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pH 7.0, A& 4T & ACE 74 ik 09 2236 34 5 5 80.15%, 5 (16 A4 80.43%,1Cs # 0.33 mg/mL, 4838 5 F i & £ %4
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FANIR], 222 ACE i IR R Gr R IR, 11
Ay, SR AT HE KR TR UL TR
U5 et ER LA B sk AR - FE 2k 2
RKIGR, i i (Hairtail ) £ 2 3% BP0 A 7 2
— AR AR R R R R A R R R,
FIAI G T 1000 VIR A AF 58 22 46 b TP A AR KT
45 J 5 125 BRI ACE 10 i ik 75 T 1) IF 72 ¢
A ASBIRGE LA i A R JEORE , 7 B DR 2R S0 A S Al
e e R TG A B ACE 0 Ik Y ) A T
20 I H g7 ot DL M B SRR A, R R U
) £ Y OB 41 2l A ACE i K, LSRR
HA R ACE fH RS 4Ly . AOFIE B 1E N
A 7R DY RE P £ O T B P B B AR

1 MRERE
1.1 #REIRH

A, PRI TR R K d A PR A R, A
FIf (Protemax,1.2x10° U/g) . "4 & 1 i (Neu-
trase, 1.0x10° U/g), G4 YR A R A w
WM (1 (Alcalase,2.0x10° Ulg) . AJNEE [ fiff
(Papain, 8.0x10° U/g) . XU Bk & [ iff (Flavourzyme ,
3.0x10* Ulg) , bt R R A FRA w5 1M 48 H 5K
K (angiotensin converting enzyme, ACE) |
I IR 15 — 2H 2 1% — ¢ & R (N —hippuryl -histidyl -
leucine , HHL) A0 IKEs AT B K 2R VS A&, 36
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Sigma A Al 3 O (A5 40, 5 [E Meker 23 A ;
HA R 4 ot s, 25 5 Ak R A R
I
12 UF5EE

E2695 = R0 AH (L35, i 4 L i SSOR A £
&AL, 5E [E Waters /A A ; Freeze Zone ¥ T 1AL,
3% ELABCONCO /A 1 ;400Y 2 3 BE K3 B AL, 7k B
T BF R T 4 1) i A7 BR A B s Fresco 21 ¥ U g 3 5
DML, E E Thermo Fisher 23 8] ;DGG-9123A Hi#4
R IR ST B A, B ARG LR A IR A F]
1.3 KA *
13,1 dfmpigb sl i 8 T -80 CH KA’
UM 72 b BYRERLB IS, 20 CIRAT
1.3.2 i g g = Yl i sk 8 ¢ T 100
mL ZZ 1K H, F# 10 min—0.5 mol/L. NaOH &%
HC1 ¥ pH (%S N2 1 i—95 C/K ¥ 15 min, K
5 2K H Ef—8 000 r/min, 4 °CE > 15 min— 75 K
BRI T-20 CIRAF R o B i e B 10
min Ml pH {8, I 94 2= F % pH H .
1.3.3 HEEBGIE A RS AR R 1
TR AT B, IO E 5 R AR H g
A A B ACE IR 9 7K gk B A0 ACE 410 81
W E REE A,
134 HRHELE 55 k2 pH H (6.5,7.0,
7.5,8.0,8.5) & (3 000,4 000,5 000,6 000,
7 000 U/g) a1 (1,2,3,4,5 h) iR ¥ (35,40,45,
50,55 °C) % S S A MU & ACE #0i 3 i K
fif L
1.3.5 Rl g it T P RS g 4
T PRIBO Al £ ACE 4904 R 7 52 Wi e KA 3 4>
PR Gl pH (B I ) o — L AL g A 120
Design—Expert 13 B #7080 511 {50 5 A
KT 2,
1.3.6  /Kfi# B (hydrolysis degree, DH) B & >k
FH pH—stat 1ESHI 7 27 0 il i 7= ) 7K A B A 5K
mr .

