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For the production of angiotensin I converting enzyme inhibitory peptides as a material for antihypertensive functional foods
from animal blood produced in slaughterhouse, the optimum condition for enzymatic hydrolysis to yield a peptide fraction of
the highest activity were investigated with a respect of industrial production. Among several industrially-usable enzymes tested,
Alcalase® produced hydrolysates of the highest activity from total plasma and purified albumin. ICsy values of albumin
hydrolysate and its third fraction separated by gel chromatography were 0.5 and 0.02 mg/mL, respectively. The fraction was
found to be obtained by a simple ultrafiltration using a membrane of MW cutoff 1,000. The possibility for the industrial
production of antihypertensive peptides from animal blood plasma proteins was suggested.
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Whole Blood
i
Mixing with 40% trisodium citrate solution(48 mL/3 L blood)

¢
Centrifugation(8000 rpm, 15 min)

EtOH addition(7.4%, v/v) to supernatant in ice bath
l
Centrifugation(10,000 rpm, 20 min)
| — Precipitate(fibrinogen, antihemophilic
factors)
EtOH addition(25%, v/v) to supernatant in ice bath
;
Centrifugation(10,000 rpm, 20 min)
| — Freeze-drying of the precipitate — IgG
EtOH addition(60%, v/v) to supemnatant in ice bath

!
Centrifugation(10,000 rpm, 20 min)
|
Freeze-drying of the precipitate
¢

Albumin

Figure 1. Separation procedure for blood plasma proteins.

w3 29} o] 483 sidel ¥e AoE BBET.
2o] TRE A¥d oy Yusne wudd yos
il 9gda duvigel Fudoe SE of P
o BAo) Fuse Rold ol 2o WAL AL &
FAAE & W4 BUAZRY 295 ACE A Bools
99 ApzAe 2ARE A%, A4 ABaAEAY 283

Fsol Ee FAsH BT

a

Mz U uky

HHAZ A Y ST Clmo 2e|

5 TN aA @®HEANY E5FogRE £ 24 9
AHog AHF & Ao AY A FEALTA(085%
NaCl, 5% sodium citrate £ME AT} U3 }L A}
3o AL nE WA JEE AL 247 o]
A3 g #estr] 98 6,000 rpmol A 1527 B8ty
t}.

Albumin¥} globulins #2¢] 222 98} cold ethanol A
HADE AHEsek 2 cold ethanold] £&w(15, 20, 25, 30,
40, 50, 55, 60%) AAEL A T Ar|AT od Ealatn
7t ke 74 gelde] bandE Fgo A HAF AARAzA
& ARG ol H7|¥5Y AL 12.5% SDS-polyacry-
lamide gelZA] pH 889 AAIstg o™ HERE size marker
(Sigma, USA), #]49 73} bovine serum albumin(Sigma,
USA)g 3 Arj95gdezn Hed 9wads sk
Albumini} globulins £3]2] E2)ZA& Figure 10 Vel )}
2ol AAHA e o] FHA s £ F sHA gag
S4E 4T RaAsHA A o] gaith

Mg ga J"1E|0|| ofst CHuAo] B3

4 99 2 Adgox Eel9 albuming} globulins 3] o)
A b o3 Fl RS AAEte] 7R R B g

= Heols EFEL AU FF AL ZFS5E 24]



602

343 & IN HCIL o]43le] pH 2002 g&1 AF QB4
A 150TE 477 %0* 7tgst A S sReEastdt 7t

ZBgee zesl 3 13000 rpmo)A] 587+ fAEgs e AA
\‘:_}11_111 WS A|AS, dojx A5 FHelo|= Fi(mg protein/

bicinchoninic acid(BCA)H(12)2.8 ZAstozyn i

3 %3}%15} guiRsiass AHAHOE ol
TFE F v EAES AFd A3
J_J Novo NordiskAHDenmark)$] Alcalase®
2 Neutrase®<ﬂzr e fehe Aoks 2ELZM SER

.4 trypsin(Type II-S, Sigma) 3 pepsin(1:2,500, Sigma), &

papain(Crude powder, Sigma) Sl thale] Helol= BiHEE
ANttt 71AgdozE Y AR AHEEELH albu-
min} globulins £8¢] A$-& AFED oF 900 mgs 50 mM
PBS buffer(pH 7.4) 10 mLoj] =<1
2087 Y4EEst

rulo L

E% 8,000 ipmo x]%

ZdS ALgsig e, o8 BE 7|13 §99 gl 28 &
A3le} 50 mg proteiymLE DA} 5] 55 FRTE 44 3
A g ZAAEY THNELS

