturation of dendritic cells (DCs)
following treatment of extracted glucan (PUE) by flow cytometric analysis and
cytokine production. As a mechanism of action, PUE increased phosphorylation of
ERK, JNK, and p38 MAPKs, and enhanced nuclear translocation of NF-jB p50/
p65 in DCs. The results indicate that PUE induced DC maturation via MAPK and
NF-jB signaling pathways [24]. Indeed, the basic mechanism of the immuno-
stimulatory, antitumor, antiinfection, and other therapeutic effects of glucans is
thought to occur via the modulation of innate immunity including macrophage and
dendritic cell (DC) function [25].

178.3 The Outlook and Prospect of Pustulan

The researches on the pustulan progressed slowly. One factor that contributes to
the slow progress is the relatively slow growth of lichens in nature and the diffi-
culty of artificial cultivation, the massive production, and industrialized applica-
tion process of pustulan is yet to be developed. Study shows that most of lichen
polysaccharides were produced by the mycobionts, and polysaccharides of
photobionts gave a different character in comparison with those of intact lichens
[1]. Therefore, it is the best way using the mycobionts to conduct the massive
liquid culture and further fermentation for exploiting the industrial applications of
the pustulan.

There also exist some other problems. The pretreatments and the solvents used
for extraction might eventually affect the final structure of pustulan and other
polysaccharides. For instance, methanol, which has commonly been used as one of
the extraction solvents for removing lipids and coloring matter, might cause loss in
the possible acetyl contents due to transesterification [6]. Consequently, how to
pretreat and select the solvent for extraction is an important issue for the study of
pustulan. Besides, the mechanism of the pustulan’s antitumor activity is not very
clear and the pharmacological mechanism still needs to be studied.

Most researches focus on the b-glucan, to which the most of bioactivities of the
polysaccharides are related, while the pustulan from Umbilicariaceae lichens is
b-glucan. Being as a kind of significant active lichen natural products, pustulan has
remarkable antitumor activity with little toxic side effects and its sulfide deriva-
tives having anti-HIV activity. Therefore, the research on the pustulan will be a
hotspot in the lichen bioactivity researches. In order to well study the bioactivities
of pustulan and clarify the pharmacological mechanism of the antitumor and
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anti-HIV activity, etc., it would be very important to obtain plenty of artificial
cultures of lichen-forming fungi. The research on the massive industrial production
will broaden the prospect of the application of pustulan as drugs and health
products.
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Chapter 179
Effects of UV-B Radiation and NaCl Stress
on the Protein Expression in Nostoc
flagelliforme

Lei Yang, Haifeng Yu and Hongxian Lv

Abstract To establish an efficient SDS-PAGE system to separate proteins of
Nostoc flagelliforme cells, the protein extraction, sample volume, and other con-
ditions were modified. The results showed that total proteins were extracted by
using acetone as precipitator, the most appropriate sample volume was 30–45 lg,
concentration of resolving gel was 12 %, when the protein moved to the resolving
gel, the current was changed to 20 mA, With Coomassie brilliant blue staining, 13
clear protein bands appeared in SDS-PAGE gel. UV-B radiation affected the
conformation of Nostoc flagelliforme proteins (33, 114, and 130 kDa protein), and
salt stress induced 117 and 130 kDa protein, showing these proteins were
important factors for the adaption to the corresponding adverse environment.

Keywords NaCl stress � Nostoc flagelliforme cells � SDS-PAGE � The protein
extraction � UV-B

179.1 Introduction

Nostoc flagelliforme is a kind of terrestrial cyanobacterium which is edible and
thrives in arid or semiarid areas [1]. Because of its living environment, Nostoc
flagelliforme is often exposed to high solar radiation and high salt stress in their
natural habitats [2]. It is so sensitive to environment that it’s physiological and
biochemical characteristics change in different habitats, which further leads to the
change in the proteome of Nostoc flagelliforme cells. In recent years, researchers
have paid more and more attention on the characteristics and physiological reg-
ulation ability under extreme environment [3–7]. It is an important aspect to
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explore the Nostoc flagelliforme protein and its gene expression differences in the
protein level for the adversity adaption, which is related to the in-depth study of
response mechanisms. However, there is little study on the mechanism of the
Nostoc flagelliforme cells stress response in the proteome level.

SDS-PAGE is one of the most commonly used methods for protein detection. It
is not only used to determine the relative molecular mass of proteins, but also for
the separation and purification of proteins. At present, the method has been applied
in analysis of proteins in salina, green Dunaliella algae, and other algae which
could form specific proteins in the resilience environment [8, 9].

This work aimed to develop an efficient SDS-PAGE method for analyzing the
total protein of Nostoc flagelliforme cells and exploring the response of Nostoc
flagelliforme under UV radiation and salt stress at the protein level with the SDS-
PAGE of conditions which has been developed.

179.2 Materials and Methods

179.2.1 Materials

The Nostoc flagelliforme was collected in the eastern side of the Helan Mountain
in Yinchuan, Ningxia, China, in 2010, and had stored in dry conditions at room
temperature for 26 months before getting used in experiments. Isolated and axenic
cells were obtained according to previous methods [10]. Axenic cells were
screened and cultured in BG-110 (free of nitrogen) medium. The cells were cul-
tured in BG-11 medium in 500 mL shake-flask containing 200 mL medium at
25 �C under continuous illumination of 60 lmol photon m-2s-1 and were grown
to its late growth phase as inoculums.

179.2.2 UV Treatment and NaCl Treatment

50 mL homogenized suspension of Nostoc flagelliforme cells from their expo-
nential growth phase was used and irradiated under UV-B, using UV light meters
to measure the UV irradiance. The culture suspension was placed in glass Petri
dishes of 90 mm diameter over a magnetic stirrer and irradiated for 24 h.

Homogenized suspension of Nostoc flagelliforme cells from their exponential
growth phase were cultured in BG-110 medium with NaCl at an initial concen-
tration of 0.8 mol L-1 for 24 h in 500 mL shake-flask containing 200 mL medium
at 25 �C under continuous illumination of 60 lmol photon m-2s-1.

Cultures maintained under continuous illumination of 60 lmol photon m-2 s-1

light intensity provided from fluorescent tubes were always treated as control.
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179.2.3 Protein Extraction Methods

Direct extraction method: 30 mL homogenized suspension of Nostoc flagelliforme
cells from their exponential growth phase was used and directly dissolved in 2 mL
of cracking buffer [100 mg of sodium dodecyl sulfate (SDS), 0.1 mL of mercap-
toethanol, 1.0 mL of glycerol, 2 mg of bromophenol blue, 2 mL of Tris–HCl buffer
(0.05 mol L-1 pH 8.0)], grinded, centrifuged, and the supernatants were collected.

Acetone method: 30 mL of homogenized suspension of Nostoc flagelliforme
cells from their exponential growth phase was used and suspended in 2 mL of
phosphate buffer (0.05 mol L-1 pH = 7). After being grinded, processed sus-
pension was kept to stand for 1 h, centrifuged at 5,000 rpm for 15 min and the
supernatants were collected. The supernatants were placed at 4 �C for 4 h after the
addition of 5 mL of precooling acetone, and then centrifuged at 5,000 rpm for
15 min. The precipitation was heated in boiling water bath for 3 min after the
addition of 150 lL of cracking buffer, then centrifuged at 5,000 rpm for 15 min
and then the supernatants were collected [11].

Trichloroacetic acid (TCA)-acetone method: 30 mL of homogenized suspen-
sion of Nostoc flagelliforme cells from their exponential growth phase was used
and suspended in 2 mL of phosphate buffer (0.05 mol L-1 pH = 7), grinded
broken, processed standing for 1 h, centrifuged at 5,000 rpm for 15 min, and the
supernatants were collected. The supernatants were placed at 4 �C for 2 h after the
addition of 5 mL of TCA, and then centrifuged at 5,000 rpm for 15 min. The
precipitation was washed with acetone. The precipitation was heated in boiling
water bath for 3 min after the addition of 150 lL of cracking buffer, then cen-
trifuged at 5,000 rpm for 15 min and the supernatants were collected [12].

179.2.4 Protein Extraction Methods

The quantitative analysis of protein referred to the Bradford method [13].

179.2.5 Preparation of the Gel

The reagents: the Acr/Bis (30.0 g acrylamide, 0.8 g bis-acrylamide dissolved in
100 mL of distilled water); stacking gel buffer [5.98 g Tris dissolved in 48 mL of
HCl (1 mol L-1), and compensated to 100 mL with distilled water, pH = 6.7]; the
resolving gel buffer (36.3 g Tris dissolved in 48 mL of HCl(1 mol L-1), and
compensated to 100 mL with distilled water, pH = 8.9); 10 % (w/v) SDS; 1 % (v/
v) tetramethylethylenediamine (TEMED) solution; 10 % (m/v) ammonium per-
sulfate solution.

10 % resolving gel [14], 12 % resolving gel [15], and 3 % stacking gel were
prepared.

179 Effects of UV-B Radiation and NaCl 1673



179.2.6 SDS-Page

Both electrophoresis tank (DYCZ-24D) and electrophoresis apparatus (DYY-8B)
were purchased from Beijing Liuyi Instrument Limited Company. The staining
was coomassie brilliant blue G-250 (0.1 % (w/v)) and the destaining solutions
were methanol (10 % (v/v)) and acetic acid (10 % (v/v)).

Photograph of the gel was analyzed using 1D analysis software.

179.3 Results and Discussion

179.3.1 Comparison of Different Protein Extraction Methods

As shown in Fig. 179.1, the direct extraction method could get a higher protein
content compared by the acetone method and the TCA-acetone method. However,
the protein got by the direct extraction method could not be effectively separated
by SDS-PAGE (Fig. 179.2). There are 7 and 11 protein bands were found in TCA-
acetone extraction method and acetone method, respectively, so the direct
extraction method was not suitable for SDS-PAGE. In contrast, less protein were
obtained by acetone precipitation method and TCA method compared with direct
extraction method. In addition, the number of protein bands which extracted by the
acetone method were more than the TCA-acetone method. Therefore, the acetone
method might be more suitable to Nostoc flagelliforme protein for SDS-PAGE.

Nostoc flagelliforme cells are rich in large quantities of polysaccharides and
pigments [16] which have an important influence on the SDS-PAGE, so the
removal of impurities from the extracted protein is the key to SDS-PAGE. The

Fig. 179.1 Protein content
with different extraction
methods
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protein sample extracted by the acetone method appeared to have more abundant
and clearer electrophoresis bands in SDS-PAGE images.

179.3.2 Choice of Electrophoresis Conditions

The extraction by the acetone method was used for SDS-PAGE. Electrophoresis
voltage and current was shown in Table 179.1. More and clearer electrophoretic
bands were found under condition a (Fig. 179.3a). In addition, there was a darker
connection strip in the bottom of images under condition b (Fig. 179.3b). There-
fore, condition a was suitable to Nostoc flagelliforme protein for SDS-PAGE.

179.3.3 Sample Volume

The extraction by the acetone method was used for SDS-PAGE. SDS-PAGE was
carried out under condition a.

The number of bands was 13 in 30–45 lg protein sample (Fig. 179.4). When
the sample volume was greater than 45 lg, the high-abundant proteins would

(a) (b) (c)Fig. 179.2 SDS-PAGE
images of Nostoc
flagelliforme with different
extraction methods. a direct
dissolution method, b acetone
method, c TCA method

Table 179.1 Conditions of SDS-PAGE

Electrophoresis
conditions

Condition a Condition b

Voltage
(V)

Current
(mA)

The
concentrate
(%)

Voltage
(V)

Current
(mA)

The
concentrate
(%)

Stacking gel 15 10 3 20 20 3
Resolving gel 29 20 12 40–80 40 10
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cover the low-abundance proteins and when the sample volume was lower than
30 lg, some bands would be unclear or disappear. Therefore, the most appropriate
sample volume was 30–45 lg.

179.3.4 SDS-PAGE Analysis of Protein in Nostoc
flagelliforme with UV-B and NaCl Stress

Upon UV-B exposure for 24 h, certain proteins of Nostoc flagelliforme, especially,
15–33 kDa, were selectively repressed and a few others e.g., 33, 114, 130 kDa
were overproduced, conferring protection to the cells from UV injury (Fig. 179.5).
However, upon 0.8 mol L-1NaCl stress for 24 h, most proteins of Nostoc fla-
gelliforme, especially, 20–50 kDa, were selectively repressed. However, there are
still a small number of proteins, such as the 130,117 kDa protein stress induced by
salt. The changes of these proteins might account for stress resistance of Nostoc
flagelliforme.

(a) (b)Fig. 179.3 SDS-PAGE
images of Nostoc
flagelliforme with different
conditions

Fig. 179.4 SDS-PAGE
images of Nostoc
flagelliforme with different
sample volume of the protein
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Tolerance of Nostoc flagelliforme to environmental stresses is attributed to the
respond to physiological and metabolic processes, and the synthesis of proteins is
an important mechanism for that. The cyanobacterium Synechocystis sp. showed a
capability for de novo formation of D1 and D2 proteins, the key proteins in
photosystem II (PSII) in response to UV stress [17]. The terrestrial cyanobacte-
rium, Tolypothrix byssoidea, induced 43, 49, and 58 kDa proteins upon UV
exposure, conferring protection to the organism to survive prolonged UV exposure
[18]. The estuarine cyanobacterium Lyngbya aestuarii also induced 20 and 22 kDa
proteins upon UV exposure [15], and the same situation also appeared in Chlo-
rococcum sp. [19]. Moreover, SSPs (The proteins which preferentially synthesized
during salt stress) has been studied in previous studies. The stress proteins of plants
are predominantly of low molecular mass [20]. Jiang [8] reported that some
protein of Dunaliella viridis in salinity stress by inducing increased expression,
and these proteins included antioxidant protein, cytoplasmic cytoskeleton proteins,
molecular chaperones, protein functions of the Calvin cycle, photosynthetic
electron chain proteins and amino acid synthesis, protein synthesis enzymes and
ion channel protein which were a variety of different biological function of pro-
teins. In this study, UV-B radiation affected the conformation of Nostoc flagelli-
forme proteins, namely, 33,114, and 130 kDa protein, and salt stress induced 117
and 130 kDa protein, these proteins appeared as stress protein during adaptation to
a changed environment.

179.4 Conclusions

The SDS-PAGE system of proteins of the Nostoc flagelliforme cells has been
established. Total protein was extracted with acetone method, the most appropriate
sample volume was 30–45 lg, concentration of resolving gel was 12 %, when the

Fig. 179.5 SDS-PAGE
analysis of protein in Nostoc
flagelliforme with different
stress. 1 UV-B treatment 2
NaCl treatment 3 Control 4
Marker
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protein went to the resolving gel, the current was changed to 20 mA, with Coo-
massie brilliant blue staining, 13 clear proteins bands appeared with SDS-PAGE.
The Nostoc flagelliforme proteins, namely, 33, 114, and 130 kDa protein affected
by UV-B, and 117 and 130 kDa protein induced by salt stress were discovered and
these proteins appeared as stress responsive factors during adaptation to envi-
ronment change.
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Chapter 180
Study on Antibacterial Activity of Radix
isatidis Extracts and Preliminary
Investigation of Their Antibacterial
Mechanism

Lin Tian and Zhan Wang

Abstract The antibacterial mechanism of Radix isatidis extracts against Esche-
richia coli and Bacillus subtilis was investigated by determining the changes in
electrical conductivity of bacterial suspension treated by Radix isatidis extracts, as
well as the changes of phosphorus metabolism and protein expression. The results
showed that the electrical conductivity of treated bacterial suspension was sig-
nificantly increased, indicating that Radix isatidis extracts could damage the
integrity of cell membrane. In addition, the consumption of phosphorus was
decreased in the Radix isatidis-treated bacteria, which influenced the synthesis of
important cellular components, such as phospholipid, energy metabolism.
Coomassie brilliant blue G-250 colorimetric assay demonstrated that Radix isatidis
extracts could block the expression of some proteins in bacterial cells.

Keywords Antibacterial mechanism � Bacillus subtilis � Escherichia coli � Radix
isatidis

180.1 Introduction

Chemical preservatives are widely used in the food industry in recent years.
Although it can effectively inhibit bacterial growth, chemical preservatives have
some side effects, teratogenic, carcinogenic, or mutagenic effect to harm human
health, as well as a threat to the natural environment. Therefore, people pay more
attention to the research and development of easy to use, effective and nontoxic
natural food preservatives [1, 2].

L. Tian (&) � Z. Wang
Department of Basic Science, Tianjin Agricultural University, Tianjin 300384,
People’s Republic of China
e-mail: xiaolinzi2004_china@126.com

T.-C. Zhang et al. (eds.), Proceedings of the 2012 International Conference
on Applied Biotechnology (ICAB 2012), Lecture Notes in Electrical Engineering 251,
DOI: 10.1007/978-3-642-37925-3_180, � Springer-Verlag Berlin Heidelberg 2014

1681



China is the birthplace of Chinese herbal medicine and the largest production
country. Chinese herbal medicine attracted much of the world’s attention because
of its unique concept and effects on disease. Its effect and safety has been con-
firmed in the long history. Herbal medicine used as a food preservative, not only to
avoid the toxic hazards of chemical preservatives, but also can give the food a
unique flavor. Chinese herbal medicine as a welcomed and promising preservative
has the following advantages: First, because it is a natural substance, it has no
toxic side effects within the normal range of use; Second, it has multiple effects,
such as health care, antibacterial, and disease prevention [3].

Radix Isatidis has been widely applied in the research and development of
Chinese medicines. However, the research on Radix Isatidis antibacterial mech-
anism has not been found.

In this study, we investigated the antibacterial mechanism of Radix Isatidis
extracts liquid against Escherichia coli and Bacillus subtilis in order to provide a
theoretical support for its development into a new natural preservative or anti-
bacterial agent.

180.2 Materials and Methods

180.2.1 Drugs and Instruments

180.2.1.1 Strains

Escherichia coli and Bacillus subtilis.

180.2.1.2 Medium

Nutrient Broth medium for Escherichia coli, NB medium supplemented with 15 g
L-1 glucose for Bacillus subtilis.

180.2.1.3 Reagents

Reaction solution of Coomassie Brilliant Blue G-250 [4], 0.1 mol L-1 phosphate
buffer.
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180.2.2 Methods

180.2.2.1 Extracts Method of Radix Isatidis

Pulverized Radix Isatidis was decocted by boiling water for an hour, filtered, and
set the volume to 30 mL. The concentration of Radix Isatidis was 1 g mL-1.

180.2.2.2 Determination of the Antibacterial Activity of Radix Isatidis
Extracts

The cultivation was realized by culturing the Bacillus subtilis in the Nutrient Broth
medium supplemented with 15 g L-1 glucose at 37 �C with orbital shaking at
180 rpm for 12 h. The Radix Isatidis extracts was added into the broth in which
the cell concentration is 104 CFU mL-1 obtained through diluted by appropriate
medium.

The Radix Isatidis extracts was added into the broth. The mixture was incubated
for 5, 10, 20, 30, 40, and 80 min, respectively. The 50 lL mixture was removed
for culturing for 24 h.

180.2.2.3 Determination of Electrical Conductivity

5 mL Radix Isatidis extracts was added into the 5 mL broth which its concen-
tration is 108 CFU mL-1 obtained through diluted by 0.1 mol L-1 phosphate
buffer. The electrical conductivity was measured every 10 min [5].

180.2.2.4 Determination of Phosphate Metabolism

In our study, we used the method as reported before [6].

180.2.2.5 Determination of Soluble Protein Contents

In our study, we used coomassie brilliant blue G-250 staining method determining
the soluble protein content as reported before [7].
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180.3 Results and Discussion

180.3.1 Antibacterial Activity of Radix Isatidis Extracts
Against Escherichia coli and Bacillus subtilis

As the results showed that (Fig. 180.1), Radix Isatidis extracts had antibacterial
activity against Escherichia coli and Bacillus subtilis, but stronger against former.
The antibacterial rate against Bacillus subtilis reached 33.8 % at 30 min, almost
three times against Escherichia coli.

180.3.2 The Changes of Electrical Conductivity After Radix
Isatidis Extracts Treatment

As Shown in Figs. 180.2 and 180.3, when the concentration of Radix Isatidis
extracts was 0.01 g mL-1, the conductivity of broth of the two strains treated by
Radix Isatidis at different treatment time were higher than those of control, but
showed a greater conductivity difference in the Bacillus subtilis with the control.
When the concentration was 0.005 g mL-1, the conductivity were higher than
those of control with 75 min.

180.3.3 The Changes of Phosphate Metabolism After Radix
Isatidis Extracts Processing

As shown in Figs. 180.4 and 180.5, compared with the control, the phosphorus
consumption gradually reduced after treatment by Radix Isatidis extracts which
showed that Radix Isatidis extracts not only can damage the cell membrane, but
also can affect phosphate metabolism.
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180.3.4 Changes in the Soluble Protein Content

As the results showed (Fig. 180.6) that, the soluble protein content showed a big
difference with that of untreated control in less than 4 h, but achieve a balance
after 32 h.

180.4 Discussion

180.4.1 Effects of Radix Isatidis Extracts on the Permeability
of Cell Membrane

The cell membrane is a protective barrier for bacteria. When the cell membrane is
destroyed, bacterial protection barrier is broken. So that its internal electrolyte is
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leaked to the nutrient solution, and nutrient solution of electrical conductivity
rises. Therefore, the changes in the broth electrical conductivity reflect the changes
in the bacterial membrane permeability.

In our study, we found that the electrical conductivity continued to increase
which indicated the cell membrane was definitely destroyed. And the higher
concentration of Radix Isatidis extracts can damage the cell membrane faster
compared with the lowers.

180.4.2 Effects of Radix Isatidis Extracts on Bacterial
Phosphate Metabolism

Phosphorus, a trace element, is necessary for all organisms and an important
component of nucleic acids, phospholipids, and glucose metabolism intermediates
including microorganisms, so that it plays a central role in cellular energy
metabolism. The bacteria use glucose through a series of the phosphorylation
reaction, to provide the energy needed for the growth and reproduction. Therefore,
consumption of phosphorus may reflect the metabolic function and the state of
growth of the cell as a whole.

In our study, we found that the consumption of phosphorus continued to reduce
indicate there was a continuous destruction in bacterial phosphate metabolism, and
even the energy metabolism of the bacteria.

180.4.3 Effects of Radix Isatidis Extracts on Protein
Synthesis in Bacteria

The protein is not only the structure and composition of the microorganism cells,
but also catalyzes the intracellular biochemical reactions in the form of the
enzyme. Therefore, the reduction of protein content may reflect that the Radix
Isatidis extracts could inhibit or destruct the protein synthesis in bacteria, which
indirectly led to the death of bacteria.

In addition, with the extension of reaction time, the effective and antibacterial
component Radix Isatidis extracts damaged. Meanwhile, Protein contained in the
liquid medium itself was consumed by the bacterial life activities. Therefore,
protein contents reached equilibrium late in the experiment.
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180.5 Conclusion

In conclusion, we demonstrate that the Radix Isatidis extracts could lead to the
death of bacteria through destroying the structure of the cell membrane, affecting
the bacterial phosphate metabolism and the synthesis and expression of bacterial
protein.
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Chapter 181
Optimization Research of Sufu
by Enzymatic Accelerated Maturation

Jianming Wang, Feng Hu, Ping Li, Changsheng Qiao, Yuan Geng
and Hengxing Yang

Abstract Sufu, one of the famous traditional fermented soybean curds, was fast
manufactured by maturing acceleration using enzymes. The optimum condition of
enzymatic hydrolysis sufu was determined by the single factor and orthogonal
tests. Four single factor of important effect on content of peptide and DH were
explored. The optimum condition was determined as enzyme dosage was fixed
0.01 %, substrate concentration of soya milk of 6.0 %, hydrolysis temperature
50 �C and hydrolysis time 5 h by orthogonal tests. Under these conditions,
The resulted content of peptide was 106.4 mg/g(dry basis) and DH was 25.56 %.

Keywords Sufu � Enzyme ripening � Peptide � DH � Orthogonal experiment

181.1 Introduction

In Asian countries, soybean is consumed in many forms, including soymilk, tofu
products, and fermented products such as miso, soy sauce, tempeh, and sufu. Sufu
is a traditional fermented soybean curd originating in China [1]. It is a soft cheese
like product with a spreadable creamy consistency, and it has been consumed
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widely as an appetizer for centuries in China [2, 3]. There is a similar product
called tofuyo in Okinawa, Japan. China has many different colors of sufu, such as
red sufu, white sufu, and gray sufu, but red sufu is the most popular type due to its
attractive color and fine flavor [4].

During sufu preparation, the changes in the chemical components, especially
those related to the degradation of protein, It had been reported that most of the
soybean proteins were degraded into peptides and amino acids in well-qualified
sufu. Soybean peptides are a group of short chain peptides with 3–10 amino acid
residues derived from soybean protein hydrolyzed. It should be considered
not only as a nutrient but also as a functional factor to human health because of
its various bioactivities such as immunostimulative, anti-hypertensive, and
antithrombotic properties [5].

For the manufacture of traditional fermented sufu, pehtze was first prepared by
growing a fungus such as Actinomutor, Mucor, or Rhizopus on tofu cubes. The
prepared pehtze is then aged in a saline solution for ca 4–6 months [6]. It (The
manufacture of traditional fermented sufu) was a long and complex process, semi-
finished products occupied a large space, and it was difficult to expand production
scale. As soybean proteins are precursors of many different bioactive peptides [7,
8], there are many studies on the production of soybean peptides by hydrolysis of
soybean protein with commercial enzyme preparation [9]. And while during the
manufacturing of enzyme ripened sufu, the salted tofu cubes are then ripened with
enzyme for ca 4–6 weeks. Considering the lack of research on sufu prepared by
enzyme ripening method, we have previously conducted a series of study to
investigate some biochemical and physical changes during the hydrolyzed of
enzyme-ripening sufu. It was found that hydrolytic enzymes catalyzed the
hydrolysis protein.

The objectives of this work were: to study effects of different enzyme reaction
conditions on enzymatic hydrolysis; to study the novel manufacture of sufu by
enzymatic accelerated maturation was feasible, which had certain theoretical basis
for enzymatic sufu instead of traditional sufu.

181.2 Materials and Methods

181.2.1 Reagents and Materials

Soybean was supplied by Tianjin Limin Flavoring Co., Ltd in China. Accelerzyme
CPG (900 CPGU/g) was obtained from DSM Enzymes (Netherlands) Flavoring
Co., Gly–Gly-Tyr-Arg was purchased from Sigma Company, Trichloroacetic acid
(TCA), Formaldehyde, CuSO4�5H2O, NaOH, H2SO4, K2SO4, were purchased
from Tianjin Damao Chemical Reagent Factory. Actinomucor elegans was
preserved the laboratory.
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Actinomucor elegans was used topacked in the surface cover of sufu.
The chemical and reagents used in the experiment were of analytical or food

grade quality. Preparation of pehtze (pizi) hydrolysates using enzymes.
Preparation of tofu used for sufu mainly follows the process technologies for

commercial tofu except for slight differences in some steps. Pehtze (or pizi), fresh
bean curd overgrown with mycelium of molds that was flattened by hand, in the
same way as done in the traditional way, is produced by means of solid substrate
fermentation [10]. Then, increased to right temperature, the enzyme began to
work. After several hours, the index came to the standard, stopped hydrolyze. The
enzymatic accelerate ripening sufu production flow is briefly outlined:

Soybean?soy milk?sterilization?agitating and adding?ingredients?adding
enzymes?hydrolysis?enzyme denaturing?packaging?enzymatic accelerated
maturation sufu

181.2.2 Sufu Sample Preparation

The inner yellow part of sufu was taken, frozen at -50 �C and freeze-dried in a
chamber freeze-dryer. The freeze-dried parts were ground in a pulverizer and the
resulting powders were used for peptide analysis.

181.2.3 Peptide Extraction

The sufu powder was extracted with 5 % TCA, solvent/sufu ratio 10:1 (w/v ratio)
at 55 �C for 30 min. After extraction, the suspensions were centrifuged at
3,000 rpm for 10 min, and the supernatants were used.

181.2.4 Standard Curve

Gly–Gly-Tyr-Arg tetra-peptide was dissolved in 5 % of the TCA to solution of
different concentrations. The standard curve of Gly–Gly-Tyr-Arg tetra-peptide was
as follows: (Fig. 181.1).

Y is the OD value of the solution of different concentrations and X is the
concentration of peptide in solution. There is positive correlation between X and
Y, thus the greater the OD value, the greater the concentration of peptide.
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181.2.5 Measurement of Peptide

2.5 mL of supernatant added 2.5 mL of 10 % TCA solution, mixed on whirlpool
hybrid instrument, then centrifuged at 4,000 rpm for 15 min. The supernatants were
fully transferred to a 50 mL volumetric flask and the volume was completed with the
extraction solvent to the mark. Take 6.0 mL of the above solution by adding 4.0 mL
of the biuret reagent in another tube and mixed well. Then centrifuged at 2,000 rpm
for 10 min. OD values were measured at the wavelength of 540 nm using ultraviolet-
visible spectrophotometer. Each test included blank controls containing extraction
solvent (without supernatant) and triplicate test amples. Then, quantitative analysis
was done by using the standard curve of Gly–Gly-Tyr-Arg tetra-peptide.

181.2.6 DH

The DH is an important unit of measure in proteolysis. This unit is defined as the
ratio between the bonds cleaved and the total peptide bonds present. It was
determined by analyzing the number of amino groups by ninhydrin titration or
formaldehyde titration [11]. The formaldehyde titration method was used here.

181.2.7 Experimental Design for Enzymic Hydrolyze

The process conditions for peptide and DH during enzymatic sufu production
process were optimized by single-factor experiment design. And then, orthogonal
test was used for further optimization of conditions.
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181.3 Results and Discussion

181.3.1 Effect of Substrate Concentration on Content
of Peptide and DH

Substrate concentration has been found to be the important factor besides
temperature, time, enzyme dosage, and composition. Different substrate
concentration will affect a reaction. Figure 181.2 shows effect results of different
substrate concentration on content of peptide and DH of enzymatic sufu. As can be
seen, the DH gradually increased when substrate concentration value increased. In
addition, DH increased when substrate concentration changed from 4 to 6 %. The
possible reason is that substrate concentration was used as reactant beneficial to
hydrolysis reaction. However, over-substrate concentration led to too difficult touch
of substrate and enzyme, which could be unbeneficial to an enzyme-catalyzed
reaction.

The similar changes can also be seen in the content of peptide curve of
Fig. 181.2. In the meantime, we observed that content of peptide increased quickly
when substrate concentration changed from 4 to 6 %, and increased slowly after
6 %. According to these results and consideration of saving substrate for industrial
point protease of view, we regarded the 6 % as reasonable substrate concentration
for hydrolysis of enzymatic sufu.

(Enzyme dosage 0.01 %, hydrolysis temperature 50 �C and hydrolysis time 4 h
and then measured the content of peptide and DH).

181.3.2 Effect of Hydrolysis Time on Content of Peptide
and DH

Effect of different hydrolysis time on peptide and DH of enzymatic sufu were
shown in Fig. 181.3. As can be seen, the peptide and DH gradually increased when
the time increased. In the meantime, it was also found that peptide and DH
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increased quickly as the time changed from 2 to 4 h, and increased slowly after
4 h. It is significant to consider saving time for industrial point protease of view.
Therefore, 4 h was considered as a reasonable time for hydrolysis of enzymatic
sufu.

(Enzyme dosage 0.01 %, substrate concentration 6.0 % and hydrolysis
temperature 50 �C and then measured the content of peptide and DH).

181.3.3 Effect of Hydrolysis Temperature on Content
of Peptide and DH

Different temperature will affect a reaction. Figure 181.4 shows effect of different
temperature on peptide and DH of enzymatic sufu. As can be seen, the content of
peptide and DH gradually increased when substrate concentration value increased.
In addition, the content of peptide and DH increased when temperature changed
from 40 to 50 %.The content of peptide and DH increased when temperature
changed from 40 to 50 �C. When temperature was higher than 50 �C, the content
of peptide and DH were decreased along with the increase of temperature of
hydrolysis. The possible reason is that high temperature led to inactivation of some
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enzyme, which could be unbeneficial to an enzyme-catalyzed reaction. Therefore,
50 �C was the reasonable temperature for hydrolysis of enzymatic sufu.

(Enzyme dosage 0.01 %, substrate concentration 6.0 % and hydrolysis time 4 h
and then measured the content of peptide and DH).

181.3.4 Effect of Enzyme Dosage on Content of Peptide
and DH

Effect of different enzyme dosage on content of peptide and DH of enzymatic sufu
were shown in Fig. 181.5. As can be seen, the content of peptide and DH gradually
increased when the dosage increased. In the meantime, it was also found that
content of peptide and DH increased quickly as the enzyme dosage changed from
0.005 to 0.01 %, and increased slowly after 0.01 %. In general, over broad ranges
of enzyme and substrate relationship, there is an increase in the overall hydrolysis
rate as the enzyme dosage is increased [12]. The actual specificity of the enzymes
may be altered at a very high dosage and there is also a possibility of some reverse
reactions. It is significant to consider this in the case of the production of protein
hydrolysates intended for food industry. Therefore, 0.01 % was considered as a
reasonable dosage for hydrolysis of enzymatic sufu.

(substrate concentration 6.0 % hydrolysis time 4 h and hydrolysis temperature
50 �C and then measured the content of peptide and DH).

181.3.5 Optimization of Hydrolysis Parameters

In this experiment, we took content of peptide and DH values produced in the
process of hydrolysis as objective parameters. The enzyme dosage was fixed as
0.01 %. The Accelerzyme CPG was the enzyme used for this test. The influence of
substrate concentration (A), hydrolysis time (B), and hydrolysis temperature (C)
on the hydrolysis by enzyme was determined using one-factor experimental design
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as mentioned in the previous section. Each variable was coded at three levels: 1, 2,
and 3 (Table 181.1).

The observed values for content of peptide and DH at different combinations of
the independent variables were shown in Table 181.2. The significance of the
investigated factors and levels could be realized using the range (R) analysis
method. As can be seen, the significance of factors for content of peptide followed
the sequence: C [ B [ A. On the other hand, the sequence of impact of factors on
the DH was C [ B [ A. In the light of content of peptide and DH values of
hydrolysis, the best reaction condition was A2B2C3. As can be seen from the
ANOVA table (Table 181.3), among the independent variables for content of
peptide that substrate concentration, hydrolysis time, and hydrolysis temperature
had relatively significant effect (p B 0.05). And the significance of factors for DH
was hydrolysis time. We confirmed the optimal hydrolysis condition was substrate
concentration 6 %, hydrolysis time 5 h and hydrolysis temperature 50 �C. The
enzyme dosage was fixed as 0.01 %. In the end, the maximum content of peptide
can reached 106.4 mg/g(dry basis)and the maximum DH can reach 25.56 %.

Table 181.1 Coded and real
values for each variable of the
orthogonal experimental
design

Variables Symbol Coded levels

1 2 3

Substrate concentration (%) A 5 6 7
Hydrolysis time (h) B 3 4 5
Hydrolysis temperature (�C) C 40 50 60

Table 181.2 Orthogonal design for experimental design and actual results

Run A B C Content of peptide (mg/g) DH (%)

1. 1 1 1 94.25 13.98
2. 1 2 2 103.27 21.66
3. 1 3 3 100.91 20.53
4. 2 1 2 104.44 24.43
5. 2 2 3 106.4 25.56
6. 2 3 1 91.9 15.42
7. 3 1 3 102.48 21.02
8. 3 2 1 93.86 17.03
9. 3 3 2 98.56 19.11
K Content of peptide DH

A B C A B C
k1 99.263 100.39 93.337 18.723 19.810 15.477
k2 100.913 101.177 102.09 21.803 21.417 21.733
k3 98.300 96.910 103.05 19.053 18.353 23.370
R 2.613 4.267 9.713 2.940 3.064 6.2893
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181.4 Conclusion

This research provided the optimal condition for hydrolysis sufu using enzyme.
Content of peptide and DH (hydrolysis degree) were determined as screen indictor.
The preliminary study confirmed that substrate concentration, hydrolysis time,
hydrolysis temperature, and enzyme dosage were the main factors for content of
peptide and DH. Through the orthogonal experimental design, we confirmed the
optimal hydrolysis condition was substrate concentration 6 %, hydrolysis time 5 h,
and hydrolysis temperature 50 �C. The enzyme dosage was fixed as 0.01 %. The
maximum content of peptide can reached 106.4 mg/g(dry basis)and the maximum
DH can reach 25.56 %. Therefore, the research showed novel manufacture of sufu
by enzymatic accelerated maturation was feasible, which had certain theoretical
basis for enzymatic sufu instead of traditional sufu.
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Chapter 182
Optimization of the Electroporation
Conditions for DNA Transformation
of Staphylococcus carnosus

Qiang Gao, Mengxiao Wang, Changyan Yu, Lin Huang, Xiu Zheng
and Yan Zhu

Abstract In this paper, the optimization of electroporation method for Staphylococcus
carnosus is investigated. The various factors for electrotransformation are evaluated,
including bacterial growth phase, electroporation parameters, pBT2 plasmid DNA
concentration and structure, the effect of protoplast or other cell wall-weakening
treatments, and the prepulse incubation temperatures, etc. The primary optimized
electroporation method is consisted of 60 lL electrocompetent cells and 800–1,000 ng
plasmid DNA using the electroporation parameters of 21 kV cm-1 field strength, 50 X
resistance, and 25 lF capacitance by a Bio-Rad Gene Pulser XcellTM system. Using
this optimized method, three different plasmids (pBT2, pCX19, and pTX15) are
successfully transformed into S. carnosus, and the transformation efficiencies are
stationary at around 1 9 103 transformants per lg plasmid DNA. Our results indicate
that this electroporation method can be generally applied for foreign DNA transfor-
mation into S. carnosus host.

