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^Äëíê~Åí= A thermo stable xylanase was purified from píêÉéíçãóÅÉë=íÜÉêãçÅó~åÉçîáçä~ÅÉìë M049 for the production of xylooligo-
saccharides from xylan. The enzyme showed thermostability by maintaining 65% of remaining enzyme activity after 1 h 

heat treatment at 70°C. The molecular weight of the purified protein was 35 kDa in SDS-PAGE, and the optimal pH and 

temperature for the enzymatic activity were pH 5.0 and 60°C, respectively. N-terminal amino acid sequences of the puri-

fied xylanase, DTITSNQTGTHNGYF, were similar to StxII from pK= íÜÉêãçîáçä~ÅÉìë and XlnB from pK= äáîáÇ~åë. Using 
those two genes, ëíñff=~åÇ=ñäå_ as probe DNA, a gene encoding xylanase, ñóå_, was cloned from genomic library of pK=
íÜÉêãçÅó~åÉçîáçä~ÅÉìë M049. The open reading frame of the ñóå_ was composed of 1008 nucleotide sequences. 
Compared to N-terminal sequences from purified enzyme, it was proposed that the XynB contained a 40 amino acid long 

signal peptide to the N-terminus. For easy production and purification, a XynB overproduction strain was constructed us-

ing pET21a(+) and strain bK=Åçäá BLR(DE3). Consequently, the recombinant enzyme was tested for the production of xy-
looligosaccharides through TLC and HPLC analyses. © KSBB 

 

hÉóïçêÇëW=Streptomyces thermocyaneoviolaceusI=íÜÉêãçëí~ÄäÉ=ñóä~å~ëÉI=xynBI=uóäççäáÖçë~ÅÅÜ~êáÇÉë=

 

 

 

 

INTRODUCTION 

 

Xylan is a polymer with a backbone chain of 1,4-linked β-
D-xylopyranose that could be substituted with glucuronic 
acid and 4-o-methyl-D-glucuronic acid or L-arabinose, and it 
is the most abundant renewable hemicellulose comprising a 
major constituent of plant cell walls [1,2]. Xylan can be hy-
drolyzed to xylose through the enzymatic reactions of both 
endo-1,4-β-D-xylanase (1,4-β-D-xylan xylanohydrolase; EC 
3.2.1.8), an enzyme degrading xylan backbone into xylooli-
gosaccharides, and exo-β-D-xylosidase (1,4-β-D-xylan xy-
lohydrolase; EC 3.2.1.37), an enzyme degrading xylooligo-
saccharides into the final product as xylose [3-8]. 

Xylanase has been used in various fields such as the food, 
animal feed, and the pulp or paper industry [9,10]. Xylooli-
gosaccharides, the main xylan hydrolysates of endoxylanase, 
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have been considered a very useful nutrient factor of human 
intestinal Bifidobacteria [11-15]. Bifidobacteria have been 
considered as useful probiotics, as they have been shown to 
lower incidence of food allergies [16] and delay proliferation 
of several tumor types [17]. Many xylanases have been puri-
fied and characterized from various microbial sources such as 
Bacillus species, fungi, Streptomyces species, and yeasts [18-
22]. Generally, higher thermostability and broader pH stability 
of the enzyme are being demanded by the industrial requests. 

In this study, we have purified, cloned, and overproduced a 
thermostable endo-xylanase from a strain, S. thermocyaneo-
violaceus M049, for production of xylooligosaccharides from 
xylan.  