Aalgcth 71449 10 mLo) Z+ 84
2 713 gwA ko) idked 0.05, 01 025, 05, 1, 2, 5%
wiw)el =g Zzt drisln 54vg2=s pHe 44
Alcalase= 55, 7.5, Neutrase:x 45C, 6.2, pepsin?} trypsing
37C, 20 @ 7.5, papaing 25T, 622 3lo] uf 1A]1Zinjt} AR
2 1 oLy ARFEA SR BEAAT 54T AR
%

J%%‘t AR AEE AT F FREE sHEsia 13,000
mo A SEZF ARl FAFe s dUE e
zﬂﬂt‘z 3 3599 slelels FEE BCAYLE Z43H &
2HEAEE Hlussth
HEelo|= Falo| &
HAzte ardgzd o gt 4L TieRaE A

E Sephadex G-25 gel chromatography column(2X60 cm)ol
loading3ted 33 ZH42 elutionA|ZAth 24 B39 A7) % 3
mLZ 3 2} #39 280 mojxe] UV FA=E FHs
chromatogram & Agick. @ Fejeize] o) £4 #AF] A
Eol2ES AAstuA & wWE Amicon PM-10MW  cutoff
10,000), Amicon YMI(MW cutoff 1,000), Amicon YCOS(MW
cutoff 500) 59 @Jdgets BAAT F & A thd}
okal £3 Sephadex G-25 gel chromatographyE 4 A|3F4ITh

F_F“-'."é' ZirRsiE o

N ZAL

4 Qo] 71523E, albumin 2 globulins ®9] 7}
3|8, o|SZ5E gel chromatography 3 3jdte] o3 £
ate] ol selol= BYESo| diste] ACE A4S 543
%tk ACE Asj@4e] 242 Cheung 59 #(13)& o,
ACE?] &Aukeo] 93] hippuryl-L-histidyl-L-leucine(HHL) 1€}
o]J=22E hippuric acid7} FAHEHE Wl SloiM Hrlkehkes
@5}015 Nzl Aszeog Q3 hippuric acide] FAdo] 7}
*51“ £ 2435, 2A4E HPLCY 3 S E o]

}%{\:} = 225 uLe| 712483 mM HHL)9| 25 xLe]

HEelo|= H=lof cist ACE s

Korean J. Biotechnol. Bioeng., Vol. 14, No. §

mAbs
12344
HHL
200 1001
Hip.
9.166
~
e
oL u
- =
£
" 501z
L_/" 2
w
P <Q
( =
et ‘ 16.087
- HL | 17.970
8.28 \
o-
0 5 10 15 20
min

Figure 2. RP-HPLC chromatogram for ACE inhibitory activity assay. HL;
L-histidyl-L-leucine, Hip.; hippuric acid, HHL; hippuryl-L-histidyl-L-
leucine.
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Figure 3. SDS-P.~GE of bovine plasma proteins hydrolyzed by Alcalase
and Neutrase. Lane 1; Low molecular weight standard, lane 2; bovine
plasma proteins, lane 3; bovine plasma proteins with Alcalase(0 h), lane
4 and 5; plasma proteins hydrolyzed by Alcalase for 1 and 2 h,
respectively, lane 6; bovine plasma proteins with Neutrase(0 h), lane 7;
plasma proteins hydrolyzed by Neutrase for 2 h.
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Table 1. ACE inhibitory activities of the proteolytic hydrolysates of
blood plasma proteins prepared under various conditions

ICso values
Hydrolysates
(mg/mL)
Acid hydrolysate 442
Alcalase hydrolysate (0.1% Alcalase, 1 h hydrolysis) 2.7
Neutrase hydrolysate (1.0% Neutrase, 1 h hydrolysis) 73
Tryptic hydrolysate -
Peptic hydrolysate (0.25% pepsin, 8 h hydrolysis) 189
Papain hydrolysate (2.0% papain, 8 h hydrolysis) 235
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Table 2. ACE inhibitory activity of proteolytic hydrolysates of albumin
and globulins

Hydrolysates ICso values (mg/mL)
Tryptic hydrolysate of albumin 0.9
globulins 8.1
Alcalase hydrolysate of albumin 0.5
globulins 7.1

—8— (00005% Alcalase
—M—(0001% Alcalase
100 - | —®—00025%Alcalase
—O—00005% Trypsin
——0001% Trypsin
—&——00025% Trypsin

80

®
o 60
<C
ke
[y
S 40
2
ey
c
20
[0R'a;
0 1 2 4 8 12

Time(hr)

Figure 4. Hydrolysis of albumin(A) and casein(B) by Alcalase and
trypsin.
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Figure 5. Sephadex G-25 gel chromatograms of Alcalase hydrolysate of
total plasma (a) and albumin (b), the ultrafiltrates from Alcalase hydroly-
sate of total plasma passed through MW cutoff 1,000 (c) and 500 ()
membrane.
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