DH = - x100 = — BN 4100 (1)

I aXhl()IXM)

(pH-pK)
Jofr = 100
1+10(pH pK)

298-T
298T

pK =7.8+( )x2400

®1 TEEOBHBREHE
Table 1 Enzymatic hydrolysis conditions

of different proteases

ramar  pHi B O
(Ulg)

LR G B 10 45 5 000 3

b & G B 7.0 45

LeEams 15 45

AINGE G B 7.0 50

Rk & G B 7.5 50

x2 MmMEEREEITERKESR
Table 2 Factors of response surface test design

KF A(EMREIC) BEEE/(Ul)] C(pH14)

-1 40 4 000 6.5
0 45 5 000 7.0
1 50 6 000 7.5

b kBl 2 A 0 IR, mmol/g s by MR
Wy R R IR B R, Hodh s £ B 1A 8.17 mmol/
g;B FIHAEM NaOH &t ,mL; N, i NaOH Ay ¥ &
mol/L; M, 2 SR BT it i, g5 o S 2 BE A 25 2 5 pK
K - IR - pK fH
1.3.7 ACE MR Mg 2% Wu S0 7 ik
i o = AW A 3% (High Performance Liquid
Chromatography, HPLC) 73 #1, £ il 20 HU 40 pL 7
1 ACE 0 il BK % B (1 mg/mL) Jim A B 048
JA 50 wL. HHL ¥ (5 mmol/L) IR 4 #14) ,37 «C
{9 5 min, ITA 25 L. ACE ¥ (0.1 U/mL) J5 30
JZIE,30 min S5 A 90 wlL. HCL %59 (1 mol/L) %
1EJRE . 28 FHEHH 40 L 4l K AC#: ACE 40 Ik Fs
B . ACE F HHL ¥ ¥ 11 0.1 mol/L B g 2% ot
W (pH 8.3, % A 0.3 mol/. NaCl) FiL i , 28 0.45
wm JE ML I8 S5 LR AT,

3 5k . (3% 4 SunFire C18 (4.6 mmx250
mm,5 pm), 7t 0.8 mL/min, #FFE 7 10 WL, K
WK 228 nm, J A A (2 ) i shAH B (4K )=
30:70, P A& 0.1% =5 £ (trifluoroacetic
acid, TFA) ., ML T AZITE ACE iR .

ACE 413 (%) = A;Bxloo 2)
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KA N YR S R BRI 1 AL (mAU -
min) ; B SRR 521 T FR R 0 1 AR (mAU » min ) o

1Cs i ACE #1158 509% I fir 75 09 4 & vk
JE, Gl Sl SPSS Gi it AR E AT ACE 1) il 3R
(%) 5 e B A [ U3 43 A SR B 2
1.3.8  AHXJIr F R A E 2% Quaisie
SRR Jr i i HPLC 43 #r 7k fi ACE 410 il Bk AH
Xy F RS, R S F . AR5 AT TSKgel
G2000-SWx! (7.8 mmx300 mm,Tosoh), i # 0.5
mL/min, #EFE & 10 L, #3220 nm, 3% 35 A
A(ZNE) s A B(4liK)=45:55, Hrpalik &
0.1% TFA, b T PR k-4 2 52 202 (429
w) FFEAK (1422 u) AWEKAEE (6.5 ku) 2R il i &
F1(66.446 ku) , bR1fE S IA (3 mg/mL) fli 2 ACE
035 BR A B (10 mg/mL) 28 0.45 wm 8 B 38 5
RS
1.3.9 ZEBRAWSIT % Lu FM L W
i ACE i K R 7K i I Jin AATT 2B 390 (IR B EE R &
Pt SRR ARG K =2 W=7 11 ) B IR
30 min, #A 5 HPLC Z3 H7 2 3 R 20 1, 23 45 1)« £
TEHE C18 SHISEIDO (4.6 mmx250 mm,5 pm) , i
B 1 mL/min, JEFE R 10 L, &0 U5 K 254 nm, i
A A 0.1 mol/L. ZFREN, WshHH B h 80% L
KT
1.3.10 sy &4t A7 £ ACE il ik 5 B 9 (10
mg/mL) 56 28 0.45 pm f3 AL U8 Bk a8, Bl
1 000 u 18 U8 B oL 3, W B 43+ it 2/ T 1,000 u
(R 20 53 , 28 i) £ 1 8 B8O AH €475 (Preparative High
Performance  Liquid  Chromatography, Prep -
HPLC) #t—24lifk, ik . A%+ Venusil
XBP Ci(A)(21.2 mmx250 mm,5 pm), i i# 5 mL/
min, FEFE R 1 mL, K% 220 nm, 7 3l 40 &
FH 5%Z M3 N 45%3HE 77 H66 B e It o WS AR AN ) 41
oy VR TSI ACE il 2%
1.4 H#EIE

