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1 #REFE
1.1 #R5iF

CLAR D W VLI ROK ™ A B W) 5 AR 1l
(Papain®,90 000 U/g) . " 1 25 1 i (Neutrase® 0.8
L,110 000 Ulg) % & & 1 i (Protemax®, 150 000
Ulg) Pt 2K 1 8 (Alcalase® AF 2.4 1,130 000 U/
) AU 2K A i (Flavourzyme® 500 MG,80 000 U/
), F+# Novozymes 23 Fl ; & JR R (Hippuric acid,
HA) I 45 5 ik 2 7% e il (ACE) (48 K — H % (0-
phthalaldehyde, OPA) . bR Bt— 41 2 B - 55 2 IR
(N-hippuryl-histidyl-leucine, HHL) 1)l JiKfif§ . 2 Jfd
B3 C kAR I BG AT B K, 58 Sigma 24 7] ;BCA
(Bicinchoninic acid)iXF &, w8 = KA H A
HRRAH,
12 NE5EF

E2695 SRR (0, 2 1E Waters /A H) ; HI-
TACHI 1.-8900 Z %24 H sh4r#fl, HAH -
/3 F ;EVOLUTION 60S 2 4h 40 6Ot i, 3L
Thermo Fisher 2% 7] ; DSHZ-300A Jig 5% A0 1R Ik %
TR BT LB ;400Y 2 ey AL, A B
AR 1 4 il 5 A BR A 7l s Fresco 21 ¥ U 1
L, 2 [ Thermo Fisher 28 7 ;DGG-9123A Hi #4
TR T4, DIERGE LRI ARAHA;
QL-8bb-253 JiE i 4l 375 i , 1 1 1 AR DL IR A% 1l
A RAH
1.3 KKk
1.3.1 LR Pk fl s KR 2L IR £
Tt R S HLE AR gl 40 U N B o
8T FHZE R HLERE R, ¥ V% T 0 2248 5 0 0 R oK
] 225 mL Z8 MK HmA 30 ¢ A K, SRE LA
8 000 r/min ¥JJ5T 60 s J5 , 435I Lk 8 000 U/g Y LL il
PN TIEE (B M 2 2 A AR G B
FH P R XU B 1 6 R B AT 0.1 mol/L
HCL F1 NaOH ke {3 457 il A W 119 Fe A pHL, 521 45 0
JG,95 CHn# 10 min K i ,8 000 r/min & 0> 10
min, B VE WA VR TR IFAEAEAE-20 °C, ¢ .
1.3.2 SrFIuiEsrAn AR I ] A2 Ty vk T
FE T e Ay A IE RS VR IB B, R OO
ASCIN 7 £ 058 F1 K A 0 1) 0 1 O B A, e (3

K N TSKgel G2000 -SWx1 (7.8 mm x300 mm,
Tosoh) , K | #5 A& UV/Vis, #E £ & 10 wL, i 3 4
FARB Ly 45:55 19 A VAN B WAL AR, b A W
H NG BN 0.1%TFA 25 B PEIE , % 0.5 ml/
min, {3 IAE 5 0T B VR O 10 mg/mLL, 0.45 wm 1)
VBRI 8 e BRI R A AT 2% A AT RS I AR 0 A
HIES RN STV (=D a1 9))a8 s K TN B 91
T8 AR E 0 BKER (6 500 u) (41 {5 R C (12 400
u) B R I A (29 000 u) A1 HHL (429 u) B #i 5% i
RN 5 mg/mL I, SET A DU I 22 il b o
g

1.3.3  ZAEEMRAN  FRICFE S 10~20 mg, A 6
ml/min 888 , 110 C/Kfi# 24 h, Hil 15 7K i 0, 45 2
g B, B SRR 23 AT L-8900 A 43T I
TR SR A s

1.3.4 KRR S5 K FRAE

1.3.4.1 4P KA KR AE S H 0.01
mol/L PBS(pH 7.0)BC il & 1.0 mg/mL (%W, ¥
Hom AP 85 L5 L 2= AR ARy 2/3, TR K
200~500 nm, RAEE B 1 nm (9 5 F 247 £ 40 4
RIS L

1.3.42 (HHEMARMGL SN (FTIR) J6i%  FREL 10
mg RS 0.1 ¢ B9 KBr 15 B AR H
RIS | 2SR DA R V1) 1A 9 v i e ¢ = K e it
400~4 000 cm™, ZPEE 4 em™ BYREE LTI E
o LI AR 40 2T 2163 - Omnic F1 Peakfit 4K
1 b B P01