 
 

MATERIALS AND METHODS 
 

_~ÅíÉêá~ä=píê~áåëI=mä~ëãáÇëI=~åÇ=jÉÇá~ 

 
For screening thermostable xylanase, S. thermocyaneo-



PVO=

 

violaceus KCCM 40049 was obtained from the Korean Cul-
ture Center of Microorganisms (Seoul, Korea) and it was used 
as a wild type strain for purification and cloning of xylanase. 
The strain was cultured in XM media (xylan, 1.0%; yeast ex-
tract, 0.1%; bacto-peptone, 0.1%; MgSO4·7H2O, 0.05%; 
FeSO4· 7H2O, 0.005%; KH2PO4, 0.05%; and K2HPO4, 0.2%) 
for 24 h at 50oC, 200 rpm. The optimal xylanase production 
was obtained as the strain was grown in WB media (wheat 
bran, 0.8%; yeast extract, 0.06%; bacto-peptone, 0.06%; 
MgSO4· 7H2O, 0.05%; FeSO4·7H2O, 0.005%; KH2PO4, 
0.05%; and K2HPO4, 0.2%) for 24 h at 50oC, 200 rpm. 

The E. coli strains, DH5α and BLR(DE3) and its deriva-
tives, were maintained and grown as described previously [20]. 
Bacteriophage λBlueSTAR (Novagen, Germany) was used as 
a vector for the construction of the DNA library. The E. coli 
BM 25.8 (supE, thi, Δ(lac-proAB) (F', traD36, proA

+
B

+, 

lacI
q
ZΔM15), λimm434(kan

R) P1(cam
R), and hsdR (rK12

- mK12

+); 
Novagen, Germany) and the E. coli ER1647 (F-

, fhuA2, Δ 
(lacZ)r1, supE44, recD1014, trp31, mcrA1272:: Tn10(tet

R), 
his-1, rpsL104(strR), xyl7, mcl2, metB1, Δ (mcrC -mrr)102:: 
Tn10 (tet

R), and hsdS (rK12

- mK12

-); Novagen, Germany) were 
used as a strain expressing cre recombinase (BM 25.8) or a λ-
phage transpectable strain (ER1647). Plasmid pET21a(+) (Apr, 
lacI

q, and PT7; Novagen, Germany) was used for the overex-
pression plasmid vector and plasmid pUC119 (Apr, Plac, lacZ, 
and M13G) [23] was used for general subcloning. 
=
mìêáÑáÅ~íáçå=çÑ=uóä~å~ëÉ 

 
The culture filtrate of the S. thermocyaneoviolaceus was 

saturated with 50% ammonium sulfate and then the precipi-
tated pellet was resuspended in a 50 mM Tris-HCl buffer (pH 
8.6) and dialyzed against the same buffer three times over for 
8 h. The dialyzed crude solution was loaded on a DEAE 
Sephadex A-50 ion exchange column pre-equilibrating with a 
50 mM Tris-HCl buffer (pH 8.6). The bound proteins were 
eluted by a linear NaCl gradient (from 0.2 M to 0.6 M). Frac-
tions containing xylanase activity were carefully selected and 
concentrated. For further purification, the concentrated sample 
was loaded on a Sephacryl S-200 HR gel filtration column and 
eluted with a 50 mM sodium phosphate buffer (pH 7.0). 
YM10 membrane (Amicon, Beverly, Mass, USA) was used 
for concentration of the crude enzyme solution. The protein 
concentration was determined by the absorbance at 280 nm 
or using the Bradford method [24] with bovine serum albu-
min (BSA) as a standard protein at 595 nm. SDS-PAGE 
(sodium dodecyl sulfate polyacrylamide gel electrophoresis) 
was conducted by the method described by Jung et al [25]. A 
low range molecular calibration kit (bovine serum albumin, 
66 kDa; ovalbumin, 45 kDa; glyceraldehyde-3-phosphate 
dehydrogenase, 36 kDa; carbonic anhydrase, 29 kDa; trypsi-
nogen, 24 kDa; and trypsin inhibitor, 20 kDa) (Sigma, USA) 
was used as a standard marker for the estimation of the mo-
lecular mass of purified xylanase. 

