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E O BUEKE» S LIokstEy vy BEHLBER O a-FE M)V TV EN YTV U THIRLE
sHelduc, BMETHROS 27 v V457 v v v 1 EHEE#E (angiotensin I-converting enzyme : ACE)
ZHET 2 EEERL L, RARBICX 20 FESE%2iT->7 & A, 5-10kDa & 5kDa LIFic ACE [
EXTF FHBEEL TV, BED S ORNELIZVE BN S 5kDa ITORTF FEESUES FEMC
S\, C8BLUCI8ASLEHVWAEIHIDT 57 4 -tk > THICKRZ#» 2 &, ACE HE/E
WO OBENIZRBD S, BiEKED 5 vy HIid, HILEETHAL ACERHE~XTF FEEET 2
TEMD, GMEFHHREDS 2 BEEMARE LTHHATE 20N SH 2 EZ o0t

F—U—F K v ENRY, Ty OAT vy ] R

P8R4 KR 56, 36-41, 2007.

Rl R, BHIREEAL. - MMk R - IRMEREL &0
ARG REREEZT | Z R CTERINT TH 5, HAT
12, THOEBORMEELS S E SlE (65 Ll L)
OREEIC HEDBEGH - FRE WV, @IMHEFRAEOER &
LTid, @GNS H 255 o RB - L - E
A « 2 b LR EV S ENEEOESKE W, BA
FIEAIC & % 2000 4E o fEBREREC LR A ic K, 30
oL EDOHAAD S bYIMET 51.7%, LT 89.7% HsiEii
H: (140/90 mmHg LI ) EWH T L ->TWaEh b,
FeFERIDIRH < & - TIMAE EF AN TW 2 AL T
W3 EEZ DL, EHEROMYEBHERGRERDY 27 %
Az TWab T &ici b, ZZ TRIEAROIC S, HEROR
RO h TFRICRIMEZ T4 2 LAoskD oh, 1M
I EAHRIVER 2 7R 3 R SR I 2 W TS &
NDEHICB 512 ZOHTHEIGHERTF FOo—#id
FrERBHANE LT - FHShd LS -TW
%,

MUFE LR~ 7 F b0 id, 7vvrsvy v IE
#af%7% (angiotensin I-converting enzyme, EC 3.4.15.1
LI'F, ACE) offfX % in vitro 3ER T4 5, ACE Z/ili
IMFE W BRI S L~V THRBL LI s s hTtw s
kT, LRoMERg I TEELEHEZRZL T
Y, HIER (v=v-7v Y7 vy vR) TR, HET
FERENT v orT vy —rvicv=y (BEb» o5
wEnd s Ny BT BIEHLTT vt T vy
vI Q0OEEO~TF F) 24 L 55, 20 C Al 2 %
RA& ACE 534 % C & TlLINE I ER A2 6> 7 v

VT v vy IBERShNELS ERS %, 4, ACE
LR (HY 7 vA v-F=vFR) THEKLIL TS VF= v
OBEEORTF F) Kb{FRLTIhENHRTLDT, 7
5 V% = vOIMEWREHEHES L TMES LR 5,
Z®D1%, ACE D% 24z 5 T & TIT FA 3 H <
o, BHEAE L TEKFASh T ok s h
ACE B3, 220475 EORIVEH Z/Rd 2 &Rl & 7 -
TWad, —h, FEREMAME L THfBEDShTY
249, hyxff, FTHCLREMHI, vhx, /), I<
ko ACE JAE~R7F F T, ZEK0EMRE oRHRE
LV EIERAED D nw?, —fkic, fshisk ACE
BHsE~Z F F OBER I AkERERIc bR TG <3y, #
O EPREPOLIRIMETHSREE 126 LTV 3FHRR
D»d LIV, FFEREARMIAC b EE K Dbk
M5 ACEBHH~RTF FARINEh TV S, FESIR
AiEHE TV LT F FEBEE L ThilsAchio ¢
vRI2BIZEHLT,