1.3.43 WIESOOGIENE M T 0.01
mol/L pH 7.0 B PBS | il 15 57 & ¥ £y 1.0 mg/
mL PV IR, AT DIB9S 4 B
SRR BRI 290 nm, FHEE K L 300~500
nm, B EETE R 5 nm!'®,

1.3.5 ACE M2 e B 40 pl R mis e,
5100 pL 6.5 mmol/L. HHL IR & ¥4 3 T 37 C
$% 5 10 min, B INA 20 wL #9 ACE IR & ¥145)3F
T 37 CRV 30 min, G MA 85 L # 1 mol/L
AR, Ak R, A 0.45 wm 8 R 08 A R A
R =), F HPLC &40 H sh bR Frt?, (a4 5%
. {4 i% 4 SunFire C18 (4.6 mm x 250 mm,5
pwm) ; Kz 2% UV/Vis; #4585 10 pL; 3 3h 41 70%
TFA KR (0.1%,VIV)-30% 215, ik N 0.8
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mL/min, %2 (1) 1138 ACE #i ] % .
ACE?W%P%szA;B)me%a (1)

Kb A—H 4K B Y 2 5 RO 551
AR HA 90 1 AL (mAU - min ) ; B—— B
W2 5 N SR BT A 1 HA Y g AR
(mAU-+min),

1.3.6 B AL PRI

1.3.6.1 -OH iEBRAE I MIME R FH /K4 R v
FE N [] 25 B K S 0 G - O J5 BRAE /1, B 0.1 mL
FE& 2 I A 0.05 mL #9 9 mmol/L. FeCl, %5 & 1
9 mmol/L /K2 — L BEW W, e Ja A 0.05 mL
8.8 mmol/L. H,0, i W ) sl e hi , IR % 1 51 )5 F 37
CHMA T, B 30 min, P2 510 nm 3% K 4k 1 0%
SN, MR (2) 115 - OH THER

- OH 3% ()= 1- At
\ 3

K A —HE 5 B ROG(H ;4,—50 pl &
4l K AC B FeCl, ¥ W M A5 19 W A ;4 ——200
P Al AR B O A5 O
1.3.6.2 DPPH A H LW BRFE M 2E B 1.5 mL
P AW S DPPH % (1 mL,1 mmol/L, ¥ T
95% LEYIRE 4], & = W 30 min, F 517 nm
WA A I 5 W OGAE A A RO B BRI B W]
LT B Y, AR X (3) 1158 DPPH A i &
TR

DPPH H HiFE1E B (%)=

)x1oo (2)

_AA,
=4 )x1oo (3)
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1.3.6.3 Fe*BAHMEMME B 3.7 mL AF M
W5 FeCl, % (0.1 mL,20 mmol/L)IE 2], & iR I
B 3 min, Il A Ferrozine (0.2 mL. 5 mmol/L) & 15 11
BN, ZE R E 10 min J5 , 7E 562 nm #4400
WG, MR (4) 1158 Fer 2G5 1

Fe B A B (%)= 1-5[x100 (4)

P A ——FE i RO (E A —— B 2K AR
R Sl VA W A RO AR
1.4 HiEALE

T A 3 W S S5 2R P M +
PR 227 278 , i Design Expert 8.0 Al Origin
2017 ARAF X B AT oAb 3

7% /K 5 DPPH %

2 #ERERH
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Pl La J2 s o il AFDG 20 0 02 0 A7 B LA i
Mk R y = -0.2025x + 6.8751,R*=0.9758, 5
T2 1 K A% 7 0 Y 43 A3 A An &l b IR
Xif B L4 3 1 BB 91.06% %3 41 7610 000 u B3
FEL A, 5 AR LE B 5 A% 43— J0T 6 0 A 30 Ll 3
T RE L WEFE R R B IR L R o 7 B kR
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Fig.1 Chromatogram of relative molecular mass distribution of standard substanc(a), molecular mass distribution

of Lepidotrigla microptera hydrolysates (b)
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u W53 & 3 A B 43 500 33.29%,59.11%
66.11%,65.9% ,88.2% ., %5 I frids , B 1 2 11 K
fiff = 2y A R R BB &, I AT R
028 1 B A R e B R R U R A
R 5 Wl A 7 ) B0 43 F BT d o A, 21 BR 088 1 1Y Tl
il 803 IR B /MR U A P 2 > IXUBR 2R 1 il >
A4 > R S AR IV
22 SEBAM

IR St 40 1 R TR A oK L 5 ) A W 9
AN [ il 7K gt = W W S B R & R 1 B, AR
EHM K=Y E SR & a2 R R, Ry
RIEMR N 393.47 mg/g, AN APk e A

