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Table 1. Properties and characteristics of thecgrait egg white proteins

Protein Amount Isoelectric point  Molecular mass Ty’ Characteristics

% Da °C
Ovalbumin 54 4.5 45,000 84.0 Phosphoglycoprotein
Ovotransferrin 12 6.1 76,000 61.0 Binds metallic ions
Ovomucoid 11 4.1 28,000 79.0 Inhibits trypsin
Ovomucin 3.5 4.5-5.0 5.5-8.3 X 10° —  Sialoprotein, viscous
Lysozyme 3.4 10.7 14,300 75.0 Destroys some bacteria
G, globulin 4.0 5.5 3.0-4.5 x 10* 925 —
Gs globulin 4.0 4.8 — — —
Ovoinhibitor 1.5 5.1 49,000 — Inhibits serine-proteases
Ovoglycoprotein 1.0 3.9 24,400 —  Sialoprotein
Ovoflavoprotein 0.8 4.0 32,000 —  Binds riboflavin
Ovomacroglobulin 0.5 4.5 7.7 X 10° —  Strongly antigenic
Cystatin 0.05 5.1 12,700 — Inhibits thiol-proteases
Avidin 0.05 10 68,300 85 Binds biotin

1 T4 is the denaturation temperature in the water or buffer.

(Miguel and Aleixandre » 2006)
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“F v F-v (Ovalbumin, Ovoalbumin} g 339 ¢ 1 & 2_ 3¢
Bokdo v 3o Fehp i te Ry » FREA
45> d 385@ iAo » & F £ % 45000 2 5 (Nisbetet al.,
1981)° P v Fov o H - §oirkgasiip s > K- A 39 74 - B
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10 15 20 25 30 35

Ac-Gly-Ser-Tle-Gly :".. a-Ala-Ser-Met-Glu-FPhe-Cys-Phe-Asp-Val-Phe-Lys-Glu-Leu-Lys-Val-His-His-Ala-Asn-Glo- Asn-Ile-Phe-Tyr-Cys-Pro-Ile-Ala-Tle-het-Ser-

40 45 50 55 G0 T
Ala-Leu-Ala-Met-Val-Tyr- Len-Gly-Ala-Lys-Asp-Ser-Thr-Arg-Thr-Gln-Tle- A sn-Lys-Val-Val-Arg-Phe-Asp-Lys-Leu-Pro-Gly P'hE Gl‘r Asp- SEI Nle-Glu-Ala-

75 20 o0 o35 100 105
Gln-Cve-Gly-Thr-Ser-Val-Asn-Val-His-Ser-Ser-Len-Arg- -’-‘Lrp Nlz-Len-Asn-Glo-Ile-Thr-Lys-Pro-Asn-Asp-Val-Tyr-5er-Phe-Ser-Leu-Ala-Ser- Arg-Leu-Tyr- Ala-

Disulphide I3r|dge_|

110 115 120 130
Glu-Glu-Arg-Tyr-Pro-Ile-Len-Pro-Glu-Tyr-Len-Gln-Cys-Val-Lys-Glu-Leu- Tw-ﬁ.:g-{}h- Gly-Leu-Glu-Pro-Ile-Asn-Phe- Gln-Thr-Ala- Ala- Asp-Gln- Ala- Arg-

i
LA

140

145 150 155 180 165 170 175
Glu-Leu-Tle- Asn-Ser-Trp-Val-Glu-5er-Gln-Thr- A sn-Gly-Ile-Tle-Arg-Asn-Val-Leu-Gln-Pro-Ser-Ser-Val- A sp-Ser-Glo-Thr-Ala-Met-Val-Len-Val- Asn-Ala-Tle-

180 185 190 195 0o 05 210
Val-Phe-Lys-Gly-Leu-Trp-Glu-Lys-Ala-Phe-Lys-Asp-Glu-Asp-Thr-Gln-Ala-Met-Pro-Phe - Arg-Val-Thr-Glu-Gln-Glu-5er-Lys-Pro-Val-Gln-MMet-Met-Tyr-Gln-

215 20 225 230 235 40 245

Ne-Gly-Len-Phe-Arg-Val-Ala-Ser-Met-Ala-Ser-Glu-Lys-hMet-Lys-Ile-Leu-Glu-Leu-Pra-Phe-Ala-Ser-Gly-Thr-Met-Ser-Met-Len-Val-Len-Leu-Pro-A sp-Glu-Val -

