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Abstract

In order to search for antithrombotic peptides from soybean paste, the inhibitory activity of water extract of
soybean paste and its peptide fractions on ADP-induced aggregation of washed platelets was assayed. Soy-
bean paste extract treated with ultrafiltration (M.W. cut off, 3,000 daltons) was found to have inhibitory ac-
tivity of 90% at the dose of 96 pg/m! by the method of turbidometric aggregometer. Soybean paste extract
was fractionated to 19 fractions (No.B-18) by Dowex 50W X-2 ion exchange column chromatography and ac-
tivity test was performed by the microplate method. All of the fractions had antithrombotic activity (IC, 10-
1,000 pg/mi), and most fractions had higher activity than positive control, RGDS (IC,, 205 pg/m/). Espe-
cially, basic fractions No.16-18 showed higher activity than soybean paste extract (IC,, 30 pg/ml). The frac-
tion No.16 with the highest activity (IC,,, 10 pg/m/) was purified and analysed for amino acid composition.
The results showed that histidine, arginine, and alanine were major residues in the peptide part of the fraction.
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Algeoll Al4%  ADP (adenosine-5'-diphosphate)=
Chrono-logA} A &-E, ﬂz%ﬂc‘] RGDS (Arg-Gly-
Asp-Ser) 5= Sigmarl AE-E, 7]eb2] Aok GRH
& Algslgich AdEEgl Sprague Dawley (SD) £l
A AL ASAREEATAA FYE] AMEE]
Adct. dad $AAPES A% AHEA aggrego-
meter:= Chrono-logAl2] model No. 560 CaZ-, mi-
croplate readert= Molecular DevicesAl2] THER-
MOmax™& o]&3lgtt. 96w-Microplatet= NuncAl
A)F(No. 446612y, 84tk dEtee] 1.2 9 ks
9 5led PierceAH2] Reacti-Therm 1™ heating/stirring
module-& o] &-3}eir}.

=& HEtol=2| =2

FARZY AR B 200 g & 1/9] ST 3
blender=. 1047k mﬂ&fﬂ 10,000 % gol| A 308-7F ¢
Al Ba)skedch. AR A4 Whatman No. 422 o33}
ojolg thA] Amiconite] geledzt 2 E o] §-8}od
35 psiollA] Ha}gF 3,000 )3 S35 Z(Amicon
No. YM-3)0. 2 x|2]s}e] ofel g gt o] & A+
372 At oy slelo]l=o] Fris 240 mg/m!
ol sict.

=22 20 mlol] 0.1 M pyridine-formic acid 2}
Z4(pH 2.8y& 1,000 m/ H7}3to] BMF §, 222 <t
Zo 0 2 33 3% 7hofo| L8k 4-2] Dowex S0W X-
29] column (6.6 X 14.6 cm)&- o]-4-3}ed pH (3-5) % ©]
745 (0.1-3 M)o| Bl &rulel 2fste] 1979 &3
& At ol wl 42 825 mi/hro] At

"HElo|lE Mat

Cliffe 52} wpd-g Falo] akgleh. A% 0.1
m/¢} 0.1 M NaOH 1.0 m/&¢- 1.5 m/2] eppendorf tubeo]]
W 10+2CelA S shastateh 7 kAl
30% Z2AF Felle Wy B 5%l 687 "} x| 5+
% A3t} o§7)el ¢}A] ninhydrin €94 0.1 m/& g3
B Faeld 1587 wAsta A3k o7]ed 50%
o] ethanol 1 m/& 21 3027} vortexdh ¥ 570 nmol|
A FB5E ZA st olwf ninhydring-o & 4]
t}alof| A Z5}e] =4], DMSO 7 miel| ninhydrin 0.2 g}
hydrindantin 30 mgg %< §F, ZAHe| BIF 4
M lithium acetate $+28(pH 5.5) 2.5 mi& &3}sle] &
v]slodu). Eh, L-leucines £FEEAE 313}