 

uóä~å~ëÉ=̂ Åíáîáíó=̂ ëë~ó 

 
For the quantitative measurement of xylanase [β-1,4-D-

xylan-xylanohydrolase (E.C.3.2.1.8)] activity, a 0.2 mL en-
zyme solution was incubated for 30 min at 65oC in a reaction 
mixture containing 100 mM sodium phosphate buffer (pH 
7.0) and 1.0% xylan. After the reaction was stopped by the 
addition of dinitrosalicylic acid (DNS) and boiling for 10 
min, the amount of reducing sugar was estimated from the 
optical density at 546 nm [26]. One unit of xylanase was 
defined as an amount of enzyme that produced one micro-
mole of reducing sugar per minute. 

An RBB xylan clearance zone test was used for screening 
E. coli clones producing the recombinant xylanase. The Bacte-
rial strains were streaked and grew on LB agar plates with 
0.1% 4-o-methyl-d-glucurono-D-xylan-remazol brilliant blue 
R (RBB)-xylan (Sigma, USA). Because the xylanase trans-
forms blue colored RBB-xylan into a colorless product, 
clearance zone on RBB-xylan plates could be interpreted to 
xylanase activity. 

Expression of recombinant xylanase was detected by the 
substrate-gel electrophoresis activity test (zymography), us-
ing a 10% SDS-PAGE gel and co-polymerizing 1% soluble 
birch wood xylan (Sigma). Briefly, protein samples were 
loaded onto the zymogram gel without treatment of reducing 
agents or heating. After electrophoresis, the gel was washed 
in renaturing buffer (2.5% of Triton X-100) overnight, and 
then incubated in a 50 mM phosphate buffer for 1 h at 50

oC. 
The gel was stained with 1% Congo red solution (Sigma). 
Xylanase activity was detected by a clear band on a red 
background. 

 
`Ü~ê~ÅíÉêáò~íáçå=çÑ=uóä~å~ëÉ 

 
The optimal pH and pH stability range of xylanase activity 

were measured using the following buffers; 100 mM citrate 
phosphate buffer (pH 3.0~7.0), 100 mM sodium phosphate 
buffer (pH 6.0~8.0), 100 mM Tris-HCl buffer (pH 8.0~9.0), 
and 100 mM glycine-NaOH buffer (pH 9.0~10.5). For the 
assay to test pH stability, the enzyme was pretreated in each 
pH buffer for 24 h at 4oC. The pH was readjusted to 5.0 after 
pretreatment for the activity assay. In order to figure out op-
timal temperature, enzyme reactions were carried out at 5oC, 
differential temperature ranging from 50~80oC. For thermal 
stability of the xylanase, the enzyme was treated for 30 min 
at 50~80oC, and then the remaining activity was measured at 
65oC The Km and Vmax values of the enzyme were deter-
mined using birch wood xylan as a substrate in a 50 mM 
citrate phosphate buffer (pH 5.5). Xylan binding assay was 
performed by measuring the remaining enzyme activity after 
incubating the enzyme with insoluble xylan or avicel in 50 
mM citrate phosphate buffer (pH 5.5) for 1 h at 60oC. The 
N-terminal amino acid sequences were determined by the 
method of Hunkapiller and Hood [27], using Protein se-
quence 476 (ABI). 

  
`çåëíêìÅíáçå=çÑ=ak =̂iáÄê~êó=~åÇ=ak =̂̂ å~äóëáë 

 
General DNA manipulation was performed by the method 

of Sambrook [28], and the genomic DNA of S. thermo-
cyaneoviolaceus was prepared by the method of Hopwood
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cáÖK=NK Purified xylanase from pK=íÜÉêãçÅó~åÉçîáçä~ÅÉìëK Panel A, 15% sodium dodecyl sulfate polyacrylamide gel electrophoresis of crude 

enzyme and purified xylanase. Lane 1: serum albumin (66.0 kDa), fumarase (48.5 kDa), carbonic anhydrase (29.0 kDa), and β-

lactoglobulin (18.4 kDa) as protein molecular weight standards; lane 2: crude enzyme after 50% ammonium sulfate treatment; lane 3: 

purified protein after gel filtration chromatography. Panel B, Sephacryl S-200 HR gel chromatography elution profile of xylanase during 

the purification. Gel was equilibrated with a 50 mM sodium phosphate buffer (pH 7.0), and eluted using the same buffer at a flow rate of 

10 mL/h and 3 mL/tube fraction volume. ○-○, protein and ●-●, xylanase activity. 

