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Abstract A novel endoprotease Endo-Pro-Aspergillus
niger (endoprotease EPR) was first successfully expressed
at high level in the methylotrophic yeast Pichia pastoris
and the purification procedure was established. The endo-
protease EPR is 95 % identity with proline specific endo-
peptidase from A. niger CBS513.88 (EMBL; AX458699),
while sharing low identity with those from other microor-
ganisms. The purified endoprotease EPR was a monomer
of 60 kDa. Furthermore, the peptide mass fingerprinting
(PMF) analysis confirmed that the purified protein was an
endoprotease Endo-Pro-Aspergillus niger. A three-dimen-
sional model revealed that the active site of the enzyme
was located in Ser(;79)-Aspss)-Hiso1), based on template
3n2zB with sequence identity of 17.6 %. The optimum pH
and temperature of the endoprotease EPR were pH 4-5 and
35 °C, and the stabilities were pH 3-7 and 15-60 °C,
respectively. Furthermore, the endoprotease EPR had the
ability to digest peptides with the C-terminal of proline as
well as alanine, and was also capable of hydrolyzing larger
peptides. The properties of the endoprotease EPR made it a
highly promising candidate for future application in the
field of brewing and food process.
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Introduction

Prolyl endopeptidase (EC 3. 4. 21. 26), also called proline-
specific endoprotease, belongs to the serine protease family
and has the ability to cleave peptides at internal proline
residues [30]. As is known, the cyclic amino acid proline,
due to its unique structural properties, plays a key physi-
ological role by protecting peptides from enzymatic deg-
radation, and links to a wide range of diseases [2, 13, 17,
18], including depression, Parkinson’s disease, and celiac
sprue, as well as other diseases (blood pressure regulation,
anorexia, bulimia nervosa, et al.). In contrast, the currently
available proteolytic enzymes cannot efficiently cleave the
peptide bond involving proline residues of proline-rich
proteins, such as casein, gluten, collagen, and gelatin.
However, many researchers found that the prolyl endo-
peptidase can overcome these problems. Prolyl endopep-
tidase also attracted numerous medical researchers and was
proposed as a potential therapeutic approach because of its
highly efficient degradation in gluten [14, 27].

The microbial prolyl endopeptidase was first purified
from Flavobacterium meningosepticum and then classified
as a serine protease on the basic of its inhibition by DFP
[31]. Since then, prolyl endopeptidase activity was also
found in Xanthomonas sp. [28], Aeromonas hydrophilic
[11], Pseudomonas sp. KU-22 [15], Sphingomonas capsu-
late [10], Lactobacillus helveticus [25], Halobacterium
halobium S9 [3], Myxococcus xanthus [6], Aspergillus
niger [4, 12, 32], A. oryzae [19]. However, from an
application point of view, F. meningosepticum,
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Xanthomonas sp., A. hydrophila, Pseudomonas sp. KU-22,
Myxococcus xanthus, which belong to pathogenic bacteria,
are obviously not good choices for food processing
industry, while H. halobium S9 also showed numerous
serious drawbacks, such as culture condition with an
extremely high salt concentration and preference for
cleaving Pro in the penultimate position combination with
hydrophobic amino acid in the C-terminal side of peptides.
On the contrary, Aspergillus sp., known as the food-grade
microorganisms, may be considered as safe and attractive
microorganisms for producing prolyl endopeptidase [14,
27]. In addition, it was observed that using low levels of an
acid proline-specific endoprotease from A. niger in bottled
beer could effectively prevent chill-haze formation, but
leaving the beer form almost unaffected [12]. Since then,
this enzyme has been widely applied in brewing industry
for beer stabilization. At the same time, the first proline-
specific protease gene from A. niger was cloned and
expressed in A. niger CBS513.88. The overexpressed
proline-specific protease was of good debittering effect to
the peptides responsible for the bitter taste of casein
hydrolysate containing several proline residues [4]. Fur-
thermore, genome of A. niger CBS518.13 was sequenced
and analyzed, which revealed that the endoprotease Endo-
Pro-Aspergillus niger (endoprotease EPR) was highly
homologous to the proline-specific endoprotease with the
same particular conserved catalytic triad Ser-Asp-His of
serine protease. At the same time, the proline-specific
endoprotease was also confirmed to be the S28 family of
clan SC of serine proteases [16]. Endoprotease EPR was
also considered to be proline-specific endoprotease. How-
ever, to our knowledge, few researchers have reported the
production of A. niger proline-specific endoprotease with
low yield and activity [4, 5, 16].