TR I B DUV S B bR i 22 (v 2 5) 3R
SPSS Statistics 26 4t it SE 115341 LA & Ori-
gin 2021 A EE, H Duncan 2 & L #k 217
FH MK (P < 0.05), ] Design Expert 13.0 #{f
PR R A 3K,

2 ZER5H5H
21 EAHEFKE

M1 R, A R R A 0 £
ACE IR ACE 417l 28 Rl K i BE ¥ 10 2% i3 T
HE 4 MEAR(P<0.05), A& U #H M
I B U i S BER 7 o5, AN TR R B2 A 6 A
AN, P2 A AR B A S A s e B 2 7 B A&
P12 R 22 P 2 1 A2 A T Y, LR AU K
WU U DL R KR B A, 256 T 3 MR il
AL S, BT 55 R )32 WU B 5 AT LAY K
SHFITIZE 25 7 vh () SR, 255 %5 IR ACE il %
FUK M RE RO, e 20 ik T &2 5 26 I 1 25 7y
i ACE il ik

- 100

1
®
S

K figg JiE
Degree of hydrolysis(DH)/%
ACE il i 5
ACE inhibition rate/%

)
S

4 REEEE TREEAE ALENE
ax Fl.

avourzyme Neutrase Papain
SHETEYUES

Protease type

T AN A P B 3R Al — 5 R i) 22 53 2 35 (P < 0.05) , T [l
B1 AEZEBHEX ACE HIF ZMKFEENZN
Fig.1 Effect of different protease on the ACE
inhibition rate and DH

22 BEEXWHERSW

Hi P 2a AT %0, BE% pH {8944 K, ACE #14]
RICTHE R FEAR 78 pH 7.0 RHIK B KM . K i#
FETE pH 7.0~7.5 #a THRaE , 4k 234 K pH 8, K i
BEREAR o 25 11 0T 9 % 25l SR 4 32 pH E 2 MK,
pH 8 3 = B I 2 08 28 1 o 2k e fee M IRl ek
A P55 PS4 ) P L T 0 A, (B I 22 ) Y 5
A e I B 18 T 5% i A 80R Y R I e pH
7.0 Fp Hc AR pH AE

H1 &l 2b AJ 1, ACE #I il %4 7E 3 000~5 000 U/g
B ,5 000 Ulg s 8l KAA, Z )5 B #iFEA%,
TE I B K F 5000 Ulg BF, 7K 6 B8 s T 5 2 R
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A BT RESE TN A DR SRS
B ; i 5 0 il O B4 0, SR I 25 B i £
PO 22 BT PR F BE, ACE 0060 3% k386  {ELBt 25
TR 5 ) AR SR 3N JEC 0 o ok B A TR I A B
Gy ff, AT ACE 40 i 76 o BE AR . PO 6 4
5 000 Ulg by fe i il &2

H Pl 2¢ AT, B A 0 B RIS, ACE 4
il AT 2 5 B AR, 76 3 h IR B KAB . 7K A 7
BFEIRF 3 h J5 kT2 k2 B ok 76 Bl A 00 16
Wy B, JEC ) AR 1 IO A A B R R B 5 B
Ik ] ) K, AR S5 07 4k 52 0t | 2 1 T D0 B A

2
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L, KRR B AR, JF BRA B AT
ACE 0l 75 4 1) K Bt 1 — 25 o0 f % 4 ACE 1)
il 3 PR B /N B B B DAY PR AR, R FE 3 h
Ry S5 AR AR A (RD