50 255 260 265 270 275 80 285

Ser-Gly-Leu-Glu-Gin-Leu-Glu-Ser-Ile-Ile- Asn-Phe-Glu-Lys-Len-Thr-Glu-Trp-Thr-Ser-Ser- Asn-Val-Met-Glu-Glu-Arg-Lys-Ile-Lys-Val-Tyr-Leu-Pro-Arg-het-

a0 (CHDY 295 300 305 30 (AR 315 320
Lys-Met-Glu-Glu-Lys-Tyr-Asn-Len-Thr-5er-Val-Len-Met- Ala-Met-Gly-Ile-Thr-Asp-Val-Phe-Ser-Ser- 5&1’-.'5.1&-_ Asn-Len-Ser-Gly-Ile-Ser-Ser-Ala-Glu-Ser-Leu-

[}

325 330 333 340 (P 343 350 35

Lyg-Tle-Ser- G]:u Ala-Wal-His-Ala-Ala-His-Ala-Glu-Tle-Asn-Glu-Ala-Gly-Arg-Glu-Val-Val-Gly- Ser-Ala-Glu-Ala-Gl y-Wal-Asp-Ala-Ala-Ser-Val-Ser-Glo-Glu-

360 IG5 E] 3 3E0 3E3
Phe-Arg-Ala-Asp-His-Pro-Phe-Leu-Phe-Cys-Ile-Lys-His-Ile-Ala-Thr-Asn- Alﬁ Wal-Leu-Phe-Phe-Gly-Arg-Cys-Val-Ser-Pro

The positions of the phosphserines are indicated by (P); the carbohydrate by (CHO); the genetic variant by (ASP).
(Nisbet et al., 1981)

Bl- - %o 39 doRfpi R 5] o
Figure 1. Amino acid sequence of ovalbumin.
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1. AN
Thermolysin(EC 3.4.24.2°A) p >+ Bacillus thermoproteolyticus

rokko - # B R AL At o £ - A4 L (thermostableyrz

P& ek ik ok i3 F2 % (metalloexopeptidase) 2 & - B &S

Gir BAEHT RAEFSHRAT(R ) F Y :}F; At > Thermolysin
SOFER TR ¥ o AR pldar B3 k4 2 B (Leucine~

Isoleucine: Valine)~ f4& 5 > 4 *& & B <A fé (Phenylalaning)e 5

Proline sn% =4 > & thermolysin 3> % ¢ chfA B8 7 fo cni® * TR
T g3 A ORI RrReE A i2 % 33 & o (Ligneetal., 1997)

2. Boif (£ B

Trusek-Holownia (2003)7 Tris-HCI % f#= ;% ¥2  Tris-HCI/
Acetate-Ethylgf i % & Liplz& Thermolysinsz & {2 2 & (Bl=) -
PH EH 2> 7FF > & 60C~80C 2 A3 &8 cniv* E > LR
% > 70C 2 18 > thermolysingg = & “iF & 2 B &5 % o § BiF |
B 60C »pHE A 11.5% 5 5.51F* pF» p¥ 3 7514 & pH 7~102
Bes fidimt > o pH6~102 BpE% & 5 RAFE T - 91U T
F Thermolysinshs g £ * k5 5 60~70C ~ pH7~10-



Glu143

(Kusano et al., 2006)
Bl= -~ thermolysines 14 % -
Figure 2. The active site of thermolysin.
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(Trusek-Holownia, 2003)

Bl = ~ > Tris-HCI % fm &2 AEpL e fin —Tris-HCI #4p % 7% % sud
B R 2 fadk R H thermolysinis (&2 4 2 M e 58 o
Figure 3. The effect of temperature and pH on tlogysin activity and
stability in TrisHCI buffer (©) and biphase ethyl acetate
Tris-HCI buffer systemd).
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Inouye (1992= 7 45 &1 > AT * B Y 75 T R BHFE P
® o iT

Thermolysinz'v’ﬂ’t’* Y e I S S DI SR h’jéﬁ“{p}?\ﬁ,\‘—

i
Ik

i

i B 2 tyrosyl{r tryptophyl ehipjdad+ i 3] 5 5 4 225

oK fREGERE R S/ oA I - BB+ 1 thermolysing g 58
4 5 Na' >K'>Li"

¥ ¢k Inouye & 4 3t 1998 & & ) > iT* k¢ 7 Mk &R (0.5M)

ERATE 6 ER RS S T A kR (AM)AR TR T R 4o 3

AR (Rl e ) * Thermolysiniz 148 <> Miyoshi & 4 (1991)