In recent years, the yeast Pichia pastoris, known as a
powerful expression system for the production of high
levels of various recombinant heterologous proteins,
together with its economic use, has applied for both basic
laboratory research and industrial manufacture [9]. There-
fore, in this study, we constructed recombinant P. pastoris
strains capable of producing endoprotease Endo-Pro-
Aspergillus niger at high levels and the purified endopro-
tease EPR from the culture supernatant was characterized.

Materials and methods

Strains, vectors, reagents, and enzymes

A. niger 2.169 strains, Escherichia coli JM 109 strains, the
plasmid expression vector pPIC9 K, and strain for protein

expression P. pastoris GS115, were stored in our library. The
plasmid vector pMDI9-T, restriction endonucleases, Tagq

@ Springer

DNA polymerase and T4 DNA ligase, were purchased from
TaKaRa Biotechnology. The Z-Gly-Pro-pNA substrate was
obtained from Bachem (King of Prussia, PA, USA). The
standard mini Plasmid Prep Kit and the DNA gel extraction
kit were purchased from Omega (OMEGA bio-tek, USA).
DNA sequencing was performed using an ABI377 sequencer
(Applied Biosystems, Foster City, CA, USA). The Amicon
Ultra 30, 000 MWCO membrane was from Millipore
(Billerica, MA, USA), and the HiTrap DEAE FF column was
from Amersham Biosciences (Piscataway, NJ, USA).

Cloning of endoprotease EPR gene and construction
of the expression plasmid

A. niger 2.169 was grown in a medium containing 1.0 g of
K,HPO,, 04 g of KH,PO,, 0.5g of KCl, 0.5g of
MgS0,4.7H,0, 0.01 g of FeSO,4.7H,0, 5 g of glucose, and
15 g of collagen (Sigma), as described by Edens et al. The
collagen was used as the sole carbon source to induce the
expression of the gene encoding for endoprotease EPR.
Young mycelia were harvested after 48 h grown at 30 °C.
Total RNA from A. niger was isolated using the TRIzol
reagent exactly as described by the supplier (Sangon Bio-
tech. Shanghai, China) and its purity was evaluated by
electrophoresis on 2 % agarose gel.

Reverse transcription was performed by using 2 pg
totals RNA, 1X Prime Script Buffer, 25 pmol Oligo dT
Primer (50 pM) and 50 pmol Random 6 mers (100 pM).
Reactions were carried out at 37 °C for 15 min, 85 °C for
5's, and 4 °C for 10 min. The resulting cDNA from the A.
niger was then used for PCR. PCR mixture contained
0.5 uM final concentrations of sense (Pl: 5-CCGGA
ATTCGCTCGCCCCCGTCTTGT) and antisense (P2: 5'-C
CGCGGCCGCTCAAGCATAATACTCCTCCACCC) prim-
ers, which contained added sites for the restriction enzymes
EcoRI and Notl (underline), respectively, TaKaRa Taq
DNA polymerase 1.25 U, 10* PCR Buffer (Mg2+ plus)
5 ul, ANTP Mixture (each 2.5 mM) 4 pl, primer 1 (20 pM)
1 pl, primer 2 (20 pM) 1 pl, and cDNA 0.5 pg, in a 50-ul
volume PCR amplification was performed by incubating
the samples at 94 °C for 3 min of preheating, followed by
30 cycles at 94 °C for 30 s, at 63 °C for 60 s, and at 72 °C
for 60 s, with a final extension at 72 °C for 10 min. At the
end of amplification, samples were submitted to electro-
phoresis on 1.5 % agarose gel with a 2,000-bp DNA ladder
as a size marker. The amplified bands of about 1,530 bp
were visualized by Golden View I staining.

