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Fig.1 Antihypertensive mechanism of ACE inhibitory peptides
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RN R (Phe ) JIF 400 6 P 3008, 430 PEIK N S
J& Phe \Tyr Ala (822 (Trp) 2 & (Pro) il H 2
2 (Gly) B, A R F 48 & 35 2 IR 59 ACE 4 1 7%
PERS 538k R kS A ACE 0 f1S Py ik
ZFEH—A Gly R %Eak Pro #8552 ACE 1 Ik 11
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Table 1 Property analysis table of two terminal amino

acids of antihypertensive peptides™

B BT & IR /%
C %Ak Bk 2R B 40.0
C 3 Bk RR B 60.0
N % 3k 2K AR i 46.7
N st 5K 2 AR B 533
7 5% 3 A 4k Bk 2R BR 17.0
7 5% 34 g B oK B R 30.4
PRk 7 B — A FK ROk R 83.0
N 3% 55 & % R A i 17.4
C % oF & 2k BRI B 26.7

(His) \Trp F1H 8 2 R (Met) , 55 3 i & 7 5 A IR
(Ile) . % & 2 (Leu) . 4 2 B2 (Val) il Met, 5 4 11
J& Trp, HHMGIEHS C ima LA P,

3 & ACE kiE

e IR B AR S A E, AR
RIS ORAETIRE | 3 i B AR B AKOF i 1 U R
JE K B IR AE % N “bekasam” 14 % % i1 Fp o 2 BE00T
IeJE  fEf 2 Hseds DIRME A R T 4% Fh
REFER . 3R 2 B0 7 30 53 1 5 8 s O 18 R DG BF
31 #&%

208 T AR A ORI, BT, KE
SIS DR A S WHR (SR = WA 0 N -3
Yang %P3 B R JN R 11 il 6 A 45 fa, Ok H
UEIEAT o B & Hh R IR K, 22 sh P S 56 e
i 326 4 08 I 1 i JOR d B AR i A e v ol K B
) BB B 45 T (SBP) . Taheri S8PA L 6 fy WF 58 Xt
SR E HE E K B o R gy e AR B R
KA FPH-1(<1 ku) .FPH-II(1~3 ku) FPH-III
(3~10 ku) Fil FPH-IV (>10 ku)4 B A [5 443, H:
ICso L 7F 0.45~1.86 mg/mL Z [&] ,FPH-1 (ICs, N
0.45 mg/mL) PG MRS o 8IS 7T 4 R 2y
IR A K B, FPH-T 41 5 vh A5 K B 5 7K &
LR, v AR Sy S AR I I ACE 16 M. T4 i
SESIDLIE AR AUVD T 0 LA A D) 8 o B K A
2 (B B 1A K R XU 2 ) T A L i A
Py, 308 ) e A LA T 4 B 3 i ok X

—Aalifk, MRRIWA ACE MHIK, 2518 Val-
Glu-Pro—Leu—Pro (ICs, "7 22.9 pmo/L) 1 Pro—Ala—
Leu(ICsy 4 12.2 pmo/L) , Wijesekara SEBILLI g
D JEORE R T 2 SRR, 22 2220y B A
1k 45 3 & H R 15 51 & Thr—Phe—Pro—His—Gly—Pro
1 His—Trp-Thr—Thr—Arg [P Fl £ ik ,
32 H®E%E
FeE P LT R EAT 70 T i/ | 5 Rlss

R i, Cao 5PV S 25 11 OR K i b [ B AR
il 25 th HA ACE 004 136 14 ) K A 4, il i B e ik
1815 (Gel filtration chromatography, GFC)F1J #H
{5 A £8, 7 7 (Reverse—phase high performance
liquid chromatography, RP-HPLC) 75 &5 , 15 21| 41J
il %R 92.7%19 IK)JF 51 (Leu—His—Pro) , Zhang %57
AL E B AR RSN &R, 2K I8l o th BAy
ACE 0l v P i B AR K i, T8 5 15 i T8 3 A
ARSI S50 R BT, 2K AR TR AT R A R TR AR
F o He 5P 28 AT 1817 A= 1 25 F S b [ 6
BREAT 6 A 0 2o U0 BRI 15 35 )2 A D B e A
WOAH 35 o> B ali b il 3 A B B ACE #0176
P 0 357 28 9k O % O 9 AT M55, 430 O Phe—
Cys—Val-Leu—Arg—Pro .lle—Phe—Val-Pro—Ala—Phe
H1 Lys—Pro—Pro—Glu-Thr-Val ,
3.3 M

