ATANUIN N

n.1 A15LARNLE L UNITNARDY

1.

N o W N

®©

10.
11.
12.
13.
4.
15,
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

Acetic acid(Carlo Erba)

Acrylamide(Phamacia Biotechnology)

Agar (Difco Laboratories)

Ammonium persulfate (Carlo Erba)

Ammonium sulfate (Carlo Erba)

Bovine serum albumin (Sigma Chemical Co.,)
Bromphenol Blue(Sigma Chemical Co.,)

Casein (Sigma Chemical Co.,)

Coomassie Brilliant Blue G-250(GE HealthCare, USA)
Dialysis bag (Spectrum Laboratories)
Dimethylsulfoxide(Merck KGaA)
Ethylenediaminetetraacetic acid (Fluka Chemical)
Ethanol (Merck KGaA)

Folin-Ciocalteu's reagent (Sigma Chemical Co.,)
Glycine (Sigma Chemical Co.,)

Hydrochloric acid (Merck KGaA)
2-Mercaptoethanol (Sigma Chemical Co.,)
Methano! (Merck KGaA)

N, N'-Methylene-bis acrylamide (Phamacia Biotechnology)
Potassium sodium tartrate(Carlo Erba)

Sodium carbonate (Merck KGaA)

Sodium chloride (Merck KGaA)

Sodium dodecyl! sulfate (Sigma Chemical Co.,)
Sodium hydrogen carbonate (Merck KGaA)
Sodium hydrogen phosphate (Merck KgaA)
Sodium hydroxide (Carlo Erba)

Sodium phosphate (Carlo Erba)

48



28. N,N,N',N'-tetramethyethylenediamine (TEMED)(Phamacia Biotechnology)
29. Trichloroacetic acid (Carlo Erba)

30. Tris (hydroxymethyl)-aminomethane (Merck KGaA)

n.2 ainsaidldlunismaaas
1. Lﬂé@d"fﬂm?@mﬂauﬂéuum (UV-visible spectrophotometer, Shimadzu
Model UV-160A, Japan)
. Lﬂ?’ﬂdﬁuuﬁmﬁ%mlﬁmém (Sorvall Super T21, Dupont, USA)
ﬂdwﬁﬁﬂuw?@mm’?immuau@mmﬁ (Water bath)
m’gmmfmfmm pH (pH meter, Hanna instruments, Singapore)

Vortex mixer (Vortex-genie 2, Scientific Industries Inc., USA)

S oA WwWN

Stirrer {(Stuart Scientific)

7. it (2 WA 4 AW, Sartorius, Germany)

8. sterile membrane filters 0.45 luAsai (Whatman)

9. vacuum pump (Thomas medical equipment)

10. fegﬂnmiu,@:m’?lmﬁ@ﬁugﬂuﬁiﬂuﬁmﬂ@ﬂ?\m@ Ay witeuls waeanaaes

I & & %
nezuanmAas dninad iilumu
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AANUIN U

NSLASENAITIAN KATIBNITNAFALU
U1 NITATUNANTLAN
1. 0.1M Sodium acetate buffer pH 6.5

Sodium acetate 13.61 n5u azargluiinaulszunns 1 ane U5 pH #ae 0.1M Acetic

k4 +
acid wdrUsuiSuamsliiiily 1 ang daeninnau

2. 0.2M Potassiumchloride-Hydrochloride acid (KCI-HCI) buffer pH 2
Potassiumchloride 0.75 NN azaneluinngdu 50 Aadans Usu pH fag 0.2M HCI w9

14
b7 ©

Usuumslsiilu 200 HaAEAT AE1IINAL

3. 0.1M Tris(hydroxylmethyl) aminomethane-Hydrochloric acid buffer pH 8
Tris (hydroxymethyl)-aminomethane 121.14 NN AA1UUINAY 1RAT WINILTTHNNS

700 Hadans UFU pH dae 0.1M Hydrochloric acid waatfuiFuasliilu 1 ams Aqasdndu

4. Fixing Solution

N@N ethanol USHNAT 400 HARART WAY acetic acid 151157 100 HARAAT IIUINAULA

[
s

U5u1Fuaslileniu 1 ang snsinnau

5. Staining Solution

k9

N&d PhastGel™ Blue R-350 1 1Ha nuwinaw d5uisunmsitly 400 Hadans ooy

I . 3/ 9 c; o = ¢ 1 ﬂ‘ © $ k74
Destaining Solution uasliAaNFauiaugN 60 asAdaidaa (atiasaiiad)ianisnseenauld

6. Destaining Solution
NAN ethanol UsuNms 250 HAAAMS WAz acetic acid U5u1ms 80 $adams YFuilumg

e 1 @ms Aosinnay

7. Preserving Solution

14 '
o o o 9

n@N Glycerol U3unms 25 Hadams nuninau Usuifunnsdlu 250 Tadams sot

Destaining Solution
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8. 2x SDS Sample buffer
NAN 0.5M Tris-HCl pH6.8 15u1m5 2.5 Naaans, 10%(w/iv) SDS, glycerol U3unmg 2

i
11 o

TMNAY

9. 1x Amersham ECL. Gel Running Buffer

1'%

A[ARNT, bromophenol blue 2 HadansN waz DTT 310 Haansu dsuisunmsiiu 10 Aaaans sqg

e buffer 1x IaglANIINAWARAT9 1:10 989 10x Amersham ECL Gel Running

Buffer

2.2 n1gaAszRdsuanllsiu mNAs Biuret

1. mawngeunadinsgruaaslilssiy

Wrasazant Biuret 13N1m9 3.0 Hadass ldasluvaaannaas 590 1aaz 2 Naan

l

WINANTAZANE BSA 200 400 600 800 wax 1,000 uinsamns

l

iuFunmssiousingy WilTumswiniunue Aeiiald 30 wad Mgnumgiives

l

FAAINTAANAULAIN AINLIIARY 550 W THLNAS

2
A

Al @eunslUsiunnnsga

GREIGHY - » p o o
i) Blank | waaa¥l 1 | waan¥l 2 | waanh 3 | waaaN 4 | UaaAN 5
Biuret 3 3 3 3 3 3
H,O 3.7 3.5 3.3 3.1 2.9 2.7
BSA - 0.2 0.4 0.6 0.8 1.0
Total 6.7 6.7 6.7 6.7 6.7 6.7
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Standard Curve y = 0.0359x + 0.0088

R? = 0.9969
0.4 -
0.35 ~

o
w
!