The PCR-amplified fragment encoding endoprotease
EPR was cloned into the pMDI19-T cloning vector and
subjected to double-stranded DNA sequencing. After
EcoRI-Notl digestion, the endoprotease EPR gene was
cloned in the pPIC9 K vector between the EcoRI (5" end)
and Notl (3’ end) restriction sites to generate the plasmid
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pPIC9 K-EPR. The resulting plasmid (pPIC9 K-EPR) was
transformed into E. coli DH5a, and then the recombinant
E. coli cells were selected on ampicillin containing LB
plates and screened by PCR using the AOXI1, P1, P2
primers. Plasmid DNA was purified from the recombinant
E. coli DH5a and subjected to DNA sequence analysis to
confirm the endoprotease EPR cDNA fragment.

Transformation and expression of endoprotease EPR
in P. pastoris

Pichia pastoris wild-type strain GS115 was used as a host
for the expression of the gene encoding endoprotease EPR.
The expression vector pPIC9 K-EPR described above was
linearized by digestion with restriction enzyme Bg/II and
introduced into P. pastoris wild-type strain GS115 by
electroporation using a Micropulser (Bio-Rad, Hercules,
CA, USA). According to the manufacturer’s recommen-
dations (Invitrogen), the following culture media: minimal
dextrose medium (MD), buffered glycerol-complex med-
ium (BMGY), and buffered minimal methanol (BMMY),
were prepared for the transformation of P. pastoris,
selection of recombinant clones, and expression of endo-
protease EPR. For cultures in liquid BMMY, which contain
methanol as an inducer and carbon source, methanol was
added every 24 h to a final concentration of 1 % (v/v). All
cultures were carried out at 28 °C with shaking 250 rpm.
Every day (0, 24, 48, 72, and 96 h), just before the addition
of 1 % methanol, a 1-ml sample of the expression medium
was collected to measure endoprotease EPR activity and
for expression analysis by SDS-PAGE.

Enzymes activity

Endoprotease EPR activity was determined using the
methodology reported by Edens et al. Firstly, the substrate
(benzyloxycarbonyl-glycine-proline-p-nitroanilide, Z-Gly-
Pro-pNA), was dissolved in 1, 4-dioxane (40 %, v/v in
water) at 60 °C, to prepare a 250-uM solution. The
expression endoprotease EPR activity was determined by
using Z-Gly-Pro-pNA as substrate at 37 °C in a citrate/
disodium phosphate buffer (pH 5.0). The reaction products
were monitored spectrophotometrically at 410 nm. One
unit of the endoprotease EPR activity was defined as the
quantity of enzyme that releases 1 pmol of p-nitroanilide
per minute under the conditions specified.

Purification of the endoprotease EPR

After 96 h of culture, the entire medium was harvested by
centrifugation at 10,000 x g for 20 min. The endoprotease
EPR secreted in the supernatant was purified by a four-step
procedure consisting of ammonium sulfate precipitation,

dialysis, Amicon Ultra 30, 000 MWCO membrane (Milli-
pore), and ion-exchange chromatography. The following
steps were carried out at 4 °C unless otherwise described.
Briefly, the supernatant was fractionated with ammonium
sulfate (60-80 % saturation) over night, and after centri-
fugation the precipitate was dialyzed in water, then con-
centrated with Amicon Ultra 30,000 MWCO membrane
(Millipore), and applied to a HiTrap DEAE FF column
(Amersham Biosciences) pre-equilibrated with 20 mM
Tris—HCI (pH 5.0). The column was washed with the same
buffer with a linear gradient from 0 to 0.5 M NacCl, and the
enzyme eluted at around 0.3 M NaCl; the fractions con-
taining activity were pooled and kept at 4 °C. The eluted
proteins were also analyzed by SDS-PAGE.

