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Studies on Biological Active Peptide Derived from Fish and Shellfish - Il
Separation and Purification of Ala-Val-Gly-Pro Derived from Porphyra
vezoensis and Its Interaction with Angiotensin I-Converting Enzyme

Kunio Suetsuna®

A peptide having the potent angiotensin I -converting enzyme (ACE) inhibitory activity
was separated from Porphyra yezoensis protein hydrolysate by chromatographic analyses
such as ion-exchange, gel-filtration and HPLC. The most active fraction (SP-1) obtained
by SP-Sephadex C-25 chromatography provided 50% inhibition against ACE activity at 72
ug / mf reaction mixture conceniration. Oral administration of the SP- I fraction
(200mg, kg of body weight) spontanecusly hypertensive rat showed a hypotensive effect.
The SP-1 fraction was further separated into the peptides using ODS HPLC. Among these
peptides, an active peptide was obtained, and its primary structure was Ala-Val-Gly-Pro
(1C50:3.12 uM ). Using these active peptide analogs, Val-Gly-Pro (1C5126.5 #M ) and Ala-
Gly-Pro (1C5(;89.3 uM ), which were newly synthesized, the interaction between ACE in-
hibitory peptides and the active site of ACE was presumed.

1 % B

gy MEREEE LColikicng, ol
B BT F R L ORI 5 2 EAURE N,
O MERENSRIEE T 7 v VAT v v TER
i (ACE) B~ 7'9 P H B, SINER, WEM

I 5 O BRER A & A ds kMRS G RiEE D
&, AR LRSI (RIS LEEAE) @A gl &
N, Hi#EE, BNLEBHEELHRBEIEITEICE0E

BHRLEZL SNARTHBVAWASLY, BERICHY 5
BRI Ch 2, Loy - 7YV AF YV Vv SR

IKEERFRI AL W1584%, 19974 8 A 2208 44,

Contribution from National Fisheries University, No.1584. Received Aug. 22, 1997,
#  JKEERSR AR ML MRS (Laboratory of Resources Science, Department of Food Science and

Technology, National Fisheries University).



184 sk

(R A% i, AEtENFEoRBRERO—>TH 2
EEZONT VWD, TTI0ER, R« ARTHLMEERY
AR LTV BACEOEMNAMG4 5 & TR - ARE
aviho—il, FRICE> THRESHEIEEZD Y bo—
AL&S EVIRBENFUDhTERD,

HELE, MEBTFTERERBNES vy Tk
ACEMI~77 FiRBLTHE LTaan® P, o,
TNy vy Bk ORI~ 7 F Fiadafithiz, HE
9 v BOBMEIRE» 5> DACEMH~FF FHRK
(SPHIAY I in vivo COMIEMTER R B LOT, &
Sic, ACEMHE~7F FOREERRY, 73/ 5
IRV, % OWEEAEBEERE Ui,

2 ERFE
2.1 Hb
% Porphyra yezoensisid, 19952 E» 5 3 Bk

3T, BRI TR, aiokEE L
Foth, BUEEKRL, SO, BRSO TRERE L

2.2 WO MR

HIEBARS T g ol 4 vk 1 £ 2MA, WBEBRKE
Bt BHF 2 — 7 (86 inch, FIEALIETRALRD 1ihn,
Wokicxd LT 3 BT 2T R VBTN s 8. BhA
BopHE2OHEL, BHO~Y v (BEC 3.4.23.1, ~
Mg HD T50mg 2RI, 87°C TLOMFMBEIRE L s Sk
HAREITIE o e

2.3 RTF KO

DT, BHBIBISHESBTF = — 7ICHY, ¥
i A 7k gz LT 2 ARSI 2T BT AR ER
fzo BB EDowex SOWX 4 # 9 & (H'form, 50~
100mesh, #4.5x20em) 1A, # 5 &%BiA A+ kT
DU L%, ONNHL.OH 500mdCHEH L feo BRIEIRGH
L7 reaTEREL, BREEOMNER T BRI A
e EFHOIMY vEEEK QHTO THMELAL L
Sephadex G-25% 7 & (medium, $2.3X140cn) ICHH
L, ##30nl,/ h, BHOBABEMTHY vAHBL K,
SephadexG-257 3 47 0w b 57 4 %G OERLTK
RAWL T/ ~7F FHEIS (Y5 TFR300~5,0000 %,
B Dowex 50W (H) #5420 b s 357 4~LT
BUSHRE 21T O OIS, M7 T FEREGL, &

W

OH~RTF FWELS g WA 4 v ROn IS TEREL, SP-
Sephadex C-25% 5 & (H'form, ¢ 1.5X47.2m) ICEAWH
Utze BEA A v 7KE00mE 51,59 NaCliE i 500ms T O R I
A LD, FHdOn, h, BAERIOTHEHRL, &
WSy (SP-1, SP-I, SP-Milis) % HE Dowex
50W (H) #3420% b 237 4 — LTBRERMEEST
OSEEEARE, B FEYR (SPES) & L.
~7F FOERG, FMEry 7 veHIELE LT,