KT, LKL SHEAKEEIECIND Brah b 3
B, K, MEEB L CKRERSsEEhTEY, Tho
FLOKEED 8-10% 13 5%, [EHNTHA S 2 KM
80-90 T b ¥ T, TDHHHI0BIEKMDEFEICRIHE
TV DA, D QKB KMAERE - - BRI TP
Beafakl, EEHcHwShahEESWTWVWEY, —4T,
KBS O TH D 7 = VIR 7 = VS ED
FHETH D -4 ) ¥ — VIEES, (LHS, BR05%
WoHEZROTED, #0550k E L TREBORI A
HIEEE->TETVWD, LL, 72580 r-4 )+
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J =K SRt EhTVW AR, KEEBOK 10%
2bhEW3 5 v 7B BHRCIERSNTOVEVONE
KTHD, Ky v/ BIIHERT $ /BBE L THEST
I /BERUDETBMNET I/ BEELZATED, Y
VyBbEMIDR VT EERFERGE S o Y&
BELCEBMATVE, F4, TLLF—) R 7HED
ZEBHONTWVWARY, ISR -»T, BARES
MmE3 v 20T in vivo REBE T, KEXES-BHE
i X 2EIME - SIME ORI Mo s E O EHIR
L3N0, zoWEOFTKES Voo HOZ ORI
TH337F FORFSIcoOWTIBEREhTWHEWY, F
RS EREE X7 F FBETNA TV B AREREETE
W, ZOX D RHEEEHRS OGESIH S IC I, KRE
FUC b T ChIcKiES v XV BORHBAILKRTE %, £C
TAPETIE, BilskEE2HWT ACEHEXTF F D
FEASBEIT LT,

EBMEELURE

. 9UNIREROBESR

EHAaRTEMRKSHE FnLB) oBlsAkEE /L
tzo COBEAKMEIL, n-~F 4~ THilE L 7214, 110-120°C
DERIZ & > TN+ Y v 24EH - IRk L BN R ORE
TRt h, [ THBRGT {-8C) LT\, Ml
KD 10 EBORFKEMALFEYF A ¥ — (TXV
¥ CM-100) T/K/AEMERE S 2 L (5,000 rpm, ZFilR, 5
min), i (8400xg, 20°C, 30min) %0 L&A %[EIY
Lo RIT, B TOREPERE RV 72/ —visd%
Bpkd 3 odicEBKICH L TERL, REEY v 8
DEMWE HENC KT 10 SRS L TKiEH S v o¥
7 RIRAES ., HBL B RERD ¥ voc s BB, 4Mm
BT IVT I v %A§E#E L LT Coomassie Protein Assay Re-
agent (PIERCE %) ic & 0 illE L7z,

2. JoF7—-+HIckBEit

kAR D pH % NaOH 2\ T 74 Icj8%, & vo°
JBD1/100 BICHY T 3 a-FE MY VYV ELY T Y
v (WFhb v VEEEE, SIGMA #) £ini, 37C T—
B GGO20B5RED) 4 v F axX— b L7 BT 10 9EI0E
HEICE > TT o577 —¥iEbEEEL 7,

3. BRARBIC L 3HFERHE

7877 — EiH{ROE 2 RERE L Th SKICEE
fRL T, &L (8400Xg, 20°C, 30min) %, E#&EZEINL
12o ThZE, DESDFE (mwco : molecular weight cut
off) 10,000 & 5,000 DFA Vo — R BUFEELEE L F2&E L
¥ 2 —7 (Amicon Ultra-15, MILLIPORE %) ClE/LE
+52&T, 10kDa PLE, 5~10kDa, 5kDa LI F o 3 i
B L 1z,