1

&
A
#mEgw 3 iv* > Fa Thermolysin § BB ¢ ik - BIE3RF 3
¥

=

2 Tris-HCI % =% &2 4 35 -K-K f2 o -Zein protein # 33 &3 K4t
a3 RfEs % £ @ L Tris buffer % 1743 o
Thermolysin-k 2% ® 7z 7 f84F > ¢ ¥ = thermolysiniz (27
oo RF]EIER A EURIRA R RS AR > g 2 AT H LR
<A Frd] o 4eBlT A P Phe-Leus? thermolysinia |3 =4t » 13754
p¥ s F4oBlI B~F ¢ (8% 7 5 fRaE 0 PEORRIER U4
+ o Thermolysin ¥+t & 55 7 &+ » AT » & a -cymotrypsin fr
subtilisinstp !t » Hazp B 3£ S dﬂz #14~51 - Muta£? Inouye ~ 17
-+ = #7545 4 Thermolysing g2 58 » 3 s & 35~430mMenfs 45 T &
¥ry|pE2 fv* > 2244 1-pentanol, 1-propanol, 2-butanol, 2-methyl-
|-propanol > 1-butanol > 2-propanol > ethanol, -eertyl alcohol »
tert-butyl alcohol » methanol e &4 » Bigis > ¥ @ g5 2 ¥rd s
% F 33 0 iz ¥ Thermolysinsng #7514 (structure- activity} % = i
i 4 o (Muta and Inouye , 2002)



> 3
[NaClI] (M)

4

(Inouye et al., 1998)
Ble ~ # i 4k R ¥ thermolysing: % jZ:& &2 B 7% -

Figure 4. Dependence of the rate of thermal inatitw of thermolysin on
NaCl concentration. 60 (A),65C (A), 70C (o), 75C (e), and

80C (o).
Phe Leu A
(I A
—N—C—=C—N—(C—(—
; Hz Hz
/
7 H
=
7 CHa
/.; -
S1 s1’ 2-methyl-1-propanol 1-propanol
L, Lo
e i)H E HsO—0—Cho
(.l'}Hz Ha CHa
Hz
CHa
- -~ e
__ _1-butanol ~ methanol tertbutyl aicohol

(Muta and I nouye, 2002)
Bl ~ fpapst g >tthermolysine * =2 Bl o
Figure 5. Schematic view of the binding of alcoholshe subsites of
thermolysin.
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FOUBIRR R MARR - B AR R R B B 40 b ek E (Lahl
and Braum, 1994

B PR R E 0 Rk REN MRS KRR & R
v -k f24~ (protein hydrolysate)x iz kit A 5 Kjzd 3o 21 é 4
KfEFe S fE o fERfFdy o A REP R BB A SHRY o H
¢ 7 15~50%-5 fg’f BRI Y S NS N S

é’l WS SRR SR o ARl
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Rz o (%] > 2004)

Kfaded gl o 0 - AARMERT RS SRR -
BEASRTEHT I ABELER D A Aa3RAFRPN > ME K
A& 7% %k (Frokjaer, 1994) Mt i i a8 S F £ 5 RAF ¥ 4 o

Grimble and Silk(198%F 7 # R > A $g#Ea Fo F5% 7 F iy
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SR «ﬂ Rix - Fenfuhfd o "% Migacihg 2 0 TV A
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Afa(m o> 1999):
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o h Bk e e ACE 22 e i o
2) ErRIEPR

PAEIRA RATL SRR A MR SRR RRY o}
F ey MAE PR A Aspartame(Asp-PheOMg) Alitame (L-Asp
-D-AlaNH,) » r2 A AfE% f £ p ¢ -kfz S 2 % vk "% (Lys-Gly-
Asp-Glu-Glu-Ser-Leu-Ala) & £ ##rk 2_ @4 45 epi 7 PX(Glu-Glu,
Glu-Glu-Glu) -
3) #F L Ers

v carnosine 3 -Ala-His)(Chanet

PRE] G B R ARepdF s A A g AP
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al., 1993) igut

CFE Ry AT .
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Table 2. Examples of multifunctional bioactive pdes encrypted in
bovine milk proteins

Peptide

Fragment Name Preparation Bioactivity
sequence
TTMPLW? aS1-CN a- Trypsin immunomodulatory,
(f194-199) Immunocasokinin ACEinhibitory
(hypotensive in vivo)
QMEAEZIZSY aS1-CN Caseinophospho- Trypsin mineral binding,
(f59-79)5P peptide immunomodulatory
EEIVPNZVENK?
KNTMEHV:ss aS2-CN Caseinophospho- Trypsin mineral binding,
(f1-32)3P  peptide immunomodulatory
EESIEQETYK
QEKNMAINPSK3
RELEELNVPGEI B-CN Caseinophospho- Trypsin, mineral binding,
VESLSSS (fl-25)4P  peptide Cheese ripening immunomodulatory,
EESETRINKE cytomodulatory

