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Abstract A strain that exhibited intracellular proline-specific aminopeptidase (PAP) activity
was isolated from soy sauce koji and identified as Aspergillus oryzae JN-412. The gene coding
PAP was cloned and efficiently expressed in Escherichia coli BL21 in a biologically active
form. The highest specific activity reached 52.28 U mg−1 at optimum cultivation conditions.
The recombinant enzyme was purified 3.3-fold to homogeneity with a recovery of 36.7 %
from cell-free extract using Ni-affinity column chromatography. It appeared as a single protein
band on SDS-PAGE with molecular mass of approximately 50 kDa. The purified enzyme
exhibited the highest activity at 60 °C and pH 7.5. The enzyme activity was inhibited by PMSF

Mn2+, and Ca2+ had no influence on enzyme activity, whereas Ni2+ enhanced the enzyme
activity. By using collagen as a substrate, the purified recombinant prolyl aminopeptidase
contributed to the hydrolysis of collagen when used in combination with neutral protease, and
free amino acids in collagen hydrolysates was significantly increased.

Keywords Aspergillusoryzae .Proline-specificaminopeptidase.Expression.Characterization.

Collagen degradation

Introduction

Aminopeptidases (Aps; EC 3.4.11.) are exopeptidases that cleave N-terminal amino acids from
proteins or peptides, sequently [1]. According to the mechanism of catalysis and the structure
of their active site, aminopeptidases can be subdivided into three main families:
metalloaminopeptidases, cysteine aminopeptidases, and serine aminopeptidases [2]. Prolyl
aminopeptidases (PAPs; EC 3.4.11.5) belong to serine aminopeptidase and are classified into
the S33 family in MEROPS [3], which contain a triad of serine, histidine, and aspartic acid in
the active site [4, 5]. The serine active site appears within Gly-Xaa-Ser-Xbb-Gly, in which Xaa
can be any amino acid residue and Xbb is most often a hydrophobic amino acid [3, 6]. PAPs
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and ions like Zn2+ and Cu2+. DTT, β-mercaptoethanol, EDTA, and ions like Co2+, Mg2+,



can cleave a proline residue specifically from the N-terminus of substrates [7]. They are
essential for the degradation of proline-rich peptides and proteins such as collagen and gelatin
[8] because the unique structure of proline prevents its cleavage by many broad-specificity
aminopeptidases [9]. PAPs also play an important role in treating wastewater in the food
industry, especially that from meat industries, which contains plenty of collagen. Moreover,
PAPs have the potential ability to reduce bitter peptides in daily products and enhanced the
flavor of food [10, 11].

PAPs are widespread in various organisms. According to the similarity of an amino acid
sequence of PAPs, PAPs can be further classified into two subfamilies: Neisseria gonorrhoeae
PAP (S33.001) [12] and Aeromonas sobria (S33.008) [13]. PAPs in the S33.008 subfamily are
found in eukaryotes (fungi and plants) and some bacteria [14–17], whereas aminopeptidases in
the S33.001 subfamily only exist in bacteria [17, 18].

Aspergillus oryzae plays an important role in the production of traditional fermentation
foods (soy sauce and soybean paste) and beverages (rice wine) in East Asia for a long history.
Owing to its safety for human consumption, A. oryzae is generally regarded as safe by the US
Food and Drug Administration [19]. Therefore, many enzymes produced by A. oryzae are
widely used in food processing. Several aminopeptidases from A. oryzae, such as leucine
aminopeptidase [20], aspartyl aminopeptidase [21, 22], proline aminopeptidase [23], lysine
aminopeptidase [24], glycine D-alanine aminopeptidase [25], and D-stereoselective aminopep-
tidase [26], have been characterized, since the genome sequencing and analysis of A. oryzae
had been completed in 2005 [27].

The E. coli expression system is widely used for the production of recombinant proteins to
reveal their structures and functions. In this study, the gene coding PAP of A. oryzae JN-412
was cloned and overexpressed in E. coli BL21. The recombinant PAP was purified and
characterized. The secondary structure was analyzed by circular dichroism (CD), and the 3D
structure of the PAP monomer was predicted using the pGenTHREADER method. Further-
more, the ability of the recombinant PAP in collagen degradation was verified using an amino
acid analyzer.