4. FHEASLER=SE

5kDa LI O{&5) FEi45> % C18 Dispo Column (ADVAN-
TEC #t) ic@L, KWK&#&, 10, 20, 30, 50, 70, 100% » ¥
J — VBB I E U 7o, EHERHIREZE 0% Ic

fli7kic7ARR L T ACE JHEWEMHERIE L 7o EHESED S
N EMT DWW T, Inertsil C8 4 5 4, 4.6 X150 mm (GL
Science ), » 3\ 3, Cadenza CD-C18 # 5 4, 4.6X 150
mm (Imtakt #t) 233 L - HPLC Y X 57 Al K 31940 7
0w hJ57 4 —%fT> 1, HPLC OIREERICIE 0.1% b
)7 A oFEEE T2 =) VERY, #EIE 0.5ml/
min & L7z, DEREOME X, BE/7o~br57 46—
(BBAAIE : 1-7 % 7 — W /K/BEBE=9/2/4, Bf: =k
FU R CHEEMTERVTHEERRL o, BENTIE,
Ei#/KRATOS L —# — 1 #+ VLRITHAIRE B i
& (KOMPACT-MALDI) %FHL, HfH~r) v 7 X
1212 a-Cyano-4-hydroxycinnamic acid 2\ 7z,

5. ACE [EEEHRAE

ACE PHEEM 3, #Ek» oSN TV 3 Cushman &
Cheung O HEW cfRb v, thEagkTk v IEHIC ACEE
HERETE S Li 5OFE? 2 —HRE L TRIE L 72
THhbb, v FME%ED ACE & E'Y Hippuryl-L-His-L-
Leu (U'F, HHL) (W§'h b SIGMA #) %, AENMK
ZiTE v pH 7.4 (300mM NaCl &% 100mM )
F MY ABER) T37°CICT 20 BRI S|, RIGic
K - THRK L 7 EREE (Hippuric acid, LI'F, HA) %% /
v EEERvE Y27 + =V (WS b ALDRICH #1)
Lk > TREIHT492nm OFEEZRAEL, HA BE
%K1, ACE FEHEER (%) 11, B EzEAKEE
HTHEU HABE (T), 8FHVWEHTEL - HA BE
(©), ACEAZEFTHWEHETFTHHL DA vyFaxX—bMizk-
THU HABE (B) »5,

ACE/EHEREER (%) = (C-T)/(C-B) X100
THEH L7,

X B B R

—fiz, BisKERo s vy SRBEEBRERD 12~
18% T, 2D bKEW Y vV BTHBT VT I v OE|
Bl 21~34% (s v EB%15% LT 5 L KED 4
~5%) 2 EHTV B, UL LIERD» O, iREEHERS
PO 7 4 F VEROBHEIC L - TKE Y v X7 BORAEDS
HFonsd I EBMONTEBY, ThdSORDENET S
BERCIIES 3 & 8 o3y ORINEIRMINT 5 2 & 5HE
ENTWVWABY, F1, TOMOBENEPLYEIEIEIC
& - TRBEEES FEESTLT 2 AE RS SN T
W 3819 S[E|F TR SR &2 1T - 279, BlEKED S
Bontkiatt sy voc 7 B KBHIRERD 06% (3 [AF
) Thorh, vE->I3x oiEkEH VT ACE
FHERTF N O%ERB L UBEERAS 1,

Ky ooy BRROERLUIK, & w5 BoREER
OIERIC L » TACERERTF FBEL B0 E I EH
NBIBDIZ, a-FER YTV EN)V TV UTY U7 HEAL
A1T o120 IH LRI & B DK% SDS-PAGE It L1z & 2 5,
—IARL ENIL WY VP BDNY KDL EMICE-> T
Wichs, Koy v gikiEibkshcsy (Fig D),
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Digestion

Fig. 1. SDS-PAGE pattern of the water-soluble rice

bran protein and its enzymatic hydrolysate.