 
 

[29]. DNA library was constructed using a λ-BlueSTAR 

BamH I digested dephosphorylated arms kit (Novagen, 
Germany). At first, the genomic DNA of S. thermocyaneo-

violaceus was purified and partially digested with a restric-

tion endonuclease Sau3A I. About 12~20 kb of genomic 
DNA fragment was fractionated through the use of a sucrose 
density gradient [28]. The DNA fragments were linked to 

BlueSTAR λ BamH I digested dephosphorylated arms and 
packed into  particle.λ  

A DNA probe for plaque or southern hybridization was 

obtained by PCR reaction and oligonucleotide PCR primers 
were synthesized through Bioneer Co. (Korea). The DNA 
probe was labeled with (α-

32Pd)CTP (Amersham Pharmacia 

Biotech., England) using a Promega labeling kit (Prime-a-
GeneR Labeling System). Hybond -N+ Nylon transfer mem-
brane (Amersham Pharmacia Biotech., England) was used 

for the hybridization assay. 
The Nucleotide sequence of the xynB gene was determined 

by the ALFexpressTM DNA Analysis System with ALFex-

pressTM AutoCycleTM Sequencing kit (Amersham Pharmacia 
Biotech., England) based on the dideoxy chain termination 
method of Sanger [30]. A homology search of nucleotide se-

quences or amino acid sequences was conducted by the BLAST 
program at http://www.ncbi.nlm.nih.gov/blast/Blast. cgi. 

 

qi`=~åÇ=emi`=̂ å~äóëáë=çÑ=uóä~å=eóÇêçäóë~íÉë 

 
Thin layer chromatography (TLC) was performed on Silica 

gel 60 F254 plate (Merck., USA) with developing solution (1-
butanol, 2-propanol, water, acetic acid, and acetonitrile; 
7:5:4:10:2, V/V). After the TLC reaction, the plate was sprayed 

in a sulfuric acid-methanol solution (1:9, V/V) containing 0.2% 
orcinol. The separated xylooligosaccharides pattern was de-
tected after drying at 95oC for 5 min. High performance liquid 

chromatography (HPLC, Waters Model 600E) was carried out 
using a system equipped with Sugar-Pak I column (φ 6.5 × 300 
mm, Waters, Co.) and detected by a Refractive Index Detector 

(Waters Model 410) using Ca-EDTA solution at 85oC with a 

flow rate of 0.5 mL/min. The standard xylooligosaccharides 
(X2-X6) were purchased from Suntory Co. (Japan).  

 

 

RESULTS AND DISCUSSION 
 

mìêáÑáÅ~íáçå=çÑ=uóä~å~ëÉ=Ñêçã= =
pK=íÜÉêãçÅó~åÉçîáçä~ÅÉìë=jMQV 

 

A protein which produced xylooligosaccharides from xy-
lan was purified by serial steps described in the materials and 
methods. Strong xylooligosaccharides production activity 

was detected from the 50% ammonium sulfate precipitated 
supernatant S. thermocyaneoviolaceus culture (Fig. 1A, lane 
2). After further purification steps, the xylanase activity and 

protein elution profile of the gel-filtration chromatography 
were well correlated (Fig. 1B) and the SDS-PAGE showed a 
35 kDa protein band (Fig. 1A, lane 3).  

