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Recombinant Expression of Serine Carboxypeptidase in Aspergillus niger

and Analysis of Hydrolysis Effect on Soybean Protein

YU Dou, PAN Li, WANG Bin
(School of Biology and Biological Engineering, Guangdong Provincial Key Laboratory of Fermentation and Enzyme
Engineering, South China University of Technology, Guangzhou 510006, China)

Abstract: Serine carboxypeptidase could cleave the amino acid at the C-terminus of the peptide chain and has a wide range of applications
in debittering soybean protein. In this study, three serine carboxypeptidase genes (CPG,CPF,CPA) from Aspergillus niger were recombinantly
expressed in low-background Aspergillus niger HL-1; promoter Pha //, terminator Ttef and auxotrophic selection marker pyrG were used to
construct serine carboxypeptidase expression vector containing its own signal peptide and glucoamylase signal peptide; PEG-mediated
transformation method was used to transform into host HL-1 to construct a serine carboxypeptidase recombinant expression strain; the high
expressional recombinant strain HL-CPG was obtained by fermentation screening, and its serine carboxypeptidase activity reached 163.71
U/mL; the 6 x His tag was used for nickel column affinity chromatography to obtain a single serine carboxypeptidase CPG and its enzymatic
properties. The optimal reaction temperature of the enzyme was 40 °C, the optimal pH was 3.5, and Cu?" had a significant inhibitory effect. In
addition, when serine carboxypeptidase CPG and pepsin were compounded to hydrolyze soybean protein, the content of hydrophobic amino
acids Leu, Tyr and Phe in the hydrolysate increased by 606.47 pg/mL, 434.06 pg/mL and 205.11 pg/mL, respectively. In summary, this study
successfully achieved high-efficiency expression of serine carboxypeptidase, and provided support for solving the debittering treatment process
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of soybean protein hydrolysate.
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JR KM (Carboxypeptidases, E.C.3.4.16-E.C.3.4.18)
Re—PhANIREE, BERSIRIOKMERINE BRI Z Ik C K
U IERRY o AR R ARG O T Ao N 22 5
PRI (E.C3.4.16). @JEIERRIKEE (E.C3.4.17)
AR BRI (E.C3.4.18) B, 2% ¥k ik
—MPRESLERRIE 2 BN KRR EE C AR o2 JE IR (1)
SMIKEE, JE T 2 a IR IKBEN S10 Kk, fe%Z5E
FREAEY R N sk BT T Rs, fERiE 2%
TR 1 RESS K AR BE AR i 2 &M HA Rl AN B %
BRSPS, R Ah s SRR K B A W 2 JE R
CEMIFREIE, B S-D-H (ZZEJR. RARIR. fd
PR A =k fy, Hrp Ser £iEtEH L. B
il RIS ) 22 R AR RIFAR 2, AEAE T Y
AR Z R E Y ), L2 BRI REAE 25 P T
e, Hpr BB, CHRIE R SOk Rk R
2 Morita™25% Aspergillus oryzae (1225 B34k
it 3£ [A] cpl 75 Aspergillus nidulans #3710 SR IA NI
f#) 85.31 U/mL.

KRR TAT ST Z AR
HoKfER R SRV Z2EMEZ AR, nIE R R B Sk
S RVE SRS . ARAE K SR KR R R 2= AR
KRB RIE, 7 E R AR & i AT R
TR S B T AR UK A AR R A B R, R
R BB K P S IR e R A ) E R R . R
i BT K S R A A S NS, oA
PSR, X FERT 6000 u 2 IKAZ
SRR . BRI IERR A 7R T )
FRRERER ST, AR OB . (H Y B K M R AL
T A AT DA S T A e, e MR Re S
WRZARZE G, R 2ILRERESR . S5iFE AL,
Y K PSR, T IR AR i R R B . MK
PR IERR A T IRBE I C A S 7 A2 IR R T N R
Ui S E, X RN SRR T S e R AR DG . b
JREE IR RE L /KB AN S R () ZH Rt 2 %o e A = A
BRMEES EREEANKBRR T SHE
Gly-Leu. Leu-Lys. Arg-Leu. Phe-Leu. Arg-Leu-Leu
GZPPERIK . BRI £ B YA
B, A ARV R BN PR
AR EEELS . ARV RE P E AR S
PRKER. SMEEEA plastein 2% A0 A ki 2
HWFEEEAN. RO, AN DB T i
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&, GUKEEREAE I SR T S A 2 1) — 2R AN KT
FOPhASE FH — A A= Y g IS UK SRR AT S AR AE IR 2 W
JOR, ELHE A TS5 4/ Mt 1 [ g K 5 T P e R
PR B B ¥