Keywords Electroporation�Staphylococcuscarnosus�Plasmid�Electrocompetent
cells

Q. Gao (&) � M. Wang � C. Yu � L. Huang
Key Laboratory of Industrial Fermentation Microbiology of Ministry of Education, Tianjin
Key Laboratory of Industrial Microbiology, College of Biotechnology, Tianjin University
of Science and Technology, Tianjin 300457, People’s Republic of China
e-mail: gaoqiang@tust.edu.cn

X. Zheng � Y. Zhu
The Logistic Service Group, Tianjin University of Science and Technology, Tianjin 300457,
People’s Republic of China

T.-C. Zhang et al. (eds.), Proceedings of the 2012 International Conference
on Applied Biotechnology (ICAB 2012), Lecture Notes in Electrical Engineering 251,
DOI: 10.1007/978-3-642-37925-3_182, � Springer-Verlag Berlin Heidelberg 2014

1699



182.1 Introduction

As a non-pathogenic and Gram-positive bacterium, Staphylococcus carnosus is the
only one bacterium fully recognized as food-grade GRAS (generally regarded as
safe) in Staphylococci family [1, 2]. This microorganism plays an important role in
the ripening of dry sausages and hams, and it has been used as a starter culture for
dry meat manufacture in Europe since 1950s. Furthermore, due to the above
significance, S. carnosus has been developed as a bacterial host system for foreign
protein expression and cell surface display for decades [2].

The transformation step is of key importance for successful genetic manipu-
lation. In general, electroporation is a mechanical method which transfers polar
DNA molecules directly into the host cell with the aid of the high-voltage pulse
lasted a few microseconds to a millisecond. Moreover, the advantages of this
method are effective, rapid, and at low cost. Since the electroporation-mediated
transformation of Staphylococcus aureus and S. epidermidis are quite successful
[3], it would be preferable if the efficient transformation of S. carnosus by elec-
troporation would be ubiquitously achieved. Löfblom et al. [4] also reported the
electroporation-mediated transformation for the protein surface display in
S. carnosus with a shuttle plasmid.

Since only one plasmid is reported for the transformation into S. carnosus by
electroporation before, in this study, we attempt to optimize a popular electro-
poration method of foreign DNA transformation for S. carnosus using three dif-
ferent plasmids, pBT2, pCX19, and pTX15.

182.2 Materials and Methods

182.2.1 Bacteria, Plasmids, and Cultivation

Escherichia coli DH5a is cultivated in LB medium, and Staphylococcus carnosus
TM300 is grown in B2 medium, which is also used as the recovery medium after
pulse. Plasmids pBT2, pCX19, and pTX15 are used for the determination of the
efficiencies of DNA electrotransformation [2, 3]. Self-prepared TBAB or DM-3
medium is used to select transformants [5]. Cell growth is measured using optical
density at 578 nm (OD578).

The DNA of E. coli-Staphylococci shuttle plasmid pBT2 is extracted from
E. coli host using Tiangen pure midi plasmid kit (Tiangen Biotech Co. Ltd.,
Beijing, China). Plasmid DNAs of pCX19 and pTX15 are, respectively, prepared
from S. carnosus TM300 host by the same kit, except an additional lysostaphin
incubation step for the cell wall degradation.
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182.2.2 Preparation of Electrocompetent Cells
and Electroporation

Cell competence means the physiological state of a cell which easily absorbs
exogenous DNA. Here, the electrocompetent cell preparation and electroporation
procedure are mainly based on the method of Löfblom et al. [4] with some
modification. Briefly, a colony of S. carnosus TM300 is inoculated into 50 mL B2
broth in a 250-mL flask and shaken at 150 rpm and 37 �C for 12 h. The seed
culture is diluted into 100 mL B2 broth to an initial OD578 of about 0.5 in a
500-mL flask and cultivated as above. When OD578 reaches about 0.6, the culture
is placed on ice for 10 min, then the cells are harvested by centrifugation at
5,000 xg and 4 �C for 10 min. The cells are washed three times with ice-cold
sterile water and twice with ice-cold sterile 10 % (w/v) glycerol, subsequently
resuspended with 400 lL sterile ice-cold 10 % (w/v) glycerol. Finally, the elec-
trocompetent cell suspension is divided into 60 lL aliquot and reserved at -70 �C
up to 6 months.

A certain amount of plasmid DNA is added to a 60-lL electrocompetent cell
preparation for electroporation. The electroporation procedure is performed using
a Bio-Rad Gene Pulser XcellTM apparatus (Bio-Rad Laboratories, Hercules, CA,
USA) and a Bio-Rad 1-mm electrode-gap cuvette. After pulse, the cells are
transferred into 1 mL B2 medium and cultivated at 30 �C and 150 rpm for 2 h.
Then 200 lL of cell suspension are spread on TBAB plates containing a corre-
sponding antibiotic. After 24 h incubation, transformants emerge and are used for
further experiments.

182.2.3 Cell Wall Weakening Treatment

S. carnosus TM300 protoplast is prepared according to the Ref. [6]. Alternatively,
lysostaphin is added in the 60-lL electrocompetent cell preparation at the final
concentration of 50 lg mL-1 and incubated at 37 �C for 30 min for cell wall
weakening treatment [7, 8]. The subsequent electroporation is operated in the
optimized condition.

182.3 Results and Discussion

182.3.1 Determination of S. carnosus Growth Phase

The growth curve of S. carnosus TM300 is first determined, since it is crucial for the
relationship between growth state of the bacterium and transformation efficiency.
During the first 8 h inoculation, cell growth is slow since the bacterium is adapting
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to the new environment. The next 2 h appears the logarithmic phase with the
vitality of the bacterium. After 14 h cultivation, it goes into stationary phase
(Fig. 182.1). So the culture time is chosen between 11 and 13 h for seed incubation.

182.3.2 Optimization of Electroporation Parameters

Electrical parameters are of the overall most importance for successful electro-
poration-mediated transformation of various bacteria [2–8]. To simplify the
optimization procedure, a fixed field strength of 21 kV cm-1 is used in this paper
for electroporation according to the Ref. [4]. Thus, for the Bio-Rad Gene Pulser
XcellTM used here, the parameter optimization only focuses on capacitance and
resistance. First, we compare the electrotransformation efficiency at capacitance of
25 and 50 lF for electroporation at the resistance of 100 X. The results exhibit that
1.1 9 102 recombinants per lg pBT2 plasmid DNA are obtained at 25 lF
capacitance, but no transformants available at 50 lF. Hence, capacitance of 25 lF
is chosen for further optimization of the resistance parameter. Finally, the resis-
tance is optimized from the range of 50–200 X. Figure 182.2 illustrates that the
pulse at 50 X resistance with accompanied 1.3 ms conferred the best transfor-
mation efficiency, i.e., about 2.8- and 40-fold increase when compared to those at
100 and 150 X, respectively. Accordingly, the optimized parameters for S. car-
nosus electrotransformation are the combination of 21 kV cm-1 field strength,
25 lF capacitance, and 50 X resistance.

In addition, twice pulses just yield a couple of transformants compared with
single pulse of 1.03 9 103 transformants for the same batch electrotransformation
at the optimized electroporation conditions. Thus only single pulse is applied in the
following electrotransformation experiments.

Fig. 182.1 Growth curve of
S. carnosus TM300 in B2
medium
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182.3.3 Effect of Plasmid DNA Concentration and Plasmid
Structure

In this study, when the amount of plasmid pBT2 DNA is increased, the trans-
formation efficiency first rises, but drops with over 1,000 ng plasmid DNA under
the optimal electrical parameter settings, e.g., the electrotransformation efficiency
with 800–1,000 ng DNA is around 1.1-fold and 10-fold improvement as compared
to those with 1,200 ng and 600 ng DNA, respectively (Fig. 182.3). Therefore, the
optimal amount of plasmid DNA is 800–1,000 ng in the 60-lL electrocompetent
cell preparation.

Conley and Saunders [9] reported the successful transformation of E. coli by
linearized pBR322 plasmid DNA. Here, the unique BamHI site in pBT2 is used to

Fig. 182.2 Optimization of
the relationship between
resistance and transformation
efficiency (n = 3)

Fig. 182.3 Effect of pBT2
plasmid DNA concentration
on transformation efficiency
(n = 3)
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linearize this plasmid. Under the optimized electroporation conditions, linearized
plasmid pBT2 DNA is attempted to be transformed into S. carnosus electrocom-
petent cells, but no transformants formed. Hence, the linearized plasmid seems not
to be re-circularized in S. carnosus as contrast in E. coli. This is in agreement with
the outcomes in S. epidermidis by Augustin and Götz [2], and the reason might be
due to the strong restriction enzyme system in S. carnosus [4].

182.3.4 Effect of Plasmid Source and Size
on Electrotransformation

The plasmid DNA of heterologous source often decreases the electroporation
efficiency, but that of homologous source does not [10]. In this paper, to establish a
general-purpose electrotransformation protocol for S. carnosus, three plasmids
extracted from different bacterial hosts, pBT2 from E. coli, pCX19 and pTX15
from S. carnosus, are successfully transformed into S. carnosus TM300 host. In
brief, plasmid pBT2 is pulsed with S. carnous competent cells by heating at 56 �C
for 2 min to temporary inactivate the host restriction system, but pTX19 and
pTX15 not [4]. Our results reveal that there are no significant differences of
electrotransformation efficiency between the heterologous and homologous sour-
ces of plasmid DNA, which is convenient for the gene manipulation using shuttle
vector (e.g., plasmid pBT2) in an intermediate host, such as E. coli. Furthermore,
in spite of the larger size of pTX15 than those of pBT2 and pCX19, all the
transformation efficiencies are around 1 9 103 transformants per lg plasmid DNA
(Table 182.1). Thus, the size and source of the tested plasmid exhibit no decisive
influence for the electrotransformation by this method.

182.3.5 Effect of Prepulse Incubation Temperature
on Electrotransformation

Since the prepulse incubation temperature is important for transformation
frequency [2, 3, 11, 12], for some bacteria such as E. coli, the pulser cuvette
containing the cells and plasmid DNA is placed on ice before electroporation for a
better transformation efficiency [13]. However, no obvious difference is observed

Table 182.1 Transformation
efficiencies in the optimized
condition

Plasmids Transformation efficiency
(CFU/per lg plasmid DNA)

pBT2 1.03 9 103

pCX19 9.9 9 102

pTX15 9.8 9 102
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between prepulse incubation on ice for 10 min and direct pulse in our procedure
(data not shown). This is in agreement with the outcomes of Löfblom et al. [4].

182.3.6 Comparison of Wall-Weakening Treatments

Owing to the much thicker peptidoglycan barriers, Gram-positive bacteria usually
show lower transformation efficiency than Gram-negative bacteria. Thus, for the
efforts to weaken such cell walls, specific enzymes, like lysostaphin and mutan-
olysin, have been used to weaken such physical barriers and thus to enhance the
electrotransformation efficiencies of Gram-positive bacteria. For example, Scott
and Rood [7] evaluated the electroporation transformation of lysostaphin-treated
Clostridium perfringens, Rattanachaikunsopon and Phumkhachorn [8] used mu-
tanolysin to disrupt the cell walls of some Gram-positive bacteria before successful
transformation. Here, a direct protoplast electrotransformation of S. carnosus
TM300 is conducted in the optimized condition, but no transformants are formed.
Another evaluation is also carried out with the wall-weakened cells by lysostaphin,
the efficiency of electrotransformation results in only obtaining 3 transformants per
lg plasmid DNA, and when cultured on TBAB agar plates for 72 h, but is merely
increased up to 12 transformants per lg plasmid DNA on DM-3 medium. None-
theless, it is still much less efficient and more time-consuming as compared to the
direct electroporation to the intact cells. Hence, the cell wall-weakening treatment
demonstrates helplessness for efficient electrotransformation of S. carnosus under
the given conditions.

182.4 Conclusion

Electroporation is a rapid and efficient method for bacterial DNA transformation as
compared to other traditional methods, such as conjugation, etc. Using this pro-
tocol, lots of successful DNA transformation have been achieved for further
research in many bacteria, which are impossible using traditional methods.
However, successful electrotransformation involves many aspects, including
bacterial age, medium components of incubation and recovery media, cultivation
manner, composition of wash buffer, preparation procedure of competent cells,
vector DNA concentration and source, electrical parameters, pre- and after pulse
treatments, and even more. To obtain the high transformation efficiency, the
electroporation for each detailed strain and plasmid might be more or less
remodified based on the known protocol.

In this paper, we have a primary optimized general electroporation method for
plasmid DNA transformation of S. carnosus using a Bio-Rad Gene Pulser XcellTM

apparatus and a Bio-Rad 1-mm gap cuvette. During the optimization process, we
find that the plasmid DNA concentration is one of the key factors to determine the
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transformation efficiency. In general, for the prepared competent cells, the effi-
ciency increases with the increased plasmid DNA concentration. However,
excessive DNA results in a slight decrease in transformation (Fig. 182.3), which
can be referred to the saturation of plasmid DNA to the given cells. Another key
factor for the efficient electrotransformation is the electroporation parameter set-
tings by the combination of field strength, resistance, and capacitance, which
depend on the specific pulser model. Therefore, the optimization of electrotrans-
formation ought to be modified for each strain and plasmid based on the reported
protocol.

The inherent properties of the host strain also decide the final transformation
efficiency. This is owing to the restriction enzyme machinery of the host cells,
which greatly decreases the transformation efficiency when compared to the
restriction deficient host or using heterologous plasmid DNA. To overcome this
problem, the heat-induction protocol has been developed for the temporary inac-
tivation of the host restriction system [4, 10, 13]. In our experiment, the trans-
formation efficiency is very similar by using either heterologous plasmid DNA
with heat-induced host cells or homologous plasmid DNA with none heat-treated
cells, which indicates that the restriction system exists in S. carnosus cells, and
heat induction of the host cells is an efficient method to improvement the trans-
formation efficiency. Also, the failure of electrotransformation using linearized
plasmid DNA also confirms this conclusion.

Finally, the electrotransformation efficiency achieved about 1 9 103 transfor-
mants per lg plasmid DNA. For the reason of lower efficiency here compared to
that by Löfblom et al. [4], it is probably due to the different plasmids and less DNA
amounts used here. Nevertheless, three different plasmids from either homologous
or heterologous source are successfully transformed into S. carnosus TM300 with
enough transformants using the optimized method described here, thus this pro-
cedure can be routinely used to insert a foreign gene into S. carnosus host in the
conventional molecular biology research.
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Chapter 183
Neutralization of the Residual Alkaline
Solution of Chitosan with CO2 Gas

Ainan Guo, Shiru Jia, Yujie Dai, Peipei Han, Guojuan Xu,
Xintong Zheng and Yanyan Li

Abstract Chitin is converted into chitosan by deacetylation in concentrated
sodium hydroxide. Therefore, there is residual lye attached to the surface of
chitosan that should be neutralized. In this study, CO2 was used to neutralize the
residual alkali under different pressures, instead of washing with water. The results
demonstrated that the neutralization of NaOH residue with CO2 for the process of
deacetylation of chitin is advantageous over the water-washing method. It only
took 1 h to neutralize NaOH under 4 MPa and 100 rpm/min, which saved much
time compared with 5 h of the water-washing method. In addition, the con-
sumption of water was one fifth that of water-washing method, thus it could save
about 80 % of water. Loss rate of chitosan after neutralization was less than half of
washing. On the whole, it reduced the consumption of time, manpower, water
resource, and cost. It was easy and simple to handle and facilitated the large-scale
production.

Keywords Chitosan � Deacetylation � Residual lye � CO2 gas � Neutral pH

183.1 Introduction

Besides cellulose, chitin is the most abundant natural organic compound on the
earth [1, 2]. It is not only the major component of the carapaces, crusts, and shells
of crustaceans such as shrimps, crabs helminths, and insects, but also an ingredient
of cell walls in fungi and yeast [3, 4]. Chitin is a linear polymer consisting mainly
of b-(1,4)-linked 2-acetamido-2-deoxy-b-D-glucopyranose units and partially of b-
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(1,4)-linked 2-amino-2-deoxy- b-D-glucopyranose. Therefore, chitin is insoluble in
water and common organic solvents and it only dissolves in specific solvents such
as N,N-dimethylacetamide (DMAc)-LiCl, hexafluoroacetone, or hexafluoro-2-
propanol [5–7].

When the degree of deacetylation (DDA) of chitin reaches more than 50 %, it
becomes soluble in acidic aqueous solutions and is called chitosan [8]. Chitosan is
one of the vast, renewable, nontoxic, and biodegradable carbohydrate polymers
[9]. It is the only cationic alkaline polysaccharose so that it has been widely used
in food, pharmaceutics, biomaterials, cosmetics, textiles, and environmental pro-
tection industries [3, 10–15]. The chemical structures of chitin and chitosan are
shown in Fig. 183.1 [16].

There are three steps in the preparation of chitosan, and that is, demineraliza-
tion, deproteinization, and deacetylation [17]. In traditional technology, concen-
trated solution of NaOH is usually used for the deacetylation, which is necessary in
the preparation process of chitosan, and a lot of alkaline waste water is generated
in this process [18]. Furthermore, there is residual lye attached to the surface of
chitosan that should be neutralized to facilitate subsequent operations. In con-
ventional process, distilled water is normally used to wash off the residual lye
attached to chitosan, which costs a lot of water and time [19, 20]. Chitosan is
insoluble in water and alkaline solution, but soluble in dilute acid solution, so acid
solution can not be directly added to neutralize residual lye [21]. Therefore, it is
significant to find a better way to remove residual lye instead of washing.

In this study, a new way was applied to solve these problems, which was to
neutralize the residual alkaline solution from the deacetylation process with CO2

gas until chitosan became neutral pH.

(a) (b)

Fig. 183.1 The chemical
structures of chitin (a) and
chitosan (b)

1710 A. Guo et al.



183.2 Materials and Methods

183.2.1 Materials

All of the reagents used were of analytical purity, and the distilled water was used
for all reagent solution. Chitin was isolated from fly pupal derived from Agri-
cultural and Sideline Products Purchasing Station of Puyang (China). The high
pressure reactor was purchased from Petroleum Scientific Research Instrument
Factory of Haian County (China).

183.2.2 Extraction of Chitin

Demineralization: 5 % HCl dilute solution with the weight ratio of 1:10 to fly
pupal was used to remove the mineral substances, especially Ca2+. Raw materials
were crushed and heated for 2 h in boiling water bath together with dilute HCl
solution. Then the resulting solid was washed to neutral pH with distilled water.

Deproteinization: Deproteinization of chitin was carried out using 5 % NaOH
solution with the weight ratio of 1:10 to fly pupal, and heating for 2 h in boiling
water bath. Then the resulting solid was washed with distilled water until neutral
pH.

183.2.3 Preparation of Chitosan

The chemical reaction for the preparation of chitosan was given as follows:

R� NHCOCH3ð Þn þ xNaOH! R� NHCOCH3ð Þn� x þ R� NH2ð Þx
þ xCH3COONa ð1Þ

50 % NaOH solution with ten times of the chitin weight was added to chitin
treated as the method described above, and then heated for 2 h in boiling water
bath. The mixture was separated by centrifuge, and supernatant lye was prepared
for next deproteinization, the resulting solid was chitosan.

183.2.4 Neutralization of the Residual NaOH

A small fraction of distilled water was added to chitosan to create a liquid envi-
ronment to avoid solid Na2CO3 generated from neutralization attaching to the
surface of chitosan. After measuring pH and conductivity of the samples, CO2 was
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introduced into the high pressure reactor and kept the pressures of 1, 2, 3, and
4 MPa, respectively and the stirring speed was 100 rpm/min. The pH and con-
ductivity of samples were measured again after the introduction of CO2 for a
certain period of time until chitosan got to neutral pH. Na2CO3 and NaHCO3 were
generated from neutralization reaction, which resulted in the increase of conduc-
tivity. Therefore, the solid was washed with distilled water until conductivity was
steady, which meant that Na2CO3 and NaHCO3 were almost removed, and the
consumption of water was calculated. Then chitosan was dried by lyophilization to
the constant weight.

Distilled water was used to wash NaOH in the control group. Relevant
parameters of two methods were compared. All the results presented were the
mean value of three replicates.

183.3 Results and Discussion

183.3.1 Washing Times and Water Consumption
of the Control Group

Traditionally, concentrated NaOH solution is usually used for the deacetylation of
chitin, and there is residual lye attached to the surface of chitosan. Therefore,
distilled water is used to remove NaOH. In this study, pH and conductivity were
used to monitor the NaOH remnants of the control group (shown in Fig. 183.2).
pH and conductivity of samples decreased as the increase of washing times. The
pH and the conductivity of samples were close to that of distilled water after 15
times of washing. Finally, the conductivity of distilled water was 7.17 and
0.447 mS/cm, respectively. The total consumption of water was 3,200 mL and a
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large number of alkaline waste water needed to deal with. In addition, a part of
samples were lost in the process of washing for many times.

183.3.2 NaOH Neutralization of Treatment Groups Under
Different Pressures

In treatment groups, CO2 was introduced to neutralize NaOH. The pH and treat-
ment time under different pressures were shown in Table 183.1. It can be seen that
the reaction velocity raised and the neutralization time reduced with pressure
increasing. It only took 1 h under 4 MPa and 100 rpm/min when samples became
neutral pH, which saved a lot of time compared with 5 h of the washing method.

183.3.3 Washing Times and Water Consumption
of the Treatment Groups

Figure 183.3 presented the change of conductivity of treatment groups (neutralized
under different pressures) with washing times. It showed that the conductivity of
samples declined after neutralization with CO2, because OH- was neutralized by
CO2. However, HCO3

- and CO3
2- were produced in neutralization so that the

conductivity was still higher. These anions and some cations (for example, Na+)
should be washed off and the conductivity was monitored as the indicating factor
of the washing effect. The conductivity significantly declined with washing times
and was close to that of distilled water, which implied that there are nearly no
carbonate left for the prepared chitosan. It only cost about 600 mL water, which
was much less than that of the control group. The conductivities under different
pressures were similar.

Table 183.1 The pH and time of treatment groups under different pressures

Pressure
(MPa)

Time (h) Stirring speed
(rpm/min)

Original pH Final pH

Group 1 1 2.5 ± 0.141 100 13.47 ± 0.014 7.17 ± 0.016
Group 2 2 2.0 ± 0.106 100 13.52 ± 0.035 7.12 ± 0.050
Group 3 3 1.5 ± 0.086 100 13.42 ± 0.031 7.18 ± 0.028
Group 4 4 1.0 ± 0.099 100 13.49 ± 0.028 7.15 ± 0.042
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183.3.4 Effect of Two Methods on Chitosan Loss Rate

As shown in Fig. 183.4, chitosan loss rate of the control group (0 MPa) was
compared with that of treatment groups (1–4 MPa). In the control group, it needed
to wash samples and separate the solid chitosan from the mixture time and time,
which resulted in the loss of samples. A part of chitosan was lost in the process.

In the control group, loss rate of chitosan was over 50 % while it was about
25 % for the treatment groups under 1, 2, 3, and 4 MPa, respectively and it was
less than half of the control group. The yield of chitosan was less influenced by
different pressures.
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183.4 Conclusion

This study demonstrated that the neutralization of NaOH residue with CO2 for the
process of deacetylation of chitin was advantageous over the water-washing
method. It only took 1 h to neutralize the chitosan under 4 MPa and 100 rpm/min,
which made much time saved compared with 5 h of the water-washing method. In
addition, the consumption of water was only one fifth that of water-washing
method, thus it could save about 80 % of water. Loss rate of chitosan after neu-
tralization was less than half of water-washing method. On the whole, it reduced
the consumption of time, manpower, water resource, and cost. It was easy and
simple to handle and facilitated the large-scale production. It provided us with a
sustainable developing way of the chitosan preparation that not only improved the
economic development in a benign direction, but also protected the environment.
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Chapter 184
Study on Method for Cooking Wheat
Straw Pulp at Atmosphere by Microwave
Radiation Mixed-Alkali Method

Yu Deng and Zhimin Zhang

Abstract Cooking method of wheat straw pulp was investigated at ambient
pressure by using microwave radiation alkali. Under the given microwave irra-
diation conditions, wheat straw was cooked with mixed-alkali. Single-factor and
orthogonal experiments were applied to obtain the most favorable pulping con-
ditions: 18 % of alkali, 1/6 of solid/liquid ratio, and 45 min of microwave heating
time. Paper performance tests showed equal or better results from our paper
product compared with those produced by conventional methods. A consistent
yield (around 60.1 %) of wheat straw pulp was observed after repeated
experiments.

Keywords Wheat straw � Microwave radiation � Pulp � Mixed-alkali

184.1 Introduction

In the papermaking industry, wood is the main and most common source. The
large amounts of wood used to manufacture paper had raised severe supply
problems, and led to many experts focused on searching for new raw materials.
The output of pulp from non-wood plants has increased from 7 to 12 % of the total
pulp output since the 1970s, which is two to three times higher than that of pulp
from traditional wood raw materials. Our country has a large number of non-wood
plant fibers that can be used for papermaking, most of which are annual plants that
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develop their full fiber potential in one growing season. As crop by-products,
wheat straw has been mostly burned, which pollutes the environment and wastes
resources. Hence, to use wheat straw for pulp papermaking is a good method for
making good use of the common resources and for reducing pollution; therefore
the research on wheat straw pulp has profound meaning. The microwave can make
heating a quick and uniform processs, what is more, it can greatly reduce the
material handling time. The pulp and paper industry needs a large number of steam
heating slurries and dry paper, the heating effect of the microwave can become an
energy saver in a potential good way [1, 2].

184.2 Experimental

184.2.1 Experimental Equipment, Materials, and Chemicals

Materials and chemicals: wheat straw was supplied by pulp and paper laboratories
from Tianjin University of Science and Technology. Anhydrous sodium sulfite,
sodium hydroxide, concentrated sulfuric acid, potassium iodide, and hyposulphite
were purchased from Tianjin Chemical Reagent Factory, AR.

Instruments: NJL07-3-type microwave oven was produced by Nanjing JieQuan,
Valley Beater, ZQJ-B sheet machine, shawboll-style tensile strength determinator,
Elmendorf-style tear tester, GeerLai-air permeability instrument.

184.2.2 Experimental Process [3–5]

The experimental process was conducted according to the method from Chen
Peirong [6]. The process on wheat straw pulping by combining microwave with
mixed-alkali at atmosphere was as follows: microwave cooking at atmo-
sphere ? filtering ? cleaning. Slurry was washed clean after untwining by
standard fiber untwining machine, followed by the procedure of moisture equi-
librium; then the yield and hardness were tested, and subsequently, beating and
papermaking, testing physical properties were carried out.

184.2.3 Raw Material Pretreatment

The alkaline pulping process with microwave radiation was as follows: first
remove ear, skin, and junction for air-dried wheat straw, and break into 2–3 cm
pieces. Then mix all the samples and equilibrate water in an airtight vessel.
Experiments and analysis were conducted after all treatments.
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184.2.4 Microwave Pulping

2 g of dry wheat straw was cooked in a 200 ml conical flask. The following
experiments were conducted in a certain liquid ratio and the application of dif-
ferent microwave powers by adding different quantity of NaOH, in order to mix
wheat straw with physic liquor, the flask was shaken after every 5 min. During the
experiment, the microwave power was modulated to keep a maximum cooking
temperature of 100 �C, slurry was separated from black liquor after microwave
radiation. The experiment was repeated twice under the same conditions.

184.2.5 Detection

184.2.5.1 Determination of Wheat Straw Raw Material Components

The analysis methods of the main components of wheat straw were carried out
based on the methods from Liu Shucha [7]. The results are shown in Table 184.1.

184.2.5.2 Determination of Pulp Hardness

Pulp hardness was determined by the analysis of potassium permanganate value.
Potassium permanganate value of pulp was defined as the volume (ml) of

potassium permanganate solution (0.02 M (0.1 equivalent)) consumed by 1 g of
dry pulp under certain conditions, using equation:

potassium permanganate value ¼ V1 � V2ð Þ=G

Table 184.1 The component
content of wheat straw

Components Content (%)

Water 6.57
Cool water extractive 10.36
Hot water extractive 18.20
1 % NaOH extractive 46.13
Benzene-alcohol extractive 1.99
Holocellulose 71.37
Cellulose 38.76
Klason lignin 15.90
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V1 added liquid volume of 0.02 mol/l potassium permanganate, ml
V2 consumed liquid volume of 0.1 mol/l sodium thiosulfate in titration process,

ml
G the absolute dry slurry weight, g

184.2.5.3 Post Treatment and Performance Test

Yield of coarse pulp: The cooked wheat straw pulp was weighed after it was
purified by spilling over, scrubbing, pumping filtration, and seasoning.

Beating: The resulting pulp was beaten by Valley beater.
Sheet: Using ZQJ-B sheet machine, and rapid sheet according to Kaiser

forming method.
Measurement of breaking length: Using Shawboll-style tensile strength deter-

minator to determine breaking length of sheet.
Measurement of tearing strength: Using Elmendorf-style tear tester to deter-

mine tearing strength of paper.
Measurement of air permeability: Using GeerLai-air permeability instrument to

determine.

184.3 Results and Discussion

184.3.1 Single-Factor Experiments

Cooking of wheat straw by mixed anhydrous sodium sulfate and sodium hydroxide
with microwave radiation is a complex and multiphase reaction system consisting
of gas, liquid, and solid. The amount of mixed solution, solid–liquid ratio,
microwave radiation power, radiation time, and alkali concentration had signifi-
cant impact on the reaction rate and alkaline pulping results. The effects of
microwave radiation power, radiation time, solid–liquid ratio, amount of mixed
alkali as four main factors were detected.
(1) Effect of Microwave Radiation Time on Pulping

20 % of total alkali content, 8/1 of Na2SO3, and NaOH-use ratio, 750 W of
power, 1/6 of solid–liquid ratio, 5 g of wheat straw. The results are shown in
Table 184.2.

Table 184.2 Effect of microwave radiation time on pulping

Time/min 30 45 60 75 90

Hardness 24.0 23.5 23.5 23.0 22.5
Yield (%) 36.0 37.0 37.5 37.0 34.6
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As shown in Table 184.2, microwave radiation time had little effect on the
hardness, the yield of wheat straw pulp increased and then deceased with micro-
wave radiation time increasing, the highest yield was given at 60 min, from the
viewpoint of energy saving, we deduced that it was more appropriate to control
time around 45 min.
(2) Effect of Microwave Radiation Power on Pulping

20 % of total alkali content, 8/1 of Na2SO3, and NaOH-use ratio, microwave
radiation time was 45 min, 1/6 of solid-liquid ratio, 5 g of wheat straw, the results
are shown in Table 184.3.

As can be seen from Table 184.3, with the power increasing, the yield and
hardness of pulp gradually increased. The yield was maximum when power was
650 W, while the change was not obviously for hardness. It increased slightly at
650–750 W, so it was more appropriate when radiation power was 650 W.
(3) Effect of Ratio of Na2SO3 and NaOH on Pulping

20 % of total alkali content, 45 min of radiation time, 650 W of power, 1/6 of
solid–liquid ratio, 5 g of wheat straw, the results are shown in Table 184.4.

Derived from Table 184.4, with the Na2SO3/NaOH ratio decreasing, the
hardness of pulp increased and then decreased, the maximum hardness was present
at 16/2, which revealed that NaOH had great effect on the separation of lignin. In
contrast, the yield of wheat straw pulp decreased gradually; it decreased slightly in
the range from 17/1 to 13/5. Therefore, the usage of Na2SO3 and NaOH was
controlled at around 17/1–16/2.
(4) Effect of Total Alkali Content on Pulping

8/1 of Na2SO3 and NaOH-use ratio, 45 min of radiation time, 650 W of power,
1/6 of solid–liquid ratio, 5 g of wheat straw, the results are shown in Table 184.5.

Derived from Table 184.5, with total alkali content increasing, the hardness of
wheat straw pulp increased gradually. When total alkali content was over 18 %,

Table 184.3 Effect of microwave radiation power on pulping

Power/W 350 450 550 650 750

Hardness 21.0 21.5 22.0 23.0 23.5
Yield (%) 32.2 33.4 36.0 37.3 35.5

Table 184.4 Effect of ratio of Na2SO3 and NaOH on pulping

Ratio 17/1 16/2 15/3 13/5 11/7 9/9

Hardness 21.0 26.0 25.0 21.0 22.0 21.5
Yield (%) 45.1 45.0 40.8 39.0 32.8 23.2

Table 184.5 Effect of total alkali content on pulping

Total alkali content (%) 16 17 18 19 20

Hardness 22.0 23.0 26.0 24.5 23.5
Yield (%) 39.0 40.0 45.0 43.0 35.5
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the hardness reduced gradually. Meanwhile, the yield of wheat straw pulp had the
same trend with hardness, the maximum was given at 18 %. The results showed
that 18 % of total alkali content was better.
(5) Effect of Solid–Liquid Ratio on Pulping

18 % of total alkali content, 8/1 of Na2SO3 and NaOH-use ratio, radiation time
was 45 min, 5 g of wheat straw, the results are shown in Table 184.6.

Seen from Table 184.6, with the solid–liquid ratio increasing, the hardness of
wheat straw pulp decreased gradually, while the yield tendency of wheat straw
pulp was opposite under the same reaction condition; the yield increased slightly
when the ratio was around 1/5–1/7, so it was better to choose a relatively smaller
solid–liquid ratio. That means, to around 1/5–1/6 when feasible.

184.3.2 Orthogonal and Verification Experiments on Mixed-
Alkali Pulping

184.3.2.1 Orthogonal Experiment

Orthogonal experiment was designed based on single-factor experiments, the
results are shown in Table 184.7.

To optimize the technological conditions, orthogonal test was designed based
on four factors and three levels, the L9(34) orthogonal table is chosen, factors and
their levels are listed in Table 184.8.

As shown in Table 184.8, the effects of main factors on the yield were as
follows: solid/liquid ratio [ radiation time [ total alkali content [ Na2SO3/
NaOH ratio, and the optimum conditions determined by calculation were 18 % of
total alkali content, 8/1 of Na2SO3/NaOH ratio, 1/6 of solid–liquid ratio, micro-
wave radiation time was 45 min.

Table 184.6 Effect of solid–liquid ratio on pulping

Ratio of solid to liquid 1/3 1/4 1/5 1/6 1/7

Hardness 26.0 25.0 24.0 23.5 20.0
Yield (%) 28.9 31.2 34.6 35.5 37.3

Table 184.7 Ingredient level list

No. A/ B/ C/ D/
Microwave irradiation time
(min)

The ratio of solid to
liquid

Na2SO3/
NaOH

Total alkali content
(%)

1 25 1/4 17/1 16
2 35 1/5 16/2 18
3 45 1/6 15/3 20
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184.3.2.2 Verification Experiments

18 % of total alkali content, 8/1 of Na2SO3/NaOH ratio, 1/6 of solid–liquid ratio,
microwave radiation time was 45 min, microwave power was 650 W. Under the
optimum process conditions, the experiments were repeated 11 times. The results
showed that the yield of wheat straw pulp could be stabilized at around 59–60 %
(Fig. 184.1, Table 184.9).

Table 184.8 Orthogonal analysis list

No. A/ B/ C/ D/ Yield (%)
Radiation
time (min)

The ratio of solid
to liquid

Na2SO3/
NaOH

Total alkali
content (%)

1 1 1 1 1 19.8
2 1 2 2 2 36.4
3 1 3 3 3 34.4
4 2 1 2 3 22.0
5 2 2 3 1 30.0
6 2 3 1 2 34.4
7 3 1 3 2 31.6
8 3 2 1 3 38.2
9 3 3 2 1 42.2
K1j 90.6 73.4 92.4 92 K1j ? K2j ? K3j = 289
K2j 86.4 104.6 100.6 102.4
K3j 112 111 96 94.6
K1j/

3
30.2 24.47 30.8 30.67

K2j/
3

28.8 34.87 33.53 34.13

K3j/
3

37.33 37 32 31.53

R 8.53 12.53 2.73 3.46

Note the radiation power was 650 W

Fig. 184.1 The picture of
wheat straw pulp fiber by
microscope after microwave
treatment
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184.3.3 The Measurement on Physical Properties
of Microwave Radiation Pulping at Atmosphere

Pulping (cooking) conditions were: 18 % of total alkali content, 8/1 of Na2SO3/
NaOH ratio, 1/6 of solid-liquid ratio, microwave radiation time was 45 min,
microwave power was 650 W. Pulp samples would be obtained through the PFI
beater beating to 31�SR, paper was made by standard sheet former, and physical
properties of paper disk were tested after being kept in the laboratory for 4 h with
constant temperature and constant humidity.

As shown in Table 184.10, No matter tensile index, tear index, or burst index,
all have a high value, which indicated microwave radiation pulping had good
physical properties.

184.4 Conclusion

(1) Effects of main factors on the yield of pulping by microwave radiation are as
follows: solid/liquid ratio[ radiation time [ total alkali content [ Na2SO3/
NaOH ratio. The optimal conditions defined by experiment are: 18 % of total
alkali content, Na2SO3/NaOH ratio of 8/1, solid/liquid ratio of 1/6, 45 min of
microwave heating time. Under the optimum conditions, the yield of wheat
straw pulp can reach to 59–60 % or so.

(2) The tensile index, tear index, and burst index of the pulp which was obtained
by microwave radiation in optimal conditions all had relatively higher values,
embodying the better physical properties, which indicated pulping by micro-
wave radiation has favorable maneuverability at atmosphere.

Acknowledgments Project source: National Natural Science Foundation 20976136.

Table 184.9 Verification experiments

No. 1 2 3 4 5 6 7 8 9 10 11

Yield (%) 60.38 59.25 59.34 60.25 59.00 57.13 66.13 60.88 59.75 59.34 59.75

Table 184.10 Physical properties of microwave radiation pulping

Beating degree
(�SR)

Burst index
(kPa m2/g)

Tear index
(mN m2/g)

Air permeability
(lm/Pa s)

Tensile index
(N m/g)

31 5.16 5.95 31.75 83.72
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Chapter 185
Biologic Chromatography for Purifying
Filamentous Fungi Contaminated
with Bacteria

Jianping Zhang and Feifei Sun

Abstract A method for purifying contaminated filamentous fungi was introduced
and its theoretical background and application were discussed. The instrument
mainly consists of a purification cup, a collection layer for the fungi, and the
purification column. The steps for the assembly of the purification device include
the initial preparation of the purification column, the addition of the fungal culture
solution into the porous materials, and the use solid medium to create a collection
layer for the purified fungi. The faster growth of the fungi compared with the
bacteria, i.e., the fungi grow out of purification column into the fungal collection
layer, while the bacteria stay in the purification column, which effectively purifies
the contaminated fungi.