Peptide mass fingerprinting analysis
of the endoprotease EPR

PMF analysis of the endoprotease EPR was analyzed using
MALDI-TOF-MS as follows. The sample was first analyzed
by 12 % SDS-PAGE and then stained with silver nitrate.
The recombinant endoprotease EPR band was cut out of the
gel to be a 1-mm> rubber block by homemade cut-off
device, decolorized in 200400 I 100 mM NH4HCO5/
30 % acetonitrile solutions for about 1 h, and then the
supernatant was removed. Then, the rubber block was
incubated in 90 pl 100 mM NH,HCO3;, 10 pl 100 mM DTT
at 56 °C for 30 min, and stored in 70 ul 100 mM
NH4HCO3, 30 pl 200 mM IAM3 at dark for 20 min; and
then washed with 100 pl 100 mM NH4HCO; for 15 min,
100 pl 100 % ACN for 5 min, respectively. The above
sample without any liquid was reacted with 5 pl 2.5-10 ng/pl
trypsin at 4 °C for 1 h. After removal of the supernatant, the
sample (without any trypsin) was incubated in 20-30 pl
25 mM NHHCO; at 37 °C for about 20 h, and then the
enzymatic hydrolysates that resulted from digestion of the
protein with trypsin were introduced into a mass spectrom-
eter. The positive-ion mode was employed and the mass
spectrometer with the application of a spray voltage was set
at 3.2 kV. MASCOT search tool (URL, http://www.matrix
science.com) was used for identification of tryptic maps.

Determination of pH and thermal optima

To establish the pH activity profiles of the endoprotease
EPR, the citrate/disodium phosphate buffers with different
pH values were prepared. A synthetic chromogenic peptide
Z-Gly-Pro-pNA was used as the substrate for the enzyme.

Endoprotease EPR activity dependence in terms of pH
was determined using 0.1 M citrate—phosphate buffers (pH
of 2,3,4,5,6,7,8, and 9). Enzyme stability against pH
was determined after incubating the enzyme for 30 min at
37 °C. Thermal dependence of endoprotease EPR activity
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Fig. 1 Comparison of the amino acid sequence identity of endoprotease EPR with other prolyl endopeptidases from F. meningosepticum,
N. capsulatum, Aeromonas punctata spp. punctata, Myxococcus xanthus, A. hydrophia, and A. niger CBS109712
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was determined incubating the reaction mixture (enzyme in
0.1 M citrate—phosphate buffer pH 5 and the substrate) at
temperatures between 15 and 80 °C. To evaluate thermal
stability, 50 pl of the enzyme solution and 500 pl of 0.1 M
citrate—phosphate buffer pH 5 were incubated for 30 min at
different temperatures (15, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, and 80 °C). Then the activity was deter-
mined according to the standard enzyme activity test.

Inhibitors

Various inhibitors such as phenylmethylsulfonyl fluoride
(PMSF, typical serine protease inhibitor, 0.1 M), EDTA
(metal ions, 0.1 M), aprotinin (0.1 M), and leupeptin
hemisulfate (0.1 M) were added to the enzyme and incu-
bated for 30 min at 37 °C followed by enzyme assay under
standard condition at 37 °C and pH 4.0. The sample
without any inhibitor was taken as control (100 %).