Protein concentration of the sample before '

enzymatic digestion was 6 mg/ml. Protein
markers (M) and both samples with (+) and
without (—) digestion (30ul1 of each sample)
heated with SDS and 2-mercaptoethanol were
loaded onto a 10% polyacrylamide gel. Pro-
tein bands were stained with Coomassie Bril-
liant Blue R-250. This figure shows that ma-
jor proteins included in the water-soluble frac-
tion of rice bran (arrow heads) are digestible.

sy v BREHEILETH 2 EMNRESH
tzo BEIOBEEEZZ T ACE RINICRIZFTHEBET /-
R, HRiomSZEHE Y v BicBWTh, SEET
13 ACE RIbIc 81 2 HA ERKBEN R 2R T C L d5b
Mo teds, HLROFREHIHEEATIC LT X 0 B I HA
HRRAEEELY (Fig. 2)o COT EMD, Ky v¥2'g
SR i 7 F F#ED ACE HEERAVELET S
EEZ o,

wic, R EE N30 EBARREKEEHWVT 10
kDa Pl t, 5~10kDa, 5kDa LI F®D 3 oic A FESEL,
FNZFho ACE JHEFEMZRIE L 2o Z DR, 5~10
kDa, 5kDa LIFDifj5rici@\ ACE PHEEWSED 5N
7= (Fig. 3). BE RO SOX7F FIRIUZIE, 7o by
EHXTF F b5 v 2¥—4%—PEPT 1z Xk 38%d b
EARfafE O fiERb £ BR 4 2 FERAE T S 308, AjE
B 2~3BRHOBENBRTF FLOBETET, BET
IHMfaf RSB N ) THEEERHE > TH Y, EHTF0B
BEEFRLTVREY, 22 TRic, BETRINENS 3
Y4 ZORTF FHEFTN B 5kDa LI FOHES%HWT,
ACE [HE~7F F o824 1,

5kDa LI F o ic>WT, CI8DE#REH 7 L2HWT
HABLI-ECA, 30% &50% £ %/ — VT L -
SMc§EE 1L ACE FHEFRMESED S (F— 2 EBR), C
N>%C8H 5 %AW HEHPLC IcfELA-EC A, *

(mM)

£

1.4
00.75mg/ml
he T |m1.5mg/mi |
1.0
0.8
06
0.4 :
0.2 h" _—
0.0 } ;
100% ACE ) +) '
Digestion

Fig. 2. ACE inhibition by the water-soluble rice bran

ACE inhibition (%)

100 3

protein and its enzymatic hydrolysate. ACE
reaction was performed with ACE (13mU) and
HHL (3.125 mM) in 100 mM Na-phosphate, pH
7.4, containing 300 mM NaCl, at 37°C for 20
hr, and then, released HA was measured as
described in the “Materials and Methods” sec-
tion. Protein concentrations of test samples
in the reaction mixture were 0.75 (open bar)
and 1.5 (hatched bar) mg protein/ml, on the
base of which before digestion. Experimental
data are given as the means=SE of triplicate
measurements. *Significant difference from
(—) digestion (P<0.05).

>10kDa

5-10kDa <5kDa

Fractions from ultrafiltration of
enzymatic hydrolysate

Fig. 3. ACE inhibition by fractionated enzymatic hy-

drolysates of the water-soluble rice bran pro-
tein, protein concentration of which before
digestion was 4mg/ml. Experimental data
are given as the means*SE of triplicate meas-
urements. *Significant difference from >10
kDa fraction (P<0.05).
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NENOEM BT B 7 0= 75 A LiEEON" (Fig.
4 5, VFNORE T ACE REEM MR O R
BAEMCARL TH Y, EHEED ACEFAE~RTF Kb
BHET A ENESHIZH - 12, Fig. 4B O{FHHA] 35~
40 AN S M iE BN >WT, &5 CI8 4 5 A
MWk HPLC 21T-7:& 2 A, Fig. 5 IR 70<
TS5 ADE SN, BAE T ACE HEEM AR L - ES
(Fig. 5 HIcRHITR L 2) I W TEBOIC & 240
AEIT- BB, 9F8E 650~880 O EER Y HIBLEE L
TWAIENEBONI, BEI7 o< b5 7 4 —ltBW
Thb=vk ) VBRSO R H .y SRS N,
DT EDDS, HEHRTF FORIEEBITICIE, E5ITK
BOFED S 95 - FRAED ZLELDH - 12,