Keywords Bacteria � Biologic chromatography � Contamination � Filamentous
fungi � Purity

185.1 Introduction

Microbes, such as bacteria and fungi often coexist naturally [1]. However, purified
and single microbial species are often needed for scientific research and production
and it is the prerequisite to all work [2, 3].

Bacteria and spore-forming filamentous fungi are easier to purify in two steps.
First, the mixed microorganisms are dispersed by agitating their solution, and they
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are diluted tenfold into different concentrations. Second, the mixture is spread onto
plates, cultured, and the purified bacteria or filamentous fungi are obtained from
the individual colonies that form from single cells [1, 4]. The condition for getting
the purified target microbes is based on their comparatively larger number in the
sample and the capacity to be dispersed. Special culture condition is often used and
the selective media is most frequently applied among them [5–10].

By contrast, purifying non-spore forming filamentous fungi heavily contami-
nated with bacteria, which fasten tightly to the mycelia, is difficult. It was often
found that the filamentous fungi preserved preciously were contaminated with
bacteria and the strains would be lost if not being purified effectively. Normally, it
is not effective for antibiotics and selective media to be used to purify filamentous
fungi.

Chromatography is normally used for isolating compounds [11]. However, this
technique has not been used for purifying biomaterial such as microorganisms
contaminated with other microorganisms. This research aims to apply chroma-
tography in the purification of filamentous fungi.

185.2 Materials and Methods

185.2.1 Filamentous Fungi

Sphaeropsis sapinea contaminated with bacteria.

185.2.2 Structure of the Purification Device

The biologic purification device consists of the following eight parts as shown in
Fig. 185.1.

185.2.3 Assembly of the Purification Device

Classical solid potato dextrose agar (PDA) medium was used to culture the fungi
and bacteria [12]. Potatoes were peeled and cut into 0.5–1.0 cm cubes. Water was
added to the potato cubes at a ratio of 1:5 (w/w) and boiled for 30 min. The
resulting mixture was filtered and water was added to reach the previous water
level. The potato extract solution, glucose, and agar were mixed at a ratio of
100:2:1.5 (w/w). The resulting mixture was then used as the fungal culture
medium.
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Fungal culture solution (PD) was prepared similar to the PDA medium, but
without the agar.

Columns of desiccated tree branches with diameters smaller than the purifying
cup were placed in PD for 24 h at 4 �C. Then, the branches were wrapped with
plastic except the top and the bottom of the column to allow the fungi to grow from
the top and out of the bottom of the column.

The collection layer for the purified fungi was placed into a purifying cup (glass
beaker). Galvanized iron wire (gauge 20 to gauge 22) was used to attach the
purification column. The purification column was suspended vertically in the glass
with a space of about 0.5–2 cm in the purifying cup. The cup was covered with
two layers: the outside cover consisted of 6–8 layers of cotton gauze or tissue-
sealing film; the inner layer made of plastic film has a 1–2 cm diameter hole that
acts as the inoculating gate. The covers are fastened with rubber rings. The
instrument was placed vertically in a sterilizer culture was incubated

cultured with shaking
112–115 �C for 30 min. After cooling, the instrument was refrigerated for

future use.

185.2.4 Purification

After the outside layer of the cover was opened, the unpurified fungi were inoc-
ulated onto the purification column via the inoculating gate. The outside layer of
the cover was then replaced and the culture was incubated at 20–25 �C. When the
fungi grew out of the bottom of the purifying column, the fungi were collected and
saved. This procedure was performed aseptically.

8) Collection layer for the 
purified fungi  

5) Sling strand 

6) Purifying column 

4) Rubber ring 

1) Cover 

2) Inoculation gate 

7) Purifying cup 

3) Rubber ring 

Fig. 185.1 Structure of the
purification device
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185.2.5 Examination of Purifying Effect of the Filamentous
Fungi

The above purified mycelia were inoculated into bouillon culture medium and
cultured with shaking at 20–25 �C. If the medium remained transparent, the
medium of the filamentous fungi was free from bacteria. Otherwise, the purified
mycelia still carried bacteria.

185.3 Results and Discussion

185.3.1 Purifying Effect of the Filamentous Fungi

After the purified mycelia were inoculated into bouillon culture medium and
cultured, the medium remained transparent, which indicated that the purified
mycelia were completely free of bacteria.

185.3.2 Mechanism of Isolation and Purification
of Filamentous Fungi Contaminated with Bacteria
using Biologic Chromatography

The differences in the growth characteristics of fungi and bacteria and the char-
acteristics of the materials that constitute the purification column were the basic
factors that controlled the isolation and purification.

The cell growth on the top layer led to the extension of the hyphae of the
filamentous fungi. The basal hyphae have a strong ability to absorb water and
nutrients and they facilitate the growth of the top cells of the hyphae. Single
hyphae extended forward linearly. In this way, the hyphae can span across the
interstices on the medium when they grow [13].

The bacterial colonies extended to every direction. The cells in the colony abut
against each other but no structure actually connected them. The nutrients required
for the growth of the cells were supplied through the penetration of capillary water
from the bottom cells on the surface of the medium [13]. Consequently, the
bacteria grew along the smooth surface of the medium but not across large spaces.

The bacteria that contaminated the filamentous fungi were located on the sur-
face of the hyphae and did not grow on the hyphae because nutrients and water are
absent on the hyphal surfaces. However, when the bacteria grew on the plates, they
constantly attached to the growing hyphae, which contaminated the hyphae with
bacteria.
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The purification column was made of wooden branches that contained xylem
fibrocytes which consist of the combination of fiber and lignin and have good
water holding potential. However, the surfaces of the fibrocytes were discontin-
uous and comparatively dry. Instead, the plate surface of medium was smooth and
continuous, and had a water membrane on it.

Given the features of the purification column, the bacteria attached to the
hyphae of the filamentous fungi stayed in their original location (including the
base of the mycelia) and were unable to spread into the column. When the mycelia
grew forward quickly, the top of mycelia of the filamentous fungi limited the
bacterial growth. Then, the mycelia passed across the space between the purifi-
cation column and into the fungi collection layer, thereby separating the mycelia
of the filamentous fungi.

185.3.3 Comparison with Classical Chromatography Method

Classical chromatography such as liquid chromatography is a technique for sep-
arating and purifying mixed chemicals and sometimes single cells. The liquid
chromatography consists of a liquid phase and a stationary phase. The stationary
phase has different retardance to each element of the mixture of compounds (or
even those that include some cells) in the mobile phase, these elements ordinarily
pass one after another throughout the column. Consequently, the different com-
pounds or cells can be separated and purified. The amount and type of compound
can also be verified for quantitative and qualitative analysis using a detector in the
instruments [11].

Biologic chromatography is different from classical chromatography. Using the
biologic purification column to separate mixed microbiological samples, the re-
tardance of the purification column functions similar to that in liquid chroma-
tography. The mobile phase of the biologic chromatography is the microbiologic
sample itself which grows along the biologic purification column that acts as the
stationary phase. The instrument has no detector, so the samples needn’t be ana-
lyzed quantitatively and qualitatively. Strict aseptic technique is required for the
operation.

Several materials are available for making the biotic purification instrument.
Other porous materials (such as saw dust) can be used to make the purification
column but wooden branches are more convenient. Other requirements, such as
selective medium that facilitates the separation of bacteria and fungi, can be
chosen for the medium and the culture solution, but this is unnecessary. Beakers
and other glassware can be used as purification cups. In addition, the purification
column that is made of raw materials needs to be sterilized fully before use to
remove preexisting microbes.
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185.4 Conclusion

Based on theory of Chromatography and characteristic of filamentous fungi and
bacteria in growth and their configuration of cells, the biologic chromatography for
purifying filamentous fungi contaminated with bacteria is useful, effective, and
easy to operate.
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Chapter 186
Cross-Linked Enzyme Aggregates of
b-Galactosidase from Different Source
by Dialdehyde Starch as Cross-Linker

Kang Wang, Yang Gao, Zhang Wang and Guangying Meng

Abstract The method of using dialdehyde starch (DAS) as cross-linking agent
and bovine serum albumin (BSA) as protective agent for preparing b-galactosidase
cross-linked enzyme aggregates (CLEAs) was investigated and high activity
residue of 53.8 % for K. lactis b-galactosidase and 55.2 % for A. oryzae b-
galactosidase was obtained. Polyethylene glycol 400 as precipitant was applied.
The effect of oxidation degree of DAS and amount of bovine serum albumin
(BSA) on the activity of CLEAs was discussed. The shape and surface morphology
of the CLEAs were examined by SEM. Comparing with K. lactis b-galactosidas
CLEAs, the A. oryzae b-galactosidase CLEAs have higher thermal stability, and
better performance on the affinity toward the substrate, which related to the
structure of CLEAs. A. oryzae b-galactosidase CLEAs was more suitable for
lactose hydrolysis in industries.

Keywords b-Galactosidase � Cross-linked enzyme aggregates � Dialdehyde
starch � Bovine serum albumin � Lactose hydrolysis

186.1 Introduction

Immobilization method using cross-linking reaction between enzyme molecules is
an attractive strategy because it affords stable catalysts with high retention of
activity. Cao et al. [1] developed such an approach and named the resulting
enzymes as cross-linked enzyme aggregates (CLEAs). The resulting CLEAs
proved to be active and recyclable using tens of enzymes [2]. The CLEAs stability
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versus temperatures and solvents were highly enhanced [3]. The general approach
for CLEAs preparation consists of protein precipitation followed by cross-linking
with glutaraldehyde (GA). b-galactosidase is a very important enzyme in the dairy
industry that catalyzes the conversion of lactose into glucose and galactose. It has
been reported that Aspergillus oryzae CLEAs b-galactosidase appeared to be more
suitable for lactose hydrolysis applications [4]. However, the CLEAs of b-galac-
tosidase cross-linked by GA showed a low activity residue (13.5 % activity yield)
[4]. Mateo et al. [5] reported that the use of dextran polyaldehyde as a cross-
linking agent for enzymes results in a significantly lower loss of active sites. The
strategy of using a proteic feeder can also be used for preparing active CLEAs (GA
as cross-linker) [6]. In order to increase activity residue of CLEAs, b-galactosidase
CLEAs were prepared by dialdehyde starch (DAS) as cross-linker and bovine
serum albumin (BSA) as protective agent in this paper. Dialdehyde starch (DAS)
from the periodate oxidative cleavage of the C(2)–C(3) bond of the anhydroglu-
cose units of starch polysaccharide chains found several industrial applications [7].
The immobilization of urease by DAS improved the adsorption of urea for its
hydrolysis that resolved the problem for patients suffering from chronic renal
failure (CRF) [8]. Furthermore, b-galactosidase from K. lactis and A. oryzae in
which molecular weight, pH optima, temperature optima, and kinetic parameters
that were different was investigated. The properties of CLEAs, such as thermal
stability, structure, and hydrolysis ability were discussed.

186.2 Materials and Methods

186.2.1 Materials

Liquid K. lactis b-galactosidase (Lactozym Pure 2600L) was purchased from
Novozymes Co. A. oryzae b-galactosidase was purchased from Sigma Co. USA
(Nanjing Huibaishi Biotechnology Co., Ltd, P. R. China). O-nitrophenyl-b-D-
galactopyranoside (ONPG) and coomassie brilliant blue G-250 were provided
from Shanghai Baoman Biotechnology Co., Ltd. Glucose oxidase–peroxidase kit
was offered from Shanghai Rongsheng Biopharmacy Co., Ltd. BSA was obtained
from Tianjin Institute of Hematology. Denmark lactose was purchased from
Beijing Unique Dairy Technology Business & Trading Co., Ltd, P. R. China. DAS
with different oxidation degree were prepared by ourselves using the method of the
periodate oxidation reaction of starch. All other chemicals used in this study were
of analytical grade.
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186.2.2 Preparation of b-Galactosidase CLEAs

4 mL mixture solution of b-galactosidase and BSA was added to 15 ml PEG400
for 15 min at room temperature. After that, 1 mL of 10 % (w/v) DAS solution was
added and the solution (20 mL) was kept stirring for 1 h at room temperature.
Then the solution was centrifuged at 9,000 rpm for 20 min and the supernatant
was decanted from the aggregates. The aggregates formed were washed thor-
oughly with buffer and used for further studies.

186.2.3 b-Galactosidase Assay

Protein concentration was determined by the dye binding method using BSA as
standard protein. Activity of free and immobilized b-galactosidase was estimated
by the method using ONPG as substrate. Enzyme activity unit (U) is defined as the
amount of enzyme that liberates 1 lmol of o-nitrophenol (ONP) per min under
standard assay conditions. The activity of free K. lactis b-galactosidase and that of
free A. oryzae b-galactosidase was 12.56 (U/mg) at 37 �C in pH 6.5 phosphate
buffer and 15.71 (U/mg) at 37 �C in pH 4.5 acetate buffer in this study. Thermal
stability of CLEAs was compared with that of free enzyme at different temperature
and ONPG was applied as substrate. Kinetics of free enzyme as well as CLEAs
were assayed by varying the ONPG concentration from 0.8 to 10 g/L. The shape
and surface morphology of the CLEAs were examined using electron microscope
(HITACHI make, model S-4800, Japan). Samples of CLEAs were freeze-dried
prior to analysis. Lactose solution (100 mL, 0.1 M) was independently incubated
with soluble and cross-linked b-galactosidase and stirred continuously in water
bath for 10 h. The aliquots were taken at different times and assayed for the
formation of glucose by using glucose oxidase–peroxidase kit.

186.3 Results and Discussion

Selection of precipitator is very important for preparation of CLEAs by macro-
molecular cross-linking agent. 1,2-dimethoxyethane (DME) was used as precipi-
tator in works of Mateo et al. [5]. However, DME has certain toxicity. PEG 400
that is gentle and harmless was applied in our study. Moreover, it was found that
the cross-link of enzyme aggregates must be carried in precipitator solution due to
the low chemical binding rate of DAS, otherwise dissolution again of enzyme
aggregates was obviously presented. DAS and PEG400 is good miscible. It was
shown form Table 186.1 that the high activity of b-galactosidase aggregates was
obtained with the concentration of PEG400 75 % (v/v). The lower concentration of
PEG400 was not used due to uncompleted precipitation of protein.
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Furthermore, the activity of CLEAs was increased by DAS as cross-linker and
BSA as protective agent (Table 186.1). Mateo et al. [5] proposed that macromo-
lecular cross-linkers are too large to penetrate into the protein active site and react
with catalytically essential amino acid residues. The experimental results indicate
that 10 % DAS with 80 % oxidation degree produced high activity residue of
CLEAs. Lower concentration or oxidation degree of DAS may lead to uncom-
pletely cross-link while higher concentration or oxidation degree cause the damage
of the active site of enzyme by excess of aldehyde groups. When BSA added, the
cross-linker will be prior to react with -NH2 of BSA thus the active site of b-
galactosidase protected. The addition of BSA can improve the activity of CLEAs
and reaching maximum activity in the ratio of eight. The higher proportion of BSA
could make the lower enzyme concentration and the difficult diffusion of substrates
leading to the loss of activity.

Moreover, time (0.5–2 h) and temperature (4 �C-room temperature) of cross-
link have little influence on the activity of CLEAs. Comparing with stirring at 4 �C
for 16 h reported by Mateo et al. [5], operating for 1 h at room temperature was
relatively simple.

The pH is one of the major parameters capable of shifting enzymatic activities
in aqueous solution. Whether b-galactosidase was from K. lactis b-galactosidase
or A. oryzae b-galactosidase, the optimum pH of CLEAs was decreased
(Table 186.2), which was similar to the reported work that the optimum pH of A.
oryzae b-galactosidase was 4.5 for free enzyme and that of was 3 for CLEAs after
cross-linked by GA [4]. However, the change of optimum pH change for system
by GA from reference was slightly higher than that by DAS in this work. It was
indicated that macromolecular cross-linkers decreased its possible reaction with
amino acid residues.

The activity of enzyme strongly depended on temperature. For CLEAs, the
optimum temperature was raised and the t1/2 was delayed (Table 186.2). It was
demonstrated that the immobilization procedure enhance the temperature resis-
tance of enzyme by protecting the enzymatic configuration and as a result, the
CLEAs could work better in tough environment with less loss of activity. More-
over, the ratios of Ed of free enzyme to that of CLEAs were 1.16 times for K. lactis
b-galactosidase and 2.5 times for A. oryzae b-galactosidase respectively

Table 186.1 Activity of b-galactosidase CLEAs

Activity (%) Free Precipitation by
75 % PEG

CLEAs by
GA

CLEA by
DAS

CLEA with BSA (1:8)
by DAS

K. lactis b-
galactosidase

100 101 4.78 21.8 53.8

A. oryzae b-
galactosidasea

100 – 13.5 – –

A. oryzae b-
galactosidaseb

100 143 7.86 25.8 55.2

a From Ref. [4]
b In this work
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(Table 186.2). It was illustrated that higher thermal stability for A. oryzae b-
galactosidase CLEAs was obtained by these immobilization method.

Comparing with free enzyme, CLEAs was increased in Km value by 4.47-fold
for K. lactis b-galactosidase and 1.54-fold for A. oryzae b-galactosidase
(Table 186.2). It was indicated that the interaction of enzyme and substrate had
been weakened after immobilization and A. oryzae b-galactosidase CLEAs had a
better performance on the affinity towards the substrate than K. lactis b-galacto-
sidase CLEAs. Furthermore, kcat of K. lactis b-galactosidase CLEAs was closed
to that of free enzyme while that of A. oryzae b-galactosidase CLEAs was lower
than that of free enzyme. These characteristics were related to the structure of
CLEAs.

Figure 186.1 shows the SEM micrographs of CLEAs at a magnification of
30009. The surface morphology of A. oryzae b-galactosidase CLEAs showed
relatively uniform structure of the enzyme aggregates with numbers of micro-
spheres having 1–2 microns in size, which was different from the irregular massive
enzyme aggregates of K. lactis b-galactosidase CLEAs. The molecular weight of
K. lactis b-galactosidase (135 kD) and A. oryzae b-galactosidase (90 kD) was 2
times and 1.36 times that of BSA (66 kD) respectively. During precipitation
process, a certain degree of separation between K. lactis b-galactosidase and BSA
would be appeared due to their clear difference of molecular weight, while the
system of A. oryzae b-galactosidase and BSA would kept relatively uniform owing
to their close molecular weight, which led to different shape between K. lactis b-
galactosidase CLEAs and A. oryzae b-galactosidase CLEAs. Furthermore, it was
considered that BSA was mainly located outside of K. lactis b-galactosidase
CLEAs, while homogeneous mixture structure was obtained within A. oryzae b-
galactosidase CLEAs (Fig. 186.2). Thus affinity between substrate and K. lactis b-
galactosidase CLEAs was obviously decreased. Chemical cross-link was primarily
occurred among molecules of BSA, which induced no significant change of kcat
for K. lactis b-galactosidase system and the improvement of thermal stability of
CLEAs was limited. However, it was the chemical bond between enzyme and BSA
for K. lactis A. oryzae b-galactosidase CLEAs that the thermal stability was dis-
tinctly increased and kcat was obviously decreased.

Table 186.2 Characteristics of b-galactosidase CLEAs

Parameters K. lactis b-galactosidase A. oryzae b-galactosidase

Free CLEAs Free CLEAs

pH optima 8.0 7.0 4.5 4.0
Temperature optima 30 37 55 60
t1/2 (min) 30 (37 �C) 60 (37 �C) 12 (60 �C) 62 (60 �C)
Ed(kJ/mol) 122 (20–40 �C) 105 (20–40 �C) 86 (30–60 �C) 35 (30–60 �C)
Km (g/L) 0.43 1.92 0.92 1.42
kcat (1/min) 4.47 4.94 8.53 3.18

Note t1/2 half-life, Ed inactivation of activation energy, Km Michaelis constant, kcat catalytic
constant
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Figure 186.3 illustrates the hydrolysis of lactose by soluble and cross-linked b-
galactosidase. For K. lactis b-galactosidase, glucose yield by free enzyme was
higher than that by CLEAs within 10 h. However, in case of A. oryzae b-galac-
tosidase, opposite results was presented, 900 mg glucose yield by CLEAs was
obtained within 9 h, 450 mg glucose yield by free enzyme was appeared within
4 h and the glucose yield increased less after 4 h. It was demonstrated that A.
oryzae b-galactosidase CLEAs was more suitable for lactose hydrolysis in
industries.

It has been reported recently that a high activity residue 78 % was presented by
A. oryzae b-galactosidase being immobilized on bioaffinity support Con A-cellu-
lose, t1/2 at 60 �C was 35 min for free enzyme and 55 min for immobilized b-
galactosidase respectively, and glucose yield by immobilized enzyme was 1.22-
fold that by free enzyme within 10 h [9]. In this paper, 55 % activity residue of A.
oryzae b-galactosidase CLEAs was obtained (Table 186.1), t1/2 at 60 �C was
12 min for free enzyme and 62 min for immobilized b-galactosidase respectively
(Table 186.2), and glucose yield by immobilized enzyme was 1.87-fold that by

(a) (b)

Fig. 186.1 SEM images of CLEAs. a K. lactis b-galactosidase CLEAs, b A. oryzae b-
galactosidase CLEAs

(a) (b)

Fig. 186.2 Schematic for structure of CLEAs. a K. lactis b-galactosidase CLEAs, b A. oryzae b-
galactosidase CLEAs
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free enzyme within 10 h (Fig. 186.3b). Comparison of the literature data, though
activity of CLEAs in this work was slightly lower, thermal stability and lactose
hydrolysis ability was increased.

References

1. Cao L, Van Rantwijk F, Sheldon RA (2000) Cross-linked enzyme aggregates: a simple and
effective method for the immobilization of Penicillin acylase. Org Lett 2:1361–1364

2. Schoevaart R, Wolbers MW, Golubovic M et al (2004) Preparation, optimization, and
structures of cross-linked enzyme aggregates (CLEAs). Biotechnol Bioeng 87(6):754–762

3. Sangeetha K, Emilia AT (2008) Preparation and characterization of cross-linked enzyme
aggregates (CLEA) of subtilisin for controlled release applications. Int J Biol Macromol
43:314–319

4. Gaur R, Pant H, Jain R et al (2006) Galacto-oligosaccharide synthesis by immobilized
Aspergillus oryzae b-galactosidase. Food Chem 97:426–430

5. Mateo C, Palomo JM, van Langen LM et al (2004) A new, mild cross-linking methodology to
prepare cross-linked enzyme aggregates. Biotechnol Bioeng 86:273–276

6. Shah S, Sharma A, Gupta MN (2006) Preparation of cross-linked enzyme aggregates by using
bovine serum albumin as a proteic feeder. Anal Biochem 351:207–213

7. Fiedorowicz M, Para A (2006) Structural and molecular properties of dialdehyde starch.
Carbohydr Polym 63:360–366

8. Nakabayashi N, Hasegawa N, Akisawa T (1985) Immobilization of urease to modified
dialdehyde-starch with gelatin for removal of urea. Jpn J Polym Sci Technol 42(11):835–839
(Japanese)

9. Ansari SA, Husain Q (2010) Lactose hydrolysis by b-galactosidase immobilized on
concanavalin A-cellulose in batch and continuous mode. J Mol Catal B Enzym 63:68–74

0

200

400

600

800
G

lu
co

se
 (

m
g)

Time (h)

 Free
 CLEAs

0 2 4 6 8 10 0 2 4 6 8 10
0

200

400

600

800

1000

 Free
 CLEAs

G
lu

co
se

 (
m

g)

Time (h)

(a) (b)

Fig. 186.3 Lactose hydrolysis. a K. lactis b-galactosidase (0.04 U/ml, pH = 6.5, 37 �C), b A.
oryzae b-galactosidase (0.8 U/ml, pH = 4.5, 60 �C)
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Chapter 187
Research Development on Vanadium-
Dependent Haloperoxidases in Marine
Algae

Tao Wang, Yong-chao Lu, Dong-mei Cao, Shu-bao Gao and Yu-shan
Zhang

Abstract The halogenated marine natural products encompass a very wide range
of compounds which often have important biological activities or pharmacological
properties. The haloperoxidases are thought to be involved in the biosynthesis of
these natural products. A new kind of haloperoxidases that contain vanadium in
the active site capable of catalyzing halogenation reactions of several substrates
have been subsequently isolated from a variety of organisms, particularly in
marine algae. Due to their highly chemical and thermal stability, the vanadium-
dependent haloperoxidases (vHPOs) attracted more attention in the last few years.
The paper mainly contemplates on the types, biological properties, and molecular
structures of marine algae vHPOs as well as their biochemical function and
potential industrial applications.

Keywords Biologic halogenation � Halogenated products � Marine algae �
Vanadium-dependent haloperoxidases
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187.1 Introduction

Many marine organisms, particularly the macroalgae, are frequently proved to have
developed means to incorporate halogens into their metabolites that are mainly
involved in antioxidants to reduce the environmental oxidative stress and chemical
defenses to against opportunistic bacteria and predators [1, 2]. These halogenated
compounds span a very large range from simple volatile halohydrocarbons (e.g.,
bromoform-, dibromomethane, methyl iodide, bromo- and chloroanisoles, etc.) to
halogenated phenolic derivatives (e.g., indoles, terpenes, acetogenins, phenols, etc.)
[3–6]. Since, in many cases, these halogenated marine metabolites have been found
to possess biological activities of pharmacological interests, including antifungal,
antibacterial, antiviral, and anti-inflammatory activities [7], the pathway of bio-
genesis of these compounds has intrigued marine chemists for decades.

Early on turn of the twentieth century, certain enzyme activities relative to the
transformation of bromine and iodine in marine algae have been initially well
documented [8, 9]. Kylin [10] postulated the involvement of an ‘‘iodide oxidase’’
in the thallus surface mucilage of macroalgae that was able to oxidize the iodide in
seawater prior to its uptake. Wolinsky [11] and Fenical [12] invoked a possible
role for haloperoxidase enzymes in the biogenesis of certain halogenated marine
natural products, although this was long before haloperoxidases were discovered in
marine organisms. Since then, haloperoxidases have been consequently discovered
in all classes of marine organisms. According to their different active sites and
reaction mechanisms, two types of marine haloperoxidases have been identified:
(1) vanadium-dependent haloperoxidase (vHPO), of which vanadate is the pros-
thetic group [13–15], and (2) heme-dependent haloperoxidase (Heme-HPO), of
which heme ion acts as the prosthetic group [16–18]. Compare with the Heme—
HPO, vHPO is most prevalent and there is no change in the oxidation state of its
metal center during the synthesis of halogenating agent [19]. Hence, vHPOs do not
suffer from oxidative inactivation during turnover and possess relatively high
tolerance for organic solvents and high temperatures [20, 21], as well as their
ability to halogenate a range of organic compounds in a regio- and stereo-specific
manner [7, 22], and oxidize organic sulfides in the absence of halides [23, 24].
These characteristics make them receive increasing attention as biocatalysts for
producing halogen intermediate in organic synthesis. The scope of this review
article includes the properties and characterizations of vHPOs from marine algae
and their biological function and potential industrial applications in the biosyn-
thesis of halogenated marine natural products.

187.2 Types and Biological Function of vHPOs

Depending on the most electronegative halogen the enzyme is capable of
oxidizing, vHPOs are characterized as vanadium chloroperoxidases (vCPOs),
vanadium bromoperoxidases (vBPOs), and vanadium iodoperoxidases (vIPOs).

1742 T. Wang et al.



In particular, chloroperoxidases can catalyze the oxidation of chloride as well as of
bromide and iodide; bromoperoxidases react with bromide and iodide; whereas
iodoperoxidases are specific of iodide [25]. The first vHPO to be isolated and
characterized was the vBPO from the brown alga Ascophyllum nodosum in 1984
[26]. Subsequently, Krenn et al. [27] found it substantially contained two different
kinds of vanadate proteins. To date, these enzymes have been purified and char-
acterized in many brown alga (Sacchoriza polyschides [28], Pelvetia canaliculata
[29], Laminaria saccharina [30], etc.), some red (Corallina officinalis [31]) and
green marine alga (Cladophora glomerata [32]), as well as in certain terrestrial
lichen (Xanthoria parietina [33]), and more recently, in some fungi (Curvularia
inaequalis [34], Embellisia didymospora [35]).

The function of vHPOs in biochemical reaction is to catalyze the oxidation of a
halide (i.e., chloride, bromide, or iodide) by hydrogen peroxide, a process which
results in the concomitant halogenation of organic substrates [1], as shown below.

H2O2 þ X� þ R� Hþ Hþ ! R� Xþ 2H2O ð1Þ

In the first step, vHPOs catalyze the oxidation of halides (X-) by hydrogen
peroxide producing a two electron oxidized halogen intermediate (‘‘X+’’ = XOH,
X2, X3

-) [36]. In the second step, the oxidized intermediate can halogenate an
appropriate organic substrate or react with another equivalent of hydrogen per-
oxide, forming dioxygen in the singlet-excited state (1O2) [37, 38]. In the absence
of halides, vHPOs catalyze the enantioselective oxidation of sulfides into sulfox-
ides [39]. These sulfoxidation reactions occur at the vanadium-binding site through
a direct oxygen transfer from the peroxovanadium intermediate to the sulfide [40],
as shown in Fig. 187.1.

Fig. 187.1 Reactions of the
vHPO/H2O2 system. X: Br,
Cl, I. Org.: organic
compound. R1, R2: alkyl,
aryl [25]
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187.3 Molecular and Structural Characterization

Up to now, three X-ray crystal structures of vHPOs have been detected
(Fig. 187.2), i.e., vClPO from the fungus C. inaequalis, which is a monomeric
protein [41–43], vBrPO from the brown alga A. nodosum [44], which is a
homodimer, and vBrPO from the red alga C. officinalis [31]. Interestingly, the last
enzyme protein, which is associated with snyderol (2-4) biosynthesis, is a hom-
ododecameric protein arranged in a 23-point group symmetry. Thus, at the
molecular level, the various monomeric states and less than 30 % identity
sequences of these three proteins [19] probably indicates their differences in
biological function. However, each protein shares a core structure consisting of
mainly a-helices with two four-helix bundles as the main tertiary structural motif
[31, 42, 43] and has an identical arrangement of amino acid residues at the
vanadium active site itself. The vanadium-binding site lies at the bottom of a
15–20-Å deep funnel-shaped channel located at the core of the four-helix bundle
[7, 41, 44].

Vanadium is present as a V(V) ion and is ligated to the imidazole ring of a
conserved histidine residue that anchors the cofactor in a trigonal bipyramidal
fashion. Three oxygen atoms of the cofactor are located in the equatorial plane,
and the negative charges are compensated by an extensive hydrogen-bonding
network with protonated amino acid residues in the conserved active site. Through
quantum mechanics/molecular mechanics, 51V solid-state NMR, and UV–visible
spectroscopy studies, the resting state of the enzyme likely contains at least one
hydroxyl group in the apical position [45–47]. Putatively, this position is occupied
by an axial water and stabilized through a hydrogen bond with a side chain His
imidazole [46].

Fig. 187.2 The vanadate-binding site structure of vHPOs. a C. inaequalis vCPO, b C. officinalis
vBPO, c A. nodosum vBPO. Vanadate (a and c), and the inorganic phosphate (b) are represented
in the center of the picture and the hydrogen-bonding network, conserved in all three vHPOs, is
indicated by dashed lines around the vanadate center (a) [25]
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187.4 Perspectives of Industry Applications

In contrast to other halogenating enzymes, vHPOs activities are relatively resistant
to high temperature exposures. And it has been confirmed that the enzymes are still
active in oxidative conditions and in the presence of different organic solvents such
as acetone, methanol or ethanol [48, 49]. These properties as well as the ability to
halogenate a broad range of organic compounds of both commercial and phar-
maceutical interests make vHPOs good candidates for use in industrial biotrans-
formations [50].

Recently, a few marine algal vBPOs have been shown through in vitro che-
moenzymatic conversions to catalyze the bromonium-assisted cyclization of
terpenes and ethers [7, 51]. And the studies of Rehder [52] and Crans [53] have
convincingly shown that various vBPOs isolated from marine red algae (e.g., C.
officinalis, Laurencia pacifica, and Plocamium cartilagineum) catalyze the
asymmetric bromination/cyclization reactions of the sesquiterpene nerolidol to the
snyderol family of marine natural products. Single diastereomers of b- and c-
snyderol were produced in the enzyme reaction, whereas in the synthetic reaction,
two diastereomers of each were formed. This study established the likely role of
vBPOs in the biosynthesis of brominated cyclic sesquiterpenes from marine red
algae and further implies that other marine algal brominated natural products may
similarly be constructed. Moreover, Jiang [54] has reported an approach to pro-
duce S-/R- sulfoxides from methyl-/phenyl- sulfides catalyzed by the vHPOs
isolated from marine algae. Depending on the sources of enzyme, the products are
different, i.e., vHPOs from Ascophyllum nodosum forming R-sulfoxide, the vHPOs
from Corallina officinalis and C.Pilulifera forming S-enantiomer.

187.5 Summary

Vanadium-dependent haloperoxidases is a class of new enzymes widely present in
marine algae that catalyze electrophilic halogenation reactions using hydrogen
peroxide to oxidize halide ion and form carbon-halogen bonds to selective organic
substrates. All the vHPOs isolated to date share some common features: (1)
composed of one or more subunits of relative molecular mass around 67 kDa; (2)
be inactivated by dialysis against EDTA at low pH; (3) only be reactivated by
restored in addition of vanadium (as vanadate) solution; and (4) seem to have
similar coordination of vanadium in the active site [42–44].

Although the mechanism of their catalytic cycle has not yet been fully eluci-
dated, the applications of vHPOs on biomimetic syntheses of chiral halogenated
compounds have been developed in modern synthetic chemistry and pharmaceu-
tical industry. Concerning its biological and environmental significance, the future
researches of vHPOs will focus on the specific gene sequences that encoding
vHPOs, deeply investigating their catalytic mechanism and properties and estab-
lishing more tractable systems to make them applied in wilder areas.
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Chapter 188
The Cells of Gluconacetobacter xylinus
Response to Exposure

Xintong Zheng, Cheng Zhong, Miao Liu, Ainan Guo,
Yanyan Li and Shiru Jia

Abstract Via direct current (DC) electric field, bacterial cellulose (BC), a bio-
polymer generated by Gluconacetobacter xylinus, was altered into its nanofibers
alignment and 3-dimensional network structure in its synthesized process. In this
investigation, cultures of G. xylinus cells exposed at DC electric field and the
sham-exposed controls were respectively investigated for: the culture able count
near anode and cathode, the morphological analysis of cells, BC yield, and FTIR
analysis of it. Exposed samples and controls showed significant difference in cells
morphology, whereas they were similar at the two poles in same condition. An
exposure to DC electric field of 0, 0.25, 0.5, 0.75, and 1 V/cm produced a obvi-
ously tendency on the ratio of culture able count near anode and cathode. BC yield
showed a slight increase and then sharp decrease as the electric field intensity
increased. In addition, essentially unchanged in FTIR analysis of BC formed at
0 V/cm and 1 V/cm. These results combined with our previous studies can
establish a conjectural theory of cells response to exposure of DC electric field
which has a stimulate factor.

Keywords Gluconacetobacter xylinus � Bacterial cellulose � Direct current
electric field � Cell morphology

188.1 Introduction

Bacterial cellulose (BC) a microbial extracellular biopolymer which is synthesized
by the genera Acetobacter, Rhizobium, Agrobacterium, and Sarcina [1]. The most
exhaustive invested strain is Gluconacetobacter xylinus (formerly known as
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Acetobacter xylinum [2, 3]) which has been identified as a model microorganism
for fundamental and applied research on BC [4]. One of the focal points on BC is
the mechanism of its biosynthesis process and the relationship between its fiber
structure and mechanical properties [5–7]. The products of BC for medical have
already appeared and have been used in clinical as a commodity, such as Bio-
process �, XCell �, and Biofill � [8, 9]. They were applied as a graft and the
scaffolds for tissue engineering such as blood vessel replacement, artificial skin,
and bone tissue scaffold [10–12]. Nonetheless, one of the main constraints of BC
in biomedical material field is controlling the specification of BC products.
Electric field was used to control the motion of cells or particles in the electrolyte,
which has been widely used for separation and aggregation [13–16]. We have
previously demonstrated that the DC electric field could affect the motion of G.
xylinus cells and bacterial cellulose synthesis [17]. It verified our hypothesis fur-
ther in this work and a conjectural cell behavior model was put forward.

188.2 Materials and Methods

188.2.1 Strains

G. xylinus CGMCC No. 2955 was screened by the Key Laboratory of Industrial
Microbiology of the Ministry of Education and reserved at China General
Microbiological Culture Collection Center.

188.2.2 Materials

� Liquid growth medium(v/v). glucose 2.5 %, peptone 0.75 %, yeast extract
1 %, Na2HPO4 1 %, initial pH value 6.0 [18].

` Solid growth medium. Liquid growth medium with addition of 2 %(v/m)
agar.

DC electric field culture device was used as we described previously [17]. 0,
0.25, 0.5, 0.75, and 1 V/cm were selected for the test electric field strengths.

188.2.3 Bacterial Sampling and BC Yields Measurement
Methods

For seed culture, G. xylinus was inoculated into 100 mL of the culture medium in a
500-mL flask by shaking at 160 r/min and cultured at 30 �C for 24 h [18, 19].
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Liquid growth medium contains 6 % seed poured into the electrophoresis tank,
applied different DC electric field strengths, and incubated statically at 30 �C for
3 days. At the end of incubation, 1 mL medium was absorbed near anode and
cathode, the position was shown in Fig. 188.1, then executed colony counts of it
and prepared cells for SEM. BC was dried at 80 �C in an oven after two-step
purification to constant and then weighed [20].