g D12 A g e B Ml e A, O B
LR R T RIS B BRI, Ou SEROILLA W5 S BF 52
X4, FIHTIR MR 2 A R A5 ACE i Ry
TV TV Tl At 74 o W S5 1 25 1 A
IR K A S Er P R, 30 o M DR S T R
RIS S ML, 70 B M E ) ACE MK Ala—Met—
Asn, H3FHE/NT 1 ku,ICsy H-H 106.24 pg/
mL, Wang SEW906F bk 5 v 9 96 1f H BRSEA T 0 5T, 48
SORY R A = A S TSRS i e T - SRR 4B i
P K A% 7= ) F Sephadex LH-20 #E i 38 2
Hr A RP-HPLC AT i — 2 or g alidl, B ) 4 th
— BB B Rl R K (Val-Val-Tyr—Pro—Trp—Thr—
Gln—Arg—Phe) , X} H3E4T ACE #1046l % PE K2 I, 1Cs,
{H4 66 wmol/L, 3 HIZ WA R 4 1Y P58 5E 1L
pH ERENE, TJm K2 B 8 E L J 6] 5 1y 4k
W5 K 2B 1B 20 mefkg 0] 0 -£r 5 % HE 5 1
JER B (SHR) , 25 3R 3R B2 I HLAT [ i T 35 44
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T T R AR W 1 R /N FE BT R 2 20
7, JF SR & R A v o,
HPY R IS 3% P I B BE R X 2291 i S0 9B T
ANERBE T B B R IR EAT AT 5T, SRR L S N
K AR fe i 9 ACE 10 M 3 ik 4 g R 2k
#3 %] Trp—Val \Val-Trp lle-Trp Al Leu-Trp 4 Fhi[%
K ; Barkia S5FU5I5R FHAICER 11 g 0 9008 1 2 1 5
PP BEAT BB , A5 K AR 40 DA A v IR R R
AR 5 d 5 &SR FEAS 17 mm Hg,
35 HEB#EFEH

AR AFESCBR & B, 28 TN L WL B4 it
TEA M R WE SR G HEAT 1 e ML K A AH DG BE 5

WX o JEE Sl . SR sl v e e I T IR 2R AT T F
FEARIE o Balti SIS OUL P S WF 50 4R 0 H:
HEAT B A FZ AT, o3 B Atk i 9 B ACE i ik
531 ESI-MS Fl ESI-MS/MS il & H 43 F Jo it Al
AR H, JF i 2 S gk B BoAT B R i
B RIE E o Tkeda SR HTEE 1 BRE R T 5 2EA T
KAl £ ACE il JIk, I >R F Sephadex G-25 &t
¢ 3t ik €0, 3 R SR v SRR € % R AT 03 S ik A
#] Glu-Lys—Ser-Tyr—Glu-Leu—Pro, Val-Glu-Leu—
Tyr—Pro #1 Ala—Phe—Val-Gly—Yyr—Val-Leu-Pro 3
PRk, 3% 3 AR 1Cs 18 43 510 18.02,5.22 pmol/L
1 14.41 wmol/L, #5H X 3 MK B A 3 4F 1)