% ®
BeleKiEDs Sk Tl s hic s v X s BOBRIB DI H -

fods, HHBORE» SIRK, BTN Y, FHEk S5
0% x5/ —nvERVTHEBLEEHTR, o577 —+¥
MEOFMEICEE D 59, KimHalkhzItid % ACE BAE
EHERASNE - 1 (F— AR AR, KgER
ALIAHEABRL -BARESME S » b TRD SHE
ME_EFHMHEI st LT, Ko KEtE sy /7 8Pz 0D
HIEXTF FOBES LTV A AEEH AR LIt VWA B,
iR D kiEl: & v v 7 Hig, EEH L KT
ACE REEMW 2R L1223, ZHRIOFEEHC BiEHLH S
Nispotc (- 9488, ACERRFICHE LT 3 / BRELY
By v BEKICFEEL, Biick->Ty v BT
KEICHBH L TIERZREL-ZbDEEI NS, TOL
187 3/ BEECH DS in vivo RER CHIEAZRKBE T 5201
2, BINAJEER 3 A4 Xici R ks e <7 F KFET ACE
PAEFEMART E PRS0 T, TEOMLBEREELT
a-FEMN) TV E MY SV THEE LI, SDS-PAGE

(A)

Absorbance at 280 nm

0 5 10 15 20 25 30 35 40 45 50 55 60
Retention time (min)

—40

i

N

o
Acetonitrile (%)

(B)

........

Absorbance at 280 nm

0 5 10 15 20 25 30 35 40 45 50

~30

~ 20

Acetonltrile (%)

1
-
o

0
55 60

Retention time (min)

Fig. 4. Reversed-phase HPLC with an Inertsil C8 column (4.6 X150 mm) of the 30% (A)
and 50% (B) methanol fractions obtained by a C18 dispo column. Protein elu-
tion patterns (absorbance at 280 nm, solid lines), acetonitrile gradient condition
(dashed lines), and ACE inhibitory activity (bars) were represented.
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Fig. 5. Reversed-phase HPLC with a Cadenza CD-C
18 column (4.6 X150 mm) of the ACE inhibit-
ory fraction obtained by a C8 column (reten-
tion time : 35-40 min) shown in Fig. 4B. Pro-
tein elution pattern (absorbance at 280 nm,
solid line), acetonitrile gradient condition
(dashed line) were represented. Arrows indi-
cate the fractions having distinct ACE inhib-
itory activity.

DFERD SHBhD ¥ v s BRI BHIEMTH 5 2 LD
»Y, &5, HfF - B FLLI~FF F (10kDa LI'F)
B iE 7 e 77— ¥iH kAT & © 58\ ACE PAFEED
Fvohtc, ACEHEICEML T 3/ BEEFIBEEL T
WTb, @HFTlE ACE & OMBEAERMRKICHIFR &
N T ACE FAEEMSEL, A2 RELLTFELTFO
RTF FITH -7 T & THEENE T - AJREEN B 3,