=5 (Aspergillus niger) BAG 50 A 50
Ae7, AHHRERE RN mRIAR Mk T B
SERG IR AR B RS (TERIAFALIE A
Yo BA LRI #A g GRAS (Generally
Regarded as Safe) Z4witk, BAEYZeME: FEH
TR st KA ) IR VA P o = 2 3k 2 (S
FARIRE; A IASE SR SRR, R A 1)
BE IR RIS ART BRAN R E R AL B 2R
B ) AT e R T LR RO AR A
PRIk 2 it B2 D05 (1) B 0k T

AT LM B R0 i dh 5 Aniger HL-1
JNTE . FiA Aniger CBS 513.88 1 3 ML ZFRERIIL
LR (CPA. CPF. CPG), ffiifef3 Fmid 1ML &
FRFRIKBERL R CPG, JEWTFT | H2HME CPG Il 71
R, BJERENATREEANE, P77 BEAME
L E NG CPG SRCHTF= A I R, R S
F K R A 7 A B T R S o

1 MR5RE

L1 A#

1.1.1 BA#Eha

G F PR Aniger HL-1 (ApyrG. AglaA)
FHAR SIS S A ORI RIA R UEV HASE
ORI, KA E Escherichia coli Matchl T1
I H 3£ [F Invitrogen 2 ]
1.1.2 K5

PR 1P A DIlE Apa / i1 Xba /, 2£[E Thermo
Fisher Scientific /A #] ; Prime STAR HS DNA
Polymerase (premix), H7 TaKaRa A#]; HiFi DNA
Assembly Cloning Kit iX7#)#&, EE NEB A#;
DreamTaq Green PCR Master Mix, 3 [ Thermo Fisher
Scientific AF]; HEEAN. ei —EfaEib, g
MREARHA R AF]; FA-Phe-Ala, S AAL T
AWRAF G KEAEEA, | SRR
A MAF; DNAmarker (250 bp Ladder. DL 5000™)
F11 26616 Protein Marker, HZS TaKaRa A
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Table 1 Primer
HE P20 M R)(5-3)
CPG-g-F CCTCTATATACACAACTGGGATGTCGTTCCGATCTCTACTCGCCCTGAGCGGCCTCGTCTGCACAGGG
TTGGCACTCCAAAATCCTCATCGTCGGG
CPG-g-R GGCATAAATCGAATGTCCGCTCAGTGATGATGATGATGATGAGA
CPF-g-F GGCATAAATCGAATGTCCGCTTAGTGATGATGATGATGATGCAG
CPF-g-R CCTCTATATACACAACTGGGATGTCGTTCCGATCTCTACTCGCCCTGAGCGGCCTCGTCTGCACAGGGTT
GGCAGCTAAACATGGTCGATTTGGCCA
CPA-g-F CCTCTATATACACAACTGGGCCTCTATATACACAACTGGGATGTCGTTCCGATCTCTACTCGCCCTGAGC
GGCCTCGTCTGCACAGGGTTGGCA CCTCCCTTCCAGCAGGTCCTT

CPA-g-R GGCATAAATCGAATGTCCGCTTAGTGATGATGATGATGATGGAAC

CPG-F CCTCTATATACACAACTGGGATGCGGGTTACCACGGCAATTG

CPG-R GGCATAAATCGAATGTCCGCTCAGTGATGATGATGATGATGAGAGGTATAGTTCCCCTTCG

CPF-F CCTCTATATACACAACTGGGATGCTGTTTCGCAGTCTGTTGTC

CPF-R GGCATAAATCGAATGTCCGCTTAGTGATGATGATGATGATG CAGGGTATCCCGCCGGC

CPA-F CCTCTATATACACAACTGGGATGAGAGTCCTTCCAGCTGCTAT

CPA-R GGCATAAATCGAATGTCCGCTTAGTGATGATGATGATGATG GAACCATTCACCTCCCAACC
Pnall-F ATCTACTAGTCATATGGATTGGGCCCAATTCATGGTGTTTTGATCATTTTAA
Pnall-R CCCAGTTGTGTATATAGAGGATTG