Heto] =2} g4 685

%) 8.8 Sep-Pak CI18 cartridge A2|gt 5, A4
HPLCE ol&3jo] #HAsloirk. HPLCY 272
o}z 7k}, Columne YMC ODS-H80 (150x4.6
mm, 5 um, 80 Ay, S-Z & vi= (A) trifluroacetic acid
(TFAYZ 0.1% 53 A4 4 (B) TFAS 0.1%35
3} acetonitrile-S- AF-8-8}¢j oo, g-vfj 2} —?HH~~ 1287}
0%l 4] 8%2] (By7}F HE% stort. §5-2 0.5 m/
min (Waters Pumps 501, 510y §-#|8}ei.ov, 71 &-&
220 nmel| 4] 3] &}9d vh(Waters detector 484).

olr] Ak BA1L. Waters PICO-TAG Standard Method
1ol 3t} HskAc

EAEe| FH|

Diethyl cther 2 =} g 215 o] B-%- of g 0 2 g
AFstdct AHA AR ACD%—QH‘(IZ.Sg tri-
sodium citrate dihydrate, 7.5 g citric acid monohydrate,
10 g glucose / 100 mi wateryS AF3-3l33 0w, o] & &
B3t 1:69 vlg2 Egg F 150x gollA] 1587
AlRelste] AbEe] "Waw FY- HAH(PRP, platelet
rich plasma)g- #3}gic). o]& t}A] 500x gollA 10%
7F Al Belsto] &gk pelletd- itk o] & A4
ZM(11.9 mM NaHCO,, 0.33 mM NaH,PO,, 163.3
mM NaCl, 2.8 mM KCI, 1.1 mM MgCL, 11.2 mM «-
D-Glucose, 2.0 mM EDTA, 0.35% Bovine Serum Al-
bumin, pH 7.4)2. % A & FHebehzo(11.9
mM NaHCO;, 0.33 mM NaH;PO,, 163.3 mM NaCl, 2.8
mM KCI, 1.1 mM MgCl 11.2 mM o-D-Glucose, pH
7.4yl HEHA e HEHeR, g Sx10YmliE
243 a9 fﬂ%%‘ & AHEa® (WP, washed
platelet) ©. 2 A}-g-3}eict.

H M assay

Aggregometer Y microplate readerg  A}-5-3}od
37°CoAA A E gke] A dojute B Wt
2 A, Hake] 7S, aggregometerdei 4
480 pig] WPol| CaCl-&N(HE 5, 1.0 mMyE 37}
g 18 Fol 9HFEFES 282 A, o]ofA
ADPE-H(HF5 %, 10 uM)S o] dad3A4le
%3 & Zy}2 55712k transmittance?] W3LE Ha
aFsich.

g, Fape] A9 WPol| CaCl-4N(HE%%, 1.0
mM)& A7kste] 37°CE 387F FA13 oS 96w-mi-
croplatee] well®} 180 pi# EFakgdel. ol 7)ol =3
Aetol=goll 10w H7HE F FRHEE ST
Zxdsha 287k Aelg ohy, 10 w8} ADP (355
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E, 10 pMyE o] S & f st 73 5o oA &
B2 =2Hslgdrt. oju] microplate+= heating mo-
duleAtoll&] A&z wellujt} 400 rpme] wHF 2
37°C B2g fAEAY. =i FHE 342 mi-
croplate reader Wol|4] 37°Ce] %9} 255 Fx 8}
A 540 nmel| A Al<3}A| sleich

Ay SAe Mg, AeAgdeE P o
279 SAH(FFEHS 10022 A3 A=A
A Ao AslgE 4SSkl =3, microplate™
o 2J3t sefo]=o] ICuH-S 5 AR S log-
arithmic linear regressionol] t4ldlod o1& 3jq|4] o2
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Fig. 1. Effect of soybean paste extract on ADP-in-
duced aggregation of washed platelet (a) Saline, (b)
RGDS (500 uM, 215 pg/ml), tetrapeptide as a positive
control, (c) Extract of soybean paste (96 ug/ml)