Woe 3 1

®2 BHEERDERNHR
Table 2 Study on antihypertensive peptides derived marine sources
R 5 B A B A 51 ] f‘%
LK
WT & EIE RN N T Val-Glu-Pro-Leu—Pro 22.9 pmol/L [33]
Rk % & B Pro-Ala-Leu 12.2 pmol/L
Bk E B A G B RP-HPLC Thr-Phe—Pro—His—Gly—Pro 0.62 mg/mL [34]
His—Trp-Thr-Thr—Arg 1.44 mg/mL
FHMKN  FEGH #3% GFC RP-HPLC Met—Glu—Val-Phe—Val-Pro 79 pmol/L [48]
Val-Ser—CIn-Leu-Thr-Arg 105 pmol/L
XHFs FEOH RP-HPLC Gly—Gly—Pro-Ala-Gly—Pro-Ala-Val - [49]
Gly—Pro-Val-Ala. Pro—Pro . Gly—Phe
RIGvh#  JREGH GFC .RP-HPLC Gly-Leu—Pro-Leu—Asn-Leu—Pro 18.7 wmol/L [50]
4L 35 R & G i Sephadex LH-20 #t ix  Val —Val -Tyr —Pro =Trp ~Thr -GIn - 66 pmol/L [42]
it 9% EAF RP-HPLC ~ Arg-Phe
i L G B &3k A Ala-Met—Asn 106.24 pg/mL  [41]
FEENE FRAGSANEOR Rk Phe—Cys—Val-Leu—Arg—Pro 123 mol/l.  [38]
B IR 5 & B AT RP- Ile—=Phe—Val-Pro—Ala—Phe 3.4 mol/L.
HPLC Lys—Pro—Pro—Glu-Thr—Val 24.1 mol/L
bEHE S EA®mN RP-HPLC Trp-Val, 307.61 pmol/L  [44]
Val-Trp 0.58 pmol/L
[le-Trp 0.50 pwmol/L
Leu-Trp 1.11 pmol/L
¥ Bt E O Sephadex G-25 % Val-Glu-Leu=Tyr—Pro 522 pmol/l,  [47]
# % &% RP-HPLC  Ala—Phe-Val —Gly-Yyr—Val-Leu— 14.41 pmol/L

Pro

Glu-Lys—Ser-Tyr-Glu-Leu—Pro

18.02 wmol/L
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AT P R ol SRR A I, IR BRI , B
FiE DD RE RV, X B (B £ 1Y 5 A 1 BT
Fr B, BT AL BB BURE IR R AR
MBI B SCHR B, A 7 B I s Bk i) e i FH 9 O
A B AR R A G L B PR TR i 3 i
4.1 BBRRE

Tit fige 10k 2 H I ARA I 10 K e R B O
i A T, TE RO SN S5 TR A ACE
P BRI P R B AR i 5 e ol B
Al AL AR R AR AR U b PR
SN Sl R =] R N ST ¥ S N
) il A 2% A, JF e gL B R pHL (L2 5 i) il £ 1 A
TERIZRIN, 3R 3 g T A 1A T U A Il e B R
JH T 1) e A2 U BE AN pH (B, Li 55591 1T 28 15 il 7K
fiff 85 00 B SR £ B I K, 38 o R R I R4S ACE
P % i = W 4143, R FH SP-Sephadex C-25 &E ¢

Tk U € 35 0 SR e OB €238 X ACE 417 i1 ik ik
frit—2bmalifbr ey, w2 HS 1Cs [0 14.7
wmol/L 1Y Re i, & ik Phe-Gly—Ala-Ser-Thr—Ara—
Gly—Ala, Wang SEM/3E 1] B 4 1 B 41 Wi
JF R Sephadex LH-20 #E it 1 € 2 33 F1 52 4 =5
RO @5 X ACE il BREAT 20 B i 25 Hh HoAy
J¥ %] Val-Val-Tyr—Pro-Trp~Thr—GIln-Arg—Phe [
JURK, d 2ok Zh 4 S 58, IR B ACE 900135 4 9 A
R o Lin SE0R HT L NS R A W5 Y 25 3 P i 4
e i TS 400 1) JBK, SR PR DB 3R & I Y Rk A Y
IE 7 Al 42 A B8 1 S A 5 A K SR e AR A 3%
X HAK i P HEA T oy s A A 15 31 2 R ALY ACE
0 # BK (His—Leu-His—Thr F1 Gly-Trp—Ala), 5%
W2 Bk BA B E ACE #0116 P B, ICs, (8
43 9 4 (458.1 + 3.2)mol/L F1(109.3 + 1.5) wmol/
L, P38 g R AR R Bl i s A ik Y R e e T P i i
PG e AR, 22 Ve e, ORI

