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Study on Enzymatic Hydrolysis of ACE Inhibitory Peptide from Loach(Paramisgurnus dabryanus) Protein
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Abstract: In order to develop the angiotensin converting enzyme (ACE) inhibitory peptides of loach protein,
the amino acid composition of loach protein was first determined by high performance liquid chromatography.
Then, the effects of single enzymatic hydrolysis of loach protein and compound enzymatic hydrolysis on the
production of ACE inhibitory peptide were investigated systematically, and tricine sodium dodecyl sulfate —
polyacrylamide gel electrophoresis was used to further verify the hydrolysis effects of loach protein by different
enzymatic hydrolysis methods. The results showed that loach protein was rich in hydrophobic amino acids
(39.823% ), branched chain amino acids (18.102% ) and aromatic amino acids (8.216% ), and was a good
source for the preparation of ACE inhibitory peptides. Proline protease, a—chymotrypsin and alkaline protease
single enzymatic hydrolysis loach protein, the highest ACE inhibition rate of enzymatic hydrolysis products were
81.01%, 64.91% and 87.84%, the highest degree of hydrolysis were 1.48% and 9.04% and 28.29%. Alkaline
protease and proline protease were used to carry out stepwise enzymolysis and simultaneous enzymolysis of loach
protein. Simultaneous enzymolysis could produce more active ACE inhibitory peptides. The highest ACE

inhibition rate was 90.14%, and the ICs, was 0.491 mg/mL.
Key words: Paramisgurnus dabryanus ; loach protein; amino acid composition; angiotensin converting enzyme

inhibitorypeptide; enzymolysis; complex protease
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TRPERY ACE ADHRIIK, © R4 2 G,
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SR BT} R JeSHR , 3220 THIL S BT
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BEAAE TR B/ NS . BRI YRS & 1 T Yy
H20 %, el =N 2 %, ZIIRe R TR 545
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1 TAE

FA, DAJEEHCY SR & ACE I IKAgBEST, 2
e I 2 4 1 R AN AROVE 2 g, R TR L 2Rk
FIE SR o BRSO IV BRG] 5 89 ACE ]
JRFEAT T WPl , A2 AT T R — D ik,
AR T ACE il Ik % 3 2 77 51 Ala—His ~Leu-Leu
(452 Da) . SR, 3% SEHRAE X T BT 2 gAY e 46 It A
HRIATIRA R B, ACE I KA 2 A 306 R
(quantitative structure—activity relationship, QSAR) fAiff
FERRY, ACE IR IKEY) C Im2d eI A2 5 ACE 15 PEHT
g5 6 i e, Bk M FIIKAY ACE #0314 =2 ] 22
TEAHIRI, C g FEIR Ny L ERARGEAL) (1855 7 5 2 HE R
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AU R, T RN ZIR AR S R 22 ik R, A<
SCE el S ROR AR 5 (high performance liquid
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YR ARG PEFRIX 3 Al 1 X R R DR B 1 A T
At 7 ABIESE  JF A N-= G A R H 2+
T RERETR IR N - R N ML BEE HL UK (tricine sodium
dodecyl sulfate —polyacrylamide gel electrophoresis,
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1.3.1 PR A B R L R

BRI B EE & T KR, A 6 mol/L 1)
HCL KA 24 h, fdf FH S R0B0RE €8 15 12000 7 B €65
R LASIME) 17 P SR & it FLh (242 ] NaOH 7K fif
Je P -,
1.3.2  JeikaE Fmeg T2 nRE

VRS IR BE— SR 21—l — KB 7K , 10 min)
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PRAEEAR T4
1.3.3  JefkiA EAL HE

8K PR B8 5 TR AR UK L SR 5 Tl e 2 i AR o 4
10% I R BESTH
1.3.4 YRS 0 o

3590 8 P i 2 B 11 it e 2 P R o5 L
B PR UR SRk PR JBE S R AT B — T . A A
SIS BEBURE 0 K A BE AT ACE #7132 3 AhiE A
it A A 2R AN 1 IR,
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Table 1 Enzymatic conditions for three kinds of proteases

IR EREIC pH fH I/ (Ulg)
it 2 2 1 40 4.2 5
M 1 il 50 10.0 1 000
o-fREEFLE G 37 8.0 1 000