7] $13}ed, aggregometerell 2]¥ E-x}3k 3,000 dalton
olsle] ghejoi o] HAlL EA 3}t g5
2631 ¥ 492l WP (washed platele)2} activator 2.4]
ADPE AHg-3te] 845 SA3E o, Fdd=T
] RGDSE 500 uM (2} 216 pg/mi) M) A] 95%0]4
o] A asE vy, B FEFEE %6 ugmie] ¥
E2 AHelA 1 MsldAde] 90% st v F)
UrehstehFig, 1),
£ g3, "4k o 2] PRP (platelet rich plasma)
¢} activator§.4] thrombino|t} ADP-E A}83F 7 -$-of
& RGDS % 513 E5E2] AshgdAe] A3 A=A
o¥gkti(data AJ2F). ¢]i= PRPeo Z3l= albumin %
o] FAchuao] &4l gl o] 2h8-g whalslr] wiial
Aoz FA=AUG".
apebr], ¥ elfellAe e g S AsgA
dAE ol F ®r} wlgtstA 24T 5 U= WP/
ADP system& & Aol o] 3= Zlo] T &

o 4= gllch
1% HElo|=2| 2

ol|4] Hal FE50 v 34 AsjdAle] &
QdElglom g, A Helo|=g HE3r] $sle 7}
ool 23l FIFulE s S st} Dowex

50W X-2 Z#g ol &sle] HA FEFES 197H(No.
B-18)°] HR o RIsiglon, 1 AREIHS
Fig. 29} 7o), of Al & op ol sefo]ert 7ha o
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Fig. 2. Chromatogram of soybean paste extract on
Dowex 50W X-2 ion exchange column Elution con-
ditions: Fraction No.B, sample diluted in pyridine formic
acid buffer (0.1M, pH 2.8); No.l and 2, 0.1 M, pH 2.8;
No.3 and 4, 0.2 M, pH 2.9; No.5 and 6, 0.3 M, pH 3.0;
No.7 and 8, 0.4 M, pH 3.5; No.9 and 10, 0.5 M, pH 4.0;
No.11 and 12, 0.75 M, pH 4.5; No.13 and 14, 1.0 M, pH
5.0; No.15-18, 3.0 M, pH 5.0
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Table 1. IC;, of peptide fractions on ADP-induced pla-
telet aggregation

Fraction No. 1Csy (ug/mi)
B 150
1 180
2 250
3 150
4 1,000
5 400
6 250
7 200
8 250
9 200
10 600
11 200
12 150
13 125
14 100
15 100
16 10
17 15
18 20
Whole extract 30
RGDS" 205

"RGDS, tetrapeptide as a positive control

60 |- ILH

Inhibition rate (%)

M\i

1234566789 101112131415161718}2)(‘

Fraction number

Fig. 3. Inhibitory effect of peptide fractions on ADP-in-
duced platelet aggregation at the dose of 15 pug/m/ *Ex,
extract of soybean paste

ol o] g 687

croplate readerZ- o] -8-3tof 22 slgdc). gl A1
o HA x2S Aol W ARk nhe} 3hc}. o] why

2 aggregometerd} ] o] B]3ted 71 1= o} A e}
ot A g o) A gE FAle M 4
Sk o) algler s Al s te] Faje

Sl

o7 #8153 Aog wukEelr] aFolct e

FAub e atelol elale] Falgk Aol disted
A4S vrebll e Fo) gel oyl g AnE
dEA 07 v5slr] = ofeRo] sl

7} 838 slefo]l= % 1.5, 15, 150, 1,500 pg/m!
o} Al grolEdos dadsA AHNLAdE
Byow, Az Fakre] A7) RS B4
o A vrebyte}. 7F g R Frw Asjggdozy
Bl 1CS 738}o] Table 19 L}b}ﬂ}?i o, Z} Fre
ICy& 10-1,000 pg/mi<] W18 ¥t 2/3712ke] 3
HE& T ICugke] b dx7])l RGDSE] 79475
uM, oF 205 pg/mhEch ooy, -8slA] ok gzt
FEE2 45 ol k30 pg/ml). =7 16, 17,
1 tﬂ_-o/’ ICSHO] iﬁﬂél’}" 1'11'0} (10'20 Hg/ml) O]T'—_"
o} Al FAdo] oA o8 Fohrt.
w=gh, A A g ollA] 15 pgmie] Freollx = 2t 5