FIXUBR £ ol 2H B 2 R TR 35 0 0l Ol 521.743,
528.2,551.524,539.705,492.53 mg/g, % 4119 A
FER SR W TR, e AR
il 20 28 HE R % B ey, BRME AR VR B DI RIS
JUEZ RS, AT K iR 2T AR R RO Y
[ RN s N = ) o VA= R Ry S A P
UK fift = ) v = R i 2 R S A A P AN
PR R R A ) O A TR R R (51.66
mg/g) | i K P 2 3 R (200.50 mg/g) & oA, I
Tl 2wyt AL I SN R Z
— 00 K M R R A B 4R ACE I
e,

x1 AREBBKEFYNEESEREAN

Total 1  Amino acid compositions of hydrolysates with different proteinases

P 4 %/mg-g!
xf P8 28 RINE @ B 7R G B B R G By 2beE A R G i
R AR B 37.15+0.72 47414 £0.12 47.684 +0.15 50.051 £ 0.72 48.781 +0.32 45.403 £0.26
T RER 22.73 +0.54 26.659 + 0.81 26.384 £ 0.51 28.173 £ 0.14 27.476 £ 0.50 24.363 £0.12
3 16.26 + 0.62 23.728 = 0.60 23.98 £ 0.26 25.27 £ 0.09 24.6 +0.42 22.486 + 0.54
5B 62.63 £ 0.63 71.593 + 0.60 73.083 £ 0.21 74.779 = 0.82 72.939 = 0.66 69.401 = 0.22
H A B 14.83 + 0.60 23.815 £ 0.01 24.232 £ 0.32 25.165 £ 0.36 23.848 + 0.36 22.684 + 0.45
7 ER 26.82 +0.51 32.01 +£0.51 31.992 + 0.69 33.489 + 0.26 31.036 + 0.84 29.415£0.32
R AR 0.91 £ 0.01 1.683 £ 0.18 1.574 £ 0.27 1.532 +0.90 1.333 £0.12 1.323 £ 0.27
8RR 18.16 + 0.63 27.956 + 0.36 26.989 = 0.15 29.246 + 0.48 28.914 + 0.53 27.175 £ 0.03
B AR 20.21 £ 0.15 27.983 £0.21 29.322 +£0.30 31.695 + 0.54 31.091 £ 0.82 26.391 £ 0.22
7 AR 18.67 £ 0.12 28.988 £ 0.15 30.787 £ 0.18 32.337 £0.51 32.101 £ 0.30 30.626 = 0.18
5T R B 36.23 +0.30 43.7894 + 0.81 45.982 +0.57 48.28 £ 0.57 47.355 +0.21 42.737 +0.21
B ZUBR 15.56 £ 0.18 22.349 £ 0.62 21.09 £ 0.51 26.211 £ 0.03 23.585 = 0.60 19.38 £ 0.09
ESSEY:d 16.59 £ 0.12 22.199 £ 0.51 21.697 £ 1.17 25.449 = 0.36 24.734 + 0.60 20.048 + 0.21
28 5UBR 9.13 £ 0.09 16.883 + 0.36 16.947 £ 0.51 18.055 + 1.14 17.852 £ 0.02 14.873 £ 0.01
AR 33.66 + 0.50 44.205 = 0.09 44.635 +0.36 46.288 = 0.75 43.561 +1.02 41.91 £ 0.60
Ay R BR 18.34 £ 0.81 27.093 £ 1.11  29.70.21 £ 0.60  29.739 + 0.84 27.563 = 0.05 24.552 +0.60
iGN 25.59 £0.42 33.399 + 0.60 32.123 £ 0.91 33.764 = 0.30 32.936 + 0.45 29.764 + 0.66
Xt 393.47 £6.95  521.743 +7.65 5282 +7.67 559.524 +8.81 539.705 +4.12  492.53 +4.99

2.3 IKEEYIGEHIRAE

23.1 AP KAR HSIMLEEAN TR
[Fi] 25 1l K i, LR O 1S W] 2a T, 6 4
FESRAE 275 nm K BT B4 Wl SRABHE R
JNE R R R B R M A
A5 2 T 2 A R W WS U L 23 531 i 0.63,0.81,
0.93,0.84,0.97,0.86, A WF5E &M, Tyr Fl Trp 1K
W AE 280 nm B3P T 45 2 G fif 7 ) 11%) U (I 5%

KI/NF 280 nm, BEWAE 7> Tyr Trp 57K %79
BRI B T IR UURE , 38 T 275 m 84K B 3T 119
AN, Tyr FI(E R 280 A 75 T 85 1 BT i /K
PR T e aod e 2o 5 59 T 22 (19 i K R A AR
T KA 00 B R A A% o Bl 2 il 2 Y
WO RE 9 2w T AL, X R W A [F]
D FC D) R AN TR, 3 T R W T A ) Y — 2
B
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Fig.2 The structural characteristics of Lepidotrigla microptera hydrolysates