1.3.5 ek 0 2 A g

AT 5 K 52 T 4 R WOUTEE 4 2 T i A0 0L i [
Aot i A R 7 =X
1.3.5.1  WU5> 4 il figt

TS5 R P B 5 QD 2E YR B PR BE ST 3K
S A BPE E 1B, 76 50 °C .pH10, Z8 4 1 000 Ulg
(RS T A, T ik T[] Ay Bl 6 1 Tl e 2 il e
6], SR, VE 408 R 40 °C . pH4.2, I A & R &
fiti 5 Ulg AkSeflf . B 7 XQ: e AMEmRE N
fiti , 7€ 40 °C .pH4.2 AR 5 Ulg W9 5504 T Big e, T it
s 1] Sy I 2 P 4 1 - de A Pl A B [, SR 5, 019 2%

4150 °C.pH10, FHIIAGRIEE I 1 000 Ulg AREERH o

PRI AR R, S BOBORE M2 ACE H1i i 010l
1.3.5.2 XU A5 it

FE VB IA BE SIS v, R I AB 14 B5 1 il R 2
PR £ A, B A Y A 2800 B i TR R 20 °C~60 °C
A pHO~11 . i 22 19 £ 11 8t P A 28000 BE Y T 15 °C~
60 °C, f15L pH3~7. FrLAERESRE Gl 25140 40 «C.
pH7 B RS A0 h 1000 Ulg 2R 25 (A AR
T 5 Ulgs

FERGfRL AR R, S BOBORE 22 ACE H1i i) 501101,
1.3.6  ZKA#RE Hi o T

A S B VAR R 5 54, B 2.00 mL 7 B
W, 1) LI 1.00 mL B = @ £6 550 RS, K
I 15 min ARG, 7EVR K A 1, 28 1k i A S R o 8%
J&i  JIMA 5.00 mL 40% LB, IR TENR % . i (25 °C)
FCE 15 min, 570 nm A E G FEE

FRAERRZR A2 - 145 1000 me/L H & PRI, FiBe
I AT HAR 2 i A YR BV LA 0. 5 mg/L~6. 0 mg/Lo
B2 mL AR AT RN, AR5 T 570 nm 25
FEM SR, U AZEIR K IR 28 . AR D
(B HIbRHEIT 2 . AR AR S RO BEAE , AR i £k
THAA R VR P 8 -NH, 19 35 £ (umol/mL) , i — 4R
PEUn N AT E KA E (degree of hydrolysis, DH)™M,

_h _  KFRW-NH, & »
DH/%—hM—( €25 %N R H i

B-NH, &% 5E) / hy % 100

S b R st R g SR T R SR A R
1, mmol/g; b, A B v SRR 10T A JR B8 1, mmol/g,
LA e kA 2 FE R 4H 8K 8.4 mmol/g;6.25 M
FL RGN AR BTA S i, mmol/g.

1.3.7  ACE il 58300 % J7 1%

10 pL 9 ACE ¥ (0.25 U/mL) F1 10 pl. F
IKFFEROMATES LA I RAL T EATR A A 150 pL 28
TR (1.0 mmol/L FAPGG ¥ f# T 50 mmol/L HY
Tris—HCI, pH7.5, £ 0.3 mol/L NaCl), f#i H.F 452
N o TR AL AR A AR T I IR 37 °C, B
1 min jo5% 1 ¥KFE 340 nm T AYIOGAE , 290 5% 20 min.
25 FIXT R AT 10 WL 22 ppi AR SR UK i . DA
B (A o ) XTBSF [RIVE TR, THERLARpRS,

ACE #128/% = (1-AA s /AA 2p,) x100

FH AA s MBS IR, WA R[] ) R
ZRAE 10 min~20 min [EPE; AL 4 HZS FIXTRE, TG
{E XA TE] A 2R 10 min~20 min AR,

1Cso AN 50%ACE 54 st 75 B 6 i 114 o o
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1.3.8 Tricine—SDS-PAGE

W VS R S RS R G, WhKIR
5 min, 12 000 r/min &.0> 5 min, L35 A 77 B IKFE 5o
BC i 16.5%11) 53 B e I 2 REAHe 4R e, FAF 10 plL,
80 V HEHLFK 30 min, 100 V 1H K HL K L HM, %
S se i R250 s e o, 6B 295 o e, SR HA I
WIS 4l
14 GEit#oanmr