Materials and Methods

Chemicals and Reagents

All aminoacyl-p-nitroanilines were purchased from Bachem AG (SaffronWalden, Essex, UK).
Collagen type Ι (bovine tendon) and protein inhibitors were obtained from Sigma (St. Louis,

thiogalactoside (IPTG) and T-Vector pMD™19 (Simple) were all purchased from TaKaRa
(Dalian, China). HisTrap HP (5 mL) was purchased from GE Healthcare (Buckinghamshire,
UK). All other chemicals were standard reagent grade.

Strains and Vectors

A. oryzae JN-412 under the accession number of China General Microbiological Culture

Darmstadt, Germany) was used for propagation of plasmids, and E. coli BL21 (DE3)
(Novagen) was used as a host strain for pap expression. Plasmid pMD19-T was used as a
cloning vector. Plasmid pET-28a(+) (Novagen) was used as the expression vector.

Enzyme Activity Assay and Protein Determination
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MO, USA). RNAiso Plus, complementary DNA (cDNA) Synthesis Kit, isopropyl-β-D-

Collection (CGMCC) 8474 in the CGMCC was used in this paper. E. coli DH5α (Novagen,



Aminopeptidase activity was determined with artificial substrates, which were aminoacyl-
p-nitroanilide [28]. The reaction mixture contained 2.5 mML-pro-pNA in 50 mM Tris-HCl
(pH 7.5) and an appropriate amount of enzyme and incubated at 50 °C for 10 min. The
absorbance at 405 nm was measured using a spectrophotometer to determine the amount of
liberated p-nitroanilide. One unit was defined as the amount of enzyme that released 1 μmol p-
nitroanilide per minute.

The protein content of the samples was measured by the Bradford method with bovine
serum albumin as a standard [29].

Cloning of Prolyl Aminopeptidase Gene and Sequence Analysis

Recombinant DNA techniques are as described by Sambrook and Russell [30]. For isolation of
total RNA, A. oryzae JN-412 was grown at 30 °C in YPD liquid media for 3 days. Fungi
mycelia were collected by centrifugation (8,000×g, 15 min) and washed twice with water at
4 °C. The mycelia were frozen and ground to fine power in liquid nitrogen condition. The total
RNAwas isolated by an RNAiso Plus reagent. cDNAwas obtained using cDNA Synthesis Kit.
To clone the PAP gene, primers of papF1 and papR1 (Table 1) were designed based on the
genome database of A. oryzae RIB40 (NBRC 100959) (database number AO090003000302)
[23, 27]. Polymerase chain reaction (PCR) conditions were as follows: start at 98 °C for 5 min
and 38 cycles of 98 °C for 10 s, 59 °C for 5 s, and 72 °C for 90 s, followed by 72 °C for
10 min. The amplified PCR product was purified, ligated to the pMD19-T vector and

Tool (BLAST) analysis.
Nucleotide and deduced amino-acid sequence were analyzed by BLAST. Search analysis of

conserved domain and signature sequences was carried out by ScanProsite (http://www.
expasy.ch/tools/ScanProsit). Signal peptide was analyzed by Signal P 3.0 service (http://
www.cbs.dtu.dk/services/SigalP). N-Glycosylation site and O-glycosylation site prediction
was based on NetNGlyc 1.0 service at http://www.cbs.dtu.dk/services/NetNGlyc/ and http://
www.cbs.dtu.dk/services/NetOGlyc/, respectively. Disulfide bonds were predicted through the
DiANNA 1.1 Web server at http://clavius.bc.edu/;clotelab/DiANNA/ and DISULFIND Web
server at http://disulfind.dsi.unifi.it/. The amino-acid sequences were aligned by ClustalX
Version 1.83.

Expression of the Gene in E. coli BL21

In order to express the PAP gene (pap) in E. coli BL21, papF2 and papR2 primers were
designed (Table 1); BamH Ι and Not Ι sites were added to the forward primer and the reverse
primer, respectively. PCR conditions were the same as above.

Table 1 Oligonucleotide primers used in this study

Primers Primer sequence (5′→3′)a Size (bp, bases)

papF1 ATGGCTGCCAAACTAGTAGACAAG 24

papR1 CTAATCAATAGAGTCGTCCCTCAAGG 26

papF2 CGGGATCCATGGCTGCCAAACTAGTAGAC 29

papR2 ATAAGAATGCGGCCGCCTAATCAATAGAGTCG 32

a Restriction sites are underlined
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transferred into E. coli DH5α for sequencing and subjected to Basic Local Alignment Search
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The amplified PCR product of the cDNAwas purified and cloned into the pMD19-T vector

gated. The recombinant plasmids which contained pap were extracted and digested with
BamH Ι and Not Ι. Then, the pap gene was subcloned into the pET-28a(+) vector which
was digested with the same restriction enzymes and transformed into E. coli BL21-competent
cells. The positive clones were picked up, and then, the recombinant plasmids were extracted
and tested by double digestion.