188.2.4 The Scanning Electron Microscope

The scanning electron microscope (SEM), Hitachi/SU-1510, was performed to
observe the morphology of G. xylinus cells obtained from anode and cathode
around. The samples prepared for the SEM experiments were immobilized by
glutaraldehyde, and next dehydrated gradually by ethanol. When they were
completely dry, a thin layer of gold was coated on the surface of samples and after
that they were observed in SEM.

188.2.5 Fourier Transforms Infrared Spectroscopy

Infrared spectra, Vector 22, were measured samples of completely dehydrated BC
by freeze dryer over the frequency range 4,000–400 cm-1 at the resolution of
4 cm-1.

188.3 Results and Discussion

188.3.1 Observation of Cells’ Distribution Under Different
Electric field Strengths

In our previous works, we detected the movement of cells on semisolid swarm
medium under the existence of the electric field condition [17]. It was seen that
cells were migrated toward the cathode when the DC electric field applied.

Fig. 188.1 The schematic of
sampling and crossing
location
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Furthermore, the motion of cells would accelerate as electric field intensity
increased. In this investigation, the number of colony acquired from anode and
cathode after 72 h culture under different electric field strengths was counted and
calculated the ratio of them. The results were shown in Table 188.1.

These results confirmed the previous conclusion further. When DC electric field
was applied, the number of colonies of the cathode was always more than anode.
The proportion of colony number between anode and cathode was raised as the
electric field intensity increased. Combining with our previous results of mobility
of cells on the semisolid swarm medium in DC electric field [17], this illustrated
that the cells under the force of electric field moved toward the cathode, and the
greater electric field intensity was, the more obvious tendency of cells migration
would be.

188.3.2 Observation of Cell Morphology Near Anode
and Cathode

The bacterial cells were obtained near anode and cathode under 0 V/cm and 1
V/cm electric field, respectively. The graph of cells micromorphology observed in
SEM was shown in Fig. 188.2. It displayed that cells morphology was relatively
close between anode and cathode but quite different in the two electric field
intensity conditions. G. xylinus displayed a long rod-shaped cell about 5–6 lm
long, 0.4–0.6 lm wide, and its surface was smooth in normal situation. In contrast,
cells presented a stubby rod-shaped morphology at 1 V/cm electric field and a
coarse surface additional. The length of cells was shortened to 2–3 lm and width
was augment to 0.6–0.8 lm. It was worth mentioning that some holes appeared on
the surface of cell, which exposed at 1 V/cm. This phenomenon may relate to the
electroporation caused by high electric field strength.

188.3.3 The BC Yield

To verify the possible effect of DC electric field on BC yield, G. xylinus was
exposed to 0, 0.25, 0.5, 0.75 and 1 V/cm for 72 h. The BC production presented in
Fig. 188.3 corresponded to mean values and standard deviation. The data dem-
onstrated that BC production was slightly enhanced at 0.25 V/cm compared with
0 V/cm, but dropped down rapidly over 0.5 V/cm. It was postulated that low
electric field strength promoted cellular respiration and high electric field strength
may undermine the synthesis site on cell membrane, even cause perforations in the
membrane, leading to cell death in excessively high electric field strength.
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Fig. 188.3 BC yield under
different electric field
strengths

(a) (b)

(c) (d)

Fig. 188.2 SEM images of cells morphology acquired from anode (a 0 V/cm, c 1 V/cm) and
cathode (b 0 V/cm, d 1 V/cm)
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188.3.4 Analysis of BC Microstructure

FTIR analysis of BC formed at 0 V/cm and 1 V/cm electric field was shown in
Fig. 188.4. It suggested that the peak of the absorption spectra of the synthetic
bacterial cellulose of different electric field strengths was almost same. Located in
1,060 cm-1 for the C–O–C and C–O–H bonds stretching vibration is the char-
acteristic absorption peak of the cellulose. Absorption peak at 3,350 cm-1 reflects
the stretching vibration of the O–H bond. The absorption peak at 2,895 cm-1 is
generated by the stretching vibration of the O–H bond. The absorption peak at
1,428 cm-1 is caused by flexural vibrations of the C–H bond, its depth relates to
the crystallinity of BC.

188.3.5 An Inferential Theory of G. xylinus Cells Behavior
Patterns in DC Electric Field

According to the above results and previous research, we could infer how the
motion of the bacterial cells under the electric field condition was changed. In
normal condition, the bacterial cells had an erratic motion, and formed random
cellulose 3D network, the model was shown in Fig. 188.5a. When DC electric field
applied, the cells were migrated to cathode and the migration speed was propor-
tional to the electric field strength. Furthermore, when the migration speed was
over to BC generation speed, it was shown that the diameter of the fiber bundles
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significantly coarsened and had a certain degree of directionality compared with
traditional cellulose structure [17]. BC fibers intertwined with each other into
bundle due to the substantially same cell motion direction. Thus BC would have
the above characteristics, as shown in Fig. 188.5b.

188.4 Conclusion

We have demonstrated that DC electric field can affect BC fibers assembly by
changing the motion direction of G. xylinus cells in our previous work [17]. In this
investigation, some further evidence was proposed and an inferential theory was
founded. By studying cell behavior under DC electric field, it can provide a
potential method of manipulating cells indirectly. For future research, it should be
forced on the effective role of DC electric field exposure in G. xylinus cells and the
mechanical properties of BC synthetized in different electric field condition. In
particular, the possible in formation customized BC 3D structure according to
application requirements through control of the electric field should be evaluated.
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Chapter 189
Purification and Characterization
of Cholinesterase from Duck Plasma

Chang Liu and Fusheng Chen

Abstract Cholinesterase from duck plasma was isolated and purified to electro-
phoretic homogeneity by salting out, ion-exchange chromatography on DEAE-
cellulose, and gel filtration on Sephadex G-200. The enzyme was purified 278.5-fold
and 17.8 % activity was recovered. Studies on the properties of the Cholinesterase
showed that the optimum temperature was 37 �C and the optimum pH was 7.5–8.0.
The value of Km was 2.4 9 10-5 M and the enzyme was not inhibited by excess
bcetylthiocholine iodide. The presence of Ca2+, Mg2+, and Mn2+ increase the enzyme
activity at a concentration of 5 mM. The study showed that this cholinesterase was a
valuable alternative for detecting organophosphate and carbamate pesticides of
vegetables and fruits.

Keywords Cholinesterase � Duck plasma � Purification � Properties � Sensitivities

189.1 Introduction

Organophosphorus and carbamate pesticides have been widely used in the field of
agriculture due to their high effectiveness for insect control. Though their use is
constantly decreasing and some highly toxic compounds of them have been
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forbidden in the last decades, they are still the main pesticides in many countries
especially in developing countries [1, 2]. The excessive use of these pesticides
often leads to residues heavily going beyond the limits. These organic toxins enter
animal and human bodies directly or indirectly through the food chain or drinking
water, and threat human health [3]. Affairs of poisoning owing to pesticides res-
idues were frequently reported [4]. Traditional methods of pesticide residue
include gas chromatography or HPLC, but they suffer from long analysis times,
required separation/preconcentration steps and the impossibility to be used in situ
[5]. So it is of great significance to develop a fast, reliable, and economically
analytical method for determination of trace amounts of these pesticides.

In recent years, the enzyme inhibition method is broadly used because it is fast,
simple, convenient, and without expensive equipments [6]. The principle of this
method is based on the inhibiting ratio of enzyme activity according to the con-
centration of pesticides, thus adding the pesticide residues extracted from the
fruits, vegetables, and other agricultural products into cholinesterase reaction
system can detect pesticide residues rapidly [7].

Vertebrates have two types of cholinesterases (ChE): acetylcholinesterase
(AChE, EC 3.1.1.7) and butyrylcholinesterase (BChE, EC 3.1.1.8), which differ in
their substrate specificity [8, 9]. The cholinesterases are found in various animal
tissues, such as brain, red blood cells, electric fish tissues, and animal plasma [10]. At
present, the enzyme of inhibition method is mainly from head of housefly, culex, and
the electric organ of electric eels [11, 12]. There is a real need to find a ChE which is
more abundant in source, and easy obtainment, and it can reach the standards of
pesticide inspection. Here we describe the purification and properties of a ChE from
duck plasma, which may be a candidate for detection of pesticide residues.

189.2 Materials and Methods

189.2.1 Materials and Chemicals

Duck plasma, self-made (by adding fresh duck blood anticoagulant, centrifuged
and collected plasma); bovine serum albumin, bcetylthiocholine iodide (BTChI),
5,5’-Dthio-bis(2-nitrobenzoic acid) (DTNB), were purchased from Sigma (St.
Louis, USA); DEAE-52 ion exchange cellulose and Sephadex G-200 were pur-
chased from Whatman Co; Coomassie brilliant blue R250 was purchase Fluka; all
other chemicals used were of analytical grade.

189.2.2 Cholinesterase Activity

ChE activity assay was based on the Ellman method [13], 3 mL phosphate buffer
(0.2 M, pH 8.0) and 50 lL DTNB solution (10 mg/mL) were added into a test
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tube, and 50 lL of enzyme solution was added, then mixed. The mixture was
incubated for 10 min at 37 �C, then 50 lL BTChI (6.5 mg/mL) was added and
mixed. The yellow color produced was measured spectrophotometrically at
410 nm. Blank was also run, where phosphate buffer was used instead of enzyme.

One unit of enzyme is defined as the amount of the enzyme that catalyses the
hydrolysis of 1 lM of BTChI per minute under above mentioned conditions, and
all enzyme assays were preformed in triplicate [14].

189.2.3 Protein Concentration

The protein content was quantified either by measuring the absorbance at 280 nm
or by Bradford Method (colorimetric protein assay at 595 nm) based on the
binding of Coomassie brilliant blue dye to proteins [15].

189.2.4 Extraction and Purification of ChE

All steps were carried out at room temperature, except for salt precipitation, which
was performed at 4 �C, ChE activity was measured after every purification step.

189.2.4.1 Salt Precipitation

Duck plasma was added equal volume of 20 mM phosphate buffer (pH 7.2). Solid
ammonium sulphate was slowly added to duck plasma solution with shaking to
obtain the 10–70 % saturation fraction. After incubation at 4 �C for 12 h, the
enzymatic extract was centrifuged. The second step of precipitation was performed
adding ammonium sulfate to certain saturation and incubating at 4 �C for 12 h,
then centrifuged and collected supernatant. The final precipitate was dissolved in
20 mM phosphate buffer (pH 7.2) for purification. The concentration of protein
and total enzyme activity was determined to confirm the most suitable saturation
of ammonium sulfate dialysis.

189.2.4.2 Purification of ChE

The crude enzyme solution was loaded on DEAE-52 column (1.5 9 30 cm)
equilibrated with 20 mM phosphate buffer (pH 7.8). The column was washed with
the same phosphate buffer containing different concentration of NaCl (0–0.3 M) at
a constant flow rate of 25 mL/h. Fractions (3 mL per tube) were collected, then
protein concentration and enzyme activity were assayed. The fractions containing
ChE activity were collected, and applied on Sephdex G-200 column (1.5 9 30 cm)
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which was previously equilibrated with 20 mM phosphate buffer (pH 7.5) and
eluted with the same buffer at flow rate of 5 mL/h. Fractions (2.5 mL per tube) was
collected. Protein concentration and enzyme activity was assayed.

189.2.4.3 Gel Electrophoresis

PAGE electrophoresis of cholinesterase was carried out with discontinuous buffer
system. The gel contains 8.0 % acrylamide in the resolving gel and 5 % acryl-
amide in the stacking gel [16].

189.2.5 Optimal Temperature and Optimal pH

The optimum temperature of ChE activity was determined by carrying out the
purified ChE at selected temperatures from 20 to 50 �C in phosphate buffer
(20 mM, pH 7.8). For estimation of thermal stabilities, enzyme preparations in
20 mM phosphate buffer were incubated at temperatures over the range 37–60 �C,
incubation time was 60 min.

The optimal pH for the ChE was determined using BTChI as substrate. The
enzyme was incubated in different pH phosphate buffer (pH 5.0–8.5). Samples
were taken at regular intervals. All experiments were performed in triplicate.

189.2.6 Effect of Metal Ions

The enzyme was incubated in phosphate buffer, with addition of the following
metal ion and reagents: Mg2+, Ca2+, Mn2+, and the activity were determined
thereafter using BTChI as substrate.

189.2.7 Kinetic Studies

The Km of the purified ChE was determined by Lineweaver-Burk plots. The
enzyme was incubated with BTChI of different concentrations ranging from 32.5
to 683 lM.
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189.2.8 Sensitivity Test to Organophosphate and Carbamate
Pesticide

The 50 lL ChE sample was added into 3 mL phosphate buffer (0.2 M, pH 8.0)
including 50 lL of a certain concentration of the pesticide standard solution. The
mixture was incubated for 10 min at 37 �C and then, 50 lL BTChI was added.
The procedure below was the same as ChE activity assay. The nonpesticide tube
was used as the blank control.

The inhibition ratio (I) of ChE activity was determined by the equation:

I %ð Þ ¼ ðODBlank � ODinhibitionÞ = ODBlank � 100%

189.3 Results and Discussion

189.3.1 Purification of ChE

The procedures developed to purify ChE from Duck plasma are presented in
Table 189.1. The crude proteins were firstly fractionated by salt precipitation.
Many factors affect the salting, such as the saturation of ammonium sulfate, pH
value, temperature and protein concentration and so on [3]. The concentration of
protein and total enzyme activity was determined to confirm the most suitable
saturation of ammonium sulfate dialysis. Firstly, ammonium sulfate was adding to
the saturation of 0.25 and 0.60, then to the saturation of 0.40. Lots of other proteins
were separated, but it lose some of ChE which lead to the decrease of recovery
rate. After the second salting, ChE was purified 44.2 fold, and the recovery rate
was 20.8 %.

After the second salting, the enzyme solution by phosphate buffer (20 mM, pH
7.8) balance DEAE-52 column, using with 0–0.3 M NaCl in phosphate buffer
linear gradient elution. The results shown in Fig. 189.1, there are three protein
peaks, of which the second protein peak with ChE activity was detected. Fractions
associated with the peak were collected, concentrated, and subjected to Sephadex
G-200 column. Sephadex G-200 gel filtration chromatography resolved the protein

Table 189.1 The purification summery of cholinesterase

Purification steps Specific activity (U mg-1) Purification fold Yield (%)

Duck serum 21.5 1 100
The first salting out 141.8 6.6 44.2
The second salting out 939.7 44.2 20.8
DEAE-52 2830.5 132.6 18.6
SepHadex G-200 5944.1 278.5 17.8
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into two large peaks, one of which contained the ChE activity (Fig. 189.2). By
these steps, the enzyme was purified 278.5 fold with a recovery of 17.8 %.

189.3.2 PAGE Gel Electrophoresis

The purified enzyme running on PAGE produced a single band when stained with
coomassie brilliant blue (Fig. 189.3), whereas crude enzyme obtained by salting
out has many bands that contains a lot of unwanted proteins. These results indi-
cated that the ChE from duck plasma was purified to homogeneity by a four-step
purification procedure.

189.3.3 Optimum pH and Optimum Temperature

The activity of the ChE was determined by carrying out standard assays at different
pH values ranging from 5.0 to 8.5. The optimum pH of the purified ChE was
around 7.5–8.0 (Fig. 189.4a).
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1 2 3 4

Fig. 189.3 PAGE of ChE at
various purification stages
Lanes. 1 Crude ChE obtained
by salting out. 2 Eluate of low
concentration from DEAE-52
column, 3 Eluate of high
concentration from DEAE-
52, 4 purified ChE by
Sephadex G-200

Fig. 189.4 Optimal pH
(a) and temperature (b) on the
activity of ChE
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For estimation of the optimal temperature, the activity was determined by
carrying out standard assays at temperatures over the range 20–50 �C. The
enzymatic activity gradually increased in the range from 40 to 40 �C, but a
decrease occurred at 45 �C. It showed maximal activity at 40 �C (Fig. 189.4b).

To estimate the thermal stability, the residual activity after an incubation of the
enzyme for 60 min at different temperature was measured. The results indicated
that this purified ChE was stable in a range of temperature from 37–40 �C,
however it was not stable above 45 �C. 38 % relative activity was retained after
60 min of incubation at 50 �C.

189.3.4 Kinetic Parameters

According to the Lineweaver-Burk plot (Fig. 189.5), the value was calculated,
which was found to be 2.4 9 10-5 M. This value is close to a number of vertebrate
plasma (sheep plasma, chicken plasma) [16]. The kinetic parameters showed that
ChE had a stronger affinity for BTChI. The pure enzyme activity increased in the
presence of substrate concentrations from 32.5 to 683 lM, which indicated that
BTChI for this enzyme has not excessive inhibition.

189.3.5 Effects of Metal Ions

Some metal ions were examined for their effects on the cholinesterase activity at a
concentration of 5 mM. The presence of Ca2+, Mg2+ and Mn2+ positively influ-
enced the enzyme activity. Mg2+ stimulated the enzyme activity up to 119.2 %.
Whereas high concentration of these metal ions inhibited the enzyme activity.

Fig. 189.5 Lineweaver-Burk
plot of ChE
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189.3.6 Sensitivity Test to Organophosphate and Carbamate
Pesticides

The degree of sensitivity to the pesticides was evaluated by using a linear slope
obtained from a calibration graph of common logarithm of pesticide concentration
versus inhibition ratio [17].

The sensitivity of ChE to 8 species of pesticides is shown in Table 189.2. It has
highly sensitive to most of organophosphate and carbamate pesticides (Dichlor-
phos, Pirimicarb, Carbofuran and so on) with good linearity (r2 from 0.8779 to
0.9990), but sensitivities to Methamidophos and Dimethoate were not very good.
The purified ChE was shown to be high sensitive enough for detection the food
samples. By calculating inhibition rate of ChE activity, the condition for pesticide
residues could be estimated. The standard of detection was a dosage of inhibiting
35 % of ChE activity.

189.4 Conclusion

In summary, our study has found purified ChE is a BChE with a higher efficiency
for BTChI. The nondenaturing PAGE revealed a single band. It has identical
catalytic properties to those purified from different animal plasma in its pH opti-
mum and temperature optimum for activity and stability [18, 19]. The ChE showed
maximal activity at 40 �C and at pH 7.5–8.0. The enzyme is of good thermo
stability and estimated a high degree of specific activity (5944.1 U/mg of protein).
Further studies showed that this ChE has a high sensitivity to inhibition by some
organophosphate and carbamate pesticides.

At present, the animal-origin AChE is the main enzyme used in the enzyme
inhibition method for detecting organophosphate and carbamate pesticides [20].
The ChE from duck plasma obtained is more abundant, easy to obtain. This and
future studies showed that this ChE was a valuable alternative for detecting
organophosphate and carbamate pesticides of vegetables and fruits. The standard

Table 189.2 The Linear equation of some pesticides

Pesticides Linear equation r2

Dichlorphos y = 0.6012 x ? 2.2904 0.9921
Ethyl parathion y = 0.2754 x ? 0.9898 0.8779
Methyl Parathion y = 0.5992 x ? 1.6248 0.9930
Carbofuran y = 0.6975 x ? 1.4984 0.9990
Pirimicarb y = 0.7072 x ? 1.2268 0.9901
Methamidophos y = 0.5772 x ? 0.4428 0.9940
Dimethoate y = 0.3526 x ? 0.4286 0.9903
Omethoate y = 0.5619 x ? 0.1731 0.9359
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of detection was a dosage of inhibiting 35 % of ChE activity. When the inhibition
rate was higher than 35 %, it indicated that the sample had excessive pesticide
residues. The detection time was 20 min, and several samples can be determined at
the same time.
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Chapter 190
Study on the Sensitivity of Two-Line
Hybrid Rice’s Self-Fruitful Rates
on Temperature Changes: A Numerical
Study

Zhiwei Wang, Qingdai Liu and Zetian Hua

Abstract The yield of two-line hybrid rice is greatly affected by the self-fruitful
rates. In the present paper, we have investigated the meteorological data related to
the growth of two-line hybrid rice P88S, and found that the self-fruitful rates of
different growth periods have showed some sensitivity to temperature changes.
Based on a nonlinear model, we have proposed the impacts of temperature changes
on self-fruitful rates have been analyzed. By numerical studies, we found that in
the case of temperature fluctuating, the temperature fluctuations should account for
the change of the self-fruitful rates. The results may shed light on the study of the
effects of climate changes on the factors that account for the rice yields.

Keywords Hybrid rice � Sensitivity � Nonlinear model � Temperature change

190.1 Introduction

The impacts of solar radiation and temperature on rice yield remain poorly
understood, despite decades of agronomic research. Current knowledge is based
primarily on field trials and greenhouse experiments. These experimental studies
showed that increased temperature can reduce yield [1–4]. For the two-line hybrid
rice in China, the reduction of yield accounts for lower self-fruitful rate. The two-
line hybrid rice was developed on the base of the three-line hybrid rice, and has
been widely used because of the advantages of simplified producing procedure,
free hybridization matches, and the convenience to use the hybrid advantages [5].
The low summer temperature of 1989 and the abnormal low temperature in Hunan
of 1991 led to the repetition of the fertility of several photo-thermo sensitive genic
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male sterile (PTSGMS) lines, thus, the effect of the temperature on the fertility of
PTSGMS lines had been paid more and more attention [6]. After a plenty of
researches under natural and artificial conditions, the relations between the tem-
perature and fertility had been clarified step by step [7].

Several studies have showed that the critical temperature of the fertility alter-
ation has relations with the individual development stages and the lasting time [8].
Chen et al. have studied the thermosensitive sterile line with different develop-
mental stages under the treatment of long photo (light 14 h/d) and low temperature
(22–24 �C), and the results showed that some sterile lines only need 3 d to inhibit
the expression of sterile genes in the meiosis stage, while other sterile lines need 7
d treatment to become fertile [9]. This study showed that the cumulative effects of
the temperature. In the present article, by analyzing the fertility alteration exper-
imental data of P88S in Hainan [10], we attempt to find the relations of some
meteorological data and the corresponding self-fruitful rates.

190.2 Data and Methods

190.2.1 Data

P88S is a photo-thermo sensitive hybrid rice sterile line developed by the National
Hybrid Rice Technology and Engineering Center; it is sterile in high temperature
and fertile in low temperature. When the temperature is lower than 26 �C, the
fertility is good, while the temperature is higher than 28 �C, it cannot easily
reproduce. Moreover, when the temperature lies between 26 and 28 �C, the fer-
tility shows instability. The fertility alteration data of P88S from Hainan was
analyzed [10], and the results showed that the self-fruitful rates between Oct. 17
and Nov. 15 in 2005 are 5.0–38.5 %, which corresponded to good fertility, and the
self-fruitful rates between Mar. 12 and Apr. 3 in 2006 are 0.1–14.7 %, which
corresponded to bad fertility. The highest temperature during these two time spans
is from about 28 to 26 �C and from 26 to 28 �C.

190.2.2 Bistable Model

In our previous work [11], we found that the dependence of the fertility or self-
fruitful rates of P88S on the temperatures can be explained by bistable dynamics,
one of a nonlinear dynamics. Thus we incorporated a bistable dynamical model as
below:

dx

dt
¼ 1þ x2 þ ar1x4

1þ x2 þ r1x4 þ r2x6
� Tx ð1Þ
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Here a, r1, and r2 are control parameters that are related to the absolute fertile
temperatures and the absolute sterile temperatures, T is the temperature, with the
unit of centigrade, x is an order parameter that accounts for the fertility of P88S.
When T is given a fixed numerical value, the solves that correspond to the change
rate of the order parameter x can be solved. In this study, the critical value of x is
0.07, i.e., when x [ 0:07, the fertility of P88S is regarded as fertile, which cor-
responds to a high self-fruitful rate; while when x� 0:07, the fertility is regarded
as sterile, which corresponds to a low self-fruitful rate.

For P88S, the unstable fertility interval of temperatures is between about 26 and
28 �C. By computer simulations, we calculated the three parameters of the above
model are: a = 3.80, r1 = 0.08, and r2 = 19,000. Thus the final bistable model
that accounts for the temperature-related self-fruitful rates is as below:

dx

dt
¼ 1þ x2 þ 3:80� 0:08x4

1þ x2 þ 0:08x4 þ 19000x6
� Tx ð2Þ

190.2.3 Simulation Details

Using Eq. (2), we attempt to deduce the dependency of the order parameter that
accounts for the fertility or the self-fruitful rate of P88S on the temperatures, both
the values and the change property of the temperature. Equation (2) was simulated
by computer, and we adjusted the temperatures from 25 to 29 �C, and the step is

0.001, the solved x (for dx=dt ¼ 0) is the order parameter. For the temperature with
variation across a period (several days), the same simulation parameters were used.

190.3 Results and Discussion

From the data of [10]. one can see that the expression of the fertility of thermo-
sensitive sterile rice P88S is related to the cumulative effect of the temperatures.
Before Oct. 17, the ear differential process of P88S were affected by high tem-
perature for a long time, even when the temperature was declined to below 28 �C,
the fertility expression was still male sterile. Until the temperature was fallen down
to below 26 �C, the fertility can change to fertile. Meanwhile, before Mar. 12, the
ear differential process of P88S were affected by low temperature for a long time,
even when the temperature was raised up to over 26 �C, the fertility expression
was still male fertile. Until the temperature was raise up to over 28 �C, the fertility
can change to sterile. The results showed that the fertility of P88S between 26 and
28 �C was decided by the temperatures and the cumulative effects of the tem-
peratures collectively.
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The simulation results of Eq. (2) has only one solution when x� 25:702 and
x� 28:356, while it has three solutions when 25:702 \ x \ 28:356. The solutions
between 25 and 29 �C are shown as below:

From Fig. 190.1 one can see that when the temperature is below 25.7 �C, P88S
shows fertile, with high self-fruitful rate, while when the temperature is over
28.3 �C, P88S shows sterile, with low self-fruitful rate. Moreover, when the
temperature lies between them, both of the possibilities of fertile and sterile exist.
The computational results are coincide with the experiment data from [10]
approximately.

Here T is a constant, while the temperature often fluctuates, and this effect must
be considered. Let T = T0*[1 ? A*Sin(xt)], here A is the amplitude and x is the
frequency of the temperature fluctuation, the Gaussian fluctuation is used for
simplification. From Fig. 190.1 one can see that for a given temperature between
25.7 and 28.3 �C, the state is decided by the original value. For example, if the
temperature is 27 �C, the self-fruitful rate stays high if the original order parameter
x is larger than 0.07, while it remains low if x is smaller than 0.07. This property
would not change if the temperature fluctuation A is small, as shown by
Fig. 190.2a. However, if A become larger, the self-fruitful rates may undergo a
transition from high to low or from low to high, as shown by Fig. 190.2b.

The results shown in Fig. 190.2 indicate that the self-fruitful rates have showed
sensitivity to temperature changes. If the temperature changes with large ampli-
tude, the self-fruitful rates often undergo transition from 0.12 to 0.02, and the
fertility is hardly to predict, which make the yield decline. There are some papers
ascribe the reduction of the yield of two-line hybrid rice to abnormal low tem-
perature. However, if the model above is reasonable, the cause is maybe the
temperature fluctuation, or we can say the fluctuation is the main reason rather than
the temperature value. However, since the hypothesis used in our study is simple,
further experimental and theoretical studies are needed to illustrate the mecha-
nisms of such phenomenon.

Fig. 190.1 The dependence
of the order parameter of
P88S sterility on the
temperatures
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190.4 Conclusion

In the present paper, based on the self-fruitful rates data of two-line hybrid rice
P88S in Hainan and a nonlinear model we proposed, we have studied the effect of
temperature fluctuations on the order parameters of the self-fruitful rates, and
found that large temperature fluctuations induce the state transitions, and make the
fertility unstable. The results may shed light on the study of the effects of climate
changes on the factors that account for the rice yields.
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Chapter 191
The Changes in Physicochemical
Properties of Lacquer Wax by Physical
Adsorption and UV Light

Yuan-Feng He, Cheng-Zhang Wang, Yan-he Dong, Jian-Zhong Ye,
Hao Zhou and Hong-Xia Cheng

Abstract In order to make the dark green pigments fade away and broaden the
appliance of lacquer wax, both physical adsorption and ultraviolet (UV) irradiation
were optimized and further compared in this paper. The optimal conditions of
physical discoloration could be achieved in 80 �C when 20 mL petroleum ether
blends with 1 g raw wax assisted by 5 % activated carbon/kieselguhr (1:1, m/m) as an
adsorbent for 30 min, twice. A good bleaching effect of lacquer wax of UV radiation
can be reached in 60 �C for 60 h. The CIEL*a*b* system and Hunter whiteness
formula were used to evaluate the discoloration effect. The value of peroxide, iodine,
acid, and relative contents were imported to present the physical–chemical charac-
terizations alteration. The chemical constituents variation of lacquer wax during the
discoloration process was detected by GC-MS analyzer. A sharp increase of white-
ness (by 54 %) occurred after these two processes and insignificant decrease in
physical–chemical qualities indicated an effective and specificity method.

Keywords Chemical constituents � Lacquer wax � Physical discoloration � Rhus
vernicifera � UV irradiation

191.1 Introduction

Rhus vernicifluum is a wide distribution economic tree in Asian countries, such as
China, Korea, Japan, etc. The secretion of R. vernicifluum bark, known as lacquer sap,
has been used as superior coating materials in the history of China for more than
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7,000 years [1]. Lacquer sap is an absolutely natural polymer and is used as an
accessory in daily life. Another important resource from lacquer trees is lacquer wax,
the extraction of the seed peel of R. vernicifluum. The resources of lacquer trees and
their seeds are abundant, with more than 500 million trees cultivated in China cur-
rently. There are about 30 species of these trees producing as much as 1.5 million tons
of seeds per year, which contain large amounts of wax (about 10 %, w/w). Wax is
being used for 100 years in Japan, as candles, waterproof agents, coating, especially
in cosmetics, medicines, electronic photography toner, etc. Though useful and
abundant, lacquer wax has not been intensely processed and utilized yet [2, 3]. The
main component of lacquer wax is triglycerides, including palmitin (65 %) and
stearin (30 %); however, a small amount of pigment exists that leads to an unpleasant
color which restricts the utilization of lacquer wax. Activated carbon has been used to
discolor the lacquer wax in China, however, the bleaching process is poor [4, 5]; what
is more, activated carbon is expensive and the high viscosity of lacquer wax makes the
filtration process difficult, so, how can we enhance the discoloration process? Kies-
elguhr is a relatively cheaper absorbent and has been used in the decoloration of oil, a
blending of Kieselguhr and active carbon has been prepared to strengthen the de-
coloration efficiency of lacquer wax. In addition, a traditional method of producing
Japan wax is sunlight irradiation [6–8]. This however depends on the weather and is
time-consuming. Due to its low yield and labor-intensiveness, this old-fashioned
method is uneconomical and inefficient. It is suggested that UV light irradiation may
serve as an alternative and effective discoloration method without depending on
weather conditions. Physical properties, major fatty acid contents, and seasonal
variations of some biochemical constituents of haze wax have been investigated [9–
11]; while only a few literatures reported the influence of the discoloration process on
physicochemical properties of lacquer wax. The aim of this paper was to investigate
the discoloration of lacquer wax via physical adsorption and UV irradiation. The
changes in physical and chemical properties of lacquer wax were investigated as well.

191.2 Materials and Methods

191.2.1 Chemicals and Plant Materials

Lacquer berries were collected in November, 2010 from Ankang, Shanxi and dried
at 45 �C for 10 h in the oven. The dried fruit, with less than 7.0 % water, was
crushed to remove the husks and seed kernel. The remaining pulp was ground into
powder and stored dry and darkness. The samples of Japan wax, produced by Araki
Wax Co, Japan, were obtained from Dr. S. Noshiro (Forestry and Forest Products
Research Institute, Japan). Standard methyl ethers of fatty acids were purchased
from Shanghai A Pu Chemical Reagent Co, Ltd. Activated carbon, kieselguhr, and
solvents were purchased from Nanjing Chemical Industries Co, Ltd.
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191.2.2 Preparation of Raw Lacquer Wax

The pulp powder was extracted twice by petroleum ether (60–90 �C) with a solid–
liquid ratio of 1:20 (g/mL), at 80 �C for 60 min, then the extraction was mixed,
filtered, and condensed in vacuum equipment; the residue yielded raw lacquer wax
with green color and 45 % weight of the pulp powder.

191.2.3 Physical Discoloration of Raw Lacquer Wax

Single factors experiments, adsorbents (activated carbon and kieselguhr), discol-
oration time (10, 20, 30, 40, 50, 60 min.), temperature (50, 60, 70, 80, 90 �C), and
extraction times (1, 2, 3, 4) were carried out in a three-neck flask with stirrer.
The orthogonal experiments were designed by L9(34) of three factors of ratio of
raw wax to solvent (g/mL), discolor temperature, and times.

Two grams of raw wax were dissolved in petroleum ether each time. After
filtrating, the filtrate was condensed under vacuum; the residue was cooled and
solid lacquer wax obtained. The whiteness of the lacquer wax was then measured.

191.2.4 UV Irradiation of Raw Lacquer Wax

Two grams of raw lacquer wax was placed in a petri dish (6 cm in diameter
(ID) 9 1.1 cm height (H)), and irradiated under a UV lamp of 400 W. The irra-
diated time changes from 10 to 80 h at 50, 60, and 70 �C, respectively, the
whiteness of the samples was measured after solidification.

191.2.5 Detection Method of Whiteness

The color of lacquer wax was measured using a HunterLab MiniScan@ XE Plus
(Hunter Associates Laboratory Inc., USA). Color measurements (L*, a*, b* values)
were taken in which L* refers to lightness, a*, b* relates to redness and yellowness,
respectively. The wax color was indicated according to whiteness index calculated
by the Hunter whiteness formula. W = 100 - ((100 - L*)2 ? a*2 ? b*2)1/2.
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191.2.6 Determination of Chemical Constituents of Lacquer
Wax

The volatilization of triglycerides is low, lacquer wax should be methylated first to
improve its chromatography and become easier to be separated [6–8]. 100 mg of
the lacquer wax was put in a 10 mL tube and 2 mL of a 0.5 mol/L sodium solution
hydroxide-methanol was added, shook, then placed in a water bath (60 �C) for
30 min. 5 ml of n-hexane was added subsequently. The constituent of lacquer wax
was detected by GC–MS, equipped with an SE-30 capillary column. The injector
temperature was 280 �C, gas chromatography oven was programmed to provide a
constant temperature with an increased rate of 10 �C per min from 110 to 220 �C,
10 min at 110 �C and 18 min at 220 �C, Helium was used as carrier gas with a
flow rate of 1 mL/min. The mass spectrometer was operated in 70 eV EI mode
which scans from 29.0 to 450.0 u in the full-scan acquisition mode. The EI source
had a temperature of 230 �C. Identification of the constituents of the fatty acids
was based on computer matching by commercial mass spectra (NIST and WILEY
Mass Spectral Search Program). The content of the constituents was calculated and
expressed as a peak area percentage computed by Chemstation, an accompanying
software.

191.2.7 Determination of Physical Property of Lacquer Wax

The relative density/reflect rate/acid value/saponification value/unsaponification
matter content/iodine value/peroxide value of lacquer wax were measured according
to GB/T5526-1985, GB/T5527-1985, GB/T5530-85, GB/T5534-1995, GB/T5535-
85, GB/T5532-1985, GB/T5538-1995, respectively. Melting point of lacquer wax
was analyzed by melting point apparatus.

191.2.8 Statistic Analysis

All experiments were run in triplicate, SPSS 10.0 for Windows (SPSS Inc., Chi-
cago, IL, USA) was used to analyze the variance (ANOVA), the effect of dis-
coloration was subject to variance and Duncan test. A value of p \ 0.05 was
considered statistically significant.
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191.3 Results and Discussion

191.3.1 Physical Adsorption

Activated carbon and kieselguhr were chosen as adsorbents for the discoloration
experiments, the best ratio was investigated. 100 mg of adsorbent, whose ratios of
the activated carbon and kieselguhr were 0, 20, 40, 60, 80, and 100 %, respec-
tively, combined with 40 mL petroleum ether, and 2 g lacquer wax added in the
flask and heated at 80 �C for 30 min. As can be seen from Fig. 191.1a, the dis-
coloration effect increase in the ratio of kieselguhr increased from 0 to 40 % while
it decreased from 40 to 100 %; it was concluded that when kieselguhr was added
with a ratio of 2:3 (kieselguhr: active carbon) it can reach an optimized decolor-
ation effect.

Activated carbon and kieselgu with the ratio of 1:1 were chosen as adsorbent,
and the doses of the adsorbent were 2.5, 5, 7.5, and 10 % (weigh to wax),
respectively. Results are shown in Fig. 191.1b, as can be seen from the results, the
discolored effect increased from 0 to 5 % while did not change much from 5 to
10 %, it was believed that the matter which generated color of the wax was
exhausted when the content of adsorbent was above 5 %.

2 g of lacquer wax combined with 40 mL petroleum ether and, 0.1 g (5 % of
weigh to lacquer wax) of adsorbent were used, which with an optimal ratio of
activated carbon and kieselgu, under water bath at 80 �C, the lacquer wax was
decolorated by stirring for different times, 1, 2, 3, 4, respectively, 30 min for each

Fig. 191.1 Single factor discoloration experiments by physical adsorption. a selection for the
ration of diatomite to activated carbon; b selection for the adsorbent dose; c selection for the
discoloration times; d selection for temperature; e selection for solid-liquid ratio; f selection for
discoloration time
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procedure, the stirring speed was 120 r/min. As can be seen from Fig. 191.1c, the
whiteness increased slightly after decolorated for twice.

Lacquer wax was decolorated under water bath at 50 , 60 , 70 , 80, and 90 �C
for once, respectively. Results from Fig. 191.1d showed that the optimal tem-
perature was 80 �C, and a temperature of 70 , 80, and 90 �C should be chosen to
orthogonal experiment.