1 1l 2d W50, ACE 00 il 22 1K ff B2 3 7 45
CikF R R, R AR A 1K B 2R (W IR iE
Tk B Tk S N AS 7843 5 W T v IR S R
F it [0 1) 50 138 2, TGk 2 oy 3 23R o 5 303 38 44k 4
T e o R I R, s
it 45 W WA DT 2R 9 23, R G B 88 45 °C oM SR ALl
fift YR
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(b)

ar q 90
2F 185

— 480
20 x

9170

IRt JE
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—o— ACEH 1% %
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B2 SBEEZEX ACE & & MKk E R m
Fig.2 Effects of single factors on the ACE inhibition rate and DH

2.3 MR EIRIE RS
231 MERE ETRNZRIELR, B

2EE MR 3 h il & ACE Ik, R4
Design—-Export 13 8RR 17 44T 20 %R 17
G, RIS R R 3,

xR 3 A B AT Z T A LG 1R
Y (ACE#WMHIE) 53 MHEZMA LR T -

Y =80.12-0.17754 +0.55B -0.27C +0.055AB -
0.7554 C-0.395BC-5.624>-4.31B>-2.34C?,,

H 2 4 nl A0, %A A 3 (P < 0.05), HH 3¢
FHR*=0.99, 2 LI A i 3 (P=0.3270>0.05) , it
WIRP R RIE e i = o o =B = 7 SIS SO EE S
BISEIR AN K HOZBE ARG E . — R I infg it (B)
W RO R IR E OB pH(A%,B?,C?)
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Table 3 Design and results of the response surface experiments
. Bt R E mEEE B/ ACE #74) , Bt R E mEEw B/ ACE %)
e pH 14 B5 pH 1
AIC (Ulg) /% AlC (Ulg) /%
1 50 5000 7.5 74.2 10 45 6 000 6.5 78.03
2 50 4 000 7 76.55 11 50 6 000 7 76.6
3 50 5000 6.5 76.93 12 45 5000 7 80.02
4 45 4 000 7.5 75.77 13 45 4 000 6.5 78.35
5 40 5 000 6.5 77.15 14 40 4 000 7 77.85
6 45 5000 7 80.36 15 45 5000 7 79.84
7 45 6 000 7.5 77.82 16 45 5000 7 80.69
8 40 5000 7.5 77.02 17 45 5000 7 80.41
9 40 6 000 7 77.74
x4 BARBFTESHER
Table 4 Variance analysis results of regression model
R F I Aa A W df 7 £ FAf Pk 2 H 1
B 263.79 9 29.31 76.86 <0.0001 Hk
A 0.2520 1 0.2520 0.6609 0.4430
B 2.42 1 2.42 6.35 0.0399 *
C 0.5832 1 0.5832 1.53 0.2561
AB 0.0121 1 0.0121 0.0317 0.8637
AC 2.28 1 2.28 5.98 0.0444 *
BC 0.6241 1 0.6241 1.64 0.2416
A? 132.85 1 132.85 348.34 <0.0001 ok
B? 78.11 1 78.11 204.81 <0.0001 Hk
c 23.00 1 23.00 60.30 0.0001 sk
233 2.67 7 0.3814
P EDS 1.45 3 0.4822 1.58 0.3270
®E 1.22 4 0.3057
&t 266.46 16
o FREF B E(P<0.05) ;%% FREFWEE(P<0.01),

Pom @ 2, B X 3 AP X ACE #1041 28 1) 52 i)
JFAET M — R R R, SCHIAC 3%, U]
it At I B R pHL (B A9 22 BAE B, AR 7 224%
Breb FAE A 28 A BE R/, B AT RAIEAN 25 055
DR 25 X5 46 A O S MRV R B8, (0B 2 )k g
BRI 45 DHZE X ACE 1 2R 1) 52 i A 38 36 B0 A « il Vs
T >pH 8> B 8%

2.3.2  WANZEAMAT = N T AT DA U S
PO R 04 0 B i 77 ) ACE ik 2 4 52 ) | ity
T 76 I 55 i A R T ) o v A R AR o 5l
i ACE 1l ik iy 5 0 45 121l 11 3 ], 45 T2
2 Xkt A0 A 7S ACE 3 2R A4 52 i K 3