CP-F CCCAGTTGTGTATATAGAGGATTG
CP-R AGCGGATTTGAAGTTCAGGAA

*® 2 LRRRIEEEFT

Table 2 The sequence of serine carboxypeptidase genes

AR Gene ID cDNA K JZ /bp RILEAR el 5-F2/ku
CPG An02g04690 1563 520 57.8
CPF An07g08030 1596 531 59.5
CPA An08g08750 1674 557 62.1

1.13 EHRA

LB 59555 1%E A 1%54058. 0.5%B R
B,

DPY Ki77kk: 2%E &b 1% AR 0.5%8 8
FREWI. 0.1% KH,PO4v 0.05% MgSO,-7H,0.

CD }57%3E: 2% FE. 0.3% NaNOs. 0.2% KCl.
0.1% KH,PO, « 0.05% MgSO47H,0 « 0.001%
FeSO4 7H,O+ 2%k

RIEERGFEHE: 5% KUER . 3% KK 2% H
1.14 314

SRR SR 1 s,

1.2 U8

Veriti 96-Well Thermal Cycler & 5 20 B
(polymerase chain reaction, PCR) 1X, £ Applied
Biosystems 2 7 ; AKATA JZ=H4%, & EliE A A A

BARKFHIKRSE, £E Bio-Rad A#]; M200 £
TIREREFRAY, 7E[E TECAN AR BRI E L
#l, E[E Eppendorf A ] .

1.3 F&%

1.3.1 2 RERBIREEF A BRI E
1.3.1.1 AT Frife B 1) 3R KL R

M Uniprot i3 2111 2 i 55 22 S R P IR (]
FPHIINER 2 Fizs .
13.12 RiAE Aty

JHid SignalP 4.0 server {55 BRI JHH 155
BE, o3RS SN B S 5 IR IG5 5 K
22 ATRRIRIGR IS E A . LA S Aniger CBS 513.88
(LRI Rk, L CPG-F #1 CPG-R, CPF-F #
CPF-R, CPA-F fll CPA-R N5|¥¥ G 5N E &5
SHKI CPG, CPF il CPA &R EL, LA CPG-g-F
CPG-g-R, CPF-g-F Il CPF-g-R, CPA-g-F Il CPA-g-R
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NG HE S OB BEE S Ik CPG-g. CPF-g
F CPA-g JE[ Fr By (RN H BRI C smdsridid 514
TN 6 x His $7%5), H Pnall-F Al Pnall-R M543~
WRE BT B Pnall. ¥ HMERE (CPG, CPF.
CPA. CPG-g. CPF-g 8% CPA-g). Z+&Jash¥ Pnal/
MLMAL B ER UEV (5 pyrG fidkbric. Ttef
2 b2 F amyA [FYEED @i HiFi DNA SR
FERSINE R, A Z KA E.coli Matchl T1
T, S RH R R NPUEIEL . FER K.
R DTSSR 36 1 J 9RTGE Hh TR A 2R dA . 1
IEH 1R 1K # Mk Ay 4% N UEV-CPG/CPF/CPA/CPG-g/
CPF-g/CPA-g.
132 “REBIKEETAA R E

¥ 6 MLHEMRER I LILH A (UEV-CPG.
UEV-CPF. UEV-CPA. UEV-CPG-g. UEV-CPF-g #ll
UEV-CPA-g) &l ivki KEHRI. W45, #id PEG
N GEALE TS Aniger HL-1 JRAEF A,
30 CHEIREEFR . WA FHEE CD MR F4kaiias. fF
AT RRZ SRR . DI TSR AR,
FIF6AIE 514 CP-F A CP-R AIF H 5 R kM2 75
SRR BRI . ik IR 2 R R R K
M H R, I IR B R MR dr %4 HL-CPG/CPF/
CPA/CPG-g/CPF-g/CPA-g.
133 “RABRHRIKBEEEE N T