232 WEZOEEIE 2O FEAE R BuE
F 5 5 R SRR 1 i, e I A K i )
o G R AR L AE 348 nm P KK AL 7= AR SO Y
A5 Ak K B WA [ R 1 T K i 7 W) = G b A 1 A
b W 2b S AN [R) 25 1 K i ) 1 298 6O
PR R K B0 /N B A A > M 2R
21 >R IR 11 20 > KU 28 1 g2 > 52 & 2 1 B A >
AARFRL B AR K S T 9 R Y T
Heedl, uiBmkrEE A K MY A B 20 E A5
45K SR TP IR AL 7 2R b 1 e A R ik R R R
FEK SRR, TR B 2 2 S A 7 a5 0 7R
ok, 5 S A IR

iSRS
Transmittance/%

A 2o AR AT AN R 2 A A A 7 ) 18— R 4
PN, a5 R N 2 Pros . SXE IR ML, AN [
A AR BEUR A% 2K R W0 R B iy L A 2

233 fEHEMAR LA (FTIR) GG FTIR A] LA
EOUL I S R 0 ) S5 0 4 1 45, Ol IR e B
WU A - TP 25 B R AT IR ShAE X R 5 R
IK A= AE 4 000~400 em™ T8 FBl P A 45 AE WO JEE
WE 3 Fros, 6 RS TEIEE 3 650~3 200 em™
PS5 WSO G v X R RN A AR 11 K 4
MIETE e 98, Uh Pl ILAr 7 RE Wb vl BEAE7E K &
(43§ NS 1 TR EUBE ™) X B2 AE 2 926 em™
B — W X i —CH hr AR 3h 7= A4 KR ) 8
K I AE 2 938 em™ Kb — 2R Wiy |, Ui W i
5 B 1) 2L B R AR T AR AR X 3R W TE i K Ml ik B
IK AP PR A B K X & A T AR,

WAL

Wavenumber/cm™
B3 AREEmMBYHEEHTHRIN(FTIR) AL
Fig.3 Fourier transform infrared (FTIR) spectroscopy of Lepidotrigla microptera hydrolysates

nH TS e, 4 2 57.13% (KRN H
it ) .56.09% (12 1) (62.58% (A B ) |
69.68 (Bl V-5 11 /i ) A1 61.76 (XUBR 1l ), &% 41
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IK A=Y o BRTHE LU AT B AT 53 314 19.67% (AR
M) 18.73% (Hh MR ) (18.65% (& G & H
it ) \16.62% (T &5 1 ) A1 17.11% (KR 2 A
fitf ), 4% 4128 H B K ) 1 Akl vh B ff FN
TR i B 7 LA BTG i, HR 3R A AR

WRTiE 0 B B A LU RS E P K A5 h R A2 X
TR S 287 AN R iR - S VRSS2 2% B i ]
{5 S5 A AA TR I, B 3 AL B A R
N e PR e e e e Y B g Y NS D 1 i
FIlG 2 o AL IRt S A28, IR o 2

W57, Yong SR E B AT B S a- AT,
x2 AREHEFYNEER_REHUEE
Table 2 Estimated secondary structures of Lepidotrigla microptera hydrolysates
21 5 sl
B-# & T AL K a-# % B4
it 1 41 82.38 + 0.60¢ 14.35 £ 0.16° 31.56 + 0.56° 40.62 £ 1.12°
ARINE & B4 80.25 +0.77¢ 15.16 £ 0.22* 19.67 £ 0.33¢ 57.13 £0.82"
R G B4 10.21 £ 1.06" 14.96 + 0.86* 18.73 £ 1.36¢ 56.09 + 0.67"
LeEaa 16.05 £ 0.36¢ 21.36 + 1.02° 18.65 £ 0.76¢ 62.58 £ 0.73¢
B B 2R 7.31 £0.51* 23.00 + 0.46¢ 16.62 + 0.88° 69.68 + 1.36¢
Kok & @ B4 9.93 +0.61" 22.29 +0.82¢ 17.11 + 1.05 61.76 + 0.89°

T AN PR RO Rl — 48 AR ) 22 573 1. 2% (P < 0.05)

2.4 ACE ##| %

T BIFSE LR R A 7 ) ACE $ I 3 AR
WEFEAEAE S AN RV BT Rl ACE # il 5%, i3 3
AT, ACE #1022 5 0 vk BE OEAH G, B ACE

0 36 i 25 A R B I G TG i, ACE 3 3%
P AR ) /IR IR A Bl 2 1 i > Hh P R R 4>
5258 A > KPR 2 1 g 4 > AR JIEE g4,
ICso 43914 0.77,0.98,1.4,1.8,2.31 mg/mL,

®3 AREEHESWE ACE #IHFE &
Table 3 ACE inhibitory activity of Lepidotrigla microptera hydrolysates

&G R E R E/mg-mL!