E. coli BL21 harboring pap in the pET-28a(+) vector was inoculated into 5-mL
Luria-Bertani (LB) liquid media containing kanamycin (50 μg mL−1) on a rotary
shaker (220 rpm) for 12 h at 37 °C which was used as seed. The prepared seed was
inoculated into 50-mL (250-mL shaking flask) LB liquid media containing kanamycin
(50 μg mL−1) on a rotary shaker (220 rpm) at 37 °C until the optical density at
600 nm reached 0.6–0.8. IPTG was added with a final concentration of 0.8 mM; the
culture temperature was changed from 37 to 25 °C and the cultivation was continued
for 8 h.

Purification of the Recombinant Prolyl Aminopeptidase

Fermentation broth was obtained according to the above-mentioned method. Cell pellet was
collected by centrifugation (8,000×g, 10 min) and washed with 50-mM Tris-HCl buffer
(pH 7.5) twice. Finally, the cell pellet was resuspended in 40-mL binding buffer (40 mM
imidazole and 0.5 M NaCl in 50 mM Tris-HCl (pH 7.5)), and the cell suspension was lysed by
sonication followed by centrifugation at 10,000×g for 15 min. Cell-free extract was collected
for purification.

The crude enzyme solution was loaded onto a 5-mL Ni-NTA column, preequilibrated with
binding buffer. After binding, the column was washed with six times the bed column of a
binding buffer followed by eluting with an elution buffer (0.5 M imidazole and 0.5 M NaCl in
50 mM Tris-HCl (pH7.5)) for five times of the bed column. The active eluted fraction was
pooled and dialyzed against 50-mM Tris-HCl buffer (pH 7.5) for 48 h.

SDS-PAGE Analysis

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was performed using
12 % (w/v) acrylamide in gels [31] for analyzing the purified fractions. Protein was visualized
by Coomassie brilliant blue R-250 staining.

The Secondary Structure Analysis and 3D Modeling of PAP

The secondary structure analysis was carried using MOS-450/AF circular dichroism (CD)
spectrometer (Bio-Logic SAS, France) at room temperature. The light path was 0.1 nm, and
the wavelength was varied from 190 to 250 nm. The scan rate was 1 nm per 2 s, and the
bandwidth was 1 nm. The purified recombinant protein was diluted using 50-mM Tris-HCl
(pH 7.5) buffer, and the final protein concentration was 0.4 mg mL−1. Tris-HCl (50 mM;
pH 7.5) buffer was used as control. Selcon3 program was implemented for analyzing protein
CD spectra and Origin 9.0 program was used for drawing the curve.

3D structure prediction was carried out using the pGenTHREADER method [32] (http://
bioinf.cs.ucl.ac.uk). Analysis of the predicted structure was performed using PROCHECK
(http://nihserver.mbi.ucla.edu/SAVS/), and the final model displayed good geometry with less
than 2 % of residues in the disallowed region.
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and transformed into E. coli DH5α-competent cells. Finally, the positive clones were propa-
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Properties of Purified Recombinant Prolyl Aminopeptidase

The optimum pH for purified recombinant PAP activity was determined using the following
buffers (50 mM): citrate buffer pH 3.0–7.0, Tris-HCl buffer pH 7.0–9.0, and sodium glycine
buffer pH 8.0–11.0. The pH stability was determined by preincubating purified recombinant
PAP in buffer with varying pH for 30 min at 30 °C (citrate buffer pH 3.0–7.0, phosphate buffer
pH 6.0–8.0, and sodium glycine buffer pH 8.0–11.0). The results were presented as the
percentage of the activity measured compared with the activity at optimum pH.

The optimal temperature for purified recombinant PAP activity was determined over a
range from 30 to 60 °C. The thermostability was determined by preincubating purified
recombinant PAP at varying temperatures for 1 h. The enzyme activity was assayed under
standard conditions. Enzyme incubated at 4 °C was used as control.