*3 AREEQMHHE ACE IHRNERESH

Table 3 Optimum condition for the preparation ACE using different enzymes

%P R iR B E/C pH {4 AE Lk
B E O i HE R 3 45 b i 50 8.5 [34]
AINE G B By By 3 G i 50 6.5 [56]
B &G BR324 iR 37 23 [57]
BB G B By 3 9 iR 45 45 [58]
Rk & & B By B 9 i 50 7.0 [59]
-t O B A -2 B b R 60 8.0 [60]
e G B BR324 P iR 60 8.0 [61]
VLR G B B BR 32 0h iR 48 7.0 [62]
AbEaih By 3 9 b iR 50 75 [63]
¥ & O b H R R b R 55 55 [54]

42 WZEERHE

256 B 7 43 R WORE B 1 R L AR A
B ZT RN O AT AN AT 2 KA, DA
R 1963 4F  MerrifieldHIF5E & W T [ A4k
o 52 A RS A G A A S 1 R S
RS T2, % 36 4 s al A o fin fy 8 B HLnT B
S ERAE o Bl AR W SF 19158 BT I VE BRI stylis-
samide [ BY4G M, DA 250 = 2K I L G W BE (]
PR GMNR ) Bk e H 6% R — A mEi-1,1,
3,3 DU LR S SRUBE BRI A0 N, N- "% N B O i

R 45 A R AR R 59— F AR B SRR 1 A
B2, 16 =5 SRV FH R K ELAE KB A E 1)
Tk, SRR (B3H-1,2,3— =Wk 3[4, 5—b] ik iz -
3-EASL) S-1-MERS b LS BB R £ N-FR -7
R IR I = U I N — B 35 e b o Y TR € AR
WG 5 78 = T TR A 3R B 25 0 £ 4 3
ARAF IR o 48 FOAH 2 RICRCR €335 XoF i 5 i 1
IRt 2R AT 4l fb , =) % 98.9%, Kem %51
XTHFE RN AT T 2E, &t 81~k
AR 7 Be AT A L, AR R BB R T LA SR R 2



358 hoE g

M

2022 455 8 H

RATERIBEFRET AR, FHERZ K
T AR E IR FE R, T2 HTE BN
Bk, 2B Ak 2 1T AT A 259 Bl &, 8k
M, HEA A & A B mIAE RS 5k B 45
IJE"o
43 EREIREE

UL AR H A R R AR SRy I IR K
TERERMTEIR TR 2 EfE 2 5 ACE #
FRZ B/ 7 0 BT AR T, 8 R AR IR v o 3] 2%
PR b kA g B TR B o TR B A I
il £ ACE HI il BT, 53 e 45084 F 56 [ T/
B 5 195 M 1 I I U B o 3 K A B il
FIRENK DCEX-4T-2 Z I, @ T EAH R E
JOR T R TR B 4 L e D il A ) 5 5 R
1 GST-AHP, F FH &5 208 AH (033 % il 75 2 11 617
fit ), 43 B8 Al A AT 20 3¢ o 16 T 1 e ot e IR B, S I
TRE I AFAE ) 3 2 n) R R K 45 5 o R Tl B
fi ) % BaE A AR R E BT, SR, ACE
PO R IR A3 SR K, PR 3 R T o) A I
JE K32 B AR B

5 ACE #J#| BA B3 M 77 7%

Bl E AR ACE $ ik 0 5C 1 2 55 H R
HENT B A S ACE A1) KR I 7 ik B H 2538
I, B ARy 2 32 SRR (R SR ACE 3061
T PEFIR YRS ACE 4000 3% 1k W Ah 7 12