Degradation of peptides and hydrolysis of intact protein
by endoprotease EPR

The potential of endoprotease EPR in degrading various
peptides and whole protein was given below. Two peptides
with the sequences N-SKETTMPLW-OH (400 mg/ml) and
N-SKETTMALW-OH (240 mg/ml) were incubated with
the purified endoprotease EPR, at 35 °C for 30 min,
respectively. The resulting peptide sequences were con-
firmed by LC/MS/MS. The ability of endoprotease EPR to
hydrolyze the whole protein, such as PB-casein, bovine
serum albumin (BSA) and collagen, was studied. A total of
1 U of endoprotease EPR was incubated with 1 ml dif-
ferent proteins (1 g/l) in 50 mM sodium phosphate buffer
(pH 5.0) at 35 °C for 24 h. Their hydrolysates were ana-
lyzed by RP-HPLC.

Results and discussion

Analysis of transformed clones and expression
of the endoprotease EPR

Total RNA from A. niger was isolated and submitted to the
reverse transcription. The resultant cDNA was used for
PCR and yielded a 1-530-bp DNA fragment containing the
whole coding region with the expected signal endoprotease
EPR sequence. The homology alignment is shown in
Fig. 1. Sequences of several reported prolyl endopeptidases
from F. meningosepticum, N. capsulatum, Aeromonas
punctata spp. punctata, Myxococcus xanthus, A. hydro-
phia, and A. niger were aligned with endoprotease EPR,
which showed 10.19, 11.86, 10.71, 12.46, 11.27, and
95.82 % identity to the endoprotease Endo-Pro Aspergillus

niger, respectively. Although the homology from different
sources was very low, the sequence Gly-X-Ser-X-Gly was
conserved among them.

The recombinant plasmid pPIC9 K-EPR containing the
endoprotease EPR gene was transformed into the P. pas-
toris wild-type strain GS115. Some of the colonies selected
on MD plates (ten of 34 colonies) were tested, and trans-
formants were selected with G418 (2.0 mg/ml) by PCR
using primers specific for endoprotease EPR to confirm the
integration of the endoprotease EPR coding region into the
P. pastoris genome and six positive clones were selected.
The clone with the highest activity and one negative con-
trol, pPIC9 K (without the insert), was initially inoculated

Table 1 Purification of the recombinant protease endoprotease EPR

Purification step Volume Total Specific  Purification  Yield
activity  activity
(ml) (mU) (un (-fold) (%)
Supernatant 300 150,000 500 1 100
Ammonium 80 120,000 1,500 3 80
sulfate
precipitation,
dialysis
Amicon Ultra 60 108,000 1,800 6 72
30,000
MWCO
membrane
HiTrap DEAE- FF 15 94,500 6,300 12.6 63
M 1
kDa
97.2 =
66.4 —
44.3 —
14.3 =

Fig. 2 SDS-PAGE of the purified recombinant endoprotease EPR
protein. M protein marker; / endoprotease EPR
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into BMGY and later into BMMY. The cells and the
supernatant of these clones were then collected by
centrifugation.

Purification and peptide mass fingerprinting (PMF)
analysis of the endoprotease EPR

To confirm the expression efficiency of the target protein,
the concentration of induction methanol (0.5 and 1 %) and
the inducing period were optimized. The supernatants were
taken at various time points (0, 12, 24, 48, 72, 80, 96 h).
The results showed that the endoprotease EPR activity
increased in a time-dependent manner within 80 h, but then
slowed down at 96 h, which implied that the optimized

inducing period of the transformant was around 80 h. Also,
the final methanol concentration of 1 % was better than
0.5 %. After 80 h of methanol induction, cultures were
harvested and the supernatants were collected for purifi-
cation of endoprotease EPR.