The effects of protease inhibitors and metal ions on purified enzyme were analyzed using
Pro-pNA as a substrate, followed by preincubating purified recombinant PAP for 30 min at
30 °C with different chemicals (phenylmethanesulfonyl fluoride (PMSF) 1, 5, and 10 mM;

10 mM) and metal ions (Co2+, Mg2+, Mn2+, Ca2+, Zn2+, and Ni2+) at the final concentration
of 1 mM.

Substrate specificity of PAP was determined using ten different aminoacyl-pNAs (Pro-,
Leu-, Arg-, Lys-, Met-, Ala-, Ile-, Val-, Phe-, and Glu-pNA). For determination of the
Michaelis-Menten constants for Pro-pNA, an activity assay was performed with Pro-pNA at
different concentrations, ranging from 0.1 to 1.0 mM, in Tris-HCl buffer (pH 7.5), at 50 °C for
10 min. Km and Vmax of PAP for Pro-pNAwere calculated from Lineweaver-Burk plots.

Collagen Degradation and Hydrolysate Analysis

The reaction mixture of collagen degradation contains 50-mg collagen type Ι (bovine tendon),
purified recombinant PAP (10 U mL−1), and/or neutral protease (50 mg, 100 U) in 50 mM
Tris-HCl (pH 7.5), and the volume was 50 mL. The reaction system was agitated at 40 °C for
1 h, and the reaction was terminated by heating in a boiling water bath for 20 min. The
supernatant was collected by centrifugation at 10,000×g, 4 °C for 10 min. Amino acids in the
supernatant were determined by an amino acid analyzer (L-8900, HITACHI, Japan).

Results and Discussion

Cloning and Characterization of pap Gene from A. oryzae JN-412

The nucleotide sequence of cDNA of the A. oryzae JN-412 PAP gene consisted of 1,344 bp
and encodes a protein containing 447 amino acids. The BLAST search showed that the
deduced amino acid sequence of PAP shares the highest similarities to proline aminopeptidase
of A. oryzae RIB40 (98 %; GenBank accession No. BAE57503) [23] and proline
iminopeptidase of Aspergillus niger CBS 513.88 (74 %; GenBank accession No.
EHA19638) [33]. The theoretical molecular mass is 50,406.91 Da and pI is 5.53. Signal P
analysis indicated that PAP does not possess a secretory signal peptide. Glycosylation analysis
exhibited that PAP contains three possible N-glycosylation sites NYSR, NWSR, and NFSI
(amino acid numbers 29–32, 316–319, and 328–331, respectively) and no possible O-glyco-
sylation sites. Disulfide bonding state prediction indicated that there is no possible disulfide
bond in protein.
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dithiothreitol (DTT) 1 and 10 mM; β-mercaptoethanol 1 and 10 mM; and EDTA 1 and



Fig. 1 Alignment of homologous prolyl aminopeptidases with prolyl aminopeptidase of the JN-412 strain. The
sequences shown are S. marcescens BAA23336, A. sobria BAA06380, A. niger EHA19638, A. oryzae RIB40
BAE57503, and A. oryzae JN-412 in this paper. Conserved motif is underlined. Active sites are indicated with an
asterisk

1770 Appl Biochem Biotechnol (2014) 173:1765–1777



Alignment of amino acid sequences of PAP with other known microbial proline amino-

hydrolase fold serine peptidase, containing a Ser-Asp-His active triad (162, 396, and 424)
and highly conserved motif G-X-S-X-G to serine aminopeptidase [6, 34]:GQSFG (160–165)
(Fig. 1). This is conserved within multimeric PAP in most cases, but GGSWG, GQSWG, and
GHSWG are also found in multimeric PAP [16, 17, 33]. Furthermore, multimeric PAPs are
about 120 amino acids larger than monomeric PAPs.

Expression and Purification of PAP in E. coli BL21

The pap gene from pMD19-pap was digested with BamH Ι and Not Ι and ligated into a pET-
28a(+) expression vector to construct pET-28a-pap. The recombinant vector was transformed
into E. coli BL21, and the pap gene was efficiently expressed in a biologically active form at
an optimal condition. The highest specific activity was reached at 52.28 U mg−1 after an
induction expression of 8 h at 25 °C in LB medium. This value was much higher than the
original A. oryzae JN-412. Due to a 6×His tag that exists in the N-terminus of a recombinant
protein, the fusion protein was purified by Ni-affinity chromatography. This procedure

Table 2 Purification of recombinant PAP from cell-free extract

Purification
step

Protein
(mg)

Total activity
(U)