RIGHHELL Means + SD £/, 12 ] SPSS 13.0 4¢
RO 225007, BUER A AL 2Z ) (0 22 S 1k o

2 RS9
2.1 REEEITEBE 8 Z IR
R PR B CER R SRR L3R 2.
F2 KSIBIRGE QN SEBAR

Table 2 Amino acid composition of loach protein

EZE e BRI %
REHR 10.614
22 IR 4.100
HER 15.467
TR 4.847
EEE Vv 2.953
KR 6.240
TR 4,709
AR 5.810
itz 3.540
ot 2.124
fifs 2R 3.392
EEANive 5271
AR 2.700
fuEatia 10.580
e 4.672
SRR 8.159
KNER 4.134
R 0.690
Wit R ELR 40.915
BRK P IR 39.823
TR SR 8.216
A LR 18.102

13

T RN RN ; Wity BAER B 21 8 Flbb s ZALRR % Bt A
1 oy R B YL 5 i /R P R 2 i R R N R Il
i R R IR SERRR ARNEIR st R IR AR 9 Fh gk
R R & e B ) {5 05 7 G S kR 5 Al 3 o5 e e
IR T N 5 R R A B SCBREIEIR AR R
SR TRME AR 3 Fhad FEIR i B o5 2 AR B AL

C!

R 2 R R P B 1 M 2 e e 2

e (AR . BARAARNER) LR SRR
11.756% . ZEBF5F9 534 T B IR ACE Ml Ak C R
FIEIR PR AR ORI AR RN AR
S ACE $RIIKAY 2 C sz JEle . i 2R o Mgl
TRAS R R PR SR 55 ACE 3R Y RSk Y,
HIR IR o o 3.540%, TRt A b &R, il
FHVRBHKEE 191 12 C oK I A I 202 1 ACE 10 ) Jik Ji sk
FOAE o FESRIVEEHER 5K IR A aik 39.823%,
F5 AR IR P i 8.216% , AR IR & 1 18.102%
AT CORIFSE T 22 Fh 3R 11 5 19 2 B 1R 21 it 5 L il i
77 ACE IS PEZ IR C & it Zocseit o iris
L EA P EUKER IR &R O F R AR
i SRR SR B i Y S AR IR ACE ST
BIEASC, AR R A B A B R R E Y
Jo S, A AR R SRER 1 — YRR, B
A IR S R Y KL, A T R LA B i R
b
22 iy A TR 1 ACE F K A AR
221 R (BRI SR 1 B K A

I 22 PR 2 1 X e SRR, 1 R A A e DL 1

30 I 100
l 90

80
70

25 |

20 | 8
I 60 s
il =
g 19 0e
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Fig.1 Changes of hydrolysis degree and ACE inhibition rate

during hydrolysis of loach protein by brewers clarex

H 1 AL, IR AR L L — kAR T, T
AR BR—  XFER KR BE R /N (P I 2 A 1
ity e SRk AR 11, KA FE AR ITRE I, 78 6 h Ik R i
£ 2.41%, ACE #2556 LI TR 7E 3 h ik
B KAE 81.01%. ACE #5852 2|7 4E 1) ACE #l1 il
JERC P 5 B AT S5 P R 00, ACE 00 2R i 25 7K it 38 1)
B IRN , YoK RS ARk TR
AT I 22 IR A B e 0 PR o T TR 2K
JITLA ACE il R Bl 2 A o 255 1,3 h Wy il R 2 A il



2021 44 H
42 55 7

RetiRSHR

B AHA

— 138

B e A Ml AR 8], EES K A 1.48%
222 o—[REEFLE AR VRS A K AR I
o BREEEFLAE BT VR SR 11 A0 7K S Ol DL 2,
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Fig.2 Changes of hydrolysis degree and ACE inhibition rate
during hydrolysis of loach protein by a—chymeotrypsin

H P 2 RT UL A oo Rt L 2 1 ik A R 1) O
Rk (A, I A o [, A A AN BT T8, 5 h ik 3
I ROKARRE(9.43% ) BEFGIA T B BEE I ACE
) ST R BT A 31.08% , it 25 6 A% I (1] FiE K
ACE il 258 E TG TR, 7E 4 h ik 5] ACE 77
TR A (64.91%) . FRILWT UL, 7K A B fie R )
ACE i Z I Ak 5 8 , 22 BH IR /N X HL T M 1y 52 i)
e EE . L5 1,4 h o o JHREEFLAR I ) e Al A
(], S 7K i B 9.04%