V445 TR ) 22 SRR R DK TR R A i B 77 ik
K168 h (30 'C, 250 r/min), %24 h BUFE—IK.
FH 4R - B = 92 I 8 22 IR AR K G R B s o LA
FA-Phe-Ala NJEA), 1HIET pH 4.5, 45 mmol 14
FRAENZE R FHC 1 AR 0.5 mmol FJEMIT . BLEH £
PR 4 2% v M B R BB 100 pL im AN 900 pL
FA-Phe-Ala &7, 7#%), 30 “C N 30 min. [7] 450 pL
TN 50 uL B, SRJEHIA 1 mL AR
RS- 2 — VA, 84 “CKME S min, VK FAHI R =,
FEEARGI & AS06 nm FIWOGAE, XTHEZENE 100 pL
FHRRAEWE 15 min fEFE, HARERIESSIGHM
[f. BREEX: 30°C, pH4.5 TR, RE/NRHKA#E
1 pmoL 2R 75 ZE MM =N 1 NS 7154 (UD.
134 % RERH KRB LAY

DRIPE A i R IR FAR I 7E B B 2E R i\ 6 x His
PR, WO DR B EESEAEMT i8 T L R R
KB4 . 4 B 4H PRARAE K IR 7R 5 5 9% 96 h,
W R EREFRIE O EL IS G 0.45 pm FIERRIEE,
W H T 4lifk. i HisTrap™ HP ZEHrkE, EREEN
20 mL, V#E Y 1 mL/min. BB (Belimk
HHIBKIEE IV E A 0~0.5 mol/L) WCEEAR [H] e i g o Al
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F SDS-PAGE 38R NG, 1385 — 2 &Rk
JR B -
1.3.5 4 R ERH KB B VR BT R,
1.3.5.1 iR BEXT 22 SRR KT 1) 52

BRI E: 75 pH EA 4.5 BIZAE T, Kaiift
S B H R B2 BIZE 204 40, 504 60 70 80 ‘C4&
AR I S 22 2 R AR K B S, DA AR R (R BRS J1
100%. i BERSE PEIE : W ERAE FaRiR AL T IR Ab
HE 2 h, WEFI RIS T, VREACERA KBRS 1 H
100%.
13.5.2  pH X2 S FRIRIKEG I 500

& pH AEE : Bl A E pH fE (2.5, 3.0. 3.5,
4.0. 45, 50, 55, 6.0. 6.5, 7.0. 8.0) 0.5 mmol [
FA-Phe-Ala RV, ENEAR W EIEIRE T, W
SEAE pH (E RS 24k, DL s IBEE 71N
100%. pH A2 Ml e : FERETE Bk pH 24 IR
TRAREE 2 h, W BEVRRIAR IR 7, DAREAC AL
RIS 7124 100%.
13.53 &85 2 E IR IR R0

TERMERIBRR R MR 2T, IS ] 1) 42 @ 31

(Ba®™. Mn*". K'. Mg*". Ni*'\ Co’". Ca*". Na".

o', U, TERNAR R PR T HIZIKEN 5.0
mmol, W& 22 FRFR KB IIBERE , LARZ A B EH [Nl
718 100%.
1.3.6 ZLRZBRARIKEEEKR 2% BLEF 69 5 A
1.3.6.1  FHEEIG v e 7K A P

HY 5 mL SPI ZKM#FEA I 60 mL H4EK, H 0.1
mol/L NaOH 5 #Ef pH 2 8.2, [MIVER IS
10 mL pH {54 8.2 H {4 HEE I, FH 0.01 mol/L NaOH
BT E S, WESE pH 9.2, ic3t NaOH ArdEiaR
RIVEFERRN V. 25 FAIXTHIRLL K 5 mL SPI AR SHH 5
mL K, HMPIR S M2, id% NaOH Fr
HEVE VR REIARTR Voo 12 DU 2 3SR ARAE S 7K
%E[B]:

V-V,

DH /% = (1000x0.01x
5.00

/C-0.33)/7.8x100%

K¥:
C—HEFRRESBEARE, gL;

033——X &4 B&E i B 2IKE, mmolg;
18——HAKEHBEGHKRE L FH, mmol/g.
13.6.2 A[F pH (%M T B EEBIKFER G HE

EERLT

Bel pH M 3. 3.5, 4. 4.5 BIZETRIAMER S5
BEA. BEAMKNRNINER 1:100 (8: &Y, &
FE29 37 °C, F3RE 1 h Wl HoKBREE, BEfERS A1 8 ho
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13.6.3 HEAMS 2RISR 55
EH

£ pH A 3.5 Il 15 2 S 22 S IR AR TR S T
MRS B E AN, SEIGH.: [ TARSE 1K
G EERATPIE 1:100 MEEEIIN B RO, BEE
AbEE 6 h, FHNA 300 Ulg 22 Z R AKEREA CPG
SV 6 hy JRSZE SRS B KL« W REZH AR 7720
2k bR SPT H N AR [FIGE ) B B ERE, R
12 h, JSEGE SR 7 A P 0 5 7K A i S 2
BRI &= .
137 #IELIEE 547