In the same way, the ratios of petroleum ether to lacquer wax of 1:10, 1:20, and
1:30 by discoloration time of 30, 45, and 60 min were chosen for the orthogonal
experiment (Fig. 191.1e and f).

191.3.2 Orthogonal Experiments

Orthogonal experiment was devised based on the results of the single factor
experiments. The conditions and experimental results of the orthogonal experi-
ment are summarized in Table 191.1. As shown by the data in Table 191.1, the
temperature was the most significant factor of the discoloration process.

K1, K2, K3 represent the whole influence of a single factor of the same leave,
k1, k2, k3 value are the average values of K1, K2, K3, which correspond to the
importance of the factor. Among all of the factors, the bigger the value, the more
important the factor is. It was concluded that the best discoloration conditions were
A2B2C3 from Table 191.1, the optimal conditions of lacquer wax concluded
from the comprehensive analysis above was choosing petroleum ether as solvent

Table 191.1 Result of orthogonal experiment

No Temperature (�C) Solid/liquid ratio Time (min) Blank rows Whiteness

1 70 (A1) 1:10 (B1) 30 (C1) 1 80.02
2 70 (A1) 1:20 (B2) 45 (C2) 2 80.10
3 70 (A1) 1:30 (B3) 60 (C3) 3 82.05
4 80 (A2) 1:10 (B1) 45 (C2) 3 83.40
5 80 (A2) 1:20 (B2) 60 (C3) 1 85.36
6 80 (A2) 1:30 (B3) 30 (C1) 2 84.69
7 90 (A3) 1:10 (B1) 60 (C3) 2 81.81
8 90 (A3) 1:20 (B2) 30 (C1) 3 84.84
9 90 (A3) 1:30 (B3) 45 (C2) 1 82.55
K1 242.17 245.23 249.55 247.93 T = 744.82
K2 253.45 250.30 246.05 246.60 –
K3 249.20 249.29 249.22 250.29 –
k1 80.72 81.74 83.18 82.64 –
k2 84.48 83.43 82.02 82.20 –
K3 83.07 83.10 83.07 83.43 –

K1 * 3 value is the sum of leave 1, 2, 3, respectively, k1 * 3 value is the avenge of leave 1, 2,
3, respectively; blank row corresponding to the leave number
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(1:20, g/mL), activated carbon-kieselguhr = 1:1 (g/g) as adsorbent which 5 %
weight to wax, kept a temperature of 80 �C for 60 min, twice.

191.3.3 Changes of Chromaticity Values

a* and b* are the chromaticity values in the Hunter completely whiteness formula,
+a* represents the redness and -a* represents the greenness, while +b* signifies
yellowness and -b* represents the blueness. The changes of the chromaticity
values of lacquer wax under 60 �C are shown in Fig. 191.2. As can be seen from
the two figures, the color of the lacquer wax was light green and yellow, this
coloration could be due to the presence of chlorophyll and carotene, respectively.
The value of a* had not changed significantly while b* was decreased with the
extension of the discoloration time, which demonstrated that the main pigment
absorbed by the adsorbent is carotenoid.

191.3.4 Discoloration by UV Irradiation

Discoloration by UV irradiation was investigated as well. As can be seen from
Fig. 191.3, the whiteness of the raw lacquer wax which was 55.82 could go up to
85.36 after ultraviolet discoloration. The discoloration time was the most signifi-
cant factors, the longer the better as shown by Fig. 191.3. Discoloration for 60 h
could achieve the best discoloration effect. The temperature had a smaller effect on
the UV discoloration experiments of lacquer wax. A temperature of 60 �C could
satisfy well since the melting range was from 50 to 60 �C.

The changes of the chromaticity values of the lacquer wax in 60 �C are shown
in Fig. 191.4. As can be seen from the two figures, the values of a* and b* were
decreased with the extension of the irradiation time, especially for the change of

Fig. 191.2 The variation trend of chromaticity a* and b*with time in UV discoloration of lacquer
wax
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value b*. The reason can be explained as follows, there are plenty of unsaturated
group in natural pigment, which can absorb the energy of the visible light, how-
ever, double bonds were oxidized under UV irradiation and the chromospheres
disappeared consequently [12–14].

Chemical constituents of the lacquer wax before and after discoloration by
physical adsorption were analyzed by GC-MS. The relative content of each
component were calculated according to area normalization, as can be seen from
Table 191.2, the chemical constituents had not changed significantly and keep the
variation of the relative contents of palmitic acid, oleic acid and stearic acid within
5 %, which attributed to the decrease of free acid adsorbed by the adsorbent,
however, the relative content of three kinds of dibasic acids decreased evidently, it
is indicated that dibasic acids are more easier to be absorbed by the adsorbent.
Physical properties of melting point did not change obviously. However the acid

Fig. 191.3 Effect of discoloration time under different temperatures

Fig. 191.4 The variation trend of chromaticity a* and b* with time in UV discoloration of
lacquer wax

1784 Y.-F. He et al.



value, iodine value, and peroxide value were slightly decreased after physical
discoloration. The property of the wax was meliorated due to decreasing of per-
oxide value and acid value.

Chemical constituents and the relative contents of the lacquer wax which were
discolored at UV light and the original lacquer wax were detected by GC-MS. The
results are shown in Table 191.3. Relative contents of oleic acid and linoleic acid
decreased with the irradiation time, especially for the relative content of linoleic
acid as it had been completely degraded by the irradiation time of 60 h, oleic acid
decreased from 14.329 to 10.213 %. The relative contents of the dibasic acids
change slightly, i.e., docosanedioic acid increased from 0.844 to 1.012 %,
eicosanebioic acid increased to 2.986 % with an initial content of 2.713 %, almitic
acid and stearic acid did not change much. In general, substance with double bond
were decomposed under UV irradiation apparently, the Iodine value varies from
13.65 to 10.36 while the Peroxide Value changed drastically from 6.22 to 206.35.

Table 191.4 showed a decrease of the iodine value from 13.65 to 10.36 with the
prolonging of the UV irradiation time, which was probably due to the oxidative
degradation of the unsaturated fatty acid. Earlier investigations have revealed that
light irradiation was not adopted since it would induce oxidation reaction of the oil
[15]. As shown in Table 191.4, an increase in irradiation time from 0 to 80 h
resulted in an increase in the peroxide value from 6.22 to 206.35. It has a sig-
nificant effect on the quality of the lacquer wax. Besides the organic pigments, the
unsaturated fatty acids were also degraded and translated to fatty acid peroxide
under UV irradiation, which resulted in the change in the quality of the wax.
Therefore, an irradiation time of 60 h, which resulted in a white product with high
quality, was considered as an alternative processing for the discoloration of lac-
quer wax.

Table 191.2 Change of physicochemical properties of lacquer wax by physical adsorption

Main fatty acid A (%) B (%)

Myristic acid 0.896 ± 0.0107 0.853 ± 0.0104
Palmitic acid 60.121 ± 0.494 57.149 ± 0.368
Linoleic acid 0.825 ± 0.0112 0.754 ± 0.0108
Oleic acid 14.329 ± 0.213 16.102 ± 0.0198
Stearic acid 12.751 ± 0.176 13.223 ± 0.0182
Hexadecanedioic acid 0.853 ± 0.0086 0.602 ± 0.0101
Eicosanoic acid 1.655 ± 0.0232 1.534 ± 0.0196
Docosanedioic acid 0.844 ± 0.103 0682 ± 0.0084
Eicosanebioic acid 2.713 ± 0.0362 2.117 ± 0.0381
Physical properties A B
Melting point 52.13 ± 0.382 50.68 ± 0.292
Acid value 87.52 ± 0.837 82.98 ± 0.781
Iodine value 13.65 ± 0.196 9.95 ± 0.183
Peroxide value 6.22 ± 0.0831 3.24 ± 0.0642

A and B represent original and discoloration lacquer wax respectively (n = 3, p \ 0.05)
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191.4 Conclusion

Discoloration methods by physical adsorption, chemical, and light irradiation are
common in the oil processing industry. Different colors of lacquer wax attribute to
different kinds of pigments, pigments in lacquer were mainly composed of green
chlorophyll, red carotene, and yellow xanthophylls. The adsorbents used in the
discoloration process were a combination of activated carbon and kieselguhr,
which were more cheaply and widely used in industry. Optimal discoloration
conditions of lacquer wax were choosing petroleum ether as solvent (1:20, g/mL),
activated carbon-kieselguhr = 1:1 (g/g) as adsorbent which 5 % weight to wax,
kept a temperature of 80 �C for 30 min, twice. A high quality of lacquer wax was
obtained if decolorated by a combination of kieselguhr and activated carbon.
Besides, UV light irradiation was also presented as a good method to decolor the
lacquer wax, which could get a similar discoloration effect (whiteness raised from
55 to 85) compared to the physical adsorption. Discoloration for 60 h could
achieve a good discoloration. It is believable that UV light irradiation can serve as
an alternative and effective discoloration method. In conclusion, UV irradiation is
a simple and convenient method in the discoloration process of lacquer wax.
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Chapter 192
The Effect of Ethanol on Steroid
D1-dehydrogenase from Arthrobacter
simplex

Jianmei Luo, Yongxin Cheng, Lina Liu, Jianfeng Wang, Yu Zheng,
Yanbing Shen and Min Wang

Abstract The effects of different concentration of ethanol on enzymatic activity,
thermal stability, heavy metallic ion stability, and pH stability of D1-dehydroge-
nase from Arthrobacter simplex were investigated in this paper. The results
showed that the introduction of no more than 6 % (v/v) of ethanol had obvious
effect on pH of culture and D1-dehydrogenase catalytic activity, respectively. The
activation energy of deactivation (Ea) had a slight increase after the cell was
treated by 2 % (v/v) of ethanol, which indicated that the addition of ethanol (2 %,
v/v) could enhance the thermal stability of D1-dehydrogenase. The tendency of
value of half-life (t1/2) with the content of ethanol was similar in the different
concentrations of Ba2+. The maximal value of t1/2 was observed at 2 % of ethanol
and then drastically decreased with the increase of ethanol. The t1/2 value of D1-
dehydrogenase was obviously decreased with the increase of ethanol concentration
in the buffers with the initial pH 7.0 and 10.0, respectively.

Keywords Arthrobacter simplex � D1-dehydrogenase � Ethanol � Enzymatic
activity � Enzymatic stability

192.1 Introduction

Steroid hormone production is a well-known example of the successful application
of microbial biotransformation technology in large-scale industrial processes, as
exemplified by the D1-dehydrogenation of steroids catalyzed by A. simplex and the

J. Luo (&) � Y. Cheng � L. Liu � J. Wang � Y. Zheng � Y. Shen � M. Wang
Key Laboratory of Industrial Fermentation Microbiology, Ministry of Education, Tianjin
University of Science and Technology, Tianjin 300457, People’s Republic of China
e-mail: luojianmei@tust.edu.cn

J. Luo � Y. Cheng � L. Liu � J. Wang � Y. Zheng � Y. Shen � M. Wang
Tianjin Key Lab of Industrial Microbiology, College of Biotechnology, Tianjin University
of Science and Technology, Tianjin 300457, People’s Republic of China

T.-C. Zhang et al. (eds.), Proceedings of the 2012 International Conference
on Applied Biotechnology (ICAB 2012), Lecture Notes in Electrical Engineering 251,
DOI: 10.1007/978-3-642-37925-3_192, � Springer-Verlag Berlin Heidelberg 2014

1789



side-chain cleavage of phytosterol catalyzed by Mycobacterium sp [1, 2]. How-
ever, the main problem of steroid biotransformation remains its poor water solu-
bility and low dissolution rate, which results in poor availability of substrate. As a
result, a lot of efforts have been devoted to improve the solution, including the
addition of the water-soluble organic co-solvent [3] or surfactant [4] or cyclo-
dextrins (CDs) [5], the use of new organic biocatalysis technology, such as
aqueous two-phase system [6], cloud point system [7], pure organic solvent system
[8], and ionic liquid system [9]. All of the above methods can enhance the solu-
bility of the substrate.

Currently, the water-soluble organic co-solvents, such as ethanol, methanol,
dimethyl-formamide (DMF), and dimethyl sulfoxide are widely used in the
industrial process of steroid production with the advantage of low cost and high
product yield. Despite such organic solvents being toxic to biocatalysts activity
and stability, organic solvent-tolerant bacteria capable of thriving in the presence
of these toxic compounds have been reported for almost three decades. Solvent
tolerant bacteria are being explored for their potential in industrial and environ-
mental biotechnology [10, 11].

Most of the studies on solvent-tolerant microorganisms are focused on the
effects of organic solvents on the cell growth and properties [12, 13]. Nevertheless,
the key issue on the microbial transformation of steroid compounds is that their
enzymes were expected to be stable and active in the presence of organic solvents.

In our previous study, A. simplex with the ability of D1-dehydrogenation was
found to grow at the concentration of ethanol (6 %) and the physiological features
of microorganism had been investigated systematically [14, 15]. In order to choose
a proper additive that could improve the availability of substrate with the mini-
mum loss in enzyme activity and stability, effects of ethanol on enzymatic activity,
thermal stability, heavy metal ion stability, and pH stability were further studied in
this paper.

192.2 Materials and Methods

192.2.1 Materials

Cortisone acetate (CA) was supplied by Tianjin Pharmaceutical Company (99.4 %
purity). Standard CA and prednisone acetate (PA) were purchased from Sigma-
Aldrich Co. Ltd. Other salts and solvents were of analytic grade from Shanghai
Sangon Biological Engineering Technology & Services Co. Ltd. (China).
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192.2.2 Microorganism Cultivation and Preparation
of Resting Cells

Arthrobacter simplex TCCC 11037 stored in our laboratory was maintained and
cultivated as described previously [16]. The resting cell of A. simplex was prepared
in two consecutive cultivation steps (18 h for seed culture and 24 h for cell cul-
tivation, respectively). At 32 �C, the whole cells grew in 250 mL shake flasks
containing 30 mL culture media on a rotary shaker (160 r/min) using 5 % (v/v) of
seed culture as inoculum. The cell was centrifuged at 5000 r/min for 15 min and
washed twice with KH2PO4-NaOH buffer (0.05 mol/L, pH 7.2). The washed cells
were then resuspended in the same buffer.

192.2.3 The Effects of Ethanol on Enzymatic Activity

Equivalent washed cells (2 g dry weight per liter) were added into the prepared
buffers (30 mL) containing different concentrations of ethanol (0, 2, 4 and 6 %, v/
v, respectively), followed by the addition of CA to a final concentration of 1.0 g/L.
They were incubated in 250 mL shake flask at 32 �C on a rotary shaker (160 r/
min). Samples (500 lL) were drawn at various intervals, while continuously being
shaken. The samples were extracted, filtered, and then determined by HPLC using
the same method presented by Zhang [16].

192.2.4 Effect of Ethanol on pH of Reaction System

Ethanol ranging from 0 to 6 % (v/v) was added to the KH2PO4-NaOH buffer
(0.05 mol/L, pH 7.2) and the culture media, respectively. The solutions were
shaken for 10 min (32 �C, 160 r/min) and the final pH values were measured using
a Metrohm 744 pH meter.

192.2.5 Enzymatic Activity Analysis of Steriod D1-
dehydrogenase

Enzymatic activity of Steriod D1-dehydrogenase from A. simplex cell after dif-
ferent treatment was assayed by substrate conversion method. Equivalent cell was
added into the buffer (30 mL), and then the substrate was added to keep the final
concentrations of CA at 1.0 g/L. Bioconversion was conducted at 32 �C and
160 rpm, During the bioconversion, 500 lL samples were withdrawn periodically
and analyzed by HPLC as previously described [16]. Enzymatic activity of
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D1-dehydrogenase was expressed by the initial conversation rate (Ra), which was
estimated using linear fragments of the product accumulation time-curves. All
experiments were done with two replicates at least three times.

192.2.6 Thermal Stability Analysis

Equivalent cells were resuspended into the prepared buffers containing different
concentrations of ethanol (0, 2, 4 and 6 %, v/v, respectively) and incubated at
various temperatures from 10 to 50 �C in a shaking water bath. At specific time
intervals, 5 mL suspension was withdrawn and the remaining enzyme activity was
assayed immediately by the conversion of CA as described in ‘Enzymatic activity
analysis of steroid D1-dehydrogenase’ section.

192.2.7 Heavy Metal Ion Stability Analysis

To investigate the heavy metal ion stability of D1-dehydrogenase, different con-
centrations of Ba2+ (0, 0.002, 0.005, 0.01, and 0.04 mol/L, respectively) were
added into the prepared buffers containing different concentrations of ethanol (0, 2,
4, and 6 %, v/v, respectively). After continuously shaking (160 r/min) for various
intervals (0.5, 2, 6, and 24 h, respectively), 5 mL suspension was withdrawn at
various intervals and the enzymatic activity of cell was assayed by the conversion
of CA as described in the section ‘Enzymatic activity analysis of steroid D1-
dehydrogenase’.

192.2.8 pH Stability Analysis

Buffers containing different concentrations of ethanol (0, 2, 4 and 6 %, v/v) were
prepared. The initial pH of buffers were adjusted to 3.0, 5.0, 7.0, and 10.0,
respectively. After incubation on a rotary shaker (160 r/min) for different intervals
(0.5, 2, 6 and 24 h, respectively), 5 mL suspension was withdrawn at specific
intervals for enzymatic activity analysis using the same method described in the
section ‘Enzymatic activity analysis of steroid D1-dehydrogenase’.
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192.3 Results and Discussion

192.3.1 Effect of Ethanol on pH of Reaction System

The influence of additives on the pH of the reaction medium is an important
variable for the enzymatic reaction. Previous research had shown that the optimal
pH for steroid D1-dehydrogenase from A. simplex was 10.0 [17]. Different con-
centrations of ethanol ranging from 0 to 6 % (v/v) were added to the buffer and the
medium with an initial pH of 7.2, respectively. The results were shown in
Table 192.1.

The presence of ethanol had no obvious effect on the pH of the buffer and
culture medium even the maximal value of increased pH was less than 0.30. The
dates demonstrated that ethanol was a proper additive taking the role as the
co-solvent due to the negligible effect on pH.

192.3.2 Effect of Ethanol on D1-dehydrogenase Activity

The effect of ethanol on D1-dehydrogenase activity was presented in Fig. 192.1.
According to Fig. 192.1, there was a slight decrease of the initial conversion

rate with the increase of ethanol concentration. The maximal decrease of the initial
conversion rate was less than 10 % at the concentration of ethanol (6 %, v/v),
which indicated that the introduction of ethanol had no obvious effects on the
A. simplex D1-dehydrogenase catalytic activity.

192.3.3 Effect of Ethanol on Enzymatic Thermal Stability

Generally, the thermal stability of protein depends on their specific amino acid
sequence. High temperatures induce an irreversible deactivation of enzymes.
Meanwhile, the low temperature is good for keeping the enzyme stability.

To establish the effects of ethanol on the thermal stability of the A. simplex D1-
dehydrogenase, the cell suspensions was incubated at various temperatures in the
presence of different concentrations of ethanol and the remaining activity was then

Table 192.1 Effects of
ethanol on the pH of the
buffer and culture medium

Initial concentration
of ethanol (v/v, %)

pH of phosphate
buffer

pH of medium

0 7.20 7.20
2 7.25 7.23
4 7.29 7.32
6 7.38 7.45
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determined. The enzymatic activity as a function of incubation time yielded linear
tends and indicated first order deactivation kinetics. Therefore, the inactivation
constants (k) at various temperatures were obtained from the slopes of tendency
lines. Plotting lnk as a function of 1/T, the Arrhenius plots in the presence of
different concentrations of ethanol were showed in Fig. 192.2.

A usual assay measure of temperature-induced inactivation was the t1/2 of the
enzyme, which was defined as the time needed to decrease the initial enzyme
activity by 50 %. The t1/2 in the presence of additive was calculated from the
respective inactivation constants (k) by Eq. 1.

t1=2 ¼ 0:693=k ð1Þ

According to the Arrhenius’ law Eq. 2

ln k ¼ ln A� Ea

RT
ð2Þ

where A is a constant, Ea is the activation energy of deactivation or thermal
inactivation energy (kJ/mol), R is the universal gas constant (8.314 J/mol�K), and
T is the absolute temperature (K).

According to the slope of Arrhenius plot (shown in Fig. 192.2) and Eq. 3,
Ea were calculated by the multiplication of slope and R.

slope ¼ Ea

R
ð3Þ

The t1/2 of the enzyme and the Ea at the different concentrations of ethanol were
shown in Table 192.2. The thermal stability of D1-dehydrogenase was slightly
improved after the cell was treated by 2 % of ethanol and then decreased from
40.308 to 20.966 kJ/mol with the increasing concentration of ethanol.
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m
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 h
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Fig. 192.1 Effect of ethanol
on the initial conversion rate
of D1-dehydrogenase from A.
simplex
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192.3.4 Effect of Ethanol on Heavy Metallic Ion Stability

The t1/2 values of D1-dehydrogenase after the treatment of ethanol and Ba2+ were
shown in Fig. 192.3. The tendency of t1/2 with the content of ethanol was similar in
the different concentrations of Ba2+. The maximal value of t1/2 was observed at
2 % of ethanol and then drastically decreased with the increase of ethanol.

Table 192.2 The t1/2 of the enzyme and the Ea at the different concentrations of ethanol

Initial concentration of
ethanol (v/v, %)

Fitting equation Correlation coefficient Ea (kJ/mol)

0 y = -4.6046x ? 7.3442 0.9972 38.283
2 y = -4.8482x ? 8.5225 0.9300 40.308
4 y = -3.6339x ? 3.853 0.9237 30.212
6 y = -2.5254x ? 0.9173 0.9463 20.996

3.0 3.1 3.2 3.3 3.4
-8.4

-8.0

-7.6

-7.2

-6.8
L

n 
k 

1000/T(K-1)

3.0 3.1 3.2 3.3 3.4
-8.0

-7.6

-7.2

-6.8

-6.4

-6.0

L
n 
k 

1000/T(K-1)

3.0 3.1 3.2 3.3 3.4
-8.0

-7.6

-7.2

-6.8

-6.4

-6.0

L
n 
k 

1000/T(K-1)

3.0 3.1 3.2 3.3 3.4
-7.6

-7.2

-6.8

L
n 
k 

1000/T(K-1)

(a)

(d)(c)

(b)

Fig. 192.2 Arrhenius plot of lnk versus 1/T in presence of ethanol: a 0 %, b 2 %, c 4 %, d 6 %
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192.3.5 Effect of Ethanol on pH Stability

The t1/2 values of D1-dehydrogenase after the treatment of ethanol and the regu-
lation of the initial pH were shown in Fig. 192.4. There was no obvious difference
in t1/2 when the concentration of ethanol was increased to 6 % (v/v) in the buffers
with the initial pH 3.0 and 5.0, respectively. The t1/2 value of D1-dehydrogenase
was decreased with the increase of ethanol concentration in the buffers with the
initial pH 7.0 and 10.0, respectively.
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Fig. 192.3 The effect of
ethanol on heavy metal
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192.4 Conclusion

The effects of different concentration of ethanol on enzymatic activity, thermal
stability, heavy metallic ion stability, and pH stability of D1-dehydrogenase from
A. simplex were investigated in this paper. The results showed that the introduction
of ethanol had no obvious effects on pH of culture and D1-dehydrogenase catalytic
activity, respectively. The Ea was slightly increased after the cell was treated by
2 % of ethanol and then decreased with the increasing concentration of ethanol,
which indicated that the addition of ethanol (2 %, v/v) could enhance the thermal
stability of D1-dehydrogenase. The tendency of t1/2 with the content of ethanol was
almost same in the different concentrations of Ba2+. The maximal value of t1/2 was
observed at 2 % of ethanol and then drastically decreased with the increase of
ethanol. There was no obvious difference in t1/2 when the concentration of ethanol
was increased to 6 % (v/v) in the buffers with the initial pH 3.0 and 5.0, respec-
tively. The t1/2 value of D1-dehydrogenase was decreased with the increase of
ethanol concentration in the buffers with the initial pH 7.0 and 10.0, respectively.
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Chapter 193
Rapid Assessment of Cell Viability
of Lactobacillus casei after Freeze-Drying
by Measurement Cell Membrane Using
Flow Cytometry and Fluorescence Probes

Lin Wang, Xiaohui Liu and Jinghua Yu

Abstract Freeze-drying technique was widely used to produce commercial lactic
acid bacterial starter. But cell viability and technological properties were often
affected by freezing. Different methods were employed to determine bacterial
cryotolerance. However, it would take several hours or days. This study aimed to
develop a method of flow cytometry by using two specific fluorescent probes
(cFDA and PI) to provide rapid assessment of the viability of Lactobacillus casei
after freezing and freeze-drying. The protective effects of four different cryopro-
tectants were tested by this method. Results showed that cryoprotectants had
positive effects on improving the viability of cell. The different protective effects
compared were as follows, compound cryoprotectants [ skimmed milk [ lac-
tose [ monosodium glutamate. It indicated that the flow cytometry method was
convenient and rapid to evaluate the viability of lactic acid bacteria.

Keywords Lactobacillus casei � Cryoprotectants � Freeze-drying � Viability �
Flow cytometry

193.1 Introduction

Vacuum freeze-drying is widely used to produce commercial lactic acid bacterial
starter, but this technique brings about undesirable side effects, such as denatur-
ation of sensitive proteins and decreased viability of many cell types [1]. Many
authors point out that it is necessary to maintain a high level of both viability and
acidification activity during freezing and freeze-drying of lactic acid bacteria
[2, 3]. Microbial cell survival through freeze and freeze-drying is dependent on
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many factors, including initial concentration of microorganisms, growth condi-
tions, growth medium, sub-lethal treatment, centrifugation conditions, freezing
rate, drying medium, retained moisture, and rehydration conditions [4]. One of the
most important conditions is the composition of the medium used to suspend the
organisms for freezing [5].

Starter quality is generally measured in terms of metabolism or functional
activity, and the ability to reproduce and grow [6]. The viability of dairy starter
cultures is traditionally quantified by the plate count technique to count the number
of colony-formed on a plat. Although colony counting is the conventional method
for quantitative survival studies, but there were three major drawbacks. First, it
requires a long incubation time. Second, it may underestimate viable cell counts as
a result of cell clumping and chain formation. Finally, it only takes the bacteria
that can reproduce under the conditions provided for growth into account. As a
consequence, some cells, which are known as viable but noncultivable, are not
counted by this method [7].

On the basis of these considerations, more sensitive and rapid tests may be
useful for providing information about the cellular viability during freezing and
freeze-drying. Fluorescent techniques using specific probes have been successfully
introduced for the assessment of the viability and vitality of micro-organisms.
Flow cytometry is of great interest as a real-time monitoring method for viability
assessment. And it makes it possible to perform a rapid count of individual cell in
different status, for example, the existence of injured and ‘viable but noncultur-
able’ (VNC) cells sometimes encountered when cells are stressed [7].

Many fluorescent probes have been used to analyze different physiological
parameters such as membrane integrity [8, 9], intracellular enzyme activity [10],
cellular vitality [11, 12], membrane potential [13–15], and intracellular pH
[16–18]. The most widely used dye for the assessment of cell viability is the
esterase substrate carboxyfluorescein diacetate (cFDA), which quantifies the
intracellular esterase activity. It is a non-fluorescent precursor that readily difuses
across intact cell membranes and yields the positively charged green fluorescent
compound, carboxyfluorescein (cF), upon hydrolysis by non-specific cellular
esterases. The cF has a maximum excitation wavelength of 492 nm and an
emission wavelength of 517 nm in green. Labeled cells are characterized by
efficient enzymatic activity and are considered as viable cells. Another probe used
for mortality studies is the nucleic acid dye, propidium iodide (PI). It is excluded
by cells having intact membranes, but can enter cells with compromised mem-
branes. It binds to DNA to form a red fluorescent DNA-complex with a maximum
excitation wavelength of 535 nm and an emission wavelength of 617 nm in red.
Stained cells correspond to cells having compromised or destroyed membranes
and are considered as dead [12, 19]. Double stained cells correspond to cells
having both enzymatic activity and compromised membranes, and are considered
as stressed cells. It has been used for the viability assessment of bile salt-stressed
Bifidobacterium [20] or acid stressed Streptococcus macedonicus [21]. Never-
theless, this method has never been applied to the quantification of cell survival for
lactic acid bacterial starter during freezing and freeze-drying.
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This investigation was to apply flow cytometry to assess and compare the
viability of Lactobacillus casei in four different cryoprotectants in order to
determine the relevance of this method for the rapid assessment of viability after
freezing and freeze-drying of lactic acid starter cultures.

193.2 Materials and Methods

193.2.1 Bacterial Strain and Media

The bacterial strain Lactobacillus casei were grown in de Man, Rogosa and Sharpe
(MRS) culture medium and were then inoculated in MRS broth. The media were
sterilized at 121 �C for 15 min. After incubation at 37 �C for 12 h, cells were
harvested by centrifugation at 10,0009g for 10 min at 4 �C, washed twice and
resuspended to the initial cell concentration with cold sterile saline [0.85 % NaCl
(w/v)]. All solutions used in the experiments were previously sterilized and
manipulation was carried out aseptically.

193.2.2 Freeze Media and Sample Preparation

Four additives were tested as ‘‘protective’’ agents in binary aqueous solutions:
monosodium glutamate [MSG; 0.42 % (w/v)], lactose5.73 % (w/v), reconstituted
skimmed milk [RSM; 15.8 % (w/v)], and compound cryoprotectant (mixture of
the three above). The additives and their concentration were chosen on the basis of
previous studies. Distilled water was chosen as control.

193.2.3 Freeze-Drying Conditions

The mixtures were incubated at 4 �C for 1 h and frozen at -80 �C for 3 h. Frozen
cells were freeze-dried using Becton Dickinson Freeze-dry System at a collector
temperature of -90 �C for 24 h at 0.014 mBar.

193.2.4 Fluorescent Probes and Staining Protocols

Cells were stained with cFDA and PI (Molecular Probes, Invitrogen, USA), as
previously described [7]. Before staining, cell suspensions of L. casei were har-
vested by centrifugation (10,0009g, 1 min) and then were resuspended in PBS
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(pH 7.0) to reach approximately 106 cells/mL. Viability/mortality assays were
done by dual staining of each sample to differentiate viable, dead, and stressed
cells. The diluted suspension was first incubated with 10 lL of PI (1.496 mM in
DMSO, Invitrogen-Molecular Probes, Chen-Yi-Xing, China) for 20 min at 37 �C.
10 lL of cFDA (21.7 lM in DMSO, Invitrogen-Molecular Probes, Chen-Yi-Xing,
China) were then added and incubation took place for 10 min at 37 �C. After short
centrifugation at 10,0009g for 1 min, cell pellets were re-suspended in 1 mL of
PBS buffer in ice bath before analysis by flow cytometry.

193.2.5 Flow Cytometry Analyses

Flow cytometry analyses were performed as described by Aline Rault [7]. Samples
were analyzed by a FACSCalibur instrument. The instrument is equipped with an
argon ion laser for the excitation of the fluorescent dyes providing 15 mW at
488 nm. Filter setup was standard. All parameters were collected at logarithmic
scale. cFDA fluorescent emission was detected at the FL1 channel (530 ± 15 nm),
while PI at the FL2 channel (584 ± 21 nm). FACS flow solution (Becton Dick-
inson) was used as sheath fluid. Flowrate and cell concentration of the samples
were adjusted to keep acquisition lower than 500 cells/s. At least 10,000 cells were
acquired for analysis. Data were collected with the CELL Quest program (version
3.1; Becton Dickinson). Mixtures of stained and unstained cells for both cFDA and
PI served as controls for adjusting detectors and compensation settings.

193.3 Results and Discussion

193.3.1 Viability and Mortality Assessment of Lactobacillus
casei by Single Staining

In order to allow the differentiation of subpopulations in a sample containing heat-
killed and freshly-harvested cells of L. casei, dead/live assays were conducted with
PI/cFDA dual staining.

As illustrated in Fig. 193.1, cF- and PI-labeled populations were spatially
discriminated in dot plots of FITC-A (cF fluorescence) and PE-Texas Red-A (PI
fluorescence). Four kinds of subpopulations were observed with different staining
characteristics. The first one was located in the lower left quadrant (Q1). It cor-
responded to unstained or lysed cells. The PI-labeled cells appeared on the FL2
detector in the upper left quadrant (Q2). They corresponded to dead cells. The cF-
labeled cells were grouped in the lower right quadrant (Q4) and included viable
cells. Finally, a double-stained population was observed in the upper right quad-
rant (Q3). It represented injured cells, which still displayed an esterase activity
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(cF-labeled), but with a damaged membrane, thus allowing penetration of the PI
probe. From these results (Fig. 193.1), a good discrimination was achieved
between three different physiological states by using dual staining, viable cells,
dead cells, and injured cells with damaged membranes, which were reported as
stressed cells. It clearly shows that different physiological state cell can be
differentiated.

193.3.2 Effect of Freezing on Viability and Mortality
of Lactobacillus casei by Double Staining

PI and cFDA were used simultaneously for viability assessment of Lactobacillus
casei in four different cryoprotectants after freezing and freeze-drying. Significant
differences were observed in three of the four quadrants when the cells were frozen
(Fig. 193.2 D-H) and freeze-dried (Fig. 193.3 I-M) in different cryoprotectants.
During freezing in cryoprotectant, the relative percentage of cells in the lower right
quadrant increased, whereas it diminished significantly in the upper right and left
quadrants compared to freezing in distilled water. The percentage of viable cells
(lower right quadrant) increased most after freezing in compound cryoprotectant
compared to in distilled water, from 50.6 % to 89.4 %. No significant difference was
observed when cells were frozen in compound cryoprotectant, 10 and 5.73 % RSM .

193.3.3 Effect of Freeze-Drying on Viability and Mortality
of Lactobacillus casei

The viability of L. casei showed significant difference after freeze-dried in the
selected different cryoprotectants. Compound cryoprotectant displayed a better
protective effect for L. casei during freeze-drying than sodium glutamate and
lactose, with a decrease of only 17.2 % of cF-labeled cells after freeze-drying. On
the contrary, distilled water, sodium glutamate, and lactose showed the least

Fig. 193.1 Dot plots representing carboxyfluorescein (cFDA) and propidium iodide (PI)
fluorescent signals of L. casei. Mixtures of freshly harvested (50 %) and heat-killed (50 %)
cells were stained with PI (A) or stained with cFDA (B). Unstained cells (C)
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protective effect, with about 90 % of dead cells after freeze-drying (upper left
quadrant). Finally, RSM displayed an intermediate protective effect, since 14.4 %
of dead cells were observed after freeze-drying. By considering the stressed cells
(upper right quadrant), their relative proportion was higher in RSM than in other
cryoprotectants after freeze-drying.

Fig. 193.2 FCM density plots of L. casei cells stained with 5(6)-CFDA and PI after freezing
(-80 �C, 3 h). D distilled water, E 0.42 % sodium glutamate (w/v), F 5.73 % lactose (w/v), G
10 % RSM (w/v); H compound cryoprotectant (Q1: dead cells, Q2: injured cells, Q3: unstained
cells, Q4: viable cells)

Fig. 193.3 FCM density plots of L. casei cells stained with 5(6)-CFDA and PI after freeze-
drying. I distilled water, J 0.42 % sodium glutamate (w/v), K 5.73 % lactose (w/v), L 10 % RSM
(w/v); M compound cryoprotectant (Q1: dead cells, Q2: injured cells, Q3: unstained cells, Q4:
viable cells)
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As Figs. 193.2 and 193.3 show that viability was improved in the presence of
the 5.73 % lactose, 10 % RSM, and the compound cryoprotectant during freezing.
However, only the compound cryoprotectant presented a good protective effect
during freeze-drying. It was also obtained that the freeze-drying process is hasher
for the viability of L. casei than freezing.

Consequently, on the basis of these results, flow cytometry combined with
fluorescent probes could be considered as an excellent tool to measure the survival
cell ratio. Furthermore, it can be used to select cryoprotectant according to pro-
tective effect and to quickly evaluate cryotolerance of lactic acid bacteria.
Meanwhile, the recovery capability, inactivation of intercellular enzymes, and the
survival rates of Lactobacillus casei in the presence of four cryoprotectants were
also detected (data was not shown). The result showed a similar trend with the
protective effects of these cryoprotectants compared by flow cytometry method.

193.4 Conclusion

On the basis of our results, flow cytometry analysis combined with double fluo-
rescent staining well quantified the viability of L. casei after freezing and freeze-
drying in four different cryoprotectants. The method well-separated viable cells
from stressed and dead cells. It was suitable for evaluating the loss of cell viability
after freezing and during freeze-drying. Moreover, it allowed quantifying differ-
ences in the protecting effect of four cryoprotectants, when they were submitted to
the same freezing and storage protocols.

More precisely, this study allowed us to classify compound cryoprotectant as a
very effective protectant both during freezing and freeze-drying stages. Whereas,
sodium glutamate and lactose did not show considerable effect when used singly.
Consequently, it can be concluded that flow cytometry was an excellent tool for
the rapid assessment of the degradation of cell viability during freezing and freeze-
drying.
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Chapter 194
Molecular Cloning, Characterization
and Expression Analysis of a Gene
Encoding Hydroxyphenylpyruvate
Reductase Involved in Rosmarinic Acid
Biosynthesis Pathway from Perilla
frutescens

Xiaoling Lu, Lei Hao, Fang Wang and Chen Huang

Abstract In this study, a novel full-length cDNA of hydroxyphenylpyruvate
reductase (HPPR) involved in rosmarinic acid (RA) biosynthesis pathway in
Perilla frutescensis is cloned (designated as PfHPPR) for the first time by con-
served fragment PCR and rapid amplification of cDNA ends (RACE). The cDNA
of PfHPPR is 1723 bp long with an open reading frame (ORF) of 939 bp encoding
a protein of 313 amino acid residues. Bioinformatics analysis revealed that the
deduced amino acid sequence of PfHPPR has high homology to the other known
HPPR proteins. Quantitative real-time PCR analysis of the transcription pattern
indicates that the PfHPPR expresses constitutively in all examined tissues but
most highly in leaf. Besides, the expression of PfHPPR can be induced by several
factors such as abscisic acid (ABA), salicylic acid (SA), and ultraviolet-B radiation
(UV-B).