The prolyl endopeptidase was purified 12.6-fold with
63 % yield from the crude enzyme extract (specific activity
500 U/1). A summary for this purification step is given in
Table 1. Firstly, the proteins in the crude extract precipi-
tated with 30-70 % (NH,4),SO, achieved threefold enzyme
purification. Fractions exhibiting prolyl endopeptidase
activity purified 12.6-fold (6,300 U/l) were pooled. The
SDS-PAGE result suggested that the enzyme appeared as a
monomer with molecular weight of about 60 kDa (Fig. 2).

x104
174,828
8 4
6 285.30.8
471,860

—_— 135822
3
5,
%)
c
2
£

41 439883

21%.351
) 314 797
330.838 S03.880
412,855
245:_2&8
‘ 390,803
2 4
0

1109731

908.207

m/z

Fig. 3 Spectra of the peptide mass fingerprinting analysis of the endoprotease EPR
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Peptide mass fingerprinting (PMF) is known to be an
excellent, fast, and powerful search engine to differentiate
peptidase even with highly similar properties. Therefore, the
identification of the recombinant endoprotease EPR was
analyzed by PMF analysis. As shown in Fig. 3, mass values
of the peptides resulted from the endoprotease EPR diges-
tion ranged from 877 to 3,600. The peptide mass finger-
printing data were analyzed using the MASCOT search tool
(http://ww.matrixscience.com) and showed that a unique
MS/MS fragmentation of LVSASYWQR matches with the
recombinant endoprotease EPR, which further confirmed
that the purified recombinant protein is what we want.

Proline-specific endopeptidases (PEPs) are a unique
class of serine proteases, and most of their structures are
unknown, excluding the structures from pig PEP, S. cap-
sulate PEP, and Myxococcus xanthus PEP [21]. A web-
based tool for protein structure homology modeling-Swiss
Model and the software Discovery Studio 3.1 were used for
predicting the simulated structure of the endoprotease EPR,
which revealed that the active site was located in Ser(;79)-
Aspussy-Hisuo1), based on the template 3n2zB with
sequence identity of 17.6 %. The result indicated that the
endoprotease EPR shared the same active site Ser-Asp-His
with human prolylcarboxypeptidase belonging to S28
protease family [20, 23].

Properties of endoprotease EPR produced
by P. pastoris

As shown in Fig. 4a, the highest recombinant endoprotease
EPR activity was observed at pH 4-5, measured in various
citrate/disodium phosphate buffers and the residue enzyme
activities were above 82 % of the maximum activity
between pH 3 and 7. The optimum pH (pH 4) of the
recombinant enzyme was similar to the prolyl specific
endopeptidase (AN-PEP) reported by Edens et al. [12]
(around pH 4.2), which was different from those in the
mammalian and bacterial. The enzyme was stable over a
range of acid pH 3-7, which indicated that the recombinant
endoprotease EPR belonged to a low-pH form and the
general base/acid-catalyzed acylation is the rate limiting.
After incubation below pH 3 and above pH 8 for 30 min,
the enzyme retained no more than 50 % of the maximum
activity, and the activity was almost completely abolished
at pH 2 and pH 9.

The endoprotease EPR expressed in P. pastoris pre-
sented its maximum activity at 35 °C (Fig. 4b), which was
similar to proline endoprotease enzymes from A. oryzae
FS1-32 (37 °C) [1], and its thermal stability was between
15 and 60 °C. The stability test revealed that the residual
enzyme activity was 80-100 % after incubation at
15-60 °C for 30 min (Fig. 4b). Unlike these, optimal
temperatures for AN-PEP [6, 12] and proline endoprotease
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Fig. 4 a The effect of pH on the recombinant endoprotease EPR
activity and stability. The activity was determined under conditions at
pH 2.0-9.0 and 37 °C. The pH stability was determined by incubating
enzyme at various pH at room temperature for 2 h and assay at
optimum temperature (35 °C). b The effect of temperature on
recombinant endoprotease EPR activity and stability. The activity
for optimum temperature was determined under conditions at
15-80 °C and pH 5.0. The effect of temperature on enzyme stability
was determined by incubating the enzyme for 30 min at temperatures
in the range of 15-80 °C. All the experiments were conducted in
triplicate

enzymes from Pyrococcus furiosus were both 50 °C and
between 85 and 90 °C [8], respectively. Therefore, the
recombinant endoprotease EPR may have an advantage
over the enzyme denature in the latter processing stages.
The incubation at 65-75 °C for 30 min reduced the activity
of the enzyme by 30 % and after incubation at 80 °C for
the same period almost total activity was lost.