Lowry’é‘;é)lu’.ff.‘iLi“Ci”?f&of:o

2.4 ACE LMo M2

Licherman®ilfzii &8s Uiz Ilik & o4 ° i U
TR =t TbH, ¥ P uEs0us £2.5mU ACE
(EC 34.15.1, oo &flithdR, v <) BERERL0
ul WA, 37°C, 3 SRR, 100mM s+ o B (500
mMBEHEH, pH8.Y ML 7212.5mM Hippuryl-L-
Histidyl- L-Leucine (7% FUNHIM) FLEEHI00 1l
WA, 87°C, GOMIUKIG & d7ct, 0.5NIERE50 L %
ARIGEELE L/, 851, BB F 115mfEMA £<
B L, 08 (3,000rpm, 10min) L7t Biffx o+
WIELOmE AL, R, IMAREER1L.Ond 2 A
THML, ACER LD 5 £ 7Y AR % 228nm D
IRSEEE TR Lice % v 7 NI TOBREES Eg, v 7
WHEORD DI EINA 7 & EOEE Ec, FHRIG
b EmATRIBS /& 30MEEg & LT, MR
(%) = (Ec—Eg/Ec~ Ep) X100Csk 7z MHEE
e (CMD 3, Lz & o3k SN BB RHH0% %R
T EORIBHPTOMEYHEBRE FIEEnEL0 O
ug B, FlAZE V) TRUI,

2.5 SHRIZWT AWM 7+ FRKOMTERT

fEH

EEREE, BARF v — X o Yox—ih kDRI
HMFIES » b (SHR) 2MAL, 1EBoTHAER,
AL 25 160mmHg AL Tk 280~330 g OBy 5 PL
TBEE LTV, LIERTF FERORMcHB Lok
B F KK (SP- L%y, 200ng,/SHREHke) 0.9
Y BBAKIK 3 nic iR L, SRR Y FEA VTR
BIHES Ui, 158, 1, 2, 48205 BHEOME
%, JeEE NI R IR E S (UR-50002,
v AT TISE L Ao BRI S B0 E LT
v, BonlEMoREREREREDL, 3EOF



WHENEOA CEME~YF F 185

EEd O, WEIIINE (SBP), SEMME (MBP), L3k
BE (DBP) £ L, s BFOMSl L BIEBIE TR L
Foo BERHAREEE LT, #5581 (O MRD MEMe LT,
BIFH L oFEEE RERTO W, p<0.01%, p<
0.05% THFE L 72,

2.6 UHHHPLCI X AACERRE R 7 ¥ OB
i

R~ 5 FBR (SP- 1Hi4Y) Tag 25uf #RWVT,
M4 s 0w b 757 4~ (HPLO) Kk BRTF 7
SUAVFORMET L e #1546 ELT Develosil
ODS-5 (¢0.46X25em, SFRMEZED 2V, B E L
T0.06% F U 7Lk oFERRIA (TFA) 5, 0.05%TFA
EELIBTH T € b= b U ATRIEAO 2 T O B4 EL
B, W 1.0m8 min, BIHEEE ; 220nm T - 2,

2.7 R7FFO7 I BEIIRE

HPLCTHE SNIACEHERTF FI7 5724y DT
I /BEAH R, WEIIC X 0 Bk E, PICO-
TAG™ 7 ¢ /B (9 4 — & — ZEB) AW G TH
Bote XTFFOT I/ BEFNGHB X Fv v &
VATIABI Y 0 F 4 v v =02 vy — (7754 K544
VAT LAHED EHWTRE L. =T F FOSTFHRIL,
DX-30088 Ay HrEt (HABTFED 2 WFAB-MSET
T Lo

2.8 RTFFDHK

DUERI L ACEME ~ 7 FOBEREAR L, 433A
MroF s vEREE (7754 Fq 4y 257 801D
&k Dt-BocliHc K 01T » oo

3 M R
3.1 W~ TF KARORR

W5y vy A% RT v B TE S DY
&, By, Dowex S0WIET « Ii#5%, Scphadex G-257
Shouw b sy 4 —-FET LD, HliNTRE L
TREVSODE, 500008, /NE Vb D E0EEOH ~
TF PR g 18 (Fig. 1)e Sh G, HEHEER
K28BTghr o BUSKTH >, X5, SP-
SephadexC-BH S b7 ue b I57 4 -3 5 &KLY

<
1

{
<|> 123 4 5 ;
~ Wy v I
N S
E 1oo‘é
g 50
3 5
‘é <
[ W

10 20 30 40 50 60 70
Fraction number

Fig. 1. Chromatogram on Sephadex G-25 column
of Porphyra yezoensis protein hydrolysate.
Elution; 0.1M phosphate buffer (pH7.0).
Flow rate; 30mf~h. Each fraction; 8.6mf.
Monitering absorbance; 750 nm.
1; insulin (MW=6,000). 2; insulin B
chain (MW=3500). 3; insulin A chain
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Fig. 2. Chromatogram on SP-Sephadex C-25 column of active fraction 21-46 eluted from Sephadex G-25.
Solvent system; (a) 500mf of H.O, (b) 500m? of 1.5% NaCl.
Linear gradient from (a) to (b). Flow rate; 90m? /h.