Keywords Perilla frutescens � PfHPPR gene � RACE � Quantitative real-time
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194.1 Introduction

Perilla frutescens (PfHPPR) is an annual self-fertilizing plant belonging to the
family Lamiaceae, which have been extensively recognized worldwide as a rep-
resentative oil crop and traditional Chinese medicinal herb [1, 2]. The Perilla
frutescens accumulates a large amount of essential oil on a dry weight basis, and
most of which is composed of unsaturated fatty acid such as a-Linolenic acid and
various kinds of secondary metabolites with high bioactivity [3–5].

One of these metabolites is RA, an ester of caffeic acid and 3, 4-dihydroxy-
phenyllactic acid which is most commonly found in Lamiaceae and Boraginaceae
species, and also detected in other families of dicotyledonous and monocotyle-
donous plants as well as in some hornworts and ferns [6]. RA has a multitude of
biological activities, such as antioxidant, antibacterial, anti-inflammatory, and
antimutagen [7, 8], which makes it a very valuable product for pharmaceutical and
cosmetic industries. The biosynthesis of RA (Fig. 194.1) had been reported since
1970 when Ellis and Towers found that the two aromatic amino acids L-phenyl-
alanine and L-tyrosine were the precursors for this compound [9]. L-phenylalanine
is transformed to 4-coumaroyl-CoA by the three enzymes of the general phenyl-
propanoid pathway, phenylalanine ammonia-lyase (PAL), cinnamic acid
4-hydroxylase (C4H), and 4-coumarate: CoA-ligase (4CL) [10]. L-tyrosine is
transaminated by tyrosine aminotransferase (TAT) with help of 2-oxoglutarate to
4-hydroxyphenylpyruvate [11], which is then reduced to 4-hydroxyphenyllactate
by hydroxyphenylpyruvate reductase (HPPR), with NADH and NADPH serve as
cofactors [12, 13]. The two intermediary precursors are esterified under release of
coenzyme A by RAS, and form the first ester 4-coumaroyl-40-hydroxyphenyllac-
tate which is subsequently hydroxylated at position 3 and 30 of the aromatic ring by
specific membrane-bound 3 and 30-hydroxylase activities giving rise to RA, the
end product of this biosynthetic pathway [14].

At present, HPPR is completely purified and cloned from Solenostemon scu-
tellarioides [15]. So far, the biosynthetic pathway for the production of rosmarinic
acid in Perilla frutescens is not clear. In this study, a full-length HPPR gene is
cloned from the Perilla frutescens and the expression pattern of this gene in
different tissues including roots, stems and leaves, and leaves under various stress
conditions are analyzed, respectively. Comparison of HPPR gene sequences from
Perilla frutescens and other species reveals that the HPPR genes are structurally
conserved and might possess similar functions. The cloning and characterization of
the HPPR genes involved in RA biosynthetic pathway could greatly help to
broaden our knowledge on the secondary metabolic pathway in high plants. To the
best of our knowledge, this is the first time to clone and characterize the HPPR
gene in Perilla frutescens.
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Fig. 194.1 The metabolic pathway of rosmarinic acid. Abbreviations: TAT tyrosine amino-
transferase; HPPR hydroxyphenylpyruvate reductase; PAL phenylalanine ammonia-lyase; 4CL
4-coumarate: CoA-ligase; C4H cinnamic acid 4-hydroxylase; RAS rosmarinic acid synthase; 3-H
and 30-H, hydroxycinnamoyl-hydroxyphenyllactate 3- and 30-hydroxylases
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194.2 Materials and Methods

194.2.1 Plant Material

Seeds of Perilla frutescens are pretreated with water for 1 h, washed with 75 %
alcohol for 30 s, soaked in 0.1 % mercuric chloride for 7 min, and then by five
rinses with bacteria free water. After this, these sterilized seeds are cultured on MS
basal medium, maintained at 25 �C under 14 h light/10 h dark photoperiod cycles
with light provided by cool white fluorescent lamps for 1 month until RNA iso-
lation and various stress treatments.

194.2.2 Various Treatments

For abscisic acid (ABA) and salicylic acid (SA) treatment, the leaves are sprayed
with solution of 100 lM ABA and 200 lM SA, respectively, followed by RNA
isolation. The samples are collected after 0, 4, 8, 16, 24, and 48 h and the control
plants are similarly treated with distilled water. For ultraviolet-B (UV-B) radiation
treatment, the plants are exposed under 1,000 lJ/m2 intensity of illumination and
collected after 0, 1, 2, 4, 8, and 12 h durations of treatment.

194.2.3 Isolation of RNA

The total RNA from 1-month-old Perilla frutescens is extracted using RNAiso
Plus (TAKARA, Japan) under the manufacturer’s instruction. The quality and the
concentration of RNA are analyzed using 1.5 % (w/v) agarose/EtBr gel electro-
phoresis and spectrophotometer analysis, and the RNA samples are stored at
-80 �C prior to RT-PCR and RACE analysis.

194.2.4 Molecular Cloning of Full-Length PfHPPR cDNA

The full-length PfHPPR cDNA is cloned by four successive steps.
First, highly conservative sequence is determined according to a parallel analysis

of the amino acid sequence of HPPR gene registered in GenBank. The first-strand
cDNA is synthesized from 500 ng total RNA using 50U reverse transcriptase M-
MLV (TAKARA, Japan) in a 10ul reaction mixture. The mixture is heated at 70 �C
for 15 min to inactivate the reverse transcriptase after incubation at 42 �C for 1 h.
Then, the conserved fragment is amplified from first-strand cDNA using primer
pairs PfHPPR-1 and PfHPPR-2 (Table 194.1). PCR conditions: 1 cycle with 2 min
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at 94 �C, 35 cycles with 30 s at 94 �C, 30 s at 56 �C, and 40 s at 72 �C, 1 cycle with
10 min at 72 �C. The PCR product is purified and cloned into pMD18-T vector
(TAKARA, Japan) followed by sequencing.

Second, for 30-RACE of PfHPPR, about 1 lg of total RNA is used to synthesize
the first-strand cDNA with the 30-RACE CDS Primer (Table 194.1) by using
SMARTTM RACE cDNA Amplification Kit (Clontech Laboratories Lnc, USA).
Gene-specific primer PfHPPR3-GSP1 (Table 194.1, as 30RACE first amplification
primer) and gene-specific primer PfHPPR3-GSP2 (Table 194.1, as 30RACE nest
amplification primer) are designed and synthesized according to the conserved
region, with 10 9 Universal PrimerA Mix (UMP1 and UMP2) and Nested Uni-
versal PrimerA (NUP, Table 194.1) provided by the kit to amplify the 30-end
fragment. The PCR is conducted in accordance with the protocol provided by the
manufacturer.

For 50RACE of PfHPPR, about 500 ng of total RNA is used to synthesize the
50-ready cDNA, according to the manual of the SMARTTM RACE cDNA
Amplification Kit with 50-CDS primerA and SMART II A Oligonucleotide.
PfHPPR5-GSP1 (as 50RACE first amplification primer), UPM, PfHPPR5-GSP2 (as
50RACE nest amplification primer), and NUP (Table 194.1) are used to amplify
the 50-end fragment. The PCR is conducted in accordance with the protocol pro-
vided by the manufacturer.

Table 194.1 Primer sequences used for RT-PCR, RACE, and Real-time PCR

Primer types Primer name Primer sequence

RT-PCR
primers

PfHPPR-1 50-TAACTCAGCAGGCCGAGTCGAT-30

PfHPPR-2 50-AGGTACCTCGGGCACCCTCTC-30

RACE
primers

PfHPPR3-GSP1 50-GCATGTGCGCTGACTCCAGAAACGAC-30

PfHPPR3-GSP2 50-GTGTCAGCTCTCGTGGAGGGTCG-30

PfHPPR5-GSP1 50-AATCCGCCACGTCATCGGTGAGCAC-30

PfHPPR5-GSP2 50-CCACGCTGAAGCACGAAACTATCTCC-30

cDNA cloning
primers

PFHPPR-HF 50-CAATTTCTCAACTACCACTC-30

Real-time
PCR
primers

RealHPPR-F 50-TCAGCGTGGGATTGGATAA-30

RealHPPR-R 50-ACTCACAAATGCGCCTCAA-30

RealACTIN-F 50-GAGGTTGGATCTTGCTGGTC-30

RealACTIN-R 50-GCTCGGCAGTTGTGGTAA-30

Universal
primers

SMART II A
Oligonucleotide

50-AAGCAGTGGTATCAACGCAGAGTACXXXXX-30

30-CDS primer 50-AAGCAGTGGTATCAACGCAGAGTAC(T)30VN-30

50-CDS primer 50-(T)25VN-30 (N = A, C, G, or T; V = A, G, or C)
UPM1 50-CTAATACGACTCACTATAGGGCAAGCAGTGGTA

TCAACGCAGACT-30

UPM2 50-CTAATACGACTCACTATAGGGC-30

NUP 50-AAGCAGTGGTATCAACGCAGAGT-30
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The 30 and 50-nested amplified PCR products are purified and cloned into
pMD18-T vector (TAKARA, Japan) and sequenced, respectively.

By assembling the nucleotide sequences of the 30 and 50 RACE products, the
full-length cDNA of PfHPPR is deduced, and then primer PFHPPR-HF
(Table 194.1) and UPM are used to amplify the full-length PfHPPR cDNA. The
PCR procedure is carried out under following conditions: 2 min at 94 �C, 35
cycles (30 s at 94 �C, 30 s at 59 �C, 2 min at 72 �C), and 10 min at 72 �C. The
PCR products are fractionated on agarose gel and purified, cloned, and sequenced
as depicted above.

194.2.5 Sequence Analysis of PfHPPR

Several websites and bioinformatics software are used to analyze PfHPPR. The
amino acid sequence of PfHPPR is deduced and analyzed online with ProtParam
tool (http://cn.expasy.org/tools/protparam.html ), and the sequence comparison is
conducted through database search using BLAST program (NCBI, http://
www.ncbi. nlm.min.gov/). Self-optimized prediction method with alignment
(SOPMA) analyses are performed online (http://www.expasy.org) [16]. Homol-
ogy-based structural modeling is accomplished by Swiss-Model [17, 18], and
WebLab ViewerLite 4.2 is used to display 3-D structures.

194.2.6 Expression Analysis of PfHPPR

Aliquots of total RNA isolated from roots, stems, and leaves of Perilla frutescens
are treated with RNase-free DNAse to remove any contaminating genomic DNA,
and its quality and integrity are checked by electrophoresis through agarose gels
stained with EB. For real-time RT-PCR, first-strand cDNA is synthesized using the
PrimeScript RT reagent Kit with gDNA Eraser (TAKARA) following the manu-
facturer’s instructions. To investigate the expression pattern of PfHPPR in dif-
ferent tissues as well as the expression under elicitor treatments, real-time PCR is
performed on Eppendorf Mastercycler ep Realplex4 using SYBR Premix
Ex TaqTM II (Perfect Real Time) (TAKARA) according to the manufacturer’s
instructions.

Each real-time PCR reaction is done in 20 lL volumes containing a 10 lM
concentration of each primer, 40 ng of cDNA, and 10lL of SYBR Premix Ex Tag.
Thermal cycling conditions included a first denaturation step at 95 �C for 3 min,
and then 40 cycles of 95 �C for 20 s, 58 �C for 20 s, and 72 �C for 20 �Cs.
Fluorescence is measured at the end of each cycle. In order to confirm that only
one specific PCR product is amplified, a melting curve analysis is performed by
heating the PCR product from 65 to 95 �C. Negative controls missing cDNA
template are included in this experiment. Expression data for PfHPPR are
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presented as relative units after normalization to the b-ACTIN control, using the
2-44CT method [19, 20]. The baseline is set automatically by the software taking
consistency into account. Values for mean expression and SD are calculated from
the results of three independent experiments.

194.3 Results and Discussion

194.3.1 Cloning of the Full-Length PfHPPR

It is hard to directly amplify the full-length PfHPPR cDNA because the 50 and 30

untranslated sequence of HPPR gene is not highly homologous in species. First, a
pair of primers is designed based on the conserved region founded in Solenostemon
scutellarioides and Salvia miltiorrhiza, and the conserved fragment is amplified and
sequenced. Second, the full-length PfHPPR cDNA is obtained based on the
sequence of 30 RACE cDNA fragment of 800 bp and a 50 RACE cDNA fragment of
320 bp (Fig. 194.2), which is 1723 bp with 87 bp 50 and 697 bp 30 untranslated
regions, and contained an ORF of 939 bp encoding 313 amino acid protein.

The nucleotide and deduced amino acid sequences of the PfHPPR are shown in
Fig. 194.3. The putative NAD-binding is also seen in the amino acid residues of
PfHPPR, which is identified as typical domains for the family of D-isomer-specific
2-hydroxyacid dehydrogenases [21, 22]. And the PfHPPR cDNA sequence is
deposited in GenBank with the accession number of HM587131.

Fig. 194.2 Cloning of cDNA for PfHPPR. a PCR product of the conserved cDNA fragment;
b PCR product of the 30 cDNA end of PfHPPR; c PCR product of the 50cDNA end of PfHPPR;
d PCR product of the full-length cDNA of PfHPPR
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Fig. 194.3 The full-length cDNA sequence and the deduced amino acid sequence of PfHPPR.
The start codon (ATG) is underlined, and the stop codon (TGA) is marked with asterisk. The
NAD-binding domain typical of the family of D-isomer specific 2-hydroxyacid dehydrogenases is
shaded
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194.3.2 Bioinformatics Analysis of PfHPPR

Using the software of Compute pI/Mw Tool, the theoretical isoelectric point (pI)
and molecular weight of the deduced PfHPPR protein are predicted to be 5.58 and
34 422 Da, respectively. And the sequence comparison using blast search in
GenBank database reveals that the nucleotide sequence of PfHPPR has high
homology with HPPR gene from other plant species such as Solenostemon scu-
tellarioides (SsHPPR), Salvia officinalis (SoHPPR), and Salvia miltiorrhiza
(SmHPPR). And the deduced amino acid sequence of PfHPPR is 93 %, 93 %, and
92 % identical to SsHPPR, SoHPPR, and SmHPPR, respectively, and is 96, 97,
and 97 % similar to SsHPPR, SoHPPR, and SmHPPR, respectively, (Fig 194.4).

The secondary structure of PfHPPR is analyzed by SOPMA (Fig. 194.5) and
the result reveals that the putative PfHPPR peptide mainly consisted of alpha

Fig. 194.4 Sequence alignment of the deduced PfHPPR protein with the following other plant
HPPRs: SsHPPR (AJ507733), SoHPPR (EU924744), and SmHPPR (DQ099741). Black boxes
indicate identical residues and gray boxes indicate the conserved residues among the aligned
sequence
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helices (44.41 %) and beta turns (6.71 %), random coils (31.63 %) and extended
strands (17.25 %). Penetrating through most parts of the secondary structure, alpha
helices and random coils are the most abundant structural elements, while beta
turns and extended strands are intermittently distributed in PfHPPR.

To better characterize the PfHPPR protein, the homology-based three-dimen-
sional structure modeling of PfHPPR is portrayed using SWISS-MODEL and
displayed by WebLab Viewerlite 4.2 (Fig 194.6). The result indicates that PfHPPR
has an intricate spatial architecture which is strongly similar to Solenostemon
scutellarioides HPPR (SsHPPR), which reveals that the PfHPPR could have the
same biological activity with SsHPPR.

194.3.3 Expression Pattern of PfHPPR

In order to reveal the PfHPPR expression pattern in various tissues of Perilla
frutescens, total RNA is isolated from leaf, stem, and root, respectively. The

Fig. 194.5 The secondary structure of the deduced PfHPPR. In the panel the longest, middle
long, short, and the shortest vertical bars represent the alpha helix, extended strand, beta turn, and
random coil, respectively

Fig. 194.6 The deduced PfHPPR (a) and the three-dimensional structure of SsHPPR (b) estab-
lished by homology-based modeling. Turns and loops are indicated by gray lines, a-helices are
indicated by red helices, and b-sheets are indicated by blue patches
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transcription level of PfHPPR is analyzed using real-time quantitative reverse
transcription PCR and the results show that PfHPPR can be detected in all the
tested tissues with stronger expression in leaves, which suggests that it is a con-
stitutively expressed gene (Fig 194.7a).

Because the major roles of plant secondary metabolites are to protect plants
from biotic and abiotic stresses, some strategies for culture production of the
metabolites based on this principle have been developed to improve the yield of
such plant secondary metabolites [23–25]. In this study, Perilla frutescens leaves
are treated with various induced factor such as SA, ABA, and UV-B, and harvested
for RNA isolation at different time points to characterize the transcription pattern
of PfHPPR.

SA, a phenolic phytohormone and key signal molecule in the systemic acquired
resistance, which plays an important role in plant growth and development, and
also in responses to different stresses, such as plant-pathogen interaction and ozone
exposure [26, 27]. The putative PfHPPR expression under the SA treatment is
analyzed and the results revealed that the PfHPPR is induced at least at tran-
scriptional level, reaching the highest level after 24 h (Fig 194.7b).

Fig. 194.7 Quantitative analysis of PfHPPR mRNA in different tissues (a) and transcription
pattern of PfHPPR under different treatments. b 200 lM SA, c 100 lM ABA, and d UV-B at
different time point. Error bars indicate the standard deviation for three technical replicates
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ABA is a well-known senescence-triggering plant hormone, which acts as an
important regulator of plant life and development, and especially responses to
some stresses such as salt, cold and drought, or microbial defense in plants [28].
For ABA treatment, the expression levels are increased dramatically to 2.4-fold the
control after 24 h and then declined (Fig 194.7c). The results in our study suggest
that ABA could also stimulate the expression of PfHPPR gene in Perilla
frutescens.

UV light is an abiotic stimulus, which can promote secondary metabolites
accumulation to protect plants from the damaging effects of UV-B radiation [29].
And we also analyzed whether the expression of PfHPPR is affected under UV-B
treatment, compared to control (without any stress treatment), the level of PfHPPR
expression in leaves increases gradually along with the UV-B treatment in 24 h
(Fig 194.7d).

194.4 Conclusion

In the study presented here, a new gene encoding HPPR involved in the biosyn-
thesis of RA is cloned from Perilla frutescens using the RACE method. Analysis
of PfHPPR indicates that it is 1723 bp in size, which contains a 939 bp ORF
encoding a protein of 313 amino acids. Amino acid sequence analysis shows that
the PfHPPR has a high sequence homology to the other HPPR proteins, which
demonstrate that the PfHPPR belongs to the plant HPPR superfamily. In addition,
the analysis of three-dimensional structures indicates that the PfHPPR could have
the same biological activity with SsHPPR, a protein which had been purified
previously, implying that they have potential functional similarities.

Expression analysis indicates that the PfHPPR gene expresses differently in
different tissues with most highly in leaves, and Perilla frutescens leaves are
treated with various stresses to investigate the expression profiles. In summary,
considering the induction effect on the expression level, the PfHPPR is inferred to
be an elicitor-responsive expressing gene and the result is useful to further study
the expression regulation of PfHPPR. Our study provides information for
uncovering the molecular induction mechanism in RA biosynthesis and also
supplies a potential new target for enhancing the content of rosmarinic acid from
Perilla frutescens by bioengineering means in the near future.
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Chapter 195
Design, Synthesis, and Biological
Evaluation of Nedd4 E3 Ubiquitin Ligase
Small Molecule Inhibitors

Xiaoli Fu, Jie Chu, Yuyin Li, Shasha Wang, Jie Zhou, Yujie Dai
and Aipo Diao

Abstract Protein ubiquitination and deubiquitination are closely associated with
tumorigenesis. The incidence of most tumorigenesis associated with abnormal
expression of oncogenes and tumor suppressor genes. Nedd4 is an E3 ubiquitin
ligase and highly expressed in prostate cancer cells, breast cancer cells, and
ovarian cancer cells [1]. Based on the three-dimensional structure of Nedd4
ubiquitin ligase and its characteristics, we used computer simulations and struc-
tural biology information to design and synthesize compounds to inhibit the
activity of Nedd4 ubiquitin ligase. In this paper, we would like to report the design,
synthesis, and biological activities of these compounds. Among those compounds,
five new compounds have not been reported before. All the newly synthesized
compounds were characterized by 1H NMR and were tested for their antitumor
activities using DU145, PC3, and PNT1A cell lines. The results showed that 4-(4-
chlorobenzoyl) piperazin-1-yl) (4-(phenoxymethyl) phenyl) methanone has anti-
proliferative activity against DU145 with an IC50 of 3.86 lM.

Keywords Nedd4 ubiquitin ligase � Antitumor � DU145 cancer cell � Inhibitor

195.1 Introduction

Ubiquitination is a way of common protein modification, which is catalyzed by a
series of ubiquitination enzymes (E1, E2, E3 ubiquitin ligase) [1]. During the
ubiquitination, evolutionary conserved 76 amino acid peptide chain that will be
connected to the target protein substrates, to regulate the transport and degradation
of the protein, as well as a variety of metabolic pathways in cells [2, 3]. The
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abnormal regulation of ubiquitin ligase is closely related to growth of tumors.
Small molecule inhibitors of ubiquitin ligase enzyme may provide a theoretical
basis for a new target for the prevention and treatment of breast cancer, ovarian
cancer, inflammation, neurodegenerative diseases, and other diseases. E3 ubiquitin
ligase has substrate specificity of enzymatic properties. Therefore, Nedd4 could be
a new target for treatment for cancer.

Nedd4 belongs to the HECT E3 ubiquitin ligases family, which includes about
50 members. Nedd4 contains a C-terminal-specific the HECT catalytic structure
and a C2 phospholipid-binding structure in the N-terminal domain. The WW
domain of the Nedd4 protein comprises of a module with two highly conserved
tryptophan residues, which bind to the target proteins that contain a PY motif, e.g.,
ppxY [4–8]. In this paper, we addressed the designing and synthesis of inhibitors
to block the interaction of Nedd4 to E2.

The target compounds (5a–5e) were synthesized in five steps with piperazine as
precursor through NH-Boc protecting, acylation, alkylation reaction, and so on. In
order to further explore the effect of the structure for antitumor activity, we syn-
thesized a series of compounds. To confirm the inhibition of the compound, we
have tested the biological activity through MTT assay. The results indicated that 4-
(4-chlorobenzoyl) piperazin-1-yl) (4-(phenoxymethyl) phenyl) methanone shows
antitumor activity against DU145 cell.

195.2 Materials and Methods

All reagents and solvents used in this paper were of reagent grade. Reaction
temperatures were controlled by using oil bath temperature modulator. The reaction
was monitored by TLC. Merck silica gel 60 GF254 precoated plates (0.25 mm) and
visualized using a combination of UV. Silica gel (particle size 200–400 mesh) was
used for flash chromatography. The structure of the products was conformed by
NMR. 1H NMR spectra were recorded on Bruker AM-400 NMR spectrometers in
deuterated chloroform and deuterated acetone. The chemical shifts are reported in d
(ppm) against tetramethylsilane as internal standard. We analyzed the ability of 5a,
5b, 5c, 5d, and 5e for inhibiting the activity of Nedd4 in DU145 and PC3 cells.
Normal prostate cell PNT1A was used as control.

195.3 Results and Discussion

195.3.1 Chemistry

Figure 195.1 demonstrates the synthesis approach to the target compound 5a–5e.
There are two amino groups in the structure of piperazine, so it is difficult to
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protect either one. The general procedure for the first step was adopted from the
previously reported method [9].The first step can be divided into two steps. First,
Piperazine was employed to react with acetic acid to provide Piperazine titanium.
The reaction must be controlled under 30 �C.It was also necessary to drop acetic
acid slowly. Second, Di-tert-butyl dicarbonate was dropped slowly into the mix-
ture on ice. Low to moderate yield of required products were obtained.

Tert-butyl 1-piperazinecarboxylate was employed to react with p-Toluoyl
chloride in basic condition to provide compound 2. More attention should be paid
in this step. Anhydrous condition and appropriate basic were required. Otherwise,
the yields will be less than satisfactory. Compound 2 then react with Phenol to
afford compound 3. TLC showed that the raw material and the product in the same
position, which make it difficult to separate the product from the precursor. In that
case, the precursor must be controlled to disappear completely. Compound 3 is
deprotected to give Compound 4 by using TFA (Trifluoroacetic acid). Although
this route provided access to the desired compound, the product exists in the form
of a trifluoroacetate. The final synthesis step had to be optimized further. Yield is
very low after the product was recrystallized.

Reagents and conditions: (i)CH3CO2Et, Toluene; (ii) K2CO3, CH3COCH3; (iii)
DMF, K2CO3; (iv)TFA, CH2Cl2; (v) (C2H5)3N, CH2Cl2
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Fig. 195.1 Synthetic route of piperazine derivatives
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195.3.2 Biological Assay

The proliferation assay by MTT method was used to test which of these com-
pounds would produce 50 % growth inhibition (IC50) in tumor cells. Nedd4 was
highly expressed in prostate cancer cells, so the inhibitory activities of the above
newly synthesized compounds were tested in cell lines of prostate origin: DU145,
PC3, and PNT1A. The results of compounds 6a, 6b, 6c, and 6d were listed in
Table 195.1. The doses employed ranged from 0.001 to 10 lM. Compounds
requiring IC50 concentrations [ 10 lM were considered as inactive. The result in
Table 195.1 indicated that 4-(4-chlorobenzoyl) piperazin-1-yl) (4-(phenoxy-
methyl) phenyl) methanone have antitumor activity against DU145 and PC3 with
an IC50 of 3.86 lM and 5.18 lM, but have no inhibitory effect on normal prostate
cell PNT1A (IC10 [ 10 lM).fetanone

195.4 Experimental

195.4.1 Experimental Section

Synthesis of Tert-butyl 1-piperazinecarboxylate [10]. A three-neck-bottom flask
(500 mL) was charged with anhydrous ethanol (116.31 mL) and piperazine (20 g).
The solution was stirred till the mixture became clear. Then glacial acetic acid
62.64 g (59.71 mL) was added dropwise to the mixture and the temperature should
be kept under 30 �C. After all the glacial acetic acid was added to the flask the
resulting solution was stirred for 15 min, and then ethanol/water (ethanol77.17 g/
water111.2 g) was dropped into the mixture. The reaction mixture was stirred at
room temperature for 1.5 h. When the mixture was cooled to 5 �C, Di-tert-butyl
dicarbonate/anhydrous ethanol (50 g/70 g) was added dropwise, and stirred for
5 h. Insoluble product was collected by suction filtration. The solvent was
removed under vacuum, till the residual solvent of the flask dropped to 70 g, stop
distilling, then added 15 g water to the flask. The aqueous phase extracted with
toluene (3 9 100 mL). Combined organic layers and the aqueous phase quenched
with NaHCO3/ice until slight precipitate appeared, then extracted with ethyl
acetate (3 9 30 mL). The phases was separated and washed with water

Table 195.1 Inhibition activity of the compound 5a, 5b, 5c, 5d, and 5e

Tested cell Samples

5a 5b 5c 5d 5e

DU145(IC50) [10 [10 [10 [10 3.86
PC3(IC50) [10 [10 [10 [10 5.18
PNT1A(IC10) [10 [10 [10 [10 [10
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(2 9 100 mL), finally dried over anhydrous magnesium sulfate. The ethyl acetate
was removed under vacuum to afford the product with an average yield of 57.2 %.

1H NMR (CDCl3 400 MHz): d/ppm 1.47 (s, 9H), 1.93–1.94(m, 1H), 2.81 (t,
4H), 3.38 (t, 4H)
Synthesis of Tert-butyl4-(4-(chloromethyl)benzoyl)piperazine-1-carboxylate
[11]. To a solution of compound 1 (9.3 g, 0.05 mol) dissolved in acetone (50 mL)
was added potassium carbonate (13.8 g, 0.1 mol) and KI (0.83 g, 5 mmol).After
stirring at room temperature for 10 min, 1-(4-(chloromethyl)phenyl) ethanone
(11.34 g, 0.06 mol) was added. The reaction mixture was heated under reflux for
5 h. The reaction mixture was cooled to room temperature, the resulting precipi-
tate was removed by vacuum filtration, and the filtrate transferred to a separating
funnel, where the organic phase was collected. The solvent was removed under
vacuum to afford the crude which was purified by flash column chromatography
(silica gel, petroleum ether/ethyl acetate 5:1), resulting in white powder 12.3 g,
72.8 %.

1H NMR (Acetone-d6 400 MHz): d/ppm 1.47 (m, 9H), 3.41–3.82 (m, 8H), 4.78
(s, 2H), 7.43 (d, 2H), 7.57 (d, 2H)
Synthesis of Tert-butyl 4-(4-(phenoxymethyl)benzoyl)piperazine-1-carboxyl-
ate [12, 13]. To a solution of compound 2 (1.0 g, 2.95 mmol) in dry N, N-
Dimethylformamide (4 mL) potassium carbonate (0.4 g, 2.95 mmol) in portions
was added at room temperature. Phenol (0.28 g, 3 mmol) was added. The mixture
was stirred for 6 h. The reaction mixture was poured into water (100 mL) and then
extracted with dichloromethane (2 9 10 mL), washed with water (2 9 50 mL).
The solvent was removed under reduced pressure to provide the crude which was
purified by flash column chromatography (silica gel, petroleum ether/ethyl acetate
5:1), resulting in white powder 0.8 g, 78.4 %.

1H NMR (Acetone-d6 400 MHz): d/ppm 1.47 (s, 9H), 341-3.82 (m, 8H), 5.18
(s, 2H), 6.97 (t, J = 7.6 Hz, 1H), 7.05 (d, 2H), 7.29 (m, 2H), 7.48 (d, 2H), 7.57 (d,
2H)
Synthesis of (4-(phenoxymethyl)phenyl)(piperazin-1-yl)methanone [14, 15]. A
solution of Trifluoroacetic acid (1 mL) in dichloromethane (4 mL) was added
dropwise to a mixture of compound 3 (0.5 g, 1.26 mmol) in dichloromethane
(3 mL). The reaction mixture was then stirred at room temperature for 2 h. The
reaction was monitored by TLC and it showed that all the products were on the
base line. Water was added until the solvent was removed in vacuo. This solution
was then alkalized using 1 M NaHCO3 until a slight precipitate appeared (around
pH 8–9), at which point the resulting precipitate was removed by vacuum filtra-
tion. The crude was purified by flash column chromatography (silica gel, petro-
leum ether/ethyl acetate 3:1), resulting in white powder 0.32 g, 65.7 %.

1H NMR (CDCl3 400 MHz): d/ppm 1.93–1.94 (m, 1H), 341–3.82 (m, 8H),
5.18 (s, 2H), 6.97 (t, J = 7.6 Hz, 1H), 7.05 (d, 2H), 7.29 (m, 2H), 7.48 (d, 2H),
7.57 (d, 2H)
General method for the Synthesis of Compounds (5a–5e) [16, 17]. To a solution
of compound 4 (0.2 g, 0.67 mmol) in dry dichloromethane (4 mL), (C2H5)3N
(0.14 g, 1.35 mmol) was added. After stirring for 10 min a–e (1.5 equiv) was
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added, and it was stirred for an additional 4 h at room temperature. The reaction
mixture was washed with 1 M NaHCO3 (2 9 20 mL) then the solvent was dried
with MgSO4 and removed under reduced pressure to afford the crude which was
purified by flash column chromatography (silica gel, petroleum ether/ethyl acetate/
dichloromethane 1:1:1) to get compounds (5a–5e).
Synthesis of (4-(4-bromobenzoyl) piperazin-1-yl)(4-(phenoxymethyl)phenyl)
methanone Starting from compound 4 (0.2 g, 0.67 mmol) and (C2H5)3N (0.14 g,
1.35 mmol) and 4-bromobenzoyl chloride (0.22 g, 1.00 mmol), compound 5a was
obtained in white solid, 38 % yield.

1H NMR (Acetone-d6 400 MHz): d/ppm 3.54–3.83 (m, 8H), 5.18 (s, 2H), 6.96
(t, J = 7.6 Hz, 1H), 7.04 (d, 2H), 7.31 (t, J = 8.0, 2H), 7.44 (d, 2H), 7.50 (d, 2H),
7.57 (d, 2H), 7.65 (d, 2H)
Synthesis of (4-(4-nitrobenzoyl)piperazin-1-yl)(4-(phenoxymethyl)phenyl)
methanone Starting from compound 4 (0.2 g, 0.67 mmol) and (C2H5)3N (0.14 g,
1.35 mmol) and 4-nitrobenzoyl chloride (0.18 g, 1.00 mmol), compound 5b was
obtained in white solid, 30 % yield.

1H NMR (CDCl3 400 MHz): d/ppm 3.30–3.91 (m, 8H), 4.61 (s, 1H), 5.11 (s,
1H), 6.98 (t, 1H), 7.30 (d, 2H), 7.28–7.45 (m, 4H), 7.61 (d, 2H), 8.31 (d, 1H)
Synthesis of (4-(4-methylbenzoyl)piperazin-1-yl)(4-(phenoxymethyl)phenyl)
methanone Starting from compound 4 (0.2 g, 0.67 mmol) and (C2H5)3N (0.14 g,
1.35 mmol) and 4-methylbenzoyl chloride (0.15 g, 1.00 mmol), compound 5c was
obtained in white solid, 43 % yield.

1H NMR (CDCl3 400 MHz): d/ppm 2.38 (s, 3H), 3.34–3.78 (m, 8H), 5.20 (d,
2H), 6.96 (d, 3H), 7.26–7.33 (m,6H), 7.43 (d, 2H), 7.50 (d, 2H)
Synthesis of (4-(4-methoxybenzoyl) piperazin-1-yl)(4-(phenoxymethyl)phenyl)
methanone Starting from compound 4 (0.2 g, 0.67 mmol) and (C2H5)3N (0.14 g,
1.35 mmol) and 4-methoxybenzoyl chloride (0.17 g, 1.00 mmol), compound 5d
was obtained in white solid, 44 % yield.

1H NMR (CDCl3 400 MHz): d/ppm 3.51–3.82 (m, 8H), 3.84 (s, 3H), 5.10 (s,
1H), 5.29 (s, 1H), 6.91–6.99 (m, 4H), 7.27–7.35 (m, 3H), 7.38–7.41 (m, 4H), 4.47
(d, 1H)
Synthesis of (4-(4-chlorobenzoyl) piperazin-1-yl)(4-(phenoxymethyl)phenyl)
methanone Starting from compound 4 (0.2 g, 0.67 mmol) and (C2H5)3N (0.14 g,
1.35 mmol) and 4-chlorobenzoyl chloride (0.17 g, 1.00 mmol), compound 5e was
obtained in white solid, 64 % yield.

1H NMR (CDCl3 400 MHz): d/ppm 3.31–4.83 (m, 8H), 4.57 (s, 1H), 5.07 (s,
1H), 6.95 (d, 1H), 7.22–7.46 (m, 10H), 7.46 (d, 2H)

195.4.2 Biological Assay

The antiproliferative effects of these compounds were determined in DU145 and
PC3 cells by MTT assay [18–20], with PNT1A as control. All cell lines were
maintained in a humidified incubator at 37 �C and 5 % CO2/air atmosphere. The
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cells were diluted to a density of 2.5 9 104 cells/mL and 200 lL was added to
each well of the 96-well plates with a multichannel pipette, filled with sterile PBS
in surrounding. After incubating for 24 h, 1 lL compound in DMSO was added
and then cells were incubated for further 48 h (final concentrations of each
compound ranged from 0.001 to 10 lM). The culture plates were incubated for 4 h
after which 20 lL MTT was added to each well. Then the medium were removed
from the wells and 200 lL DMSO was added into each well. After leaving for
further 10 min to dissolve the formazan crystals formed, the optical density (OD)
was measured at 490 and 630 nm. Cell viability was calculated from measure-
ments of OD value according to the corresponding formula and a graph was
plotted with cell viability as y-axis against drug concentration as x-axis. The
inhibitory concentration by 50 % IC (50) values of compounds 5a–5e were pre-
sented in Table 195.1.

195.5 Conclusion

In conclusion, we designed and synthesized several small molecule inhibitors
blocking the interaction between ubiquitin ligase E2 and Nedd4 and then tested
their antitumor activities. All the target compounds were synthesized in five steps.
The structures of these novel targets and all of intermediates were confirmed by 1H
NMR. Biological activity test indicated that 4-(4-chlorobenzoyl) piperazin-1-yl)
(4-(phenoxymethyl) phenyl) methanone has antitumor activity against DU145 and
PC3 cells. The antitumor mechanism of these compounds and the relationship
between compound structure and activity need to be studied next in our lab.
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Chapter 196
Improvement of Electrotransformation
Efficiency by Lysozyme Treatment
in Cronobacter sakazakii

Xinjun Du, Fei Wang, Yue Ge, Lu Meng and Shuo Wang

Abstract Many Cronobacter sakazakii strains were poorly transformable
according to our previous study. In order to improve the efficiency of electro-
transformation, lysozyme treatment was introduced in preparation of the compe-
tent cells. After optimization of the parameters critical for the application of
electrotransformation, including lysozyme concentration, lysozyme disposing
time, electric field strength, and the time constant, efficiency of electrotransfor-
mation was raised from 7.2 9 101 to 1.16 9 103 transformants per microgram
DNA. To our knowledge, this is the first time that lysozyme was used to improve
the transformation efficiency in Cronobacter.