BEBRNENPLTWVEANTORTF FIcESEKD, 5
kDaLIFOR7F FE2ECHSD S ACEERTF FO
HEAA AL A, B o= 57 —HCI8 A5
LT EH A RTBKMEDO <7 F Fic ACE FHEFEM A
Wi, 1z, HPLC Z W IIEENE T, AHERD %K
£ 280nm ORN TR LI- & A, BINERL ES &
ACE PHEFEMNER 299 — v HBR O, ThoDl
Eho, FEKT Y /EBEEL ACEHERTF FOEAE
TBLEEZ LN, ACEERTF FIcBd 2E1EH
HROHEMED ITBWVWT S, YRTF PRI YRTF K
ICBWTHBKT 3 /BEE2EE T % bOBZ W ERLED
ShTW3, ik, SENEELI-RTF Fi3, HENHO
ERE»S~SBEEEOLDEMEL TV 5,

PIE, SBELTEL1T, Ky v 7 ENRYNC L
BMEFHIEISIFEEN S ACEHEXTF FAZEh
TWBIEDHOMER 51, 5113, ThoZBEE -8
BILT, KWy v 7 BRRYITOEF RIS TOMMHL
P & R Z RN, Ky v 7 BOBEREERIEL TV
o E0iT, BEPEHICOVWTHEMOE]<TF F &I
BLicy, EEERTF FICERRT I/ BERSNNEET 55
vy BEREETE, B0 s v BrEURMER
BB REME L TR L TW EART T ENTEZ D

bk, F, il - BIShEL-728 v B
b ACEFHERTF F2 I UHREOREEL ~7F K13
HELTWAAREMED S B 128, HE, 2 /<2 EOREIER
BEWHHAEOBA GRS L TV 3,

ISR TEIFER T, BAEE @ERY, ~7 v
2L B7HIL) OFBEEZBBL TV 10, TV~
FEM)FVY - DY TV VELEERER TR, TV
TR LT VEE L 0 3\ ACE FHEFHSED ST
W3 (F—9E8), O &3, BOERShI Ky v~
7EPEEEAL THB~EL RIS, BENT ACE [BE
RFFFEELBZ T EERELTW3, ARDIANSYAH 50
12, KA BEZERL-BARERMES » Mcd S
hrzid ACE iEHE0E T & KRAaMEMEOINE L, BikT
bRIEMSHONE 7 = V5B (2L, ThidAv-akE
FOREEP SFEOEAVMINEVEEZLNE) £,
EY I VER -4 ¥ — i EOTBILERS IZ L 2
EBIZAHHEER LTS, LhL, FESOHEERDL
o, Ky v EoEbdicE U ACERHERTF F
MERAL TV AREEM B+ ICBEZL oM D, 3K in
vivo RERIC & > TENHHELD Shud, KO KERME)
B - BiEER S L Cof A —BHEL < Lo fiffsn
%,

B
BefKkik e CHRIT & - 2 BHF AR TERKS IO X
DRV LE S,
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Angiotensin I-converting enzyme inhibitory activity of protein hydrolysate

prepared from defatted rice bran with digestive proteases

Asako NARAI-KANAYAMA, Minako OkaMURA and Keiichi Aso

Department of Applied Life Science, Nippon Veterinary and Life Science University

Abstract

Digestion of water-soluble protein extracted from defatted rice bran with a-chymotrypsin
and trypsin produced the protein hydrolysate having a significant angiotensin I-converting en-
zyme (ACE) inhibitory activity in vitro, which was expected to show an anti-hypertensive effect

in vivo.

The fractions containing peptides of molecular weight of 5-10kDa and of<5kDa

separated by ultrafiltration of the protein hydrolysate showed distinct ACE inhibitory activity.
Further isolation of ACE inhibitory peptides from the<5kDa fraction, which contains peptides
capable of being absorbed intact through the intestinal tract, was carried out. Reversed-phase
chromatography using C8 and C18 columns indicated the presence of several kinds of ACE in-

hibitory peptides.
tional food with anti-hypertensive activity.

Thus, defatted rice bran protein might be utilized for physiologically func-

Key words : rice bran, protein hydrolysate, angiotensin I-converting enzyme (ACE)
Bull. Nippon Vet. Life Sci. Univ., No. 56, 3641, 2007.
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