0.25 -

0.15

Absorbance
(@]
N
|

©
—

0.05 ~

BSA (mg)

gU% 2.1 navlumegueallsfy

2.3 nsuanldsfunltenaiin Sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE)

G5 IS Q; o o % ar = L3 dl o o i

uweallaflfiimssiuitinidnlanasssna @l ndatubea tagarAuuandn
ansrinetne agluansaranativaiid pH lusnauazilszneaudiag sodium dodecy! sulfate
(SDS) Tuflu anionic detergent Miszaaufiaunsauanwedwling fagsauiuaanifuaie
weailassa¥rndu wiswazynaneiilszqavfanfaniidnwn dauan sDS dunedmilindeed
Aoadmindon 1.4 niu sDS /ninTusiiu laadl B-mercaptoethanol 1l reducing agent luans

ar ! v

4 o L . a o 4 A c e Ay
Aaatsaeialiinaeiuse disulfide Tuldshu dnsaniaindannaeswadinilndazisovsati
é’ a <4 901 s = -1 o L3 dl 2/ =
Tuiurmvzel minluans tasesnisuanilsfiuy aduisonesiv band wediwil ndiliadand
% . 95 as o 5 1 o’ i k%
A2 Coomassie blue war wtwin Tanasssnedndlndusacarvsesansioadalilng

124 o ar 5 ¢ 901 o [ -2 =1 d} dl =t
a5 ANENTUS seudnglog  2eauautinluana fudneiiiaasnisindeunreallsmu
dl‘ o/ < d‘ d’ a & o [l =3
NIATFIU Laziiens U dnsnFaranisiaaeun luauisiniaesadminddaagnefanunsn
A ntinlanalifdethufeuieuiunsunnsgiu
1. naamsgruldsiuauineng ) sy SDS-PAGE
nisaseaaauaunalulanatesldsiulaumaiin SDS-PAGE atunsnAuanleainen R,

d‘ o o = d‘ d: ai 1 1% t !
g mmmmnmmm‘zmmqmﬂLmu‘iﬂmuwLﬂ@@uwmnuqumuuuméwamummmw:ma
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d‘ cﬂ‘ d‘ s 2 ! i’/ =3 e ' 1 [ % ¥
V marker dye LARBUYN (WAANAIZATINNATY)  ANUURNTEUNTINTZUIN9AT R, NUAT Log

Molecular weight tiaA wIuanaluianasesunultsAuidsing i

1.20 4

1.00

0.80 A
y=-1.2977x + 1.1619

R? =0 9808
060

040

Log Molecular Weight x 10°

0.20 -

0.00 T T T T T | | T I )
000 0.10 020 0.30 040 0.50 0.60 070 0.80 090 1.00

R

sU% 2.2 A1 R 129ldsRunmsgIu

9.4 mavasevaulmillsaiealagnisfeirasenmsaiaesia

1. nswnsastaulasldsivasann Aspergillus oryzae

weuladlisfveaann Aspergillus  oryzae  U3N1ms 50 AARAAT NIN1TANAZNAU
fnende ammonium sulfate Ri¥aeay 80 (100 Sadans 14naa ammonium sulfate 52.3 NFu)
Taeildinde ammonium sulfate 26.15 nfu(UnaxIEEA) HaNFatLAIEs Magnetic stirrer (Maaifi
AaeALIR1) Tuisafiananuga 5,000 sausould 1uean 30 Wil avaramznaudae 0.1M
Tris(hydroxylmethyl)aminomethane-Hydrochloric acid buffer pH 8 151159 5 HaAAMNT WAL
nNg Dialysis sl 0.1M Tris(hydroxylmethyl)aminomethane-Hydrochloric acid buffer pH 8
1 0.1M Tris(hydroxylmethyl)aminomethane-Hydrochloric acid buffer pH 8 mmmgﬂuuﬂmﬁ

pH 8 udaawiuenlmilUsRieaann Aspergillus oryzae AlAlurandansadinsziisall
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2. ngemsanvaulailidsfvagann Bacillus licheniformis

vnewlaildsfaaann Bacillus  licheniformis U3N1A$ 50 Had@AT NIN1TANAZNDY
&nein@a ammonium sulfate 7i¥asay 80 (100 Naaans Wnaa ammonium sulfate 52.3 n¥u)
Taaldin@ae ammonium sulfate 26.15 nFN(LAAZIBEA) aNAE LA Magnetic stirrer (WaaLfi
FAARALIAN) ﬁumﬁlmﬁmﬁm% 5,000 ?’B‘Uﬁ’au’]ﬁ Lﬂum@q 30 ‘Lﬂﬁ @zmﬁl[ﬂ:ﬂ@uﬁw 0.1M
Tris(hydroxylmethyl)aminomethane-Hydrochloric acid buffer pH 8 Usu1ms 20 Ja8ARAT WAL
N1N19 Dialysis A 0.1M Tris(hydroxylmethyl)aminomethane-Hydrochloric acid buffer pH 8
14 0.1M Tris(hydroxylmethyl)aminomethane-Hydrochloric acid buffer pH 8 mﬁlﬁ@auuﬂmﬁ

pH 8 uwdsavfinaulassfeaann Bacillus licheniformis Mflua9aR11983 A2 ima

54



NMANUIN A

A1 NNTLATENANMNL AL TE
1. Tryptic soy broth
4 Tryptic soy broth 6 n¥u WutnduaslddFudFumslils 200 Sadans tunsuls

<4 =1 dgj = o ] 14 o A = & o 1 Ai’ 3
wanlararaiuiiawmeniu @miwmmmwmmx 5 HaKane ﬂmnummiﬂm’ummm

= o P al o -
Autoclave NANAYE 15 Yaua 121 a9AatTad 1Wnan 15 19

2. MELATENAIMNTIRENLED Mueller Hinton Plate

'
=1 =

HAN Mueller 7.6 Niu, 1200 Ha8AAT AT Agar 1 nFN 2inTaiguug)i 121 ae

EalEed et 15 wih wld Plate Nsin@andamanalAliunds

3. n19LA3EN 0.5 McFarland standard

[

WWTHNAIN 1%  Sulfuric acid 99.5 NaAAMAT NANAL 1.175% Barium chloride 0.5

1
=l @ Y

Faaans antuldnaanunaan Auldlunis Aaomntivas 79 0.5 0.5 McFarland standard

El al

B

139104T8 1.5%108 CFU/MI
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IMANULIN 3

o a aat < <
ﬂ'\‘iqmﬂ'}']Nﬂ"lN']ﬁﬂaLUﬂ']i(;hu@W5@1&%@@@?3 Iﬂﬂ')ﬁ DPPH wiA3 d819ARU 517 u’ﬂ:u

LHAT

1.1 NFLATENRITHINTFIU

1. 0.1M Vitamin C (Stock)

49 Vitamin C 1.76 nfu azargluiindulszinns 80 nadans uwadrUfudsunmasiiu

100 Haaang Aasunnau vl Stock L

ANS197 9.1 PTLATEN Vitamin C fimanadadu 600, 500, 400, 300, 200, 100, 50 Tulasiuans

ANLENY Vitamin C (uM)

0.1M Vitamin C (ul)

WINAY ()