Keywords Lysozyme � Electrotransformation � Efficiency � Cronobacter
sakazakii

196.1 Introduction

Cronobacter sakazakii is a gram-negative, rod-shaped, pathogenic bacterium [1]
which can cause bacteraemia, meningitis, and necrotising enterocolitis in infant
[2, 3]. In recent years, this bacterium has aroused more and more concern. While
studies on biological characteristics, virulence, route of transmission, and epide-
miology were well carried out, research works associated with genetic modifica-
tion were seldom reported. In our previous studies, it was found that a large
amount of C. sakazakii isolates were poorly transformable. Thus, establishing
efficient electrotransformation system is meaningful for further research on the
molecular characteristics of C. sakazakii.
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Electrotransformation is well known as the most efficient way of transformation
[4]. Electroporation involves the application of an instant, high-voltage pulse to a
suspension of cells and DNA, resulting in reversible membrane pores and sub-
sequent uptake of DNA [5–7]. Many research works have focused on impact-
factors of electrotransformation, such as the traits of bacteria [8], sizes of plasmids
[9], DNA concentration [10] voltage [11], and so on. Lysozyme was well used in
transformation of gram-positive bacteria [12–14], but was seldom used to improve
transformation efficiency of gram-negative bacteria. In this study, lysozyme was
first introduced to improve the electrotransformation efficiency in C. sakazakii.

196.2 Materials and Methods

196.2.1 Materials

C. sakazakii (IQCC 10423) came from China Center of Industrial Culture Col-
lection (Beijing, China). pET-26b plasmid was obtained from Novagen (Darms-
tadt, Germany). Lysozyme (LDB0308) was purchased from Sangon company
(Shanghai, China).

196.2.2 Preparation of Competent Cells

The method developed by Teixeira et al. [15] was modified to prepare C. sakazakii
competent cells. Five milliliters of Luria-Bertrani (LB) broth was inoculated with a
single colony of strain IQCC 10423 and incubated overnight at 37 �C with shaking
at 200 rpm. The following day, the overnight culture was diluted 100-fold in 50 ml
LB broth and incubated at 37 �C with shaking at 200 rpm until exponential phase.
The culture was treated with different concentrations of lysozyme and chilled on
ice for 30 min. The cells were centrifuged at 1,500xg for 15 min at 4 �C. The
supernatant was decanted, and the pellets were resuspended with 20 mL ice-cold
sterile water and centrifuged. The washed cells were resuspended with 15 ml ice-
cold sterile glycerol (10 %). After centrifugation at 1,500xg for 15 min at 4 �C,
the cell pellets were suspended with 500 ll ice-cold 10 % glycerol, divided into
50 ll aliquots, and stored at -80 �C until use.

196.2.3 Electrotransformation

Modified electrotransformation procedure [16] was carried out to transform pET-
26b into C. sakazakii competent cells. After defrosting 50 ll competent cells on
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ice, 2.5 lg pET-26b plasmid was added and the mixture was incubated on ice for
30 min. The mixed DNA and cells were transferred to a chilled 2 mm gap elec-
troporation cuvette (Bio-Rad, Hercules, California) and incubated on ice for
5 min. Electrotransformation was performed in a GenePulser Xcell electro-porator
(Bio-Rad, Hercules, California). Then the cells were transferred to 1 mL of pre-
heated SOC broth and cultured at 37 �C for 1 h with shaking at 200 rpm. 100 ll of
cell culture was then spread onto LB plates containing 50 lg/mL kanamycin and
incubated overnight at 37 �C. Triplicate experiments were conducted for each
transformation condition.

196.2.4 Positive Rates Examination

Colonies on each plate were counted. Ten clones were selected randomly and
further verified as positive transformants with the PCR method using pET-26b
specific primers under conditions: one cycle (94 �C, 10 min); 35 cycles (94 �C,
30 s; 55 �C, 45 s; 72 �C, 45 s) followed by a last cycle (72 �C, 10 min). The
positive rates of the transformants were calculated based on PCR results.

196.3 Results

196.3.1 Effect of Lysozyme Concentration
on Electrotransformation Efficiency

To determine the optimum concentration of lysozyme, cell suspensions of C.
sakazakii were treated with different amounts of lysozyme (0, 5, 10, 20, 40 lg/
mL). On the same electric pulse condition (3.0 kV, 6.1 ms), different competent
cells were transformed with pET-26b plasmid and the efficiencies of transforma-
tion were calculated. It was observed that at a lower lysozyme concentration there
were only a few transformants. Only at lysozyme concentration of 10 lg/mL were
there more number of transformants observed, and at higher lysozyme concen-
tration also only a few transformants were obtained. As shown in Table 196.1, the
highest transformation efficiency was obtained when the concentration of lyso-
zyme was 10 lg/mL. All positive rates of different transformations are more than
90 %.
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196.3.2 Effect of Lysozyme Disposing Time
on Electrotransformation Efficiency

To determine the disposing time of lysozyme, cell suspensions of C. sakazakii was
treated with 10 lg/mL lysozyme for different periods of time varying from 10 min
to 40 min. On the same electric pulse condition (3.0 kV, 6.1 ms), different com-
petent cells were transformed with 2.5 lg pET-26b plasmid, respectively, and the
different efficiencies of transformation were obtained (Table 196.2). It was
observed that at a shorter disposing time there were only a few transformants. Only
at medium lysozyme disposing time of 30 min were there more number of
transformants observed, and at longer disposing time also only a few transformants
were obtained. The results indicate that the highest transformation efficiency could
be obtained when the cells were disposed with lysozyme for 30 min.

196.3.3 Effect of Field Strength and Time Constant
on Electrotransformation Efficiency

Electric pulses were also optimized in this study. Transformation efficiencies of
different pulse parameters (1.8 kV, 2.5 ms; 1.5 kV, 6.1 ms; 2.0 kV, 6.1 ms;

Table 196.1 Effect of lysozyme concentration on electrotransformation efficiencies

Concentration
of lysozyme
(lg/mL)

0 5 10 20 40

Transformants/
plate

18 ± 5.9 42 ± 1.7 82 ± 26.2 78 ± 6.8 77 ± 7.4

Positive
rate (%)

100 100 100 100 90

Efficiency
(Positive
transformants/
lg DNA)

(0.72 ± 0.23)
9 102

(1.68 ± 0.07)
9 102

(3.28 ± 1.05)
9 102

(3.12 ± 0.27)
9 102

(2.78 ± 0.29)
9 102

Table 196.2 Effect of lysozyme disposing time on electrotransformation efficiency

Disposing time
of lysozyme
(min)

10 20 30 40

Transformants/
plate

128 ± 15.1 216 ± 27.0 241 ± 20.0 124 ± 25.1

Positive rates
(%)

100 90 100 90

Efficiency
(Positive
transformants/
lg DNA)

(5.12 ± 0.60)
9 102

(7.78 ± 1.08)
9 102

(9.64 ± 0.72)
9 102

(4.48 ± 1.00)
9 102
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2.5 kV, 6.1 ms; 3.0 kV, 6.1 ms) were examined after the C. sakazakii cells being
treated with 10 lg/mL lysozyme for 30 min and the results are shown in
Table 196.3. Only at medium field strength of 2.5 kV were there more number of
transformants observed at 6.1 ms time constant. In these five conditions, the
highest (1.16 9 103 cfu/lg DNA) efficiency is three folds higher than the lowest
one (3.36 9 102 cfu/lg DNA).

196.4 Discussion

Transformation is a fundamental technique for molecular biology researches.
Eletrotransformation and chemical transformation are frequently used to introduce
foreign materials into cells, of which the efficiency of the former is higher than the
latter, and is more suitable for experiments requiring high efficiency such as
establishing different antibody libraries and random mutation libraries.

Impact-factors of transformation efficiency are various, including growth con-
dition of cells, voltage, construction of electroporation buffer solution, and con-
centration of plasmid [17], of which the concentration of foreign plasmid is the
most effective factor [18, 19]. But when the plasmid condition is limited, the other
factors can affect the transformation efficiency obviously, especially the perme-
ability of the competent cells. Electrotransformation parameters are also effective
for transformation efficiency. Therefore, in this study, lysozyme treatment and
pulse parameter were optimized and more than 10-fold improvement was
obtained.

Lysozymes, also known as muramidase or N-acetylmuramide glycanhydrolase,
are glycoside hydrolases that damage bacterial cell walls by catalyzing hydrolysis
of 1, 4-beta-linkages in peptidoglycan and chitodextrin. Though C. sakazakii is a
kind of gram-negative bacteria with thinner peptidoglycan layer in comparison to
gram-negative ones, it can also be affected by lysozyme. The positive effect on
enhancing the permeability of competent cell benefits the introduction of foreign
DNA.

Table 196.3 Effect of electroporation parameters on electrotransformation efficiencies

Electroporation
parameters

1.8 kV,
2.5ms

1.5 kV,
6.1 ms

2.0 kV,
6.1 ms

2.5 kV,
6.1 ms

3.0 kV,
6.1 ms

Transformants/
plate

176 ± 9.5 181 ± 21.6 290 ± 9.8 84 ± 24.7 119 ± 13.1

Positive rates
(%)

100 100 100 100 90

Efficiency
(Positive
transformants/
lg DNA)

(7.04 ± 0.39)
9 102

(7.24 ± 0.86)
9 102

(1.16 ± 0.39)
103

(3.36 ± 0.99)
9 102

(4.28 ± 0.52)
9 102
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This study provides an easy way to improve the transformation efficiency of C.
sakazakii. It is plausible to speculate that this method is valid for other gram-
negative bacteria which are poorly transformable.
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Chapter 197
Multiplex Plasmid Engineering (MPE)
for Fine Tuning the Expression Level
of Red Fluorescent Protein

Qun Gu, Yifan Li, Zhenquan Lin, Tao Chen, Xueming Zhao
and Zhiwen Wang

Abstract Many applications of metabolic engineering need balanced expression
of several genes in synthetic metabolic pathways and genetic circuits. But it is
often difficult to achieve the best expression level for all the genes for a desired
function due to the complexity of biological systems. Here, we present Multiplex
Plasmid Engineering (MPE) for high efficient tuning the expression level of genes
in plasmids. First, red fluorescent protein (rfp) was tested to be utilized as a
reporter gene for assaying recombineering efficiency on plasmids. Then ssDNA
and plasmid co-transformation technique was exploited to achieve 25 % rec-
ombineering efficiency which is compatible to genome recombination. At last, as a
proof of concept experiment, MPE was applied to tune the expression level of rfp
gene and successfully generated dispersed distribution of rfp expression level. Our
method should potentially be used for simultaneously tuning the expression level
of several genes in metabolic pathways.

Keywords Metabolic engineering � Multiplex recombineering � k-Red recom-
bination � Red fluorescent protein

197.1 Introduction

Recent breakthroughs in metabolic engineering have made it easier to overproduce
biochemical products from renewable resources [1, 2]. Such advances include
fabricating large synthetic pathways (de novo synthesized DNA sequences) and
optimizing pathway expression through transcription- or translation-level engi-
neering, which is essential to avoid buildup of toxic products. These advances
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occur in part because of the improvements in techniques for genetically modifying
large DNA molecules [3, 4]. Among these techniques, recombination-based
genetic engineering (recombineering) has been the most efficient tool for engi-
neering bacteria genomes [5].

Recombineering is highly efficient, is targeted by short (50 base) DNA
homologies, is not limited by the availability of restriction sites, and can be
automated to rapidly make genome-wide alterations [6, 7]. If introduced by short
ssDNA recombineering, mutations could be generated on genomes at a frequency
of more than 20 %, making it practical to screen the mutants after allele
replacement without any selectable marker [8].

Recently, recombineering has been exploited to develop Multiplex Automated
Genome Engineering (MAGE) for parallel modification of E. coli genome [9].
Tens of oligos were introduced into the bacteria induced for Red recombination
function and several modifications could be created simultaneously. This tech-
nique was applied to optimize lycopene biosynthetic pathway and, coupled with
high throughput screening, successfully generated clones with fivefold increase in
lycopene production within 3 days.

In another publication, the same group of researcher found that recombineering
efficiency could be greatly enhanced by a mechanism called co-selection. This
enhanced technique was applied to modify 80 sites in the genome of E. coli within
40 days [10].

Most synthetic metabolic pathways and synthetic circuits were still constructed
based on plasmid systems [11, 12]. Yet, MAGE has not been transferred to the
engineering of plasmid systems. In this article, we introduced the engineering
principle of MAGE into the modification of plasmids. We first confirmed that red
fluorescent protein (rfp) can be used as a reporter gene for assaying allele
replacement efficiency. After that, we increased recombineering efficiency for
modifying multicopy number plasmid to more that 20 % by the introduction of
ssDNA and plasmid co-transformation technique into plasmid recombineering.
Finally, Multiplex Plasmid Engineering (MPE) was applied to fine-tune the
expression level of rfp gene by mutagenize its ribosome biding site (RBS).

197.2 Materials and Methods

197.2.1 Bacterial Strains and Media

The recombineering strain HME68 was kindly provided by Professor Donald
Court [7]. DH5a was from laboratory stock. For the plasmid selection experiment,
ampicillin was added at 100 lg/ml.
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197.2.2 Oligos and Plasmids

Plasmid pLX01 is a modified version of pTrc99a and was from laboratory stock.
Oligos were purchased from Sangon Biotech (Table 197.1).

197.2.3 Construction of pLX02

Primer B007 was used to amplify rfp gene. The PCR product was digested by
EcoRI and PstI, then cloned into plasmid pLX01 plasmid. Transformation of the
ligation mixture into Escherichia coli DH5a generated red colonies, indicating the
successfulness of the construction. The structure of the pLX02 was further checked
by restriction double digestion.

197.2.4 Recombineering Methodology

The recombination assays for all experiments were performed as described by
Costantino and Court [5, 6]. Briefly, HME68 were grown at 32 �C to mid-log phase
(OD600 nm 0.4–0.6). The cultures were shifted to 42 �C for 15 min to induce the
Red functions, then quick-chilled in an ice water slurry. The cells were washed with
sterile ice cold water for 3 times in preparation for electroporation. Oligos and/or
plasmid were added into electrocompetent cells. Transformations were performed
at 1.80 kV, 25 mF. 1 ml of LB was added to the cuvette, and the cells were allowed
to recover at 32 �C with shaking for 2 h. Cells were diluted in water or LB media
and plated on LB plates with ampicillin to select for recombinants.

197.2.5 MPE Cycling

The cycling process was different from the original MAGE cycle [9]. First,
Plasmids and ssDNA were co-transformed into competent HME68 cells induced

Table 197.1 Primers used in this study

Primer name Sequence 50 ? 30

B007F CATAGATCTTATGGACAGCAAGCGAACCG
B007R TCGCTGCAGTCAGAAGAACTCGTCAAGAAG
D021 ACCTTCGTACGGACGACCTTCACCTTCACCTTCGATTTCGAACTAG

TGACCGTTAACGGAACCTTCCATACGAACTTTGAAACGCATGA
D033 TTGATAACGTCTTCGGAGGAAGCCATATTTTACCTCCTTAANNNNN

NGCGGAGCGGCGCCCTGTGTGAAATTGTTATCCGCTCACAATT
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for Red functions, in which oligo-mediated recombination occurred between
plasmids and oligos. Then cells were recovered in LB media for 2 h and grown in
test tubes overnight in 32 �C containing relevant antibiotics for the selection of
plasmids. In the next day, plasmids were extracted from overnight cultures and
then transformed with ssDNA for the next round of MPE.

197.2.6 Assay of Fluorescent Intensity

Diluted plasmid mixture after MPE were transformed into DH5a competent cells
and 20 cells were randomly picked from plate for fluorescent assay. The selected
cells were allow to grow overnight in LB media. The next day, the cultures were
diluted for 100 times in M9 media and cells grown at 37 �C for 4 h until reached
mid-log phase. The cells were kept on ice until OD600 and fluorescence intensity
were measured.

197.3 Results and Discussion

197.3.1 Red Fluorescent Protein as a Reporter to Test
Recombineering Efficiency

To test recombineering efficiency, rfp was inserted into a multicopy plasmid as a
reporter gene. ‘‘RBS calculator’’ was used to optimize the RBS of rfp, aiding it to
achieve the maximum expression level [13]. With an optimized RBS, rfp gene was
cloned into pLX01 plasmid which was a modified version of pTRC99A, gener-
ating pLX02, in which the expression of rfp gene was controlled by a Trc promoter
induced by IPTG. Oligo D021 was designed to introduce a stop codon into rfp on
pLX02 to inactivate the gene (Fig. 197.1).

Unlike genome which is single copy, plasmid is multicopy. If some, not all,
molecular of plasmid acquire mutations, the clone should contain a mixture of
plasmids. Therefore, allele replacement frequency cannotbe measured directly by
plating the cell after transformation, because it cannot tell how much percent of the
plasmid molecular in a single cell are mutants. To test allele replacement fre-
quency at single molecular level, the cells after recombineering were grown
overnight, and the mutagenized plasmids were extracted and re-transformed. After
plating the re-transformed cells, clones containing wild type pLX02 could express
rfp gene and their formed colonies turned red after incubation. On the other hand,
if ssDNA was successfully recombined with plasmid pLX02, a stop codon was
introduced into the middle of rfp gene, blocking its expression and the colonies
formed remained white. By counting the number of white and red colonies, rec-
ombineering efficiency, which equals white/(white ? red) colony numbers, could
be determined (Fig. 197.1).
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197.3.2 Plasmid Recombineering Efficiency Could
be Largely Enhanced by Co-Transformation

With our newly developed method for the assay of allele replacement efficiency,
we tested if MAGE technique could operate on plasmid preexist in recombineering
cells. Oligo D021 was transformed into HME68 already harboring pLX02. Sur-
prisingly, the allele replacement efficiency was extremely low. In contrast to the
oligo-mediated recombination efficiency of more than 20 % on genome, the effi-
ciency was about 1 % when targeting plasmids which were already resident in
recombineering cells. We hypothesize that the low efficiency was due to the
multicopy nature of plasmids; unlike genomes which present only one copy in
cells, plasmids used in our experiment usually form approximately 50 copies.
Different copies of plasmid molecular may compete with each other for ssDNA
introduced and/or Red proteins with recombination functions.

If this were true, the recombineering efficiency could be increased if plasmids is
co-transformed with ssDNA, because each cell should receive only one molecular
of plasmid co-transformed at low concentration, which is in the similar case with
genome recombineering. We tested the hypothesis by co-transform pLX02 and
D021 into HME68 induced for Red function and assayed the efficiency with the
method described in the previous section. Just as expected, the allele replacement
efficiency was increased to about 20 % with co-transformation, which was much
higher than with plasmid was resident in recombineering cells (Fig. 197.2).

We also found the efficiency could be affected by the amount of ssDNA added.
Increased oligo concentration and decreased plasmid concentration led to
increased allele replacement efficiency. Among tested co-transforming 20 pmol
ssDNA and 0.1 ng DNA to 50 ul electrocompetent cell could reach the highest
recombination efficiency (Table 197.2).

Fig. 197.1 Red fluorescent protein gene as a reporter gene to test recombineering efficiency.
a ssDNA was transformed to target rfp gene on pLX02, generating a stop codon in its open
reading frame, blocking its expression. b Cells harboring a native rfp gene turned red (depicted as
black cycle in this figure) after 24 h of incubation. In contrast, cells harboring rfp gene with a stop
codon generated by ssDNA recombination remained white (depicted as white cycle in this figure).
Allele replacement efficiency could be determined by counting the number of red and white
colonies
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197.3.3 Multiplex Plasmid Engineering to Tune
the Expression Level of rfp Gene

As a test for MPE application, we used the technique to fine tuning rfp expression
by modifying its RBS with oligo D033, which was designed to have 6 bp
degenerate sequence targeting the core region of rfp RBS and the rest homologous
with the sequence on pLX02 (Table 197.1). Different molecular of D033 oligo
recombined into pLX02 create different versions of mutant rfp RBS, diversifying
the expression level of rfp gene.

We ran MPE cycle with pLX02 and D033 for 15 rounds. 20 clones were
randomly picked to determine the distribution of rfp expression in each round of 3,
6, 9, 12, 15. The results of our experiment are shown in Fig. 197.3. It could be
inferred that the more rounds of MPE performed, the more dispersed distribution
of rfp expression could be produced. After 15 rounds, the RBS intensity of the
population ranged from 0 to 640 with a near linear distribution. Thus MPE can be
used to tune the expression level of rfp gene by mutagenize its RBS, by which
dispersed distribution of RFP expression level can be created.

Fig. 197.2 Plasmid allele replacement efficiency was largely increased by plasmid and oligo co-
transformation. a plasmid and oligo co-transformation led to increased recombineering efficiency
than oligo transformation to cells already harboring the targeting plasmid. b the strategy co-
transformation increased recombineering efficiency from about 1 % to about 25 %

Table 197.2 Recombineering efficiency with varying amount of oligo concentration

ssDNA added
(pmol)

White colony
number

Red colony
number

Tatal colony
number

Recombination
efficiency (%)

4 120 546 666 18.02
20 109 275 384 28.39
40 18 51 69 26.09
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197.4 Conclusion

In this article, we introduced multiplex engineering strategy into the modification
plasmid systems. First, rfp gene was utilized to test allele replacement efficiency.
With oligo D021 delivering a stop codon in the ORF of rfp, the efficiency could be
simply determined by counting the number of red and white colonies. Second, the
strategy of plasmid and ssDNA co-transformation was found to increase the allele
replacement efficiency from 1 % to 25 % for plasmid recombineering. This large
amount of enhancement allowed multiplex recombineering to be performed in
plasmids without any selection markers. At last, as a proof of concept experiment,
MPE was applied to tune the expression level of rfp gene to generate dispersed rfp
expression level.

The method developed in our lab is multiplex and combinatorial in nature,
which should be useful for fine tuning of the expression level of several genes of
metabolic pathways in plasmids. This plasmid combinatorial engineering strategy
could be generally applicable to optimizing metabolic pathways and genetic cir-
cuits, expanding the toolbox of metabolic engineering and synthetic biology from

Fig. 197.3 Distribution
curve of RBS intensity
(fluorescent intensity) of rfp
genes in the mutagenized
population
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conventional approaches such as rationally changing promoter strength and/or
replication origin to now include tools capable of subtly controlling the expression
of each gene throughout the network.
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Chapter 198
Study on the Influencing Conditions
in the Electro-Transformation Efficiency
of Bacillus licheniformis ATCC14580

Yihan Liu, Yanjing Xu, Shuai Fan, Jiaxin Bo, Jianling Wang
and Fuping Lu

Abstract In current study, the plasmid pWB980 isolated from Bacillus
licheniformis ATCC14580 was used to research the influencing conditions in
electro-transformation efficiency of B. licheniformis ATCC14580 by changing the
parameters of the high osmolarity electroporation method. The restriction
modification system (RMS) of B. licheniformis was the main influence factor on
the electro-transformation efficiency of B. licheniformis. Meanwhile, the glycine
which was added in growth media resulted in a significant increase in the trans-
formation efficiency of B. licheniformis. When the glycine concentration of the
growth media was 7.5 mg/ml, the bacterial concentration OD600 1.2–1.4 and the
voltage was 21 kV/cm, a maximum value of 1.3 9 104 transformats per lg
pWB980 was obtained. The results indicated that glycine was useful in improving
the electro-transformation efficiency of B. licheniformis.
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198.1 Introduction

Bacillus licheniformis is a Gram-positive and endospore-forming bacterium and it
has been used for decades in the large-scale industrial production of extracellular
enzymes [1, 2]. B. licheniformis possesses a complete protein secretory system
and secrets a lot of proteins directly to culture supernatants [3]. Meanwhile,
B. licheniformis is not a human pathogen [3] and regarded as one of microor-
ganisms generally-regarded-as-safe[GRAS] species [4]. Furthermore, the whole
genome sequence has recently been disclosed by two different groups [5, 6]. Due
to these advantages above, an interesting endeavor was to develop B. licheniformis
as an expression system for the transformation of exogenous DNA to produce
heterologous proteins.

Genetic transformation provides a modern gene technology for the improve-
ment of important industrial microorganisms by introducing exogenous genes [7].
However, the low frequency of genetic transformation regularly observed in
B. licheniformis is a drawback [8]. For the sake of getting the high efficiency
competent cells of B. licheniformis, several strategies have been developed,
including phage transduction [9], protoplast fusion [10], and electro-transforma-
tion [8]. Electroporation is a simple and widely used technique for transformation
of various bacterial species. This technique uses an electric pulse treatment of cells
to make the temporary degradation of the cell wall and cytoplasmic membrane,
such that DNA can efficiently enter the bacterial cells [11]. A combination of high
osmolarity and high field strength may be a useful approach to improving the
transformation efficiency of some gram-positive bacterial species which were able
to grow in a high osmolarity medium [8]. In addition, the restriction modification
system (RMS) of the host bacterium hinders the transformation of the foreign
genes [12]. B. licheniformis defends itself from incoming foreign DNA by meth-
ylation of the foreign DNA [13]. B. licheniformis MW3 was obtained by targeted
deletion of the hsdR loci of two type I RMS identified in B. licheniformis DSM13
(isogenic to ATCC14580), allowing the routine creation of transformants [13].

In this chapter, in order to improve the electro-transformation efficiency of
B. licheniformis ATCC14580, the plasmids, respectively, isolated from Bacillus
subtilis WB600 and B. licheniformis ATCC14580 was used to study the
influencing conditions of the electro-transformation efficiency using the high
osmolarity electroporation method [8].

198.2 Materials and Methods

198.2.1 Bacterial Strains and Plasmid DNA

B. licheniformis ATCC14580 was purchased from Chain Center of Industrial
Culture Collection (CICC10101). B. subtilis WB600 was preserved in our labo-
ratory. B. licheniformis ATCC14580 harboring pWB980 was constructed by our
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laboratory. The plasmid pWB980 (3787 bp) with a high plasmid copy number
(121 copies per cell) in B. subtilis was a generous gift from Professor Sui-Lam
Wong (University of Calgary, Canada).

198.2.2 Growth Conditions and Culture Media

B. subtilis and B. licheniformis were cultivated for 12–16 h in Luria-Bertani (LB)
medium (10 g tryptone/l, 5 g yeast extract/l, and 10 g NaCl/l) or LB medium
supplemented with 1.5 % (w/v) agar (agar/LB) for growth on solid medium.
Kanamycin (30 lg/ml) was added to the growth medium when necessary.

198.2.3 Transformation of B. licheniformis

To prepare electro-competent cells, an overnight culture of B. licheniformis was
diluted to a final OD600 of 0.2 into 50 ml growth medium (LB containing 0.5 M
sorbitol and glycine) and was grown at 37 �C to and was grown at 37 �C to different
optical densities (OD600: 0.6–1.8). At the same time, a range of glycine concen-
tration (1 mg/ml-5 mg/ml) was evaluated, to examine the effect of glycine
concentration in the growth medium on the growth of B. licheniformis. The cells
were harvested by centrifugation at 4 �C and 5000x g for 5 min after cooling on ice
for 10 min. Following five washes in ice-cold electroporation medium (0.5 M
sorbitol, 0.5 M mannitol, and 10 % glycerol v/v), the cells were suspended in 600 ll
electroporation medium. If necessary, the competent cells could be stored at -80 �C
for future use until with some decrease in transformation efficiency. The electro-
poration was performed using the ice-cold Bio-Rad (Richmond, CA) electropora-
tion cuvettes (1 mm gap) with 1.5 lg/ml (the terminal concentration) plasmid and
60 ll of ice-cold electrocompetent cells. After incubation for 3–5 min, the cells
were exposed to a single electrical pulse using a GenePulser (BTX, ECM399) set at
different electric voltages (13–25 kV/cm) resulting in time constants of 5–6 ms. The
cells were then rapidly suspended in 1 ml of recovery medium (LB containing
0.5 M sorbitol and 0.38 M mannitol). After incubation at 37 �C and 180 rpm for
3 h, the cells were plated on LB plates containing 30 lg/ml kanamycin and store at
37 �C for 36–48 h for selection of transformed cells containing pWB980.

198.2.4 Plasmid Analyses

To confirm that antibiotic-resistant B. licheniformis, the plasmids isolated from the
transformants were digested by the appropriate restriction endonucleases and
verified by agarose gel electrophoresis.
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198.3 Results

198.3.1 The Electro-Transformation Efficiency by DNA
Source

The plasmids pWB980 isolated from B. subtilis WB600 and B. licheniformis
ATCC14580, respectively, were transformed into B. licheniformis ATCC14580.
B. licheniformis ATCC14580 harboring pWB980 was constructed by the previous
experiment (data not shown). At the same transformation conditions (OD600 = 1.0,
1.5 lg/ml DNA), the maximum transformation efficiency of the pWB980 isolated
form B. licheniformis ATCC14580 was 2.9 9 103 transformants per lg pWB980 at
21 kV/cm (Fig. 198.1b), which was 242-fold higher than that of the pWB980
isolated form B. subtilis (12 transformants per lg pWB980 at 18 kV/cm)
(Fig. 198.1a). Therefore, the plasmid pWB980 isolated from B. licheniformis
ATCC14580 was used in the further research.

198.3.2 The Effect of the Field Strength
on the Electro-Transformation Efficiency

The field strength from 13 to 25 kV/cm was used to study the effect on the
electro-transformation efficiency of B. licheniformis ATCC14580 when the cell
concentration of OD600 = 1.0. The results showed that the highest transformation
efficiency (2.9 9 103 transformants per lg pWB980) obtained with 21 kV/cm was
29-fold and 1.7-fold higher than those obtained at 13 kV/cm (0.1 9 103 trans-
formants per lg pWB980) and 25 kV/cm (1.3 9 103 transformants per lg
pWB980) (Fig. 198.1b).

Fig. 198.1 The transformation efficiency of B. licheniformis ATCC14580 was influenced by the
plasmids (isolated from different species). a the pWB980 isolated from B. subtilis WB600, b the
pWB980 isolated from B. licheniformis ATCC14580
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198.3.3 The Effect of Glycine Concentration
on the Electro-Transformation Efficiency

In order to study the effect of glycine concentration on the growth of B. licheniformis
ATCC14580, the glycine with various amounts (1, 3, 5, 7, 9, 11, 13, and 15 mg/ml)
was added in the growth medium cultivating in overnight (Fig. 198.2). 1–5 mg/ml
glycine in the growth medium had no significant effect on the growth of
B. licheniformis. The inhibitory rate of glycine at concentrations of 7 mg/ml on
B. licheniformis growth was 40 %. B. licheniformis ATCC14580 grew very slowly
and hardly when the concentration of glycine exceeded 9 mg/ml. Therefore, 5.5, 6,
6.5, 7, 7.5, 8, 8.5, and 9 mg/ml glycine were used to study the effect on the electro-
transformation efficiency. The results showed that when the growth medium
contained glycine, the transformation efficiency was improved. Moreover, when
7.5 mg/ml glycine was added in the medium, the growth inhibition rate of
B. licheniformis ATCC14580 was 50 % (Fig. 198.2a) and the transformation effi-
ciency with 9 9 103 transformants per lg pWB980 was the highest (Fig. 198.2b)
with the field strength of 21 kV/cm, the cell concentration of OD600 = 1.0, and the
DNA of 1.5 lg/ml.

198.3.4 The Effect of the Cell Concentration
on the Electro-Transformation Efficiency

The age of the culture is an additional factor influencing transformation.
B. licheniformis ATCC14580 cells were cultivated to different growth phases
(OD600 = 0.6–1.8) to investigate the transformation efficiency. As shown in
Fig. 198.3, the results indicated that the transformation efficiency of the late expo-
nential phase (OD600 = 1.2–1.4) cells was 1.05 9 104 transformants per lg
pWB980.

Fig. 198.2 The effect of glycine concentration. a The effect of glycine concentration on the
growth of B. licheniformis ATCC14580, b The effect of glycine concentration on the
transformation efficiency of B. licheniformis ATCC14580
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198.3.5 The Effect of the DNA Concentration
on the Electro-Transformation Efficiency

DNA at the range of 0.5–5 lg/ml was used to study the effect on the electro-
transformation efficiency of B. licheniformis ATCC14580. As shown in Fig. 198.4,
the results indicated that the highest electro-transformation efficiency (1.3 9 104

transformants per lg pWB980) was obtained with 2–3 lg/ml DNA.

198.3.6 The Plasmid Analyses

The plasmids were isolated from the transformed B. licheniformis ATCC14580
which were cultivated in 5 ml LB (containing kanamycin 30 lg/ml) for overnight.
Then the plasmids were digested by the appropriate restriction endonucleases and
verified by agarose gel electrophoresis. The size of the plasmids was
consentaneous with the size of pWB980 from B. licheniformis ATCC14580
(Fig. 198.5).

Fig. 198.3 The
transformation efficiency of
B. lichiformis is different at
the various age of the strain.
The other conditions:
field strength (21 kV/cm),
7.5 mg/ml glycine, 1.5 lg/ml
DNA

Fig. 198.4 The
transformation efficiency
correlates with the DNA
concentration. The other
conditions: field strength
(21 kV/cm), 7.5 mg/ml
glycine, OD600 = 1.2–1.4
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198.4 Discussion

This study demonstrated that using the plasmid from B. licheniformis, adding glycine
in the growth medium (7.5 mg/ml), increasing the field strength to high values
(21 kV/cm) with the best suitable concentration of bacterium (OD600 = 1.2–1.4),
and the optimal concentration of DNA (2–3 lg/ml) could significantly improve the
electro-transformation efficiency of B. licheniformis ATCC14580.

As an expression system of heterologous proteins, B. licheniformis had the
drawback that it is difficult to finally obtain a desired transformant [14]. This was
mainly due to the existence of two type I restriction modification systems (RMS)
in B. licheniformis [5, 6]. A number of bacteria depended on cutting foreign DNA
with the acid of restriction endonucleases to prevent the foreign DNA into the
strain, while their own genetic materials were concomitantly protected by specific
methylations [13]. The knockout of the RMS gene in B. licheniformis DSM13
(isogenic to ATCC14580) resulted in strains being readily transformable [13].
Apparently, the transformation efficiency was influenced by the source of DNA
used in this experiment. The same DNA methylation modification led to the high
transformation efficiencies.

The other explanation for the difficulties in electro-transformation of gram-
positive species, was that the thick and dense cell walls of gram-positive bacteria
may either render the cells less vulnerable to electric fields or prevent the passage
of macromolecules into cells [15]. The high values field strength for electro-
transformation of gram-positive bacteria could overcome the limit to a certain
degree and hence improve the transformation efficiency [8]. Meanwhile, the high
osmolarity media could improve the resealing capacity of the porous cell mem-
brane induced by electric pulse and reduce the rate of outflow of molecules from
cells electrically damaged at a high field strength, which was beneficial to
improvement of cell survive ability [8]. However, the efficient entry of plasmid

Fig. 198.5 Restriction
analysis of plasmids from
B. licheniformis ATCC14580
transformed. Lane M: 1 kb
DNA ladder; Lane 1–2 the
plasmids from transformants
digested by HindIII; Lane 3
the pWB980 from
B. licheniformis ATCC14580
digested by HindIII
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DNA was still obtained in electrocompetent cells with hyperosmotic solutions
during electroporation [8]. In addition, the optimal concentration of glycine in
growth medium of bacteria caused deficiency of the cell-wall. The mechanism was
that the D-alanine residue of peptidoglycan chain was replaced by glycine,
resulting in the interference for the cross linking which influenced the cell-wall
biogenesis [16]. The current study demonstrated that using the pWB980 isolated
from B. licheniformis ATCC14580 in combination with high voltages and the high
osmolarity growth medium containing glycine could observably improve the
transformation efficiency. Besides, the efficiency of the electro-transformation was
affected by the concentration of cells and DNA, respectively.

By this study on the influencing conditions in the electro-transformation
efficiency of B. licheniformis ATCC14580, the optimum parameters on the
electro-transformation efficiency of B. licheniformis ATCC14580 were determined
to improve its transformation efficiency. However, the transformation efficiency of
B. licheniformis was still lower comparied with that of B. subtilis and E.coli. In
order for the wide application of B. licheniformis as an expression system, it is
necessary to develop other transformation methods (such as protoplast transfor-
mation, different electro-transformation methods, and so on) to improve the
transformation efficiency of B. licheniformis.
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Chapter 199
Determination of Folic Acid in Serum
by SPE and High Performance Liquid
Chromatography with Photochemical
Spectrofluorimetry

Caiju Zhou, Haijie Hu and Tong-Cun Zhang

Abstract This paper described a combined high-performance liquid chromatog-
raphy (HPLC) -photochemical spectrofluorimetry/solid-phase extraction (SPE)
procedure for determining the concentration of unmetabolized folic acid in human
serum. After being extracted by SPE (C18-H) column, the serum samples were
irradiated under the UV lamp for 11 h, separated on a C18 HPLC column with
methanol/water as the mobile phases and determined by a fluorescence detector.
Fluorescence excitation and emission wavelengths were at 280 and 443 nm,
respectively. The linear range was 1.9 * 8.0 ng/mL. The recovery was from 88.9
to 123.6 % with RSD in the range of 4.1–6.4 %.

Keywords Folic acid �High-performance liquid chromatography � Photochemical
spectrofluorimetry � Solid-phase extraction

199.1 Introduction

Folic acid (pteroylglutamate), a member of water-soluble vitamin B family, is used
as a drug to treat anemia, mainly for megaloblastic anemia, and also for pernicious
anemia as secondary treatment drug. It is also involved in the biosynthesis of
amino acids and nucleic acids in the human body, and jointly promotes the for-
mation of red blood cells with vitamin B12 [1]. In addition, folic acid is associated
with some other diseases, including neural tube defects [2], colon cancer [3],
cardiovascular disease [4], and childhood mental retardation [5]. Therefore, rapid
and accurate determination of folic acid in human tissue is of great significance for
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the prevention, diagnosis, and treatment of diseases caused by folic acid. Due to its
poor stability, complex composition, and very low content in natural samples, the
analysis of folic acid is a great challenge. The accuracy and sensitivity of folic acid
analysis highly depends on the merits of the extraction method as well as detection
techniques. Currently, there are microbiological assay (MA), radioimmunoassay,
capillary electrophoresis and HPLC [6] to determine folic acid in biological
samples. There are, however, several limitations with MA, e.g., tedious laboratory
work, and multiple interferences from the sample matrix [7, 8]. HPLC method has
a great potential due to its rapid progress of separation and detection techniques, as
well as the possibility of automatizing the purification procedure.