YPFPGPIPNSE

YPFPGPt

AVPYPQR

YQQPVL
YPSYGLN

YIPIQYVLSR

YG

B-CN(f60-70)p-Casomorphin-11lintestinal digestionopioid,

(jejunum),
Fermentation+
Pepsin+Trypsin

B-CN(f60-66)p-Casomorphin-7  Trypsin

B-CN B-Casokinin Trypsin,
(fL77-183) Fermentation
B-CN B- Fermentation+
(f193-198) Immunocasokinin Pepsin+Trypsin

k-CN(f35—41)Casoxin A Pepsin+Trypsin

k-CN(f25-34)Casoxin C Trypsin

k-CN(f38-39)x-Immunocasokinin Synthesis
o-LA(f50-51) e-Immunolactokinin

(f18-19)

ACE-inhibitory,
immunomodulatory

(f63-68)

opioid,
ACE-inhibitory,
immunomodulatory,
cytomodulatory

ACE-inhibitory,
immunomodulatory,
cytomodulatory

ACE-inhibitory,
immunomodulatory

opioid (antagonist),
ACEinhibitory

opioid (antagonist),
ACEinhibitory,
smooth muscle
(ileum, artery)
contraction

immunomodulatory,
ACEinhibitory

-12-



(F=F )

Peptide

Fragment Name Preparation Bioactivity
sequence
YGLF3 a-LA(f50-53) a-Lactorphin Pepsin opioid, ACE-inhibitory
(hypotensive in vivo)
YLLF3 B-LG(f102-1 B-Lactorphin Pepsin + Trypsin  opioid,
05) ACE-inhibitory,

FKCRRWQWRM LF(f17-41) Lactoferricin
KKLGAPSITCVR
RAF

ALKAWSVAR BSA(f208-21 Albutensin A
6)

Pepsin

Trypsin

smooth muscle (ileum)
contraction

antimicrobial,
immunomodulatory

ACE-inhibitory,
smooth
muscle (ileum)
contraction,
artery relaxation

1.The one-letter amino acid codes were used; Plossphe =2.

2.Sequence contains also smaller bioactive fragsnent

13-

(Meisdl, 2004)



z ~ % = B (Hypertension)

1 B BEA

£ BREAD B R s AR R e F P IR PE
o FREAEADRS S P2 FE Y AL BRDF K
BENEZFFEL FIEA LA - KL RPIE A LS |TERE 5%
A fE o PR R s e mer 1060 E g L B2 T s - &S
£ A g T 140 mmHg2 758 B 14 90 mmHg R & ¥ s A o
FICER® >t 160 mmHg2 4758 B § *° 95 mmHGT AL A % & B o
@ B & W& B ¢ (Joint National Committee on Detection, Evaluation
and Treatment of High Blood Pressure; JNC VI, 2803)z_ % % >
72 8 4 e B (Optimal blood pressur@%{‘ﬁ@z@ A 120 mmHg-~ 475k
& % 80 mmHg T > - 4 B (Normal blood pressurgd /& & &
120~130 mmHg 4+3& & { 80~84 mmHgiZ & 1| § f & % & B2 B
£ R ﬂ(‘ﬁ@r’g *+ 140 mmHg% 4-3%& & 3 >t 90 mmHg)I,%zug i
B o

INCVIGHE PRERAEELAILE B R-_FBETH
Bpor o AR A 15 Rt aad P s ga BREFF 21.38% F 15
24.9% + 1+ % 18.2% 65k 1 F ek > B w BE 75 { B iE 56.6%
06 £ L NAPFEHEFZ B YD ALEET 015 A FA A
TEPZZFHF2FUB L B(FAZ 2755 BT - FrclatFEs
B oppt %ﬁfifk@us&?%}i’zﬂ(%z)’%i@ﬁ:ﬁ:fﬁa&%%
a, /\6T 8.6 A 537 u A o
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JIIE g *‘::‘J» 5’ ,t;!-_ <L :I’i
& L F!T Zv = & L F!T Zr - & L F!T =
& = R S T Foo|gpAc | FAan & = R F (LB Ar|Fan

had v = _} % v - _} % v = _} %

4 v = R 7 608.2 100.0%7% 7= R 7] 7403 100.0#7% *= & 472.7 100.4
1\ & b 175.9 28.9% {55 2226  30.1% 1 1280 27.1
2 | A 56.7 9.3« %A 66.0 8.9 %A 472 100
3|7k A 56.2  9.2%k ¥ A 66.0 8.9 s 463 9.8
4 |9 F 446 73E &G 3 455  6.10% F A 461 9.8