Specific activity
(U mg−1)

Purification
factor (fold)

Recovery
(%)

Cell-free extracta 20.51 1,070.4 52.28 1.0 100

Ni-NTA 2.28 393.14 172.43 3.3 36.7

a The cell-free extract was obtained from 40-mL culture

Fig. 2 SDS-PAGE of recombi-
nant PAP purification steps. Lane
M, low-molecular-weight standard
protein markers; lane 1, cell-free
extract; and lane 2, fraction of Ni-
NTA (purified recombinant PAP).
The arrowhead indicates the band
of recombinant PAP protein
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peptidases followed by conserved domain analysis of sequence revealed it to be an α/β-



represented a 3.3-fold purification with a final yield of 36.7 %. The specific activity toward
Pro-pNA of purified PAP was 172.43 U mg−1 (Table 2). The purified PAP appeared as a single
protein band on SDS-PAGE with a molecular mass of approximately 50 kDa (Fig. 2).

The Secondary Structure Analysis and 3D Modeling of PAP

The CD spectrum of purified recombinant protein exhibits one positive band and two negative

structure of protein (Fig. 3) [35]. The data of CD spectrum were analyzed by the Selcon3

and 47.3 % of other structures. Those values are basically in agreement with the prediction
results by PSIPRED method (http://bioinf.cs.ucl.ac.uk/psipred/) which predicts that the content

The 3D structure of A. oryzae JN-412 PAP was predicted using Xanthomonas campestris
proline iminopeptidase crystal structure (PDB ID: 1azwa) [36] as a template through the
pGenTHREADER method [32]. The predicted 3D structure of the PAP monomer has two

flanked by six helices on the other side. The other larger domain essentially consists of eight
helices (Fig. 4a), which is different frommonomeric PAP [37]. It may play a role in multimeric
PAP multimerization. The active site is located at the bottom of a deep hydrophobic pocket at
the interface between two domains (Fig. 4b).

Properties of Recombinant PAP

The effects of pH and temperature on recombinant PAP activity were examined. The pH curve
displays a maximum activity of 52.28 U mg−1 at pH 7.5, which is similar to most reported
PAPs (within 7.0–8.0) [10, 17, 33, 38, 39]. After incubation at 30 °C for 1 h, the loss in activity
of this purified recombinant PAP was little, and the residual activity was still above 80 %. The
purified recombinant PAP exhibits the highest activity at 60 °C. It is identical to proline
aminopeptidase from Grifola frondosa [39] and much higher than the recombinant proline
aminopeptidase from A. oryzae RIB40 (30 °C) [23], Debaryomyces hansenii (45 °C) [10], and
Talaromyces emersonii (50 °C) [17]. Thermostability investigation showed that after 1-h
preincubation in 50-mM Tris-HCl buffer (pH 7.5) in 30, 40, 50, and 60 °C; 94,

Fig. 3 Determination of the secondary structure of PAP by circular dichroism
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bands in the far-UV region at 192, 208, and 222 nm which is the characteristic of the α-helix

program, and the result showed that the protein contains 39.8 % of α-helix, 12.9 % of β-sheet,

of α-helix, β-sheet, and other structures is of 37.58, 10.74, and 51.68 %, respectively.

continuous domains. One is the α/β-hydrolase fold, with a central seven-stranded β-sheet

http://bioinf.cs.ucl.ac.uk/psipred/


80.5, less than 10 %, and nondetectable activity remained, respectively. It differs from
a thermophilic Aneurinibacillus sp. strain AM-1 [8] proline aminopeptidase, which
completely loses its activity at 75 °C. However, it is similar to PAPs derived from
Streptomyces aureofaciens TH-3 [38] and T. emersonii [17], which show poor ther-
mostability over 50 °C.

The purified recombinant PAP was assayed for hydrolytic activity against ten
different aminoacyl-pNA substrates (data not shown). PAP only showed catalytic
activity toward Pro-pNA. This narrow specificity is the same as PAPs from
Aeromonas [11], Hafnia [40], and Aspergillus [33]. However, proline aminopeptidase
derived from Aneurinibacillus sp. strain AM-1 [8] showed alanine and leucine ami-
nopeptidase activity, and PAP from G. frondosa [39] showed alanine aminopeptidase

(a)

(b)

Active Site

Fig. 4 The predicted structure of A. oryzae JN-412 PAP by pGenTHREADER method. (a) Overall structure of

spheres. (b) The surface of PAP monomer, the active site is in red color
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and glycine aminopeptidase. Hydrophobic interaction and a space suitable for proline
in the hydrophobic pocket might cause the differences in substrate specificity. The
Michaelis-Menten constants were further determined using Pro-pNA as the substrate.
The Km and Vmax values were 0.13 mM and 0.13 μM min−1, respectively.