600 1,800 1,200
500 1,500 1,500
400 1,200 1,800
300 900 2,100
200 600 2,400
100 300 2,700
50 300 5,700

WNAELAA Vitamin C AAonadudi 50 pM wizesflu Stock AmsunissEas Vitlamin C 1A

T 25, 12,5 WA 6.25 pM

AN9199 9.2 NA9ETEN Vitamin C Riaanaidud 25, 12.5 uay 6.25 tulasiuand

AHTNTY Vitamin C (uM)

50uM Vitamin C (ui)

WINAY ()

25 1,500 1,500
12.5 750 2,250
6.25 375 2,625

2. 10mM DPPH

2,2-Diphenyl-1-picrylhydrazyl

25 iaaans (eranluniia) iy Stock lutandan
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ATI19N 9.3 ma‘m‘%‘*ammemgm Vitamin C

A156AN Blank (u1) A.(Control) (ul) Ag(Sample) (ul)
Absolute ethanol 1000 - -
Wnau 1000 1000 -
DPPH - 1000 1000
Vitamin C - - 1000
Total 2000 2000 2000
AFA1UI
e (4, - 4,)x100
% DPPH inhibition = :
AC
e A, A absorbance of control
A, Aa absorbance of sample
/
A
/
Vs

é'u,w

1/%inhibiticn
AN

| 1/%inhibition max

I
- -1/IC 50

1/%concentration of sample

FUN 9.1 N9 LARINITATUINIAT IC 5, WATAT % Inhibition max 184A28e
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100

80

60 1

% inhibition

40

20 A

0 T T Ll T T
0 20 40 60 80 100 120

% concentration of soy peptide
from ficain

= @ P a s i S VY . = o o =
519 1.2 fapaznissinuanyadaszaaundindaioduildaannisdeslusmuainandanasalag

& '

Mewlasilnunaoududusiie Tneds DPPH

021 1
.018 A
.015 ~
012

.009 4

1/%inhibition

.006 -

.003 1

FaWa¥a¥al
T T T LI pa v vAv T T T

20 -15 -10 -.05 0.00 .05 .10 A5 20

1/% concentration of soy peptide
from ficain

5191 9.3 IC,, 194 soy peptide Arnauladiviaunasnududusiie lunisduda DPPH
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100

80 - L]

60 -

% inhibition

20 A

O T T T T T
0 20 40 60 80 100 120

% concentration of soy peptide
from pepsin

2119 9.4 Fesaznssuanysdaszaeawlindaedunléainnisteslilsfiuainainiamaesine

al a

Ieulgdinddunacnududusie Ineds DPPH

030 -
025 A
.020
ol
8 ICyy, = 8.07(%)
2
= 4 . e
€ 015 % inhibition max = 95.65(%)
"
<
=
010 4
.0 E
F T CGGG T T T 1
10 -.05 0.00 .05 10 A5 20

1/% concentration of soy peptide
from pepsin

5191 4.5 1C,, 194 soy peptide arnaulaiingddunaaududusiie lunsduds DPPH
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100

80 -

60

% inhibition

40

20 1

O T T T T ¥
0 20 40 60 80 100 120

% concentration of soy peptide
from trypsin

sdv 96 nowFesazmissiiueyyasaszaesntindaredunlAaannistesldsiuaiaainds

u

wineslagldieulsdviddunaeududusie) Ines DPPH

021
018 -
[ ]
015 -
s ee © iy
(o]
=012 4
£
S
= IC = 1.40(%
009 4 50 (%)
N
- % inhibition max = 77.96(%)
.006 -
.003 -
r T T T G‘GGG T T T 1
20 15 -10 -05 0.00 .05 10 15 20

1/%concentration of soy peptide
from ftrypsin

5191 4.7 IC,, 999 soy peptide anteulgivisUFunaudndusie lunisduds DPPH
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70

60

40 4

30 1

% inhibition

20 A

10 4

0 T T T T T
0 20 40 60 80 100 120

% concentration of soy peptide
from Bacillus licheniformis

917 4.8 feuavnisinuauyadaszasaunindaeduiliainnistesllsiiugainandavdesiag

Meulasilsfiadaann Bacillus licheniformis inansidudusine Tneds DPPH

.035 4

.025 -

.020 A

IC,, = 5.30(%)

015 % inhibition max = 66.94(%)

1/ % inhibition

.010

.005 -

a-066
i T T \pvivav) T T

15 =10 -.05 0.00 .05 A0 15 .20

1/ % concentration of soy peptide
from Bacillus licheniformis

5% 9.9 1C,, 193 soy peptide anieulasllisfivaaann Bacillus licheniformis feonududu

ping7 lunsdude DPPH

61



80

60 -

40 A

% inhibition

20

0 H T ¥ T T
0 20 40 60 80 100 120

% concentration of soy peptide
from Aspergillus oryzae

3U% 1,10 Feraznissiuayyadaszreumlndaadunlsannisdesllsfiuainainiamaes

Inelfiaulasilulsfieaann Aspergillus oryzae Ravududusing 1aeds DPPH

.040 ~
.035 A

.030 H

025 -
IC,, = 8.06(%)
020
% inhibition max = 66.65(%)"

1/% inhibition

015 +

010

.005 A

O-000
F T T %A% T T

15 -10 -.05 0.00 .05 10 A5 20

1/% concentration of soy peptide
from Aspergillus oryzae

519 .11 1C, 904 soy peptide antewlasililshiaaann Aspergillus oryzae fiaauidndusinge

lunn9iusy DPPH
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1. 598 lawilszas uay gewed WTanany “nsduds Angiotensin I-Converting Enzyme 1183wl
v o= g 17 AR L) =i o o =4 " = 123
Inanuanlaainnisldienlaivivdulalasladlusiyainaindowaes,  Faufinaulseg
FEINsuazauBLANWIA N T RFauwarNaFau AT 6 Tuseudredud 26-27 nangnan 2555
T9arfRuiluasarstainesnansinems atufae Tutl 2555

2. Surapong Pinitglang, Ratchanee Saiprajong, Souwanee leowsakulrat and Bongkoch
Apitanaruk. “Applications of MALDI-TOF Mass Spectrometry in Enzymatic Hydrolysis of
Soy Protein Isolated” The proceeding of Food Innovation Asia Conference 2012/14 June

2012

3. Surapong Pinitglang, and Ratchanee Saiprajong “Antihypertensive, antioxidant and
antimicrobial properties of bicactive peptides from soy protein isolate hydrolysed with an
aspartic, cysteine and serine proteinases” The proceeding of The 24" Annual meeting of
the society for biotechnology International Conference on Green biotechnology:

Renewable energy and Global Care 29-30 November 2012,
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n19€iUEl3 Angiotensin I-Converting Enzyme aauwdlnanuanlaainnisldiaulasiniddu
lalasladiusfuainainaauaasg
Novel Angiotensin I-Converting Enzyme Inhibitory Peptides Isolated from Trypsin Hydrolysate of Soy