_L

-Loo

W Al o] aje]z) wlztsAl vhekd, Sate %}Mga
% “L%']'?ai“%, L 7:3-‘-]"1; Flg 3‘1}- /é'D} 017]01],(‘]
X 16, 17, 18 & F-2] x84 L 60-73%7 ko =2

Fge) A956%)u0t g9kt

Ay

Table 2. Amino acid composition of the peptide frac-
tion No.16

Concentration, mole %

Amino acid Total Free .
. . Lo Peptide
amino acid  amino acid
Asp 2.48 NDV 2.48
Glu 2.87 0.40 2.47
Ser 4.15 1.60 2.55
Gly 3.63 ND 3.63
His 7.30 ND 7.30
Arg 9.07 0.24 8.83
Thr 0.92 0.17 0.75
Ala 49.28 40.52 8.76
Pro 4.76 ND 476
Tyr 4.79 1.25 354
Val 3.10 2.12 0.99
Met 2.54 0.46 2.08
e 0.75 0.66 0.09
Leu 1.42 ND 1.42
Phe ND ND ND
Lys 249 ND 2.49
Total 100.00 47.57 52.43

UND: Not detected
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gAM HEloj=o| EM
Skell Al 19709 3 5-3 ICe] 10 ug/miz 713 o
16We] dfsle] A HPLCE )&t Ax), 824
45954 kel 737} vreldrkdata g eh). o] =
“}51*@‘“% &80 vk el et A
2 Bol, g 34 AaeAd Jﬂb}ol_‘s& oju] W
%l RGDSU} KRDS-4 799 o] z144o] ujo
% Hepo] =418 o 5 Alsiv}. 2L HPLC g4-& ofv]
A EAE At fe olmlinate] wo]| Exjalw
A obrlmAbe] vl o] Aol kA vhebubA] o
How vfe] o3| galgalo] ohde] W}
(Table 2). &, f-8] o}v] A C 2 4] alanineo] t}af &
2= (40, 5%) efo]l=. R-E-2 histidine, arginine,
alanineo] 3-& B|-&-2 vhepytrh(zhzt 7.3, 8.8, 8.8%).
wrebA], Algste] AR 16, 17, 18-S FAlo
2 o Aefe|l=g Pejsla, 1 548 e g
7F dckar Az}

flo

Hlﬂlomri

2 o

# 3 AL s

il = }5174 shadeh. E5
2 53 fl g gk 14‘}01 -2 E2k=F 3,000
dalton ©]3}2] ofofo] cljsje], SDEF Y P47
(washed platelet)}g- o] 8-38}o] ADP A0 2 S5
4330 A s]X £ & aggregometerof] o] Bx g
=435S ), 96 ug/mi= A e]A] 90% 7}ake] &3]
M| Z9rt FlH ot =285 Dowex S50W X-2
7Fofol ¥ e8] &3led pyridine-formic acid
2hEA9 pH (2.8-5.0) @ Z55(0.1-3.0 M)E A
2 F7HA 74 2247 197)9] 85 (No.B-18)0.&

—_

o

2|3kt o] & -2 A5 microplate & o] &35}
Holﬂﬂlvi = 4{5],OJVA u}], 11]24 =4 o_]-o] HI“HE_L]-

B AE7 A vlelyd o) v oy 3&}0{]&1 53] Al
3t gl Qo). o] o) Sahut-ga) o g vE] 73}
zb A2l ICwS 10-1,000 pg/m/e] W E Hglon,
o] ZHEEe pgzFel RGDS (ICy, 205
pg/mhrcl £L- FAS vhehglch w3, Fuebe

714 HR(Cs, 10-20 pg/miol| 4] HAZZE(ICy,
30 pgimiich B4o) A vhebte}. o] 5
P 5 108 828 0wl 143 Ash, Yepol
E F-%-of histidine, arginine, alanine So] =& u
EA&bsict.

AR &

& AT el olo] daw 81 Ao
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