B IR S =k, A R S s SR F R
SPSS 19.0 #4757 225347, Origin #HTEIZR 1221

2 SRS

2.1 EA 2B BRRINEEE AR T

¥ B ihE Aniger CBS 513.88 13 N2 TR AK
fifFE[X] (CPA, CPF, CPG) 7£ SignalP 5.0 server
(http://www.cbs.dtu.dk/services/SignalP) 7 #t 1. B I it
IT(E S RERT AR I 3 N EERI & N R/ ME 5.
DR ERR I 2 BRI A ik, R 1
HHSIEAT PCR 43915 3055 58 B 515 5 IKFRE
B S IR 2 R IR R R B (] 1), 22
RIRIKEEEE R B R8T Pna IIAZ AL UEV
A B TR IR B, A BT
1E i 1 2215 # A& UEV-CPG/CPF/CPA/CPG-g/CPF-g/
CPA-g. N [ TiiidA5 B a3 1) 42 S R P2 IOt =2 2L 7
R, ¥ 6 NRIEHMA (UEV-CPG/CPF/CPA/CPG-g/
CPF-g/CPA-g) Ak = M HL-1 15 3 h 153 6 Pz
RIRIR I B 2 Fi bk, 45 PCR S0AIE 1IERA 5 A ME AL
TR A R R RIS 97 96 h JE I E 2 R PR IR Ik il
W OCE o). E5 N E 51 5 M) =4 5%
(HL-CPG. HL-CPF. HL-CPA) HIEIEIL1E 5 ik
FEAGER(S S IR E 2 Bk (HL-CPG-g. HL-CPF-g.
HL-CPA-g) MMIHE =, 7] RESE R ATE L2 IR AR KR
N 3 &5 2 90 ANFRIE 1) RIE T SE Mk, 1245 /8%
TRAP A LA AR A IR D)8 B S SR A 2
Ky S IR G ] R0 8 R R S5 48 F B0R
FRBE I RO BT I EAN R A B L B Pk
& CPG ERMHMA KNSR E, HAE 6 HRARK
242 5 R IIKIBG B PR T I d5¢ 5 19 HL-CPG BRIk
% 163.71 U/mL, 5 Morita 25EH25# 1) 85.31 U/mL
HHEL, 2R IKIERE TS 1 96.61%, 1t MITfiiEss
B 1) 22 Z BRI B 2H B AR BRIk B = IR R IA /K-

1 2 3 4Ml

a

Pi CPG/CPF/CPA

nall original-

signal

Apal/Xbal
7" Ttef
ANpyrG

PMD20 (jpy
AN
amyA-down1000
Apal/Xbal
C 200
d
é 150 -
z
= 100 |-
g
g2 50t
g
5
ok

0‘16’% ﬁe C{c% Q;Q Cﬁ?{% ,CQYV
B 1 LSRR ABEEHBERANTHIE

Fig.1 Screening of serine carboxypeptidase strains

E a ZREBBIKEEERR K BA BT PrallAEE
kB (14 CPF; 24 CPG; 34 CPA; 4 At rshT; 54
SVEEZ 5 IKE) CPG-g; 6 A4 bEkBefz 5 ke CPF-g; 7
A AAEALEEE 5 k49 CPA-g; M1 24 250 bp Ladder; M2 3 DL
5000™); b: LRABAIKEGEABHIMER L o TR LAR
FR KB & 40 B B 7 S

22 #E4E CPG W4t
M 1 2 3

QTR ———

100 —=s

70*’
-

& 2 225EAFRRARE CPG RUSt1LE
Fig.2 SDS-PAGE of serine carboxypeptidase CPG
E: 1 4 HL-CPG itk 96 h LR L REA LW, 2 H
EHEFITEEO LY, 34 HL-CPG Wtk 96 h £ Bk Bk
WWEEA LW, M A#26616 & & Marker.
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W22 TR ) HL-CPG BEAR IR B Eidl s
BUAESRAEMT A 2L 2 5 R A 2E1T SDS-PAGE H
VKA, SR 2 iR, VGE 3 A SR EE A
Fedh, AN RN SR EHBRP N — B