Protein Isolate
Fa1 laglszas’ uaz gswed Afanang’

Saiprajong, R' and Pinitglang, S’

Abstract

The purpose of this research was to determine the novel angiotensin I-converting enzyme (ACE) inhibitory
peptides isolated from trypsin hydrolysate of soy protein. Enzymatic hydrolysis of soy protein isolated was
prepared by pipette 1.0 ml trypsin solution into a substrate 1.0 ml incubate for 3 hr at room temperature and then
centrifuged at 5,000 rpm for 45 minutes at 4°C to separate soy peptides 3 kDa using Amicon centrifuge
Ultramembrane molecular weight cut off 3 kDa. MALDI-TOF MS spectra analysis showed an intense peak at m/z-
862.628. The penetrated hydrolysate of molecular weight cut-off 3 kDa ultramembrane showed angiotensin
[-converting enzyme inhibitory activity (ACE() with the value of 92.65+0.54 %. Two kinds of novel ACE inhibitory
peptides fractions number 11 and 18 were isolated from the hydrolysate by Fast Protein liquid chromatography
(FPLC) using SuperoseTM 12 as a column. These peptides were identified by amino acid composition analysis by
Liquid Chromatography-Mass Spectrometry (LC-MS), as Gly-Gly-Asp-lle-Thr-Leu-Leu-Lys and Thr-Asn-Ala-Giu-
Asn-Glu-Phe-Val-Thr-lle-Lys-Lys with the ACEi values of 80.69+0.53 % and 91.79+0.10%, respectively.

Keywords : Soy protein isolate, Angiotensin I-converting enzyme, trypsin

UNAREa

fj“mQﬂixmﬁmmmuﬁﬂﬁlﬁ@ﬁnmmiﬁuﬁq angiotensin I-converting enzyme (ACE) #aenmilindfuanann
nsleulaiviiUaulalasladisfiuatsandmaes msmaseslaethlisuaiaanndamaesn  lalasladadne
woulmsTiFu dafigrauniidesilunan 3 42l arnduthaisazanamInaflaliuwen aeld Amicon centrifuge
ultramembrane 7 molecular weight cut off 3 Alasnasi AinaTuiSaseu 5,000 sieund Wiuaan 45 il fgnamni 4
asmusaidun YU ln U e siiuinluanalneds MALDI-TOF mass spectrometry annsilAmzdl mass
spectra wurjmwﬂhﬁﬁﬁwﬁniumq@ﬁm"mmua miz 862.628 waziiinvinliAirsed angiotensin l-converting enzyme
inhibitory activity (ACE{) wudnfAwinfusasas 92.65+0.54 LL@:LﬁﬂﬁﬂLWﬂlVlﬁﬁﬁhu ultramembrane 7] molecular
weight cut off 3 Alamasy luuanwdinAlaeds Fast Protein Liquid Chromatography (FPLC) snsmednuiailn
Superose™ 12 wudwdngil 3 urlandu Ae ursndudt 8 11 uax 18 uamflevudsndud 11 uax 18 Tlfmme
ACEI wudnilen ACET winfu¥aeny 80.6940.53 ez 91.79+0.10 mud sy wazannnsvinmundsanaunlanduiily
AATEIANALNNITEaaaanIaeiiuinedd Liquid Chromatography-Mass spectrometry wWudnHadunsaaziily
ﬁd‘fl Gly-Gly-Asp-lle-Thr-Leu-Leu-Lys wag Thr-Asn-Ala-Glu-Asn-Glu-Phe-Val-Thr-lie-Lys-Lys
AdATY sAuainandamaas, Angiotensin I-converting enzyme, n3uUdu

°

Ui

Soy protein isolate \Tulusiuainanndamies %0Lﬂmmmmm@\mm@zﬁiuﬁﬁmmﬁwﬁuzﬂqm (The
Highest Concentration Amino Acids) %w:"ﬁwéﬁgzﬁm%mé’mtﬁﬂ (The Body Builder) lidamaldsuiysiin
ANNNGIlUIENIINNIIATLANENYNT (Diet Phase) Lm:ﬁuﬂmmdﬂmﬁuﬁﬂﬁmﬁéﬂqmwﬁmﬂu%ﬁ@ﬂ% Tusenang
nnseantndenNeandas uazUeNannis soy protein isolate daazllifiumananlssenszesiuy delsseniu fseu
losansl %wzﬁﬂﬁi’mmﬁﬁmmmﬂmwmcymm’mmﬁmmmﬁu ﬁW’Lﬁimﬁuﬁﬂ:mag’lm’wmaﬁﬁmmamm soy
protein isolate az1¥ Branched Chain Amino Acids (BCAA) Uszunnuiasas 17 Taa BCAA azifludalinszsuliiinag

‘TwiTnsdnnisasiaemns angivenmaniuazvalulad avAvendauantsinlng 126/ ouudn1ndidn Auuee nqanwIsauAs
10400
'Department of Food Business Management, School of Science and Technology, University of the Thai Chamber of Commerce, Bangkok,10400



nasgafluumsannasuAnln (Growth Hormone) annsiaulfanes (Pituitary Gland) Tsazninldiseniaanuninaiig
3/ ‘é’ §s I [~3 ::l' ' - = 9 -l
n&naile (Skeleton Muscle) ldadnemada lnengefluwdanaasgyduln azlunszsunszuaunisdanszilysiv
o )% ﬁv ‘ﬂ‘d 73 o g, ad llé/ Ly L3 o A‘I =4 3 <= a‘/ =& d’
m@u%@nﬂmuﬂwumﬂfmm mldlswalugdu lunsdsmwdndanoduainduuses azldlsfuandowmaesd
gamuile oy LL@“’@W‘] panfiew LuaeLs A mnuummﬂ@ﬂmmaamu‘tmﬁlunmiﬂmLfaa jm mﬂsnu
wdFu Taluvsudu Tusiiau mfusndmdfivg waresilumlfna ‘*zmmaavmﬂairﬂﬂmmmﬂium\a 1-39 mu@ﬂ
fueulrTuasninsild  wdlnaildannslfieulnilunisdesUsiuataandamaes authundndinsaosilud
aniRuasuiinAay (Barca uavAmy, 2008) Liu Hamifsuayyadasz(Park uazAtuy, 2010)  angiotensin
I-converting enzyme inhibitory (Fan uazAniz, 2009) wananiiwlindanTdsfiudamassaunsnin sy nafldlu
ARAMNITHAI] Uisafilumaduiaslifimgussasfifeinisdnmiulawe afivindindannlalaslagalusiuata
andawdeddagidionlaviUiy uasiuanimaaesildnAnsuasimunnisadnm indanadusialyl

e

ABN1TNARDY

nswasenasazaelUsAuARRAINAAURa

WsAusinaandamans 100 nfu avaneluminndudasmdauds 1 ans audas Magnetic stirrer \ilutnan 2
s thihusieefianuis 6000 seusiownil fignannd 4 asasaidoa Wwnan 60 Wil Wudanleliinnmasns
saly
nsdaslishuaindaniasasaaulainiddu

nswasenledviUduaansugeuny (1,900 units/mg solid) A7uaw 1000 Hadnfuiuo.1 M Tris
(hydroxylmethyl) aminomethane-Hydrochloric acid buffer pH 8 131nm7 7 Jadans W Uiunmng 400 lulasang
Finaslulsiuainandamdesiiifiunned 2.5 fiadans Aoan 30, 60, 90, 120, 150 uas 180 wn#t arnturinluiin
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Figure 1 Trypsin catalysed hydrolysis of soy isolated Figure 2 MALDI-TOF MS spectra of trypsin
protein solution 2.5 ml, SDS-PAGE analysis was catalysed hydrolysis of soy protein isolated.