The effects of PMSF, EDTA, aprotinin, and leupeptin
hemisulfate on the recombinant endoprotease EPR activi-
ties were studied. Among the inhibitors tested, the aproti-
nin and leupeptin hemisulfate showed middle effects on
both enzyme activities (87.3 and 82.5 %, respectively),
while PMSF had only a slightly inhibiting effect on
enzyme activity under the same reaction condition. How-
ever, EDTA showed a significant negative effect on the
activity of the enzyme. It was worth mentioning that the
addition of CaCl, can partially relieve the inhibition by
EDTA, which hinted that the enzyme maybe associated
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Fig. 5 The reaction products of
a standard substance
N-SEKTTMPLW-OH PLW 400ngfm

hydrolyzed by the recombinant 21211141

endoprotease EPR were W0 a1
¥dent%ﬁed by L.C—M.S/MS upon EXTTABPLY
identical retention time and
mass fragmentation patent.

a Total ion chromatograms of
the stander peptide and MS/MS
spectrum of the stander peptide
peak at retention time 9.12 min.
b, ¢ Total ion chromatograms of
enzymatic conversion of stander
peptide, and MS/MS spectrum b
of the stander peptide peak at
retention time 1.26 min (LW),
6.74 min (SEKTT MP),
respectively
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Fig. 6 The reaction products of
a standard substance
N-SEKTTMALW-OH
hydrolyzed by recombinant N4
endoprotease EPR were
identified by LC-MS/MS upon
identical retention time and
mass fragmentation patent.

a Total ion chromatograms of
the stander peptide, and MS/MS
spectrum of the stander peptide
peak at retention time 9.02 min.
b, ¢ Total ion chromatograms of
enzymatic conversion of stander
peptide, and MS/MS spectrum
of the stander peptide peak at
retention time 1.23 min (LW), S
6.06 min (SEKTT MA),

respectively
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with metal ions and required calcium ions for its optimal
activity. This phenomena might be attributed to calcium
ions involved in the stabilization of the enzyme molecular
structure. In fact, calcium ions are known to be inducers
and stabilizers of many enzymes [26, 29] and also protect
them from conformational changes [24].
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In comparison with chromogenic substrates Ala-Pro-
pNA, Ala—Ala-Pro-pNA, Z-Gly-Pro-pNA, and Z-Ala-Ala—
Ala-Pro-pNA, according to the kinetic assay, the recom-
binant endoprotease EPR toward the dipeptide Ala-Pro-
pNA showed almost no activity, while Ala—Ala-Pro-pNA
and Z-Ala-Ala—Ala-Pro-pNA were better substrates for the
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endoprotease EPR. The research implied that the enzyme
preferred larger substrates. Two peptides with the sequen-
ces N-SKETTMPLW-OH (Mw 1092.29) and N-SKETT-
MALW-OH (Mw 1066.25) were incubated with the
purified recombinant endoprotease EPR, respectively. The
resulting peptide sequences N-SKETTMP-OH (Mw 792)
(Fig. 5) and N-SKETTMA-OH (Mw 766.7) were con-
firmed by LC/MS/MS (Fig. 6). Until recently, researchers
found that certain proline-specific endoprotease could
degrade a 33-mer gluten-derived and intact protein [22].
What limits the enzyme specificity is the substrate acces-
sibility to the proline-specific endoprotease activity site
instead of the chain length specificity [7]. In addition,
HPLC analysis in our study showed that the pure recom-
binant endoprotease EPR also could digest the B-casein and
bovine serum albumin.
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