2.2.3 Bl R SRR 11 A K A D
B R 1 X R Rk, 1 %) 7K A 150 DL 3

45 - 1100
40 + 190
35 | 80
30 | 170
s 60 i
B B 150
= £
E 20 | g
2 440 S
15 —— JKfFE 30 <
10+ —a— ACE % 120
5+ 110
04 : 0
0 1 2 3 4 5 6
it HeF [ /h

3 WEEAEEFIRSE BT EPKEETACE I ZHNEN
Fig.3 Changes of hydrolysis degree and ACE inhibition rate

during the hydrolysis of loach protein by alkaline protease

PP 3 AT, ol PR P R i R R 1,

1 h 2Z P, KA B2 B AR, B 2 B a] A RS | 7K A ikt
FRRE S h KA EEA B R RE (36.39% ) Ja , /KL
ARFEAAS | B IR ACE I 2R B 25 B s IR]
FEA S A RS 7R 2 h 353 ACE i)
A 0 (87.84% ) o HHIL AT UL, K AY I/ HL TG P 11
AR R H . 28 1,2 h om0 fee AR A e
(8] , SRS 7K fife B2 Ry 28.29% .

FbAESZ AR 3 A 11 T A U8 8K B 1) I ) B ey
ACE il 38, et 2 11 iR I 2202 2 11 il kA 7 43
A A R R] AL B A I SE
2.3 H AT A TR EE 1 ACE S KAY -
2.3.1  RUHG A TR Ve B AR A O

XSt 3 A Tty e e B 11 PO 10 DL T 4
100

90
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40 —— i @
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iRt i)/

4 DETERERHESTEPN ACE IMHRETN
Fig.4 Changes of ACE inhibition rate during stepwise

enzymatic hydrolysis of loach protein

F &l 4 AT FEJRBIER (A9 2 Rl e 2T,
ACE i1 5 A fb R AR TR] , Y590 S KR, 2
Tnms I BERG AR 2 h PG ER & R RG AR (O
K D), ACE HIRTE 2 h Ik BHAAE 79.17% . JemA
It SR 25 B A7 3 h PRI 2 A Al A (7=
@), ACE il R7E 4 h iKEH5 KAH 78.24% . Wikhs>2E
it e 45 2 (O T A 7 0 ) ACTE 03] SRS B — Tl e
A AT Y ACE $H34(87.84% ) . X AT g2 T
FESEJG 3T, — 50 734 i — o 2 11 B A4 119
A T 1 SR B F I A % Tt 24k 52 it ik . T JC T P 1
JiKE
2.3.2  KUEIR] A EE AR R (AT

L[] A gt R Bk 1 I 100 LT S

F P S AT, e A R 2 5 1 I e
T, B0 ACE 30 275 3 h ik B KMl
90.14% , 1= T 2 Fhoy 25l U 3 o — 25 11 i I
fift 7o BT LA, B 2k M 2 2 1 I
T A R AL T VR B 1, 5o AE A [B) o 3 h, LI,
FEARAY ACE IR 285 25 1Cs 2N 0.491 mg/mL,
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Fig.5 Changes of ACE inhibition rate during simultaneous

enzymatic hydrolysis of loach protein

CAMRERN, RIEEFIXT ACE 19 1C5 2 1.30ng/
mL2 ASKIFS il 25 6 A ) e IR 1K SR ACE 1)
1Cs FAR T RAEEF L AE2 KT LI AEBESE 00 U8 6k
1) 1C5(0.65 mg/mL)P, ILAh, 5T B IRM: ACE ik
AHEG , KRR K i 1 ACE SIS PRIz & T
INFZ IR (IC= 2.79 mg/mlL) P 43 T 2K FAK il 71
(ICs = 0.69 mg/mL)P4, = B2 FIK A1) (105 = 1.96 mg/
mL)®, A LT K = IR AR UK AR T T SR
IEAF(1Cs = 11.68 mg/mL )P Ty i . (1C5 = 1.35 mg/mL )"
B[ 7 3% (1Cso = 11.68 mg/mlL )], K1 @) g 6k 2 14 iy
f =PI ACE TG M s o
2.4 KMk ER SR K= ) ) Tricine—SDS-PAGE
ERE R