Each fraction; 10mf. Monitering absorbance; 750 nm.
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Effect of oral administration of the SP- 1
fraction on the blood pressure of SHR.
Vertical bars represent the mean * S.E.
(n=5 per group). Significant difference
from the blood pressure before adimi-

nistration (*p<0.05, * *p<C0.0D.
~O=8BP(systolic blood pressure). —A—

MBP(mean blood pressure).

(diastolic blood pressure).
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Reverse-phase HPLC of the SP-1 fraction
cluted from SP-Sephadex C-25.

Column; Develosil ODS-5 (0.46 X 25em).
Solvent system; (&) 0.05% trifluoroacetic
acid, (b) 16.7% acetonitrile in 0.05%TFA.
Linear gradient from (a) to (b) for 2h.
Flow rate; 1mé,/ min.

Monitering absorbance; 220 nm.

4 & %

TrYIAF v vERER (ACE) &, BRI, i
EramEcdsr vty ry v IOEKE, TIRIME
MEBRTHETHESE T3 V4= v ORRERBT 3 s~
FOMANEF S —-ETHD, TOMKOHEME LN
FERTERMERT, 7 v Jd s vy v 1HHIREHL P8
SBORIEES B ME o MMERES &b
5, ACERChOHBESWETIYREHT I &N
BTN, )

Cheungd &, Mk DU ~7F FEARL, ACEME
TEHC BUEd CHIES KON 7 3 / B OMEBI>
WTHEREFTRE L, CRM7 I /BELT, Y77
Y, Za=VTSEy, oYy, Foirirdio NER
FTI/BELTNY Y, AVOAL Y EETEIRTFF
A, BWOACEMBEHEE TS EME LTV 5, S0
HENfF S RTF N, CREIT ) vE2HLTL
BT &M, WOACEMEERERI Lo & A28y
BLDEELLGNE, £, MESD W, ryxTFRT
Fu—=sioWTOMEEEHEMoR T, CER%E o
i LB, BeTI/ BETAF =Y, ALY Ty
B, vV icd s E@VIEEESE R EHELTYL
B, SEBBENATF F5<7F FOEITI/B BE
UEOFRA L Yy RTFPOWLT7 I/ M7 ) v TH
B2 &MS, NECOHELHED LY RTF F (Leu
Arg-ProlCyy; 0.26 uM, Leu-Gln-Pro ICS(): 1.9uM,
Leu-Lys-Pro ICgy 1.64M) iCHAEOMBIE 4R &
& ot

ACEDTEHIRELIE, W4 & v S, KEHS
Y AL, EUHEROBE, O3 i ThHELEERS
hThwd (Fig.5)e SEHME N F F I RTF FDC
Kz oy vy, W73/ BT vrThy, BLU
FOFME N Y RTF VO, CRMBToY v, B2 78
BTy THEAIEE, ACEDIEBH £ R- Wi
RHCKE 7o ) v DA v #E R o AEEERLE LT,
Ff, KEHEET A, ST o) roRTF
FEEO N VR = VGRS LTEVW TV 5, 1
A4y EHOHAIE, MRENWLT I FEROI LR =
NVEERBESETRTF FRGOUEZI T4 58
fidEZ oh, SEBMERLT P I XTF FONKIRT
/B2 7/ (Ala-Val) O, BLUZ0H
BUAP Y ~TFPOH2 73 /8 (Val, Ala) Ofilo
EEOEAWY (bulkiness) & R = — 4 — HRd O AL



188 R 4
Table 1. Analytical data and ACE inhibitory activily of synthetic peptides.
. Amino acid ratio FAB-MS
Peptide in acid hydrolyzate (m/2) 1Co (M)
Ala-Val-Gly-Pro Ala; 1.20 Val; 1.12 Gly ; 0.92 Pro ; 0.83 343 3.12
Val-Gly-Pro Val; 1.08 Gly ; 0.93 Pro ; 0.87 272 26.5
Ala-Gly-Pro Ala; 1.18 Gly ; 0.88 Pro ; 0.81 244 89.3
Ala-Val-Gly-Pro” Ala; 1.03 Val; 1.06 Gly ; 1.12 Pro; 0.95 343 0.95

All amino acid are of the L-configuration.

Each peptide was hydrolyzed with 6N HC1 at 110°C for 24h.
ICw: concentration of ACE inhibitory peptide required to inhibit 50% of the ACE activity.

Ala-Val-Gly-Pro® is the corresponding isolated peptide.
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Possible interaction of Ala-Val-Gly-Pro with the active site of ACE.
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