ANZRBEA N pH (E | R IR X [l ) A
T T 2250 B v i — P B S R A R — B
AR B AR T A i i 5 066.849
u/g, 18] 3 h, {5 ¥ 44.944 °C,pH 6.969,ACE #ll
R HEISAE N 80.15% , 454 S bR AR , e Bum
fitf t 5 000 u/g, B 8] 3 h, B 45 °C,pH 7.0 #17
Bk, 13%] ACE #1413y 80.43%,1Cs fA 4 0.33
mg/mlL 5 WM A 4230, PR ok o B o £ Ak A £
ACE il IR 4 T 22 mT A7 .
24 & ACE MEIRKEN > FRESH
T o i FIVHE £ ACE 410 1) K 9 40 X 23 7 o o
s A& 4 BT, MR YEAR I & 0 O B3 s R AR



F24% HoMW

i ACE 4 %) Bk 09 B i ) & B 5 B 4 AL

221

X3 BT i B B i B o 1 £ A B [R5
y =-0.2577x + 7.9062,R>=0.9851, 4% 7 #i it
SRR AR 2 F BURE A O, SRR,
ACE 410 ] JI A Xk 73 o B S AR AL 7 1000 u U

ACE i i %
ACE inhibition rate/%
ACE il %

ACE inhibition rate/%

(b)

T, Hvd618.9,237 u WIKEE 91 15 48.51%
47 17% ., VEIRARAR IS ) T 25 A BE R B I RS 1Y
it fige i £, A5 3 O Z2 1 /N o i KB L

v » ®
& ® & N

ACE il %
ACE inhibition rate/%

O
e 3N
O

i

Ty

3 BEHEZEEMX ACE #IH Z 5 Mm

Fig.3 Effect of interaction of various factors on ACE inhibition rate
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B4 #rAEdm(a)fiwm s ACE MBI (b)Y FRES HEIEE
Fig.4  Chromatography of relative molecular mass distribution of standards (a) and hairtail ACE inhibitory peptide (b)

2.5 & ACE ##l IR K E B A 5 1
FH e 5 TH A £ ACE 103 BA v 2 3 iR F 2
L H AR S R, AR R E
ff W B2 JE R, 2l A KUK ) 0 SR U T L e
W25 K £ £ R A k4 FAO/WHO x5
e SR AR, TR MR Y B i S
BRI 40%7e 47, Hb ™5 @ BE IR 5 E b7 2 FE MR 1)
FEAE &5 T 60% , 25 1 5 o L 48 ™, 7 f1 ACE
R A 0 75 IR B SRR 1Y 40.91% , Hoh
TR SIELT AL LR 69.24% , £

PRARASE S PR AT A , 22 IR AR 0 v S R
ARG Horh ACE #0461 7 4 5 B K M 2 L R 1
B IEAE, it ACE $0 60 B oh i K b & 3 R
T 36.72 ¢/100 g, HATH KA ACE #0461 71,
A B i 2 BB (A0 e Ak ) 15 21 8 w3
PR ACE 1 BK
26 HBEHAWK

WA Lee SFPABEFE K4 F I IR ELAT T 5
) ACE # il 3% P, Haiwfa ACE 40l Ik 7 7 i &
EPAE 1000w AN, B EEM A 1000 u 14
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Table 5 Amino acid composition of hairtail ACE
inhibitory peptide
S RAEm R =
(g/100g) E é
%% Ak (EAA) % &B% (Thr) 4.18 E
515 (Val) 430 =
& &R (Met) 2.94
I 55 &R (1le) 4.18 h ~ = " m 2
% &5 (Leu) 7.27 {5 i 1)
K7 & 52 (Phe) 3.37 Rententi(()z)time/min
#1 £ (Lys) 8.68 o
dE L FH AR (NEAA)  RAZ B (Asp) 8.49
5 2.5 (Glu) 14.74 "l it
+ &8 (Gly) 5.11 3wl .
7 & (Ala) 5.87 ED d
2 5 8% (Ser) 3.66 S e .
B 2.8 (Tyr) 3.08 b
o0 .8 (His) 1.83 " 2
Hr BB (Arg) 3.97
Jil & B2 (Pro) 3.68 45
PR (Gys) — Frivton
SR RA M 40.66 B 5 Prep-HPLC i bl & & 8% ICy
ok R 36.72 Fig.5 Chromatography of Prep—HPLC and 1Cs,
EAA 34.92 of each fraction
NEAA 50.43
it (TAA) 85.35 iR BUR O -Re i Al N RSN NG R A
EAAINEAA/% 0924 iE, XU AR ATCRR FIRGSR 5 B (1S EAT
EAA/TAA/% 4091