The optimal pH of the purified xylanase was pH 5.0 (Fig. 
2A), and the enzyme was stable in the range of pH 4.5~10.5 
after 24 h incubation at 4

oC (Fig. 2B). The maximum enzy-

matic activity of the protein was obtained at 60oC (Fig. 2C) 
and the activity still remained at about 65% after 1 h incuba-
tion at 70oC (Fig. 2D). The high optimal temperature and 

thermostability with the broad range pH stability makes the 
enzyme useful for industrial application The higher optimal 
temperature and thermostability with the broad range of pH 

stability makes the enzyme useful for industrial application. 
The binding activity of both soluble xylan and avicel was 
confirmed by the binding assay (Figs. 2E and 2F). This re-

sult suggested that the purified xylanase has a cellulose bind-
ing domain in the protein structure, which is common as 
endoxylanase. The Km and Vmax of the enzyme were 10.88 

mg/mL and 3.02 μmol/min, respectively. 
The N-terminal amino acid sequences of purified xylanase 

were determined as DTITSNQTGTHNGYF which showed a
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`F=léíáã~ä=íÉãéÉê~íìêÉ= = = = = = = = aF=qÉãéÉê~íìêÉ=ëí~Äáäáíó 
 
 
 
 
 
 
 
 
 
 
 

bF=uóä~å=ÄáåÇáåÖ= = = = = = = = = = = = = = = cF=^îáÅÉä=ÄáåÇáåÖ 
 
 
 
 
 
 
 
 
 
 
 

dF=iáåÉïÉ~îÉêJ_ìêâ=éäçí 
 
 
 
 
 
 
 
 
 
 
 
 

cáÖK=OK Properties of purified xylanase from S. thermocyaneoviolaceus. Methods of xylanase assay, binding assay, and detail experimental 

procedure are described in materials and methods. Panel A, optimal pH for enzymatic activity. The enzyme activity was measured in the 

standard reaction mixture for 30 min at 50°C; Panel B, pH stability of purified xylanase. The purified enzyme was incubated at 4°C for 24 

h in each pH buffer solution. The enzymatic activity was measured after adjusting the pH to 5.0; Panel C, optimal temperature for enzy-

matic activity. The enzyme activity was measured in each temperature for 30 min at pH 5.0; Panel D, thermal stability of the purified xy-

lanase. The purified enzyme was incubated in pH 5.0 for 1 h at each temperature. After incubation, the remaining activity was measured 

at 65°C for 30 min; and Panel E-F, binding of xylanase to insoluble xylan and avicel. Binding experiments were run by adding 1 Unit/mL 

of enzyme to the indicated amount of insoluble xylan (panel E) or avicel (panel F) in 1 mL of 50 mM citrate-phosphate buffer (pH 5.5). 

Samples were incubated for 1 h at 60°C and then centrifuged at 15,000 rpm for 5 min. The amount of enzyme remaining in the super-

natant was determined by a xylanase activity test; Panel G, Lineweaver-Burk plot of the enzyme. The activity was measured at 65°C for 

30 min, pH 5.0. 
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^F=mä~èìÉ=ÜóÄêáÇáò~íáçå= = = = = = = = _F=o__Jñóä~å=íÉëí 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

`F=båòóãÉ=ÇáÖÉëíáçå= = = = = = = = aF=^ìíçê~ÇáçÖê~ã 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
cáÖK=PK Cloning procedure of xylanase gene from pK=íÜÉêãçÅó~åÉçîáçä~ÅÉìëK The detail cloning and subcloning methods and procedures 

are described in materials and methods. Panel A, an autoradiogram of plaque hybridizaiton result. Positive clones containing puta-

tive xylanase genes from the genomic DNA library in λ phage from pK=íÜÉêãçÅó~åÉçîáçä~ÅÉìë were screened by plaque hybridiza-

tion with the 32P-labelled xlnA gene from the pK=äáîáÇ~åë=as probe DNA. Panel B, selection of xylanase producing bK=Åçäá=transfor-

mants. LB-amphicillin agar plate with 0.1% RBB-xylan and 1mM IPTG was patched with bK=Åçäá=transformants selected by plaque 

hybridization. Colonies degrading RBB-xylan are surrounded by clearing zones. The plates were photographed after 24 h of incuba-

tion at 37°C. An arrow indicated that a selected transformant harboring 12 kb insert DNA. Panel C and D, a southern hybridization 

result for subcloning of the xylanase gene. The plasmid DNA selected from the RBB-xylan test was digested with various restriction 

enzymes and hybridized with the 32P-labelled probe DNA An agarose gel electrophoresis picture (C) and its autoradiogram after 

hybridization (D) is shown. Lane M, DNA size standard marker; lanes 1, 1 μg of _~ãH I digest; lanes 2, 1 μg of _Öä=II digest; lanes 3, 