PRAMR I ACE 0461 36 4 % F 9 2 220 4ol
OB VR i OO 3% v . 36 B R ACE
IR, HRE O B i A8 fE R I 2 ACE 75 44
N—[3—(2-WkmG 3L ) TN Bt -L— K 9 A BE-H 2 Bt
H 2R (FAPGG ) F1 E ik bt 2H 22 1% ¢ 2 R (HHL ) /&
W ACE #0 il Bk i % R ¥ . A W sE £ 9,
FAPGG 1 HHL ¥ 7] A 2 09 I & ACE 917 il Ik 1%
PE SR, FAPGG (%8 8 PR 2 m ie 4 T HHL, A it
5 FAPGG Ui ) AN AL R B &7 38 AT LAvs 1k
ST I AR, T 2RI BT, RS OO
AEH AR AT IR WA S W WA AN
YRS Z FEI FLGHR 5B i 18 23 A7 A B o o 50 A
5% 0 A UV 00 25 46 00 25 PR R 1) 2 2 DAl
ACE WMk, &7 B BARAE T o RO & (HIAE
I L K A T sh AR RS [RD 55 e A 7, DA G

D285 S 15 2 A 0 ok 8 v e LA S 9 el

PRI ACE 904 336 1 PR 3 9 S 30 1, %
T 56 3 DA v LR K LA S 4 K
N T 300 1 R A A 3 o 1 R 465 24 s Bk T S )
I R BRI Y 22 Al i sk 4 A ACE 9104 ik
WY JE Wods R A8 46, HI 0 ACE 90 i ik i 3 %
Jung FFIOR Y oo— B8 B 1 K fifk B B A0 o R R
F BTl £ 1 B I 22 ik Met—lle—Phe —Pro—Gly —
Ala—Gly—-Gly—Pro—Glu-Leu, H: ICs, {4 28.7 pg/
mL, K il 25 ) 22 IO £ T R M g ol e R R, &5 SR
&R UM A BA (2 T B Barkia S50 7 ik 9 1E
Shy 8 L O PRI SR T, R AR IR 1 il K A Vi
RESE, JFREZE 5 d KK iR R MR £ D M e i R R
BL, 2592 400 mgrkg 774 B9 K i o0 AT LA fil
R v IR R BRIl R R IR 29 17 mm Hg,

6 Hit

e LR 2 O ML 0 1) E G R, fl T i
FEAT B SRR AR, D e BR ol < e 7R R, S RE
I A B2 W 1 7™ S RI AR R AR B, Y 3 YRR e K
WA G NRWR A, BRAEMEIER, K
I, TR ACE 0] IR et B8 Bl N Az 21z 1
KR, SR, BT ACE $0 6 BRI R 38D 75 2
HE— G LG PRINRL . A6 AR Y B A= 0 )
FZL LR N 3 4 K, ACE 4 Bk i 43 88 4l Ak 77
TR 2%, A G i EME D) S Tl A A 7 45
T A o 76 ACE i ik i i % v o5 =1 R b I
PRI AT Tl A A 7= i iR J2 8 8k AR ke T 7
U8 ACE 411 B A0 B 9% M o5 RN ER A5,

2 % X #
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Research Progress on Antihypertensive Peptides Derived Marine Sources

Hu Xuejia, Dai Zhiyuan", Zhang Xiaodi, Ye Jian
(Institute of Seafood, Zhejiang Gongshang University, Hangzhou 310035)

Abstract Hypertension, as a worldwide health problem, affects people from all walks of life. In recent years, antihy-
pertensive peptides from food have become a research hotspot because of their efficacy and non-toxic side effects. Marine
species account for about half of the world’s biodiversity, in which the protein is an important raw material for the
preparation of bio—active peptides. This paper aimed to review angiotensin converting enzyme inhibition mechanism, anti-
hypertensive peptide structure—activity relationships, the source and preparation of antihypertensive peptide, and summary
the existing problems and development trends in production, which was expected to provide a strong theoretical basis for
the development and utilization of antihypertensive peptides derived marine sources in the future.

Keywords marine sources; angiotensin converting enzyme; antihypertensive peptides; research progress