. fiE 2SR . Glu  Asp \Phe (Ala Gly Tyr; Bi/K M2 IR . Gly,
Met .Phe Val Leu Ile .Pro Ala;— 2/~ K46 H

DB RS UE  WCAE DR A5 H o Prep—HPLC H4 U8 Wi ik —
Bk 5 A5 (Kl Sa), L&%Lﬁbéﬁﬁ#ﬁﬁu
W ACE #5315 1Cs (Kl 5b) . #H4r S(A R
A ] 30.2~31.8 min) & B H i 5 El"] ACE # #1l 1%
P ,1Cso fE 4 0.11 mg/mL, Prep—HPLC /2R 4% £ ik
() 2 KPR R A3 B Kk 1 22 R Se R I i 7K e
Z RJG VEERY, 24143 5 78 Prep—HPLC H 5 4R ,
PRI 1 7K P 2 BE TR & B s, 3X 9 Rui Z5PUAT Tao
ERR A R — B

3 &g
LA £ JEURE ACE 10 i) 3 R it B2 R 37 A

e, 5 B B A g O 2 A R e JT 0
FAR 6 LA K N A T2 Ak A SRR R

TN AR EE 45 °C g £ 5 000 w/g .pH 7.0,
mFE] 3 h, B4 F R ACE #1135 80.33%,1Cs, {8
9 0.33 mg/mL, T2 OLAR G il % B4 £ ACE
PR/ F AR R T 1000 u LT, HL&E bR 23
M A K Ve R & R, TR AR 5 AR
o 2 R 2 U AR 3 3 I AT Prep—HPLC
P —2 4y B Al Ak . ACE i ik, 75 21096 4 0
L5 1Cs fEM 0.11 mg/mL, ASHHF 5T H il A 325 il
2y i ACE Mkl k2 41t T 3SR I =% i
ACE il BRIS M, 7E DD REE £ ST A K i
IO FH IS o AR RS U2 X ACE 30k ik 1) il 25 A

Loy et Ay TGS, 2R — 20 25 LUK
PR R LR ML A R R AT ST
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Enzymatic Preparation, Isolation and Purification of ACE Inhibitory Peptide from Hairtail

Bai Xue, Dong Ye, Hu Xuejia, Dai Zhiyuan®
(Institute of Seafood, Zhejiang Gongshang University, Hangzhou 310012)

Abstract In order to utilize the hairtail resources effectively and prepare high —quality angiotensin —converting enzyme
(ACE) inhibitory peptide, the most suitable protease for the preparation of hairtail ACE inhibitory peptide was screened
using ACE inhibition rate and hydrolysis degree as evaluation indexes. The enzymatic process conditions were optimized
by single factor and response surface. The optimized hairtail ACE inhibitory peptide was analyzed for molecular weight
and amino acid composition. The ACE inhibitory peptide was further purified by ultrafiltration and Prep—HPLC, and the
active fraction with the highest ACE inhibition rate was obtained. The results showed that the protemax was the best pro-
tease for the preparing ACE inhibitory peptide, and the optimized process parameters were obtained as follows: enzymatic
hydrolysis time of 3 h, hydrolysis temperature of 45 °C, enzyme dosage 5000 U/g and pH 7.0. Under this condition, the
theoretical ACE inhibition rate was 80.15%, the actual value was 80.43%, and the 1Cs5y was 0.33 mg/mL. The relative
molecular weight of the ACE inhibitory peptide was mainly distributed below 1000 u. The amino acid composition pattern
of the hairtail ACE inhibitory peptide was reasonable, with high content of fresh and hydrophobic amino acids. The six
fractions were separated by ultrafiltration and Prep—HPLC, and the highest activity was obtained for fraction 5 with an
1Cs of 0.11 mg/mL. This study provides a theoretical basis for the application of hairtail in functional foods for hyperten-
sion.

Keywords hairtail ; response surface; ACE inhibitory peptide; purification