1 μg of héå I digest; lanes 4, 1 μg of mëí I digest; lanes 5, 1 μg of p~Å II digest; and lanes 6, 1 μg of p~ä I digest. Arrows indicates a 3.3 

kb DNA fragment for subcloning. 
 
100% identity with XlnA from S. lividans and Stx II from S. 
thermoviolaceus OPC-520 [31], 92% identity with XynA 
from Clostridium thermocellum, 77% identity with XynD 
from Cellulomonas fimi, 75% identity with XynY from Ba-
cillus sp., and 71% identity with CgxB from Chaetomium 
gracile. 

   
dÉåÉ=`äçåáåÖ=çÑ=íÜÉ=uóä~å~ëÉ 

 
A gene for the purified xylanase was cloned from the S. 

thermocyaneoviolaceus genomic DNA library. Plaque hy-

bridization was performed using an xlnA gene from S. livi-
dans, which has 100% matching identity with the purified 
xylananase in N-terminal 15 amino acid sequences (Fig. 3A). 
Positive signaling plaques were subcloned to plasmid DNA 
by a cre-loxP mediated auto-subcloning system of the 
λBlueSTAR kit. Subcloned plasmids were transformed into 
E. coli DH5α, and a clone producing xylanase was selected 
by the RBB-xylan clearance zone test as described in materi-
als and methods. A plasmid, named pSMB8 later, containing 
about a 12 kb DNA fragment was selected by displaying a 
clear zone near colonies (Fig. 3B). Through the restriction



PVS=

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

cáÖK=QK Nucleotide sequences and deduced amino acid sequences of ñóåB of pK= íÜÉêãçÅó~åÉçîáçä~ÅÉìë. The deduced amino acid se-

quences are shown below the nucleotide sequences and start or stop codon for XynB are indicated in bold. The putative Shine-

Dalgarno region is displayed within the box and the signal peptide sequences are underlined. 
 
 

enzyme digestion experiment and southern hybridization 
selection, a DNA fragment of approximately 3.3 kb was 
selected as a minimal size xylanase gene subclone (Figs. 3C 
and 3D). The 3.3 kb DNA was sequenced with at least 5 
times overlapping in both directions to avoid technical error. 

As shown in Fig. 4, a 1008-bp long open reading frame 
was designated as cloned xylanase and the sequence was 
registered in GenBank (ac. no. AF194025). The putative 
ribosomal binding site was shown at 7 bp upstream from the 
ATG start codon. A putative signal peptide including 40 
amino acids was found by comparing the N-terminal se-
quences of the purified enzyme. Comparing the nucleotide 
sequences of other xylanase genes using the Blast program 
on the NCBI website, the xylanase gene shared homologies 
with 99% of the Stx II gene from S. thermoviolaceus, 86% 
of the xlnB gene from S. lividans, and 87% of the xynD gene 
from Cellulomonas fimi. The gene from S. thermocyaneo-
violaceus was named as xynB. The G+C content of the xynB 
were 67.66% and the molar ratio of third base in each codon 
was 94.35%. The pattern of G+C contents was in general 
range of Streptomyces species. A conservative motif of fam-
ily 11 group xylanase activity sites, PLVEYYIVDNW, was 
found in the translated sequences [32]. 

Amino acid sequences of the XynB showed high similar-
ity to Stx II from S. thermoviolaceus OPC-520 [33]. Only 
two amino acids are different between Stx II (V34 in signal 

sequence and D147 in mature sequence) and XynB (F34 and 
Y147). While Stx II had low avicel-binding affinity, XynB 
had high avicel-binding affinity similar to that of xylan in 
this study despite only one amino acid difference in mature 
sequence (Figs. 2E and 2F). Further study should be neces-
sary to elucidate this important characteristic of XynB com-
pared to Stx II. 