K M ) Ve kAR K g 7 W) Y Tricine-SDS-PAGE
ULIE 6,

Marker 1 2 3 4 5

31.0 kDa
20.1 kDa

14.4 kDa
6.5 kDa
3.3 kDa

LRI YR Bk AR 11 5 2.0 JEEBEFL AR AT 4 h BB =4 ; 3.0tk 2 1
FEAY 2 b B 5 4.2 5 8 TR IR) D B 3 h /9778 S M Ad iR B
P 3 h B =4 .

B 6 RHEANFEEABEMEYA Tricine-SDS-PAGE
Fig.6 Tricine-SDS-PAGE of the hydrolysate of loach protein by

different proteases

Wi 6 Frzr  AH PG TRk ;1 O IR B L IRk 5RATT
o RIBEFL AR FH MR B = ) R LK AT T, 2>
31 kDa )R I ARV , ] oL 2R FI K e
TSR T 31 kDa B BTG ; Bl 2 1

B = IR LK A5 T, AR 25y B AR vk, R
W 8 2 1 T D K 2R 1 b R o3 AR 1 B 2 G Tl
fitt s I 2R 2 1 R ) B A P ) R B DK SR TR, o0 i >
31 kDa M55 1K, 0 F AT 20.1 kDa~31.0 kDa
B AR HA, T 6.5 kDa~14.1 kDa [l
1) iy AR T, 2% I il 2218 B P P e ik Ak 1 b i
£ F 6.5 kDa~31 kDa 33 FBl 9 85 1 R 4L o i s 2 A il
IF] 2 e e AR 1 A AR P T, R R R T
2:,6.5 kDa LU Ry F iy 5 thB . Ais PR IK A0
43T BB /T 6 000 Da, FFLL, 44K i )
A A T BRI BAT A R 2 K

AR H BRI EEA# 74 ACE 3 2R 7 T Il R
I BGREE4) ACE #0125 , BB e 5 I 2
T 2, 1 Rl e [ B A FF TR AR K A o 25 6 L DK ]
S5O, G B T A ) 5 i R R 1 Tk e
FEYI EL UK SR > 14.4 kDa B4 TE T SN O L BB
A 2R BB T I 22 R IR WA 19 73 F i >14.4 kDa
AR . B IR I A KRR T K Ko &
H, o THEZ/Nr T B DURER R C Kb £
JR o AR KA = i P (A 1 T mT e 2K i C R
Bk PR FERR Y ACE SRR, A mT RS AR 1 A
HIE MR C R A IHZ IR ACE #IHIIK, 75 ZIRA
PTG 34T -

025 R L R it i 1) T 7 1) ACE 40T 3w o T
B PE 2R I B =) ACE A6 257 F vk BRI 25 5 03
BT, Bl B P R 0 6K 1 il e i 1) /N 22 IR F
K ICE R o B 8 IR ) 5 B 2
TRt A 72 ) (1) R K 2 A H <144 kDa 3555375 b7 255 M
B, A R A 4 BT B A AR )
AFAEMRI<14.4 kDa #8738 o U BB 1G-S5 I 21
T 26 1 T 9 () ol P P il 2 T 0 T
XoF LU B 25 1 e A ), 7 O B )
BT 6.5 kDa~14.4 kDa yuFEE 11, X558 412
C A WMl R e K R AR Z k. B8 /N
fify F 92 7 ) ACE 10T 05 PR 358 e 6 W00 3k 5 4 2 1
ACE &R = o ACE I K16 M AR SE KA
X%, IKEERE ACE JE PR 6.5 kDa~14.4 kDa ™
A= ACE I IR R 2202 43 it/ H R Ui Ay ZK M 22
SRR Z /K, T BEAEAE /D8 53 AR v Ay il 22 2 1Y
ACE #IRIIK . 52 -G 26 B R A~ TG Ve s T ik 2 1
R ), DL 6.5 kDa~14.4 kDa 3% #8373 & 1 ACE
I R A 7 A2 AR i A I 2R R I A o
AR IR AR T B 20 i /N R B 1 M
1o A LA 2202 M AU 1) ACE H0 i
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