The objective of this work was to develop and validate a simple and sensitive
HPLC method suitable for the determination of folic acid in biological samples.
Folic acid has weak fluorescence, but its fluorescence intensity in hexamethy-
lenetetramine-hydrochloric acid medium was greatly increased after UV irradia-
tion. However, additional purification of human serum prior to HPLC analysis is
necessary in case of interference from the matrix. In this paper, we set out to
improve the lower quantitation limit of the methodology described by Bai
Xiaohong [9]. This improved methodology involves the HPLC fractionation of
unmetabolized folic acid in serum from other folate derivatives, followed by solid-
phase concentration. This method is of high sensitivity, and good selectivity with
satisfactory results.

199.2 Materials and Methods

An Agilent Technologies 1200 liquid chromatographic system (USA) was
equipped with a vacuum degasser (G1322A), a quaternary pump (G1311A), a
column thermostat (G1316A), a fluorescence detector (G1321A), and a Rheodyne
sample injector with 20 mL loop. The ChemStation software controlled the whole
liquid chromatographic system. Folic acid standard substance was supplied by
Sigma (Sigma-Aldrich, C97 %, F7876). HPLC-grade acetonitrile and methanol
were purchased from China National Medicines Corporation Ltd. All other
reagents were of analytical grade, and doubly deionized water was used.

199.2.1 Preparation of Standard Solutions

The concentration of folic acid stock solution was 50 lg/mL. Folic acid was
dissolved in an aqueous solution of 1 mol/L NaHCO3. The solution was stored in a
refrigerator, and was protected from light. Working standard solutions were pre-
pared daily by mixing of the stock standard solutions in appropriate proportions
and diluting with water [10].
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199.2.2 Photochemical Reaction Conditions

The folic acid solution extracted from serum was dissolved with 500 lL of
hexamethylenetetramine-hydrochloric acid medium (pH 5.2) and placed at 5 cm
under UV light (6 w) irradiation for 1, 3, 5, 7, 10, 12, 16, and 19 h prior to the
HPLC analysis.

199.2.3 Chromatographic Conditions

A Kromasil 100RP 18 endcapped (250 9 4.6 mm, 5 lm particle size, Sweden)
and a guard column RP 18 (10 9 4.6 mm, 5 lm particle size, Sweden) were used
for all analyses. The mobile phase of the HPLC system was delivered at a flow rate
of 0.6 mL/min, consisted of H2O/CH3OH (40/60). The injection volume was
20 lL. The fluorimetric detector was operated at an excitation wavelength of
280 nm and at an emission wavelength of 443 nm. The SPE cartridges (C18-H,
500 mg/3 mL, BESEPR) were used for sample clean-up.

199.2.4 Experimental Methods

SPE C18-H column was treated successively with 1 mL of methanol and 1 mL of
deionized water. The 400 lL human serum samples were deproteinized by the
addition of 600 lL of acetonitrile. After vortex mixing for 2 min, the sample was
was greatly increasedwas greatly increased 12,000 r/min for 5 min. The super-
natant was subsequently applied to the solid-phase cartridge after removal of the
organic solvent by N2. The sample was retained on the sorbent for a period of time
and subsequently eluted by 1 mL of aqueous sodium acetate buffer (pH 3.6). The
eluent was collected in a small beaker and evaporated to dryness in a vacuum oven
(60 �C). The dry residue of the vitamin fraction was reconstituted in 500 lL of
hexamethylenetetramine-hydrochloric acid medium (pH 5.2), and was irradiated
under UV lamp for several hours. All solutions were filtered through a 0.45 lm
Teflon membrane filters prior to HPLC analyses. After 1 h, 20 lL of each solution
was injected into the HPLC column.

199.2.5 Method Validation

The method was validated in agreement with the International Conference on
Harmonization Guidelines (ICH, 1996) with regards to its specificity, linearity,
limit of detection (LOD), accuracy, and precision. Linearity was studied by a
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series of folic acid standards, covering the entire working range. Six concentration
levels were used in the range 1.9 * 8.0 ng/mL. Regression analysis revealed
calibration equation with the correlation coefficient.

The inter-day accuracy and precision were evaluated by assaying triplicate
samples of blinded concentrations of folic acid representing low, middle and high
concentrations. The precision was expressed as the relative standard deviation
(RSD). The accuracy was determined by comparing the calculated concentration
from the standard curves to the theoretical concentration.

199.3 Results and Discussion

199.3.1 Photochemical Reaction Conditions

Folic acid itself has weak fluorescence, but its fluorescence intensity in hexa-
methylenetetramine-hydrochloric acid medium (pH 5.2) was greatly increased
after UV irradiation. With the increase of irradiation time, the fluorescence
intensity of folic acid is gradually increased. When the irradiation time is in the
range of 10 * 12 h, the peak height of folic acid reaches its maximum
(Fig. 199.1).

199.3.2 Chromatographic Conditions

A reversed phase Kromasil C18 column was chosen for the separation and
determination of folic acid in human serum. Preliminary studies were carried out
with methanol-water at various volume ratios as mobile phase. When methanol-
water (v/v 60:40) was used as mobile phase, all chromatographic peaks were well
separated without overlapping peaks or tailing peaks. The flow rate was set at
0.6 mL/min. The fluorimetric detector was operated at an excitation wavelength of
280 nm, and an emission wavelength of 443 nm. Under these conditions, the
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representative chromatograms of folic acid in standard solution and human serum
are shown in Fig. 199.2. The serum samples can be effectively adsorbed, and the
eluent can separate folic acid from endogenous interfering substances.

199.3.3 Method Validation

The linearity of the method was established by calculating the calibration curves
determined by the peak height folic acid at different concentrations, in the range of
1.9 * 8.0 ng/mL. Each sample was analyzed in triplicate. The linearity of the
curves was good in the range evaluation. The equation of the calibration curve and
regression coefficient

for folic acid was height = 1.3748C–1.3741, correlation coefficient (R2) 0.9985
(see Fig. 199.3). Thus, a methodology of high sensitivity was demonstrated able to
determine folic acid in human serum. Precision and accuracy data are presented in
Table 199.1. As shown in Table 199.1, the recoveries were from 88.9 to 123.6 %
and the relative standard deviations (RSD) were in the range of 4.1 to 6.4 %
(n = 3).

199.3.4 Application of the Method

The method is suitable for analysis of biological samples, but a preconcentration
step is required to reach quantitation limits. No interference from matrix or noise
was noticed even after concentration. Fifteen serum samples were prepared and
analyzed in order to check the applicability of the method in real clinical samples.

Fig. 199.2 Chromatogram of folic acid standard solution (a) and folic acid in human serum, with
c18-h extraction (b); 1: folic acid
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Range of measured concentrations of folic acid in real human serum samples is
2.62 * 3.21 ng/mL. The mean value is 2.86 ± 0.16 ng/mL with RSD 5.6 %. The
values are at levels similar to those reported [10].

199.4 Conclusion

In our developed method, the folic acid in human serum was separated, identified,
and quantitatively determined by SPE and high-performance liquid chromatog-
raphy with photochemical spectrofluorimetry. Adequate clean-up of biological
samples was achieved by the developed SPE protocol. No interference was
observed in blood serum samples. Endogenous compounds from serum samples
did not interfere. Real sample analysis proved the applicability of this method [11].
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Chapter 200
Design and Synthesis
of 2-Arylbenzothiazole Analogues
as Novel SIRT1 Activators

Shaolong Jia, Fei Hu, Yinghao Gao, Qiuyue Wang, Yingying Wang
and Erbing Hua

Abstract SIRT1 is a protein deacetylase that has emerged as a therapeutic target
for the development of activators to treat diseases such as type II diabetes, cancer,
cardiovascular, and neurodegenerative diseases. Resveratrol, a naturally occurring
small molecule activator of SIRT1, has been reported to extend lifespan in yeast,
caenorhabditis elegans, drosophila and rodents, then it also has been demonstrated
to improve metabolism and glucose tolerance. Oxazolo[4,5-b]pyridines (OAP),
recently showed moderate activation of SIRT1. Importantly, these compounds
were more potent than resveratrol. In this work, we design and synthesize a series
of compounds as novel potential SIRT1 activators through a two-step convenient
synthetic procedure. Ten 2-Arylbenzothiazole analogs were characterized on the
basis of 1H NMR spectral.

Keywords Synthesis � 2-Arylbenzothiazole analogs � SIRT1 activator � Type II
diabetes

200.1 Introduction

The sirtuins are a family of enzymes that catalyze the NAD+-dependent deacet-
ylation of e-acetyl-Lys residues of proteins [1–3]. Interest in these enzymes stems
from the roles they are thought to play in human disease. Of particular interest is
SIRT1, which has been implicated in a number of age-related diseases and
biological functions involving cell survival, apoptosis, stress resistance, fat stor-
age, insulin production, and glucose and lipid homeostasis [4, 5]. Moreover,
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SIRT1-activating compounds (STACs) have been developed that produce
biological effects consistent with direct SIRT1 activation. At the molecular level,
the mechanism by which STACs activate SIRT1 remains elusive [6–9].

Resveratrol (1), a naturally occurring small molecule activator of SIRT1, has
been reported to extend lifespan in yeast [10], Caenorhabditis elegans, drosophila
[11], and rodents [12]. When administered to rodents, resveratrol has been
demonstrated to improve metabolism and glucose tolerance, as well as overall
physical performance in various stress tests [13].

Previous studies analyzed one notable series of SIRT1 activators identified
through the HTS was the oxazolo[4, 5-b]pyridines (OAP), as exemplified by
compounds 2 and 3 (Fig. 200.1). These compounds showed moderate activation of
SIRT1, with EC1.5 = 6 lM, 240 % max act, and 25 lM, 207 % max activation,
respectively. Importantly, these compounds were more potent than resveratrol, 1,
(EC1.5 = 46 lM, 200 % max act) and were amenable to analog synthesis at
several different points on the scaffold [9, 14].

On that basis, numerous efforts have been devoted to discover novel activators of
SIRT1. We synthesis 2-Arylbenzimidazole as newly scaffold instead of the nuclear
structure of the oxazolo[4, 5-b]pyridines (OAP), then ten 2-Arylbenzothiazole
analogs as the novel potential SIRT1 activators were synthesized. The aim of this
work is to explore new template structures for novel potent SIRT1 activators.

200.2 Materials and Methods

200.2.1 Materials and Measurements

All reagents and solvents used were of reagent grade. Reaction temperatures were
controlled by oil bath temperature modulator. Thin layer chromatography (TLC)
was performed using E. Merck silica gel GF254 plates (0.25 mm). Silica gel
(particle size 20–400 mesh) was used for flash chromatography. 1H spectra were
recorded on Bruker AM-400 NMR spectrometers in deuterated chloroform.

N N

O

HN
O

O O

N N

O

HN
O

N

HO

OH

OH

1 2 3

Fig. 200.1 Resveratrol (1), and the oxazolo[4,5-b]pyridines (2 and 3)
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200.2.2 Experimental Methods

The route to synthesis of 2-Arylbenzothiazole intermediate and analogues was
presented in Fig. 200.2.

The methods of synthesizing and purifying intermediate were as follows
2-aminobenzenethiol (4 g, 32 mmol), 3-aminoben zoic acid (4.38 g, 32 mmol),

and PPA (44 g) were added into 250 mL round-bottom flask, then the reaction
mixture was allowed to be heated to 180 �C by oil bath and kept reflux for 6 h.
After the reaction was completely finished, the reaction mixture was poured slowly
into ice water and the resulting mixture basified with solid NaOH and NaHCO3. At
pH 8–10 the precipitate was filtered, washed with water and dried to obtain the
crude product, which purified by flash column chromatography (silica gel,
petroleum ether: ethyl acetate = 8:1).

Preperation of compounds 1–10 from intermediate1 with organic acids was
as follows

In a round-bottomed flask, aromatic carboxylic acid (1.2 mmol) was dissolved in
suitable amount of CH2Cl2 (25 ml), followed by adding EDCI� HCl (1.5 mmol),
Et3 N (2 mmol), DMAP (0.5 mmol), and compound 1 (1 mmol). Then the reaction
mixture was allowed to be heated to 50 �C and kept reflux for 6 h. After cooling the
reaction mixture was poured into a 100 ml separating funnel, then water was added,
and then extracted by using CH2Cl2, the organic layer was washed successively by
water, saturated salt water, and then dried by sodium sulphate. These compounds
were purified by flash column chromatography.
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Fig. 200.2 Reagents and conditions: a PPA, 180 �C, 6 h; b CH2Cl2, EDCI� HCl, DMAP, Et3N,
50 �C, 6 h
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200.2.3 Syntheses

2-(20-aniline) benzothiazole (intermediate)
A white solid, 80.5 % yield.
1H NMR (400 MHz, CDCl3)d (ppm) 8.088 (d, J = 8 Hz, 1H), 7.922

(d, J = 8 Hz, 1H), 7.386–7.531 (m, 4H), 7.51 (t, J = 7.6 Hz, 2H), 7.294
(t, J = 8 Hz, 1H), 6.833 (dd, J = 2, 2.4 Hz, 1H), 3.865 (s, br, 2H).
2-Arylbenzothiazole analogs 1

A white solid, 59.7 % yield.
1H NMR (400 MHz, CDCl3)d (ppm) 8.270 (s, 1H), 8.071 (d, J = 8 Hz, 1H),

7.990 (dd, J = 1.6, 1.6 Hz, 1H), 7.925 (d, J = 7.2 Hz, 2H), 7.844 (d, J = 8 Hz,
1H), 7.797 (d, J = 8.4 Hz, 2H), 7.695 (d, J = 8.4 Hz, 2H), 7.571 (m, 1H),
7.490–7.543 (m, 2H), 7.410 (t, J = 8 Hz, 1H).
2-Arylbenzothiazole analogs 2

A white solid, 52.4 % yield.
1H NMR (400 MHz, CDCl3)d (ppm) 8.682 (s, 1H), 8.028 (d, J = 7.2 Hz, 2H),

7.850 (d, J = 8 Hz, 2H), 7.501–7.639 (m, 5H), 7.314–7,457 (m, 1H), 7.063–7.011
(m, 1H), 3.435 (s, 3H).
2-Arylbenzothiazole analogs 3

A white solid, 49.6 % yield.
1H NMR (400 MHz, CDCl3)d (ppm) 8.280 (t, J = 2 Hz, 1H), 8.076 (d,

J = 8 Hz, 1H), 7.997 (dd, J = 2, 1.2 Hz, 1H), 7.926 (d, J = 8 Hz, 2H), 7.849 (d,
J = 8 Hz, 1H), 7.487–7.538 (m, 2H), 7.406 (t, J = 8 Hz, 1H), 7.016 (d, J = 2 Hz,
2H), 6.647 (t, J = 2.4 Hz, 1H), 3.871 (s, 6H).
2-Arylbenzothiazole analogs 4

A white solid, 39.5 % yield.
1H NMR (400 MHz, CDCl3)d (ppm) 8.238 (s, br, 1H), 8.054 (d, J = 8 Hz,

2H), 7.910 (d, J = 8 Hz, 1H), 7.828 (d, J = 8 Hz, 1H), 7.681–7.717 (m, 1H),
7.489 (t, J = 8 Hz, 2H), 7.389 (t, J = 8.4 Hz, 1H), 7.324 (t, J = 8.4 Hz, 1H),
6.600 (d, J = 8.4 Hz, 2H), 3.841 (s, 6H).
2-Arylbenzothiazole analogs 5

A white solid, 62.5 % yield.
1H NMR (400 MHz, CDCl3)d (ppm) 8.275 (s, br, 1H), 8.100 (d, J = 8 Hz,

2H), 7.954 (d, J = 8 Hz, 2H), 7.859 (d, J = 8 Hz, 1H), 7.518–7.574 (m, 2H),
7.438 (t, J = 8 Hz, 1H), 7.151 (s, 2H), 3.992 (s, 6H), 3.955 (s, 3H).
2-Arylbenzothiazole analogs 6

A white solid, 65.2 % yield.
1H NMR (400 MHz, CDCl3)d (ppm) 8.138 (s, br, 1H), 8.057 (d, J = 8 Hz,

1H), 7.907 (d, J = 8 Hz, 1H), 7.814 (t, J = 8.4 Hz, 2H), 7.372–7.515 (m, 4H),
2.217 (s, 3H).
2-Arylbenzothiazole analogs 7

A white solid, 58.2 % yield.
1H NMR (400 MHz, CDCl3)d (ppm) 8.273 (t, J = 2 Hz, 1H), 8.074 (d,

J = 8 Hz, 1H), 7.989 (dd, J = 1.6, 1.6 Hz, 1H), 7.926 (d, J = 7.2 Hz, 2H), 7.856
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(d, J = 8 Hz, 1H), 7.782 (d, J = 8.4 Hz, 2H), 7.664 (d, J = 8.4 Hz, 2H),
7.490–7.543 (m, 2H), 7.410 (t, J = 8 Hz, 1H).
2-Arylbenzothiazole analogs 8

A white solid, 41.3 % yield.
1H NMR (400 MHz, CDCl3)d (ppm) 8.460 (s, br, 1H), 7.895 (d, J = 7.6 Hz,

1H), 7.811 (s, 1H), 7.635 (d, J = 8.4 Hz, 2H), 7.467–7.506 (m, 3H), 7.395
(t, J = 8.4 Hz, 1H), 7.270-7.204 (m, 4H), 2.533 (s, 3H).
2-Arylbenzothiazole analogs 9

A white solid, 45.9 % yield.
1H NMR (400 MHz, CDCl3)d (ppm) 8.885 (t, J = 2 Hz, 1H), 8.713 (s, 1H),

8.478 (d, J = 8.4 Hz, 2H), 7.760–7.938 (m, 3H), 7.677 (d, J = 7.6 Hz, 1H),
7.535–7.595 (m, 2H), 7.185–7.254 (m, 2H).
2-Arylbenzothiazole analogs 10

A white solid, 37.3 % yield.
1H NMR (400 MHz, CDCl3)d (ppm) 10.469 (s, br, 1H), 8.917 (s, br, 1H),

8.345 (s, 1H), 8.082 (d, J = 8 Hz, 1H), 8.032 (dd, J = 1.2, 1.2 Hz, 1H), 7.926 (d,
J = 8 Hz, 1H), 7.835 (d, J = 8 Hz, 1H), 7.669 (d, J = 2.4 Hz, 1H), 7.505
(t, J = 8 Hz, 2H), 7.404 (t, J = 7.6 Hz, 1H), 7.009 (d, J = 2.4 Hz, 1H).

200.3 Results and Discussion

In a word, we have synthesized an intermediate and ten 2-Arylbenzothiazole
analogs by using cyclization and acylation. We will carry out the cell experiment
(in vitro) and mice experiment (in vivo) that test the activity of these compounds
for the treatment of type II diabetes. Moreover, thiazolidinedione (TZDs) [15, 16],
is also the analogs of these compounds, which has been confirmed to enhance
signal transduction of insulin and its target receptor, and improve the sensitivity of
insulin to its target organization to lower blood sugar effectively [17–20]. We
believe this work will build basic study for looking for a new promising lead
compound toward new targets.
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Chapter 201
UV-B Irradiation Regulates Apoptosis
in Yeast

Kun Chen, Nailong Liang, Jing Yang and Hua Zhao

Abstract UV-B irradiation-induced reactive oxygen species (ROS) generates
apoptosis. UV-B irradiation is known as an agent to modulate apoptosis in human
cells as well as plants, but the mechanisms of apoptotic regulation of Saccharo-
myces cerevisiae are not well established. The aim of our work is to evaluate the
influence of continuous UV-B irradiation on defense mechanisms of antioxidants
against cell death. To understand adaptive stress response during natural and
artificially modulated (UV-B-induced) apoptosis, cells were adapted to sub-lethal
dose of UV-B irradiation for 96 h or not. UV-B-induced apoptosis was revealed by
cell death assay and DNA fragment assay. Oxidative damage induced by ROS was
confirmed by SDS-PAGE. A sharply decrease of activity of antioxidant enzymes
was appeared both in UV-B treated and control cells. By contrast, in continuous
irradiated yeast cells, the level of SOD, CAT, and GR activity was increased by
1.1-, 1.1-, and 1.3-fold than those in control of 96 h, respectively. The contents of
low-molecular weight antioxidants as trehalose and ergosterol increased but
without significant changes in control. The results suggested that accumulation of
antioxidants induced by UV-B would suppress apoptosis and played a main role to
protect cells from death.
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201.1 Introduction

Stratospheric ozone depletion leads to enhanced UV-B irradiation. UV-B irradi-
ation is a relatively minor component of sunlight but has a substantial impact on
the biosphere because of their high energy [21]. UV-B irradiation is potentially
harmful to all organisms and known to cause macromolecular damage and inhibit
cellular processes. Therefore, the capacity of different reproductive cells to cope
with UV-B irradiation was recently investigated in the laboratory [8, 11, 15].

UV-B irradiation, however, is not solely an agent of damage. It also regulates
UV-protective responses and developmental processes that act as an informational
signal [14, 34]. In UV-protective responses, both enzymatic and non-enzymatic
antioxidant mechanisms play a significant role against reactive oxygen species
(ROS) induced oxidative damage to cells components. ROS has a central role in all
cases of yeast apoptosis [20]. Superoxide dismutase (SOD), converting O2- to
H2O2, and catalase (CAT), converting H2O2 to water, have been reported to rep-
resent a strong enzymatic defense system to scavenge ROS in Arctic amphipods
[31], and small molecule ROS scavengers (vitamins C, E, b-carotene, tralalose,
ergosterol and fibrous polysaccharide, and other redox active thiols) function as
free-radical chain breaking agents and singlet oxygen (IO2) quenchers [22].

Apoptosis, or programmed cell death, is a physiological cellular response to and
mediated by environmental stress [29, 32]. UV-B irradiation is widely known to be
used as an apoptosis agent. For instance, in plants, UV-B irradiation was reported
not only to damage DNA, generate ROS, and inhibit photosynthetic reactions, but
also in some cases to cause necrosis [34]. In mammalian cells, UV-B irradiation
is also reported as one of the most common DNA damage and apoptosis agents
[9, 18, 35].

Recently apoptosis is also discovered in unicellular organisms such as bacteria
and yeast. As it is known that Saccharomyces cerevisiae (S. cerevisiae) regularly
withstands fluctuations including available nutrients, temperature, and the variable
presence of noxious agents such as radiation and toxic chemicals [10], we selected
yeast S. cerevisiae as a valuable model in this study. Previous works have been
investigated that UV irradiation can promote cell cycle and morphological alter-
ations as indicative of apoptosis, and relative genes affecting UV radiation sen-
sitivity [4, 6, 24], but the mechanisms of yeast S. cerevisiae, especially
mechanisms by UV-B irradiation are not well established. It was found that
enhanced activities of antioxidant enzymes mediated by NO can effectively protect
plants from UV-B damage [27]. It was also reported that the protection of Copper,
zinc-superoxide dismutase from UV-B-induced apoptosis of human keratinocytes
is associated with the increased levels of antioxidant enzymes [30]. Therefore, we
presume that many similarities may occur among yeast, plants, and mammalian
cells. The aim of this work was mainly to address the alteration effects of con-
tinuous UV-B irradiation on cell growth and antioxidant defense mechanisms and
associated activity of antioxidants in S. cerevisiae apoptosis.
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201.2 Materials and Methods

201.2.1 Strains and UV-B Exposure

Wild-type strains S. cerevisiae (American Type Culture collection) were used as
control strains for the comparison against UV-B stress. Prior to treat with UV-B
irradiation, cells were aerobically grown in a nutrient-rich improving YEPD liquid
medium (4 % (w/v), glucose; 0.5 % (w/v), yeast extract; 0.5 % (w/v), (NH4)2SO4;
1 % (w/v), KH2PO4; 0.5 % (w/v), MgSO4�7H2O; equipped with citric acid buffer
at 30�C by shaking at 70 rpm for 20–30 min of recovery, and up to Mid-log phase
(OD600 = 1.0). Cells were then transferred to UV-B chamber at 28–30�C on a
rotary shaker (50–60 rpm) for 96 h or more. UV-B chamber was equipped with a
15 W UV-B light (Spectronics, Inc., Westbury, New York, USA) covered with
new cellulose acetate film. The light ranges from 290 to 320 nm and emitted most
of its energy (80 %) with an emission peak at 312 nm. UV-B irradiation was
administered in a single dose of 24 J/m2 (50 cm distance) with the aid of a UV
radiometer. In the experimental stage, glucose was added to the culture and pH
was adjusted regularly in order to the content of the yeast normal living.

201.2.2 Cell Death and DNA Fragmentation Assay

Cells were harvested during 0, 24, 48, 72 and 96 h irradiation under different
conditions, and washed three times with deionized water and resuspended, then
diluted to an optical density of 1.0 at 600 nm (OD600). 0.2 ml of each sample was
then spotted on a YEPD agar media (1 % (w/v), yeast extract; 2 % (w/v), peptone;
2 % (w/v), dextrose) for 2 or 3 days at 30�C in order to monitor cell death. The
viability was expressed as percent survival (100 %) and cell numbers were mea-
sured by counting of colonies for units (CFU).

In order to detect UV-B irradiation-induced apoptosis, DNA fragmentation
assay was performed. Genomic DNA from S. cerevisiae was isolated according to
the method described by Adams et al. [1]. Samples were precipitated with iso-
propanol and then electrophoresed on 2 % agarose gels. The approximate amount
of DNA detected in the gel was assessed by densitometry of photographic nega-
tives [28].

201.2.3 Protein Sample Preparation

The yeast cell walls were utilized as a proteolytic enzyme to break down and stop
irradiation process. Crude cellular protein extracts were prepared according to the
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method described by Ilsup et al. [13]. The protein concentration was determined by
the Bradford method (Bio-Rad, Hercules, USA).

201.2.4 Activities of Enzymatic Antioxidants and Low-
Molecular Weight Antioxidants Extract
and Measure

The activity of SOD was assayed at 406 nm as the inhibition of quercetin oxidation
by superoxide anion [7]. One unit was the amount of enzymes that one unit was
determined as the amount of soluble protein of supernatant which inhibited the
maximal rate of quercetin oxidation by 50 %. Catalase activity was determined
with the decrease absorbance at 240 nm by the decomposition of hydrogen per-
oxide [19]. The activity of glutathione reductase (GR) was measured by following
the consumption of NADPH in a reaction medium [7]. The content of trehalose and
ergosterol was measured by the methods of Liang et al. [17] and Shang et al. [25].

201.2.5 Oxidative Damage to Proteins

Protein samples (30 mg per lane) were separated by 10 % SDS-polyacrylamide
gel electrophoresis. Cellular carbonyl contents were measured at 368 nm [23].
Matrix-assisted laser desorption ionization-time of flight-mass spectrometry
(MALDI-TOF-MS) was used to analyze immunochemical detection of protein
carbonyls and mass spectrometry by using rabbit anti-DNP antibodies diluted
1:1000 [5].

201.3 Results

201.3.1 Cell Death and DNA Fragmentation Assay

Wild-type yeast cells were selected as a model to study whether cells survival on
UV-B irradiated was decreased relative to UV-B irradiation in vitro or not. The
same strains were cultivated in flasks and then were displayed under a UV-B light
in phases during 24, 48, 72 and 96 h of continuous irradiation on the distance
50 cm. The survival of the UV-B irradiated cells was illustrated in Fig. 201.1,
which was marked lower than the control cells (P \ 0.05). UV-B irradiation
induced apoptosis was shown in Fig. 201.2. It was clear that lane 4, 5, and 6 with a
little trail which is so-called ‘‘fragmentation’’. Comparison between lane 4, 5, and
6, cells treated with 24 h and 48 h has fewer fragment than ones treated with 72 h,
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but significant different to the ‘‘no trail’’ lane 1, 2. Chromatin fragmentation was
15.6 % of total DNA in lane 4, 18.7 % in lane 5, and 30.1 % in lane 6.

The results are mean ± S. D.; n = 3. Hatched bar: UV-B treated; Open bar:
control. P \ 0.05 compared with control.

Lane 1, non-irradiated; Lane 2, 0 h of UV-B irradiation; Lane 3, molecular size
markers; Lane 4, 24 h; Lane 5, 48 h; Lane 6,72 h. The results were mean ± S. D.;
n = 3.

Fig. 201.1 Effect of UV-B
irradiation on yeast S.
cerevisiae cell death after
96 h of UV-B irradiation

Fig. 201.2 DNA
fragmentation derived from
yeast S. cerevisiae after 96 h
of UV-B irradiation
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201.3.2 Activities of Enzymatic and Non-enzymatic
Antioxidants

Significant reduction of activity of antioxidative enzymes was established as well
as the increasing of contents of low-molecular weight antioxidants as a result of
intensive exposure to UV-B irradiation in artificially modulate apoptosis was
shown in Table 201.1.

In non-irradiated yeast cells, there was a transient increasing occurred during
early phase, and the activity reached a maximum value at 624.9 U/mg of protein
(data not shown), whereas UV-B irradiated cells decreased directly. However, the
SOD activity of non-irradiated yeast cells was 11.4 % lower than the continuous
UV-B irradiated cells at 96 h. Similar phenomena were happened in CAT and GR
activity. The relative CAT and GR activity was finally increased by 1.1- and 1.3-
fold than those in control after 96 h irradiation, respectively. On the other hand,
the increasing contents of low-molecular weight antioxidants were represented as a
bell-shaped curve, and the maximum content of trehalose and ergosterol (3.9 mg/g
and 0.4 mg/g higher than control at the same phase) was obtained at 60 and 84 h
respectively.

201.3.3 Oxidative Damage to Proteins

The degree of protein damage resulting from continuous UV-B irradiation treat-
ment was shown in Fig. 201.3. Carbonyl contents were gradually augmented after
the directly UV-B-treated conditions, whereas in control these contents were
unaltered. Proteins of interest as major targets of UV-B-induced oxidative damage
were also detected (Fig. 201.3b): translation elongation factor eEF-2, heat shock

Table 201.1 Enzymatic and non-enzymatic defense mechanism activated by continuous UV-B
irradiation compare to controls

UV-B irradiation (/h) Enzymatic Non-enzymatic

SOD CAT GR Trehalose Ergosterol

0 Stress 614.2 ± 17.0 30.7 ± 0.7 15.2 ± 0.3 110.2 ± 1.5 14.5 ± 0.5
Control 614.2 ± 16.7 30.7 ± 0.9 15.2 ± 0.3 110.2 ± 1.7 14.5 ± 0.4

24 Stress 563.4 ± 16.7 28.6 ± 0.9 13.6 ± 0.3 112.1 ± 1.8 14.9 ± 0.3
Control 615.4 ± 17.0 29.7 ± 0.6 14.3 ± 0.2 110.4 ± 1.6 14.8 ± 0.4

48 Stress 451.8 ± 16.0 25.4 ± 1.1 12.7 ± 0.2 114.3 ± 2.0 15.3 ± 0.5
Control 467.3 ± 16.4 26.8 ± 1.3 12.6 ± 0.2 111.5 ± 2.1 14.9 ± 0.6

72 Stress 289.1 ± 16.4 20.2 ± 0.9 11.9 ± 0.2 114.7 ± 2.1 15.4 ± 0.5
Control 258.6 ± 15.8 19.9 ± 0.5 10.9 ± 0.2 110.8 ± 1.9 15.0 ± 0.3

96 Stress 156.5 ± 14.9 16.1 ± 1.3 11.2 ± 0.3 112.9 ± 1.4 15.2 ± 0.4
Control 145.1 ± 14.8 14.6 ± 0.5 9.7 ± 0.2 110.7 ± 1.5 14.7 ± 0.4

The values were expressed in U (g protein)-1 or mg g-1 , the results are mean ± S. D.; n = 3
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protein 70 (Ssa2p), pyruvate decarboxylase, enolase, glyceraldehydes-3-phosphate
dehydrogenase, and 60S ribosomal protein L7.

Cellular carbonyl content and damaged proteins were detected. Exponentially
growing cells (OD600 of 1.0) were treated with UV-B irradiation for 96 h after
adaptation or not. (a) Carbonyl contents in treated cells. The results are mean ± S.
D.; n = 3. Hatched bar: UV-B treated; Open bar: control. P \ 0.05 compared with
control. (b) Major oxidatively damaged proteins were detected by anti-2,
4-dinitrophenol-immunostaining. Detected bands were well-identified by matrix-
assisted laser desorption ionization-time of flight-mass spectrometry (MALDI-
TOF-MS) such as: (1) translation elongation factor eEF-2; (2) heat shock protein
70 (Ssa2p); (3) pyruvate decarboxylase; (4) enolase; (5) glyceraldehyde-3-phos-
phate dehydrogenase; (6) 60S ribosomal protein L7.

201.4 Discussion

The results obtained in this work demonstrated the relationship between contin-
uous UV-B irradiation and cell death and apoptosis in S. cerevisiae. By virtue of
the high homology in structure and function of yeast and mammalian, S. cerevisiae
was used as an in vitro model to probe the response mechanism to continuous UV-
B exposure. Owing to the depletion of nutrients by fast-growing cells so that slow-
growing ones did not reach a detectable size, glucose and pH were adjusted
regularly in order to content the yeast normal living. Earlier report has showed that
the growth of fungi on the soil surface in the Antarctic terrestrial environment was

Fig. 201.3 Patterns of proteins of interest as major targets of UV-B-induced oxidative damage
were detected after 96 h of UV-B irradiation a Carbonyl contents in treated cells. The results are
mean ± S. D.; n = 3. Hatched bar: UV-B treated; Open bar: control. P \ 0.05 compared with
control. b Major oxidatively damaged proteins were detected by anti-2, 4-dinitrophenol-
immunostaining
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inhibited by Solar UV-B Radiation [12], our results was consistent with it
(Fig. 201.1). Through manipulating apoptosis and cell death, UV-B irradiation
modulated cell proliferation or differentiation was discovered. In previous study, it
was well documented a typical set of morphological events including chromatin
condensation, DNA and nuclear fragmentation, cell shrinkage, plasma membrane
blebbing, increased numbers of cytosol vacuoles, and formation of apoptotic
bodies followed by phagocytes digestion after UV-B irradiation [6]. Here, we
sought to limit the study to apoptosis by using UV-B irradiation. Confirmed by
DNA fragment analysis (see Fig. 201.2), it was suggested that the generation of
UV-B-induced apoptosis was promoted at early stage and time-dependent. How-
ever, high survival of irradiated cells explained that UV-B irradiation was not
extremely lethal to yeast cells, but has possibly an additional cellular functions for
UV-B irradiation-induced apoptosis by activation of both receptor-mediated and
mitochondrion-initiated cell death pathways [3].

Up to now, there was little study that has examined the oxidative damage by
UV-B irradiation on S. cerevisiae in vitro. We augmented free ion in order to
enhance higher toxic ROS generation. UV-B-induced ROS as oxidant could
damage a wide range of cellular biological molecules including carbohydrates,
nucleic acids, lipids, and proteins [16]. In zymograms analysis, six proteins of
interest as major targets of UV-B-induced oxidative damage were shown in
Fig. 201.3b. Similar manners to MD or Copper, proteins showed multiple effects
on cellular physiology and server as a rapid-response mechanism to help cells
confront in damage [2, 26].

Our results also provided direct evidences that UV-B irradiation are involved in
antioxidant defense mechanisms. Previous researchers reported that SOD and CAT
act to defend S. cerevisiae against hydrogen peroxide or menadione [2, 8], the
SOD, CAT, and GR activity were also detected in present work. Compared to the
control, the relatively increased activities under the influence of UV-B irradiation
was testified protective processes in yeast cells. A strong positive correlation
(R2 = 0.9754, R2 = 0.9915) among SOD, CAT, and GR activities has been fur-
ther examined in Fig. 201.4. It was suggested that both of these activities played
an important role in S. cerevisiae survival after continuous UV-B irradiation.
These activities might represent the function of maintaining the necessary oxidant/
antioxidant balance, rather than the optimal leads to development of oxidative
stress. The immediate reduction of enzymatic antioxidants activity after exposure
to UV-B radiation during 48 h was the evidence of already non-irreversible
damages in yeast cells. And the defense against UV-B-induced ROS required to
balance increments in antioxidant enzymes and cannot automatically be improved
by increase in the activity of single enzymes.

In addition, an increasing contents of low-molecular weight antioxidants after
UV-B irradiation in contrast to non-irradiated ones was observed, which could be
considered as adaptive and protective reaction preventing from cell death. Tre-
halose is a non-reducing disaccharide which is account for a stress metabolite
signal. For it is associated with the level of H2O2 (which is one of ROS), a large
accumulation of trehalose in response to different kinds of stress appears to be
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crucial to ensure proper protection of cell integrity [33]. It is also true that spores
with high trehalose content become more resistant against extreme environmental
circumstances. Ergosterol is another protective substance, a main sterol in yeast
cells and is responsible for structural membrane features such as integrity, fluidity,
permeability, and the activity of membrane-bound enzymes [25]. UV-B irradiation
also increased the contents of other low-molecular weight antioxidants. For
example, it was reported that fibrous polysaccharide would remain intact under
UV irradiation stress during the whole process, which could explain why cells
undergoing apoptosis were, at least apparently, the same size as normal cells [6].
Thus, our results showed that both enzymatic and non-enzymatic defense mech-
anism could be modulating by UV-B irradiation in protective cell from apoptosis.

Our results demonstrated that increased antioxidative defense mechanism sig-
nificantly suppressed UV-B-induced apoptosis. The results of DNA fragment assay
indicated that the increased antioxidative defense mechanism did not protect the
genome from UV-B-induced DNA damage. It is already known that overexpres-
sion of SelH decreases the ROS level and sustains cell viability in human cells [3].
Thus, we presumed that UV-B-induced genes associated with specific proteins of
antioxidative defense mechanism would involve in ameliorating oxidative stress
and repairing UV damage and further use of the yeast deletion collection for
synthetic lethal mutants to identify among genes with roles in S. cerevisiae under
UV-B irradiation.
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