28 %) ICs/mg- mL"
0.1 0.3 0.7 12

KNE @ B 54 £16 12.61 +0.9° 2412+ 1.9 35.12+2.3" 2.31+0.016°

PR G B 10.23 +2.3¢ 2831+ 1.3 30.13 £ 0.8° 58.23+1.2¢ 0.98 +0.013*

B E G 60.12 2.5 7521+ 1.1 46.51+ 1.1 69.62 = 1.4¢ 0.77 +0.015

Rk & G B 8.41+0.8" 15.15 +2.6" 2035 + 1.5° 3133+ 1.3 1.8+0.011"

LoEamH 10.63 = 1.2¢ 1553 + 1.6" 26.77 +2.6" 38.11+2.1° 1.4+0.018"

VE AR [ A B ] — BRI 2 5 (P < 0.05)
25 mELFEMHE

L -OH 5 KR BE 11 .DPPH [ 1 2 75 [ 5% (% )
JE F Fe 2845 1% M A 48 bn P £1 W £ 7K it 7= ) 1)
RN SEAR TG E , IR 4 TR, 6 4RE S B A AL
fig 5 R R OE g K, b i B A A
AT A AT M 2 = T e 4l - OH T BRiig
DPPH [ i1 i 375 [ 3 Fl Fe> 8 4 1% MY 1Cs 143
4 1.88,1.92,1.76 mg/mL, 437 Ji K2 A P 26 14
it (1) U 57 052 C R g i /K S R, K i /K

LR R e R, D Hopt AL TR R s T H B A,
Zhang SFPNLL I 8 6% Sy J5ORL ) BE AR 1 L BRCTE
ARG rhvE AR A TCAR, ol LR A T A
S5 2R % DLV AR R ) BAT A Y Fer B G T
P ; Sinthusamran 55206 il 10 8 5§ i J5 Bt 8 1
Tt 7K fifk 0 0 BC AL TR PR K i B E LT R E
HH,3X AT TS5 RAR — B0, KUK R 1 B B A AL
TG PERRAR, 22 WX 20 4R 10 38 1 R SR AR,
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Fig.4 The relationship between the concentration
of Lepidotrigla microptera hydrolysates

and antioxidant activity

3 Hig

AHIFFE LALL IR 0 D J5ORE, WSS 5 FhEE H K
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Effect of Different Proteases on Structural Characteristics and Biological Activity

of Lepidotrigla microptera Protein Hydrolysates

Hu Xuejia, Dai Zhiyuan’, Jin Renyao, Zhang Xiaodi, Dong Ye
(Institute of Seafood, Zhejiang Gongshang University, Hangzhou 310035)

Abstract The objective of this study was to characterize the antioxidant activities, ACE inhibitory activity and functional
properties of Lepidotrigla microptera which was hydrolyzed by papain, neutrase, protamex, alcalase and flavourzyme of
hydrolysis. High performance liquid chromatograph, ultraviolet-visible (UV) absorption spectroscopy, intrinsic fluorescence
spectroscopy and Fourier transform infrared spectroscopy (FTIR) were used to determine the structural changes during
hydrolysis. The biological activity of the hydrolysate was characterized by measuring its antioxidant capacity and ACE in-
hibitory activity. Compared with the other groups, alcalase hydrolysate had the largest proportion of lowest molecular
weight (<1000 u), and more hydrophobic amino acids, which were 88.2% and 200.5 mg/g, respectively. Structural char-
acterization demonstrated that the surface hydrophobicity, random coil and B—turn of the hydrolysates were significantly
higher than those of other groups, which were 69.68% , 23%, respectively. Alcalase hydrolysate showed superior ACE
inhibitory activity and antioxidant activity to other hydrolysates, the ICs were 1.88, 1.92, 1.76, 0.77 mg/mL, respec-
tively. In conclusion, alcalase is the optimal protease for the preparation of Lepidotrigla microptera biological active pep-
tide. This study provided data support and theoretical foundation for diversified development and utilization of Lepidotrigla
microptera.

Keywords protein hydrolysate; Lepidotrigla microptera; structural characteristic; antioxidant activity; ACE inhibitory ac-

tivity