performed after incubation O minute (Lane 2), 30
minutes (Lane 3), 60 minutes (Lane 4), 90 minutes
(Lane 5), 120 minutes (Lane 6), 150 minutes(Lane?),

180 minutes and standard protein markers (Lane 1).
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Figure 3 FPLC elution profile of soy peptide on gel filtration chromatography using column SuperoseTM 12 was
eluted with distilled water. The protein concentration was determined by measuring at absorbance 280 nm.
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Table 1 Angiotensin I-converting enzyme inhibitory activities of soy peptide.

Sample Protein (mg/mil) ACEi(%)
Peptide concentrate with 112.4 92.65+0.54
Ultramembrane filtration

3K
Fraction 11 0.37+0.00 80.69+0.53
Fraction 18 0.1520.02 91.79+0.10

Fleviumdlndfial 11 uaz 18w FPLC andtassinnsdiudaenlml angiotensin -converting wudn
it IngRlEannansanadamdestiantRdudenisinemeaeuls] angiotensin I-converting é¥eaay 80-01 Tuanied
it Ingiiinn 3 K Wi ACE wifu¥esas 92.65 (Table 1) Tnennsefudaenlad angiotensin I-converting Lunal
Ransuganisiasy angiotensin 1 Ty angiotensin Il lwanusidientu ACET fiduaaanisaanusaas bradykinin
agludn ACE ﬁmﬁﬂﬁmmﬁuiaﬁmﬁﬂ( Vermeirssen WazANE, 2002; Ching UazAL 2011)
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Abstract

Enzymatic hydrolysis of soy protein isolated can enhance or reduce its functional
properties and improve its nutritious value. Soy protein isolated hydrolysates were primarily
used as functional food ingredients, flavor and nutritious enhancers, protein substitute, and
clinical products. The main problem of peptides analysis for enzymatic hydrolysis of soy
protein isolated was production of a varieties molecular weight of soy peptides. Matrix-
assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) has
been shown to be a powerful tool in the analysis of several peptides. The purpose of this
research was to investigate the effect of ficain, trypsin, pepsin, serine proteases from
Aspergillus oryzae and Bacillus licheniformis, on enzymatic hydrolysis of soy protein
isolated. Molecular mass spectra of soy peptides were determined by MALDI- TOF MS. Soy
protein isolated substrate was prepared by dissolve 100 g. in 200 ml distilled water. Proteases
solutions were prepared by dissolve 100 mg of proteinases weighted accurately in 0.1 M
sodium acetate or Tris-HCI buffer, pH optimum. Enzymatic hydrolysis of soy protein isolated
was prepared by pipette 1.0 ml protease solution into a substrate 1.0 ml incubate for 3 hr at
room temperature and then centrifuged at 5,000 rpm for 45 minutes at 4°C to separate soy
peptides 3 kDa using Amicon centrifuge Ultramembrane molecular weight cut off 3 kDa
(molecular with Mr > 3,000 dalton will not pass through). Soy peptide sample was prepared
for MALDI -TOF MS analysis by using freeze-drying. The range of molecular mass spectra
profiles of soy peptides were comparable to ficain, pepsin, trypsin, proteases from
Aspergillus oryzae and Bacillus licheniformis by enzymatic hydrolysis of soy protein isolated
as 294.414-2370.791, 61.177-2214.472, 862.628, 289.915-2534.950 and 294.414-2636.909,
respectively. The molecular mass spectra of amino acid and soy peptides present in 3 kDa
peptide solutions were observed to be in the range of 61.177-2,636.909 dalton. MALDI-TOF
MS analysis showed an intense peak at m/z-294.414, 172.237, 862.628, 294.414 and
2,636.909 for ficain, pepsin, trypsin, proteases from Aspergillus oryzae and Bacillus
licheniformis by enzymatic hydrolysis of soy protein isolated that was markedly increased
after a 3-hr incubation, respectively.

Keywords: Soy peptide, Soy protein isolated, Protease, MALDI-TOF MS

Introduction

Soy proteins are important protein source for human being and livestock. Soy protein
hydrolysates were used as functional food, flavour and nutritious enhancers, protein

substitute. Enzymatic hydrolysis of soy proteins and the hydrolysates utilization
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Sun (2011) showed that conditions for hydrolysis were usually mild, whereas recently high
pressure treatment attracted more interest. Degree of hydrolysis was usually between 1% and
39%. Enzymatic hydrolysis of soy protein to improve its amino acid composition and
functional properties (Barca and others 2008) has shown that after enzymatic hydrolysate was
incubated with chymotrypsin at 37°C. Optimum hydrolysis conditions were 12 h and 50°C.
Modified hydrolysateds have a potential for use in soluble high nutrition product. Purification
and characterization of antioxidant peptides from soy protein hydrolysate (Park and others
2010) has shown that the amino acid composition of the final potent antioxidant peptide,
hydrophobic amino acids were most abundant amino acids and among them phenylalanine
was especially abundant. Douchi, a traditional fermented soybean food, has recently attracted
to its superior physiological activity. From the results of study (Fan and others 2009) has
shown that angiotensin I-converting enzyme inhibitory peptide derived from the most potent
douche was isolate and characterized. Kim and others (2008) showed that defatted soy
protein was hydrolyzed with thermoase and hydrophobic peptides were extracted with
ethanol. This peptide fraction significantly affected cell cycle progression by arresting
P388D1 at G2/M phases. Modern research in food science and nutrition is moving from
classical methodology to advanced analytical mass spectrometry techniques play a crucial
role. Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-
TOF MS) is valuable tool for the analysis of peptides and proteins. Preparation and analysis
of proteins and peptides using MALDI-TOF MS (Dave and others 2011) has shown that
sample cleanup to remove buffers and impurities can greatly improve the quality of the
results. Peptide sequence information derived by partial acid hydrolysis and MALDI-TOF
MS (Vorm and Roepstorff 1994) has shown that the sensitivity of the technique is in the
femtomole to low-picromole range. Separation of a protein mixture by size-exclusion
chromatography was combined with MALDI-TOF MS. Identification of proteins in the
collected fraction was performed both as intact proteins by MALDI TOF MS and using
peptide mass fingerprinting after their digestion with trypsin (Salplachta and others 2004).
Study of angiotensin I-converting enzyme inhibitory peptide isolated from alcalase
hydrolysate of mung bean protein (Li and others 2006) has shown that these peptides were
identified by amino acid composition analysis and MALDI-TOF MS. In the present study we
provide various enzymatic hydrolysates of soy protein isolated for identification of soy

peptides molecular mass spectra by a rapid method MALDI-TOF MS.
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Materials and Methods
Preparation of soy protein isolated substrate