 

lîÉêÉñéêÉëëáçå=çÑ=uóå_ 

 
For industrial scale production of the xylanase, a recombi-

nant E. coli strain producing the xylanase was constructed. 
The 1008 base paired xynB structural gene was introduced to 
the NdeI-EcoRI site in pET21a(+) vector by the general re-
striction enzyme engineered PCR and ligation method.  

The xynB containing recombinant plasmid, named 
pEMB10, was transformed to E. coli BLR(DE3) and the 
overproduction of the recombinant xylanase was examined. 
The main enzymatic activity of the recombinant xylanase was 
found in the supernatant. Therefore, it can be assumed that the 
signal peptide of the XynB had been worked successfully into 
the E. coli strain. As shown in Fig. 5, the overproduced xy-
lanase bands were observed both in SDS-PAGE and zy-
mogram assay (Fig. 5A, lane 2 and 3, respectively). The ex-
pressed recombinant xylanase displayed the same level of 
enzyme thermostability, pH stability, optimal enzymatic reac-
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cáÖK=RK Overexpression of xylanase (XynB) in recombinant strain 

bK= Åçäá BLR(DE3)/pEMB10. A ten percent SDS-polyacryla- 

mide gel was used for protein bands from the supernatant of 

recombinant bK=ÅçäáK 10% gel co-polymerized with 1% solu-

ble Birchwood xylan was used for zymogram to detect active 

xylanase bands. Lane 1, SDS-PAGE analysis using the 

crude supernatant of bK=Åçäá BLR(DE3)/pET21a(+); lane 2, 

SDS-PAGE analysis using the crude supernatant of bK=Åçäá 

BLR(DE3)/pEMB10; and lane 3, zymogram assay using 

the crude supernatants of bK=Åçäá BLR(DE3)/pEMB10. 

 
 

tion temperature, and optimal pH (data now shown). 
 

mêçÇìÅíáçå=çÑ=uóäççäáÖçë~ÅÅÜ~êáÇÉë=Äó=oÉÅçãÄáå~åí=
uóä~å~ëÉ=  

 
For the confirmation of xylooligosaccharides production 

by the recombinant xylanase from E. coli BLR(DE3)/ 
pEMB10, xylan hydrolyzation assay was carried out with 
various amounts of recombinant enzyme and 10% (w/v) of 
birch wood xylan in a 50 mM sodium phosphate buffer (pH 
6.0). After incubating at 60oC for 1 h, the xylan hydrolysates 
were analyzed by thin layer chromatography (TLC) and/or 
high performance liquid chromatography (HPLC). Five units 
per milliliter of recombinant xylanase could convert xylan 
into xylooligosaccharides within 1 h, proficiently (Fig. 6A, 
lane 5).  

For larger scale application, 100 g of Birchwood xylan in 
1 L of a 50 mM sodium phosphate buffer (pH 6.0) was incu-
bated at 60oC for 24 h with E. coli crude extract containing 
2,000 units of recombinant enzyme. After incubation, the 
composition of xylose and xylooligosaccharides (xylobiose 
to xylohexose) were calculated from the HPLC flowchart 
(Fig. 6B). Total xylooligosaccharides were approximately 
65.0 g from 100g of birch wood xylan. As well, 4.3 g of 
monosaccharide, xylose was produced. The xylooligosac-
charides producing value by recombinant xylanase was far 
above those of the wild type crude enzyme extract [34]. 