23 EA22ARKINE CPG B 4 i

23.1 REATELABE CPG 89%mh

HAR CPG 1E 40 CHf BgE s, 4R 4 80 °C
BHEA 10% 754 AHXEES /) (B 3a). SiAhEY
BEAE 20~50 CHIEEEFXFRE, FEHIERP AL 2 h
Je BELREE 60% LA IIAEXERG 71 (B 3b).

a oo}
xX
2 80f
2

g

S 60k

g

S

g 40t

o
2
5 20}

Q
&

0 1 1 1 1 1 1 1
20 30 40 50 60 70 80
Temperature / 'C

b 100}
xX
2 80f
2
51

S 60}

g

S

g 40t

o
2
5 20}

Q
&

0 1 1 1 1

20 30 40 SE) 60 70
Temperature / ‘C
B 3 RE x4 /EELARS CPG ERIEAIRIN
Fig.3 The effect of temperature on purified recombinant CPG

iE: ar BLAFE CPG #)RIERSIRAE; b: T4BE CPG #9
AFE M,
232 pH/{&xTE 408 CPG 49 %0

HARE CPG 7E pH N 3.5 W lHE i HBEE pH
AT =B IE N R, 78 pH {E 9 RHUARER 10%
PIAEXTEERE (B 4a). HEHR CPG 7E4% pH 264+ T
B2 h i, {E pH H A 3~5 BHRIEE 50% LA AR
BTG 77, TEH A BB S5 R AR R EAFAE (&
4b).,
233 & 8&5B T ELE CPG $7R

TGRS T I EE N 5 mmol/L i, SEg 45 B
%3 Pm. Cut X EARE CPG BA B R AHHI BUR,
Ba™. Mn’". Mg™". Ni*". Co™". Ca®". Zn* X HZH Mk
CPG HABRMMHMSEIZER, KX CPG MIfEH 2Rk
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W /N, Na XHR KB CPG B BGS I1E T, BEfgdEm 10%
(IR 77 o

100 -

S N 0
(=) (=) (=)
T T T

[N
o
T

1 v 0,
Relative enzyme activity / % g

(=]

on
_
=N 0 IS
S S =}
T T T

N
S
T

20 +

Relative enzyme activity / %

pH
(& 4 pH {EXI4E{V/EE2ERES CPG EEEAIRZIN
Fig.4 The effect of pH on purified recombinant CPG
E: a: E4ABE CPG #93iER M pH 18; b: ZAE% CPG
&9 pH 1EAE M,
* 3 ERETFXANEELARRS CPC BEERIRNT
Table 3 The effect of metal ions on the activity of purified

recombinant CPG

2EET  RE/(mmolL) ARTEEE H/%
Ba®" 5.00 90.23+0.45
Mn*" 5.00 87.47+£0.41

K 5.00 98.45+1.89
Mg** 5.00 81.16+0.83
Ni?* 5.00 92.710.15
Co* 5.00 94.64+0.81
Ca*" 5.00 93.79+1.63
Na' 5.00 110.75+0.04
Zn* 5.00 93.53+1.31
Cu*" 5.00 11.58+1.54

Control 100.00£1.57

24 EHLABLNKE CPG AT E A M

w1y Rz A
241 FEABEEETRE pHAELMH TRBEXE

s
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FH B 8 AR AEAS R pH A 2 PR R G B B
S5RWE S Bon. 8 pH N 3 B K E 2B S ERIK
fiftem. HBEE pH AT, B EARRKERE
BRI, KB EARKAERC. fErE &0
T, BT 3 h MK REK, BEEE TR EHTESE 6
h I KRR IA B e i o 7 pH ERN 3.5 KB E H
(KR PERS AT pH (A 3 BRI, (H¥5EEA
CPG (g2 A R, 14 pH 3.5 1E VLR CPG 5
B R I O S5 R K A2 AT o

10
9L
8k
7k

s
-~ 6F
jas)
a5t
4t
3L
2- 1 1 1 1 1 1 1 1 1

Time / h
& 5 A pH {E T BEAEEEHNR
Fig.5 Pepsin digestion effect under different pH
242 F83 CPG 5 R Ao KERE
B

700 - I Control
% V72 Experience
600 | . 7
. | z
E 5001 % .
) 7 7 %
= 400 % g 2
= 7 7 é
5 % -
2 300 . é ’
< :
O Y 7 . :
g . .
) 7 7 n i
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