Substrate was prepared by directly dissolving 100 g of soy protein isolated sample in 200
mL of distilled water. The suspension was mixed using magnetic stirrer for 1 hr at room
temperature and then centrifuged at 5,000 rpm for 45 minutes at 4°C. The supernatant
fraction was collected and store at 4°C until use. The total protein content was determined by

the Lowry method using BSA as standard.
Enzymatic Hydrolysis

Ficain, pepsin, trypsin , serine proteinases from Bacillus licheniformis and Aspergillus
oryzae were prepared by dissolve 1.0 g in 5.0 mL enzyme optimum pH buffer. This mixture
solution were prepared fresh daily. The mixing solution was prepared by pipette 1.0 ml
enzyme solution into 1 mL soy protein isolated solution, and place in room temperature for
30, 60, 120, 150, 180 minutes. After exactly incubation time place the test tube in the water
bath at 95C, for 5 minutes, allow to fully coagulate the precipitated protein. Peptide
solutions were separated and concentrated in Amicon centrifuge Ultramembrane molecular
weight cut off 3 kDa. The penetrate fraction was collected and store at 4°C prior to analysis

by MALDI-TOF MS.
SDS-PAGE analysis

Aliquots of 25 pL of diluted soy peptides were mixed with 15 pL of Laemmli buffer and
heated in boiling water for 5 minutes. The mixture was then loaded in a 1.5 mm thick GE
Healthcare Life Science, Amersham ECL™ 10% Gel. The cathodic and anodic
compartments were filled with Tris-glycine buffer, pH 8.3, containing 0.1 % SDS. The
electrophoretic run was performed by setting a voltage of 160 V until the dye front reached
the bottom of the gel. Gel was stained in colloidal Coomassie brilliant blue R-350 and
destained in mixing solution of 250 mL ethanol and 80 mL acetic acid and soak the destained

gel in preserving solution 250 mL of (87%v/v) glycerol with water for 30 minutes.
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MALDI-TOF MS analysis

Sample soy peptides were prepared by freeze-dried to determine a molecular mass by
MALDI-TOF MS (Ultra-FLEX II) Bruker at a linear-positive mode. The sample was
analyzed using a Bruker Daltonics flexAnalysis. A 500 pg sample was dissolved in a low
molecular weight peptide (lower than 3 kDa) matrix, HCCA containing 30% acetronitile :
70% water with 0.1% trifluoroacetic acid for 20 pL. The sample solution was diluted for 100-
time with the same matrix before injection with an injection volume of 1 pL. Ions were
generated by nitrogen laser emitting at 337 nm. The mass spectrometry was calibrated from

m/z 100-5,000.
Results

The results of ficain catalysed hydrolysis of soy protein isolated were shown
electrophoresis patterns in Figure 1. The MALDI-TOF spectra of the soy protein isolated
following digestion with ficain, pepsin, trypsin, serine proteinases from Bacillus

licheniformis and Aspergillus oryzae are shown in Figure 2-6, respectively.
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Figure 1 Ficain catalysed hydrolysis of soy Figure 2 MALDI-TOF MS spectra of ficain
isolated protein solution 2.5 ml, ficain 5,800 catalysed hydrolysis of soy protein isolated.

CDU. SDS-PAGE analysis was performed after
incubation 0 minute (Lane 2), 30 minutes (Lane
3), 60 minutes (Lane 4), 90 minutes (Lane 5), 120
minutes (Lane 6), 150 minutes (Lane7), 180
minutes and standard protein markers (Lane 1).
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Figure 3 MALDI-TOF MS spectra of pepsin
catalysed hydrolysis of soy protein isolated.
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Figure 5 MALDI-TOF MS spectra of serine
proteinase from Bacillus licheniformis catalysed
hydrolysis of soy protein isolated.

Discussion

Figure 4 MALDI-TOF MS spectra of trypsin
catalysed hydrolysis of soy protein isolated.
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Figure 6 MALDI-TOF MS spectra of serine
proteinase from Aspergillus oryzae catalysed
hydrolysis of soy protein isolated.

A MALDI-TOF MS was applied for analysis of hydrolysated from complex soy peptide

mixtures. The method is fast analysis per sample and is characterized by a relatively low

running cost. Ficain, pepsin, trypsin, serine proteinases from Bacillus licheniformis and

Aspergillus oryzae was selected in this work for soy protein isolated hydrolysis due to its

highly specific endogenous cleavages. MALDI-TOF MS analysis showed an intense peak of

enzymatic hydrolysis of soy protein isolated products at m/z 294.414, 172.237, 862.628,

294.414 and 2,636.909 for ficain, pepsin, trypsin, serine proteinases from Aspergillus oryzae

and Bacillus licheniformis, respectively
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Antihypertensive, antioxidant and antimicrobial properties of bioactive
peptides from soy protein isolate hydrolysed with an aspartic, cysteine and
serine proteinases

Ratchanee Saiprajong® and Surapong Pinitglang®

“Department of Food Science and Technology, School of Science and Technology, University of the Thai Chamber of
Commerce, Vibhavadee Rangsit Road, Bangkok 10400 Thailand.

Abstract

Bioactive peptides might be released from food proteins through enzymatic hydrolysis. These
molecules could be potentially employed in functional food products. Bioactive peptides were
separated by Superose ™12 gel filtration chromatography and further separation by ultrafiltration with
molecular weight cut off 3 kDa resulting in fractions rich in bioactive peptides with the potential to
act as antihypertensive, antioxidant and antimicrobial properties. The present studies investigated the
angiotensin-I converting enzyme (ACE-I) inhibitory, antioxidant and antimicrobial activities for
hydrolysates produced by hydrolyzing soy protein isolate as well as ultrafiltered bioactive peptide
fractions from these hydrolysates. Ficain, pepsin, trypsin, serine proteinases from Aspergillus oryzae
and Bacillus licheniformis were used to produce extensively hydrolyzed soy protein isolate. Bioactive
peptides were determined molecular mass using Matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry analysis. The range of molecular mass spectra profiles of bioactive peptides
were comparable to ficain, pepsin, trypsin, proteases from Aspergillus oryzae and Bacillus
licheniformis by enzymatic hydrolysis of soy protein isolated as 294.414-2370.791, 61.177-2214.472,
862.628, 289.915-2534.950 and 294.414-3386.954 dalton, respectively. ACE-I inhibitory activity was
observed to increase up to 90 minutes of trypsin hydrolysis (92.65% of inhibition) and declining
afterwards. Trypsin hydrolysates were shown to inhibit the growth of Enterobacter aerogenes.
Hydrolysate showed low 2,2'-diphenyl-1-picrylhydrazyl radical-scavenging ability, with higher
activity 75.77% reached after 90 minutes of trypsin hydrolysis. The results indicate the possibility of
these obtainined bioactive peptides from to be useful ingredients in food applications for
physiologically functional foods with antihypertensive, antioxidant and antimicrobial activities.