The effects of a range of divalent cations and chemical reagents on purified
recombinant PAP were shown in Table 3. PMSF, a serine protease inhibitor, showed
strong inhibition on enzyme activity. Among the divalent cations studied, Co2+, Mg2+,
Mn2+, Ca2+, and Ni2+ showed no inhibitation, whereas Zn2+ and Cu2+ strongly inhibit
enzyme activity. Inactivation of proline aminopeptidase by Zn2+ and Cu2+ had also
been reported by other studies [9, 41]. Metal chelator (EDTA) showed no effect on
enzyme activity which indicates that the enzyme is metal independent, whereas the
influence of EDTA was observed for PAPs from A. oryzae RIB40 [23] and
Aneurinibacillus sp. strain AM-1 [8]. No inhibition of the enzyme activity was
observed in the presence of reducing reagents,
results suggest that the enzyme is likely to be an aminopeptidase without important
disulfide bonds.

Table 3 Effects of inhibitors and
metal ions on the PAP activity Chemical Concentration (mM) Relative activity (%)

Control None 100

PMSF 1 89.88

5 56.00

10 32.00

DTT 1 106.75

10 102.50

-Mercaptoethanol 1 100.38

10 104.88

EDTA 1 100.25

10 101.88

Co2+ 1 96

Mg2+ 1 96

Mn2+ 1 101

Ca2+ 1 91.5

Ni2+ 1 117

Zn2+ 1 12

Cu2+ 1 0

Table 4 Experiment design for
enzymatic hydrolysis of collagen Groups Enzyme Temperature pH

1 None

2 Neutral protease and PAP 40 °C 7.5

3 Neutral protease

4 PAP
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Collagen Hydrolysate Analysis

On account of collagen and fragments of degraded collagen is industrially attractive bioma-
terial; much more attention is being paid to generate collagen and gelatin fragments using
proline aminopeptidase, coupled with other proteases. Accordingly, four experiments are
designed as in Table 4 to evaluate the hydrolytic activity of A. oryzae PAP for collagen.
Results are shown in Table 5. The recombinant PAP showed limited ability of collagen
degradation when the collagen was in its native state. However, when combined with neutral
protease, the free amino acids in collagen hydrolysates were significantly increased, which was
noticeable in group 2; the reason is that neutral protease is related to the initial degradation of
collagen. Therefore, the recombinant PAP is indeed contributed to the hydrolysis of collagen
when used in combination with neutral protease. Moreover, essential amino acids Pro, Phe,
Arg, Leu, Ile, Thr, Tyr, and His were observed in hydrolysates and all showed a high value
(Table 5), which indicated that the collagen hydrolysates were rich in nutrients, and the amino
acid composition would fulfill human requirements.

Conclusion

In this study, the PAP gene from A. oryzae JN-412 was cloned and successfully
expressed in E. coli BL21 in a biologically active form. Besides the characterizations
of purified recombinant PAP, the determination of secondary structure and 3D model-
ing were also performed. Moreover, the enzyme is applicable for the degradation of
hard digestive proteins, e.g., collagen and gelatin fragments. Though, in combination
with other enzymes, the enzyme possesses a high potential to hydrolyze collagen.

Table 5 Free amino acid compo-
sition in collagen hydrolysates of
different experimental groups

Amino acid Content (mg L−1)

1 2 3 4

Asp 0 0 0 0

Glu 0 175.4 19 4.4

Ser 0 75.7 20 3.2

His 0 38.8 4.7 0

Gly 5.3 110.4 99.9 15

Thr 0 53.6 10.7 2.4

Arg 0 170.7 52.3 15.7

Cys 0 8.5 4.8 0

Val 4.7 115.9 30.4 14.1

Met 0 74.6 6 1.5

Phe 84.3 145.4 26.4 23.1

Ile 1.3 107.6 15.7 21

Leu 2.6 253.2 42 9.2

Lys 1.5 137.4 49.7 2.9

Pro 0 29.9 5.8 1.2

Tyr 0 137.7 36.2 27.2

Total 99.7 1,634.8 423.6 140.9
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