NN AriE2E % My
5% g2 311 51@Agsm 43.1 5,8; s THGHE TR 220 47
6|7 & 257 42 332 45 180 3.8
7 B se 2 A i 225 3TMALITR R A 321 43% 43 16.4 3.5
N Wiz 2F R My
8 ; O PRz TR 222 375K 228 BRI 2 A 126 2.7
SN EX 4 M

9p # 17.2 2.8:; L iz il 225 305 #% 114 24
10% s B 5 86  14% i BiLE 83 11%x @Hf}ﬁs 89 19

A 1473 2424 @ 1782 241# @ 1157 249

ML 1A AR REY L v e 3t 22,917,444%, 9 12 11,600,237%, ~ % 11,317,206% -
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2. B n B2 =T

B BY ST 2L FEFME - & (Secondary Hypertension)
5 1% o B (Primary Hypertension) #& o $ 14 % & B 1 & §_
?‘Pﬁyﬁab’ﬁ%aﬁ ey NIMFLAFRBRE S RLFEF AR
B 5o 1A B R B O TRCRG S L RN M
ﬂtoimﬁﬁm@*ﬁ&@ﬁﬁm@’@%amzm,ﬁvﬁ{
BRFF L S BEED  RBETFIFEI AR T Ao

E AP R F T A T S R(F - 2002):
1) p ## &3 (Autoregulation):

TIREH Y ROFERE NSRS AL BAS LN

R F R DA R R R R et g
?éﬁﬁﬁﬁg S A
2) 4ppiERT

d Dahl & Heine (1975 ! - d > A F] 3 renal sodium
excretionsrax fexd & > @ THR G E BT Hrea BREH o
3) ¥ F-x B dpE -pr A & si(Renin-angiotensin-aldosterone
system, RAAS)

RAAS & A BN f Fak 564 « BAZ KA T fre =
;ﬂ%ﬁiﬁiﬂﬁﬁﬁ’i%%%i%ﬁﬁ%&@%%~L
Flespa i pr R g A % - Al F R o B ke
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10 11 vasodilation,
Asp-Arg-Val-Tyr-Lle-His-Pro-Phe-His-Leu + Val-Lle-His-R natriuresis
|

angiotensinogen

renin il prostaglandins

T

Asp-Arg-Val-Tyr-Lle-His-Pro-Phe :L His-Leu Arg-Pro--Pro-Gly-Phe-Ser-Pro L Phe-Arg
angiotensin | bradykinin
l N— ACE —

Asp-Arg-Val--Tyr-Lle-His-Pro-Phe Inactive kinins
| angiotensin I

Vascular smooth Aldosteron
muscle contraction secretion
l R = remainder of protein
Increased Increased
peripheral extracellular
resistance fluid volume
HYPERTENSION

(Barbosa-Filho et al., 2006)
Bl > BT R S S R R

Figure 6. The suggested hypertensive mechanismgibi@nsin.
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B M2 EH G 0T S
1) 154

EIE A T U R R S £ G ]
FoAZ > F ook ® [ E o § BRAFRE LY IRA S FH 0 Ay
pATEES A o
2) ¢ A re %73 (Beta blocker):

AR AFFF T T G iy kM R

H :uvﬁi?ﬁ.‘[ﬁﬁm,&ﬁ o e H {5 € R

PR B TR o FAR WO E G Lot o 2

LR B N

3% * o ip E L o
3) s ¥ fckfh # i frdr 1% (ACE) :

AR gl f e E i fEE (ACE) & RAAS ¥ 2
T > e ¢ &2 §v% ~rR e ® 9 AR M E g K (Atkinson and
Robertson, 1979)&] e # 7 # &L > fe 5 & A JR* {5 € 3142 & p% -
BEFIMEEAR LG F A LR AREH T o
4) & g iTsEE Il % B grH|(ARB)

IRIER > AR AL P 1< %5 % (Angiotensin 1)
RAAS i£ /5 ¢ 1 AT, receptor (Angiotensin Il receptor type#l)
£ g Nie o B RATEERE -

5) 4 &+ 3=+ (Calcium channel blockers; CCB)

AERFAH S GFE IRy F IR AL TR S o e
AT B~ VUp me s Frdla F T g TS B eig