Keywords: bioactive peptide, soy protein isolate, proteinases, antihypertensive, antioxidant

Introduction and Objective proteins and peptides. The antioxidant
property of these plant-derived proteins and

peptides has been associated with many
beneficial health-promoting properties such as
reducing cholesterol levels. The antioxidative
properties of soy protein hydrolysates have
been ascribed the co-operative effect of a
number of properties, including their ability to
scavenge free radicals [3-4]. Most of the
proteases used in protein hydrolysis can be
applied to soy hydrolysis. At present, some of
the enzymes employed in the production of
hydrolysates for food use are from plant or
microbial origin, as papain or ficain due to
their large scale availability thus generally
used in food processing. The result from soy
protein digestion using proteolytic enzymes to
study the activities of bioactive soy peptides

Soybean is a plant source of bioactive
peptides. It can be observed that the main
approach used to produce peptides is by
enzymatic hydrolysis. These peptides are then
further isolated by either ultrafiltration or by
gel filtration chromatography. Thus, peptides
with different amino acid sequences that
possess various biological activities can be
obtained, depending on the initial protein
source, enzyme used, and processing
conditions [l]. Hypertension is a major life-
style disease. The rennin-angiotensin system
plays a dominant role in the regulation of
blood pressure, thus angiotensin-converting
enzyme (ACE) inhibitory activity was chosen
for the hypertension factor search study [2].
Soy beans are excellent sources of bioactive



are summarized, and possibilities use them as
active  ingredients for functional food
applications such as drinks, yogurts, and many
others.

Materials and Methods

Determination of molecular weight of soy
peptide by Sodium Dodecyl Sulphate
Polyacrylamide Gel Electrophoresis (SDS-
PAGE)

SDS-PAGE was performed on a GE
Healthcare Life Science, Amersham ECL™
Gel Box system, Amersham ECL 10% gel and
Amersham ECL Gel running buffer according
to Laemmli [5]. Standard gel staining
procedure used PluseOne Coomasie Blue
PhastGel R-300 Tabletes.

Enzymatic hydrolysis and separation of soy
peptide by ultramembrane filtration

Ficain, pepsin, trypsin, serine
proteinases from Bacillus licheniformis and
Aspergillus  oryzae were prepared by
dissolving 1.0 g in 5.0 mL enzyme optimum
pH buffer. These mixture solutions were
prepared fresh daily by pipetting 1.0 ml
enzyme solution into 1 mL soy protein isolated
solution, and placed in room temperature for
30, 60, 120, 150, 180 minutes. To stop the
enzymatic hydrolysis reaction, place the test
tube in the water bath at 95°C, for 5 minutes,
allow to fully coagulate the precipitated
protein. Peptide solutions were separated and
concentrated in Amicon centrifuge
Ultramembrane molecular weight cut off 3
kDa [6]. The penetrate fraction was collected
and stored at 4°C prior to analysis by Matrix —
Assisted Laser Desorption/Ionization-Time of
Flight Mass Spectrometer (MALDI-TOF MS).

Determination of mass spectra by Matrix-
Assisted Laser Desorption/Ionization-Time
of Flight Vlass Spectrometer

MALDI spectra were obtained using a
Bruker  Daltonics  (Bremen, Germany)
Autoflex It Matrix-Assisted Laser
Desorption/lonization-Time of Flight Mass
Spectrometer. The instrument used an N, laser
(337 nm). It was also equipped with delayed
extraction technology. All spectra were the
average of 20 individual spectra. Sample was
mixed with matrix solution (o-cyano-4-
hydroxycinnamic acid) if needed. Then 1 pL
of the solution was spotted directly onto three

separate wells of the plate and air-dried.
External mass calibration was performed with
a separated acquisition of a mixture of
standard peptide for low mass or standard
protein for high mass, spotted in wells close to
the samples, and loaded in the same manner as
sample analysis. Laser power was opportunely
adjusted to finally reach the best signal-to-
noise ratio. The number of laser shot
accumulated was determined as needed to
obtain good responses of all sample. Typically,
250 laser shots were acquired for each mass
spectrum. The instrument operated with an
accelerating voltage of 20 kV. Mass spectra
were elaborated using Flex Analysis software
supplied by Bruker Daltonics.

Assay of Angiotensin-converting enzyme-1
(ACE-]) inhibitory activity of soy peptides
Angiotensin-converting enzyme
(ACE-T) is one of the vasopressor principle.
ACE-I converts angiotensin I to angiotensin II,
that has a vasopressor action, in the renin-
angiotensin  system and also inactivates
bradykinin that is an antihypertensive peptide.
Recently, modification of the conventional
ACE inhibition assay procedure has been
requested because of the use of harmful
organic solvent such as ethyl acetate for the
extraction of hippuric acid cleaved from
Hippuryl-His-Leu by ACE and its complicated
procedure. ACE Kit-WST is a simple and
convenient kit to measure the ACE inhibitory
activity [7-11]. 3-Hydroxybutyryl-Gly-Gly-
Gly (3HB-GGQG) is utilized as a substrate for
ACE, and the amount of cleaved 3-
hydroxybutyric acid (3HB) from 3HB-GGG is
measured by the enzymatic method. Neither
organic solvent nor extraction procedure is
required through the whole procedure. In
addition, since ACE Kit-WST is optimized for
96-well microplate assay, a large number of
samples can be tested at once. Calculation the
ACE inhibitory activity (inhibition rate % was
calculated using the following equation:

ACE inhibitory activity (inhibition rate %)
ACEi = [(Ablank 1 - Asample) / (Ablank 1 - Ablank 2)] X 100

Blank 1 is a positive control (without ACE
inhibition). Blank 2 is a reagent blank.