Xylanase from Aspergillus oryzae MTCC 5154 produce 
around 89.5% xylooligosaccharides in the hydrolysate of 1% 

^= = = = = = = = = = = = = = = = = = = = = = = _=
 
 
 
 
 
 
 
 
 
 
 
 
 
 

cáÖK=SK Analysis of xylooligosaccharides produced by recombinant 

xylanase from Birchwood xylan. Panel A, thin layer chroma-

tography result of the xylan hydrolysates by recombinant xy-

lanase. The reaction mixture was composed of 10% Birch-

wood xylan in a 50 mM citrate phosphate buffer (pH 6.0) with 

indicated amount of recombinant enzyme. The reaction was 

done at 60°C for 1 h. Lane 1, xylooligosaccharides standard 

(Suntory xylooligomer 20P), oligomeric state of the standard 

xylooligomer was labeled as X1-X6; lane 2, 40 Unit/mL of xy-

lanase; lane 3, 20 Unit/mL of xylanase; lane 4, 10 Unit/mL of 

xylanase; and lane 5, 5 Unit/mL of xylanase. Panel B, high 

performance liquid chromatography (HPLC) analysis of the 

xylan hydrolysates by recombinant xylanase. One hundred 

gram of Birchwood xylan in 1 L of 50 mM sodium phosphate 

buffer (pH 6.0) was incubated at 60°C for 24 h with bK=Åçäá 

crude extract containing 2,000 units of recombinant enzyme. 

The oligomeric state of each peak was determined by com-

paring it with the retention time of the xylooligomer standard 

marker. Detail TLC and HPLC methods and procedures 

were described in materials and methods. 

 
 

birch wood xylan at 24 h of reaction [35]. However the hy-
drolysate contained around 12% of xylose which is not de-
sirable product for the industrial purpose. Akpinar et al. also 
tried to produce xylooligosaccharides using enzymatic process 
[36]. They used commercial xylanase, Veron 191, produced 
from A. niger (AB Enzymes, Darmstadt, Germany). They 
succeed to produce 53% xylooligosaccharide from 2% xylan 
solution at the optimal hydrolysis conditions: 40oC, pH 5.4, 
and 24 h incubation. Both the yield and incubation time is not 
desirable to industrial scale production. Moreover, it is not 
clear whether the enzymes from two Aspergillus spp. could 
hydrolyze an industrial scale of xylan concentration, which is 
over 10%. In a previous report [33], we claimed the crude 
enzymes from S. thermocyaneoviolaceus produced 58.5% 
xylooligosaccharides from 10% xylan solution within a 12 h 
period. Compared to crude enzyme of S. thermocyaneo-
violaceus, recombinant XynB not only produced a better yield 
of the xylooligosaccharides but also better quality. Recombi-
nant XynB could produce over 50% of xylooligomers within 
only 1 h incubation with less enzyme amount and or volume. 
Moreover, the recombinant enzyme produced a maximum 



PVU=

 

4.3% of monomer (xylose) even after 24 h of incubation at 
6oC with 2,000 units, 100~200 fold more enzyme than work-
ing conditions (compare Figs. 6A to 6B). 

In conclusion, the thermostable xylanase from S. thermo-
cyaneoviolaceus can be expected to be an advantageous en-
zyme for the production of xylooligosaccharides in various 
industrial processes. 

 
 

CONCLUSION 

 
A thermostable xylanase purified from S. thermocyaneo-

violaceus had suitable properties for the production of xyloo-
ligosaccharides from the wood xylan. For industrial scale 
production of the xylanase, a recombinant E. coli strain pro-
ducing the xylanase was constructed. The expressed recom-
binant xylanase displayed the same level of enzyme thermo-
stability, pH stability, optimal enzymatic reaction tempera-
ture, and optimal pH. The enzyme production level of the 
recombinant strain was far higher than the wild type strain 
(52 Unit/mL from recombinant strain versus 12 Unit/mL 
from S. thermocyaneoviolaceus). The recombinant enzyme 
or crude extract from the recombinant strain had an efficient 
capability for production of xylooligosaccharides from the 
wood xylan. In conclusion, the thermostable xylanase from S. 
thermocyaneoviolaceus can be expected to be an advanta-
geous enzyme for the production of xylooligosaccharides in 
various industrial processes.  
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