Determination of antioxidation activity

The percentage of antioxidant activity
(AA%) of each substance was assessed by
2,2'-diphenyl-1-picryhydrazyl (DPPH) free



radical assay. The measurement of the DPPH
radical scavenging activity was performed
according to the methodology described by
Brand-Williams et al. [12]. The samples were
reacted with the stable DPPH radical in an
ethanol solution. The reaction mixture
consisted of 0.5 mL of sample, 3 mL of
absolute ethanol and 0.3 mL of DPPH radical
solution 0.5 mM in ethanol. When DPPH
reacts with an antioxidant compound, which
can donate hydrogen, it is reduced. The
changes in color (from deep violet to light
yellow) were read [Absorbance (Abs)] at 517
nm after 100 min of reaction using a UV-VIS
spectrophotometer ~ (UV1601,  Shimadzu,
Japan). The mixture of ethanol (3.3 mL) and
sample (0.5 mL) serve as blank. The control
solution was prepared by mixing ethanol (3.5
ml) and DPPH radical solution (0.3 mL). The
scavenging activity was measured at 518 nm
and converted into the according to percentage
antioxidant  activity (AA%) using the
following formula: [13].

AAY%=1 OO_[(Astample' Absblank/AbScomrol)]X 100

Determination of antimicrobial properties
Bacillus  subtilis,  Staphylococcus
aureus, Fscherichia coli and FEnterobacter
aerogenes were used for antibacterial activity.
The cultures were prepared by inoculating
tryptic soy broth. Inocula were prepared by
diluting overnight cultures in saline to
approximately 10® cfu mI™". The short peptides
were separated by Amicon Centrifuge
Ultramembrane with a molecular weight cut
off 3 kDa. Determination of antimicrobial
properties by agar diffusion method followed
the modification of the National Committee
for Clinical Laboratory Standards (NCCLS).

Gel filtration Chromatography by Fast
Protein Liquid Chromatography (FPLC)

A GE Healthcare Life Sciences
AKTA™ Fast Protein Liquid Chromatography
system was used to purify soy peptide. This
system consists of a Liquid Chromatography
Controller, a High Precision Pump, and
FRAC100 Fraction collector. FPLC was used
to purify soy peptide using Superose'™ 12 gel
filtration chromatography column.

Results and Discussion
In order to determine the possible effect of
the amino acid profile on antioxidant activity,

(%)

the amino acid compositions of the active
antioxidant fractions resulting from separation
of Amicon Centrifuge Ultrafiltration 3 kDa
were analyzed (Table 1).

Table 1 Comparative amino acid profiles of
fractionated soy peptide hydrolysates by pepsin and

trypsin
Amino acid Peptide
(meg/100g) Soy Pepsin  Trypsin
protein
isolate
Alanine 175.6 94.86 115.91
Arginine 331.92 - 158.79
Aspartic acid  483.94 187.35 282.13
Glutamic acid  1098.94  298.10  553.03
Glycine 188.77 98.21 96.52
Isoleucine 98.63 - -
Leucine 253.21 90.2 118.91
Lysine 269.01 74.8 93.63
Phenylalanine  184.22 68.65 79.84
Proline 238.50 80.48 141.98
Serine 244.83 90.29 130.42
Threonine 148.16 - 61.00
Tryptophan 73.07 - 95.30
tyrosine 114.77 - 50.12
valine 111.33 - -
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Figure 1 MALD-TOF MS spectra of soy peptide
permeated Jfrom Amicon Centrifuge
Ultramembrane MW cut off 3 kDa generated by

serine proleinase from Bacillus licheniformis.



Table 2 Antioxidation activity evaluated with the DPPH method of soy peptides generated by different enzymes

Soy peptide % Inhibition

(%) ficain pepsin trypsin B. licheniformis A oryzae
100 75.77£0.38 84.36 £0.22 75.77 £0.42 65.14 £1.58 67.50 £0.42
50 753 +0.22 82.4+£0.22 75.3 £0.24 59.6 £0.42 51.5 +£0.24
25 74.6£0.38 80.0 £0.38 74.6 £ 0.64 52.4+0.24 46.7 £0.42

12.5 70.0 £ 0.77 58.1 +0.38 724 +0.24 50.3 £0.24 44.4 £0.24

6.25 58.5+0.38 3724022 62.2 £0.64 35.1£1.05 29.3+0.24
0 0.00 0.00 0.00 0.00 0.00

Table 3 ACE-I inhibitory activity of peptides
derived from soy protein isolate hydrolysates
generated by trypsin

Sample Protein ACEi(%)
(mg/ml)
Peptide 112.4 92.65+0.54
concentrate
with
Ultramembrane

filtration 3 kDa
Fraction 11 0.37£0.00 80.69+0.53

Fraction 18 0.15+0.02 91.79+0.10
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Figure 2 Ficain catalysed hydrolysis of soy
isolated protein solution 2.5 mi, ficain 5,800 CDU.
SDS-PAGE  analysis  was  performed  after
incubation 0 minutes (Lane 2), 30 minutes (Lane 3),
60 minutes (Lane 4), 90 minutes (Lane 5), 120
minutes (Lane 6), 150 minutes (Lane7) and
standard protein markers (Lane 1),

Table 1 shows examples of amino acid
compositions of soy peptides compared with
those of soy protein isolate. As shown, these
peptides differ slightly in amino acid
composition from soy protein isolate because
they differ in specificity on enzymatic
hydrolysis reaction.

Antioxidation peptides were initially
fractionated using the ultrafiltration system
with MW cut off 3 kDa and the results were
shown in Table 2. The antioxidation activity
was widely observed in all elution profile of
soy peptides, suggesting that many antioxidant
peptides with various short of amino acid
sequence were included in the soy protein
hydrolysates. The ACE-inhibitory activity of
the soy peptide hydrolysed by ftrypsin is
presented in Table 3.
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Figure 3 Elution profile of soy peptides, which
exhibited high angiotensin-I converting enzyme
(ACE-]) inhibitory. Gel filtration chromatography
conditions: column, SuperoseTM 12, mobile phase,
distilled water; flow rate 1 mLmin, detection;
absorbance at 280 nm.

The ACE-inhibitory activities of
fractions 11 and 18 from gel filtration
chromatography were 80.69 and 91.79%,
respectively. The MALDI-TOF spectra of
serine proteinases from Bacillus licheniformis
catalysed hydrolysis of soy protein isolated is
shown in Figure 1. The range of molecular
mass spectra profiles of soy bioactive peptides
hydrolysed by Bacillus licheniformis are
294.414-3386.954 dalton. Ficain catalysed
hydrolysis of soy protein isolated was
fractionated by ultrafiltration system MW cut
off 3 kDa. The result of fractionation of soy
peptide was shown electrophoresis patterns in
Figure 2. The Superose'™12 chromatogram of
the low molecular weight soy peptide fraction



is shown in Figure 3. The low molecular
weight soy peptide fraction was split into four
portions. Fraction 18 exhibited the highest
ACE-inhibitory activity with ACEi is 91.79%.
Recently, oligopeptides from Korean soybean
paste and tofuyu, a fermented soybean food,
were identified that have ACE inhibitory
activity [14], but their effects on blood
pressure have not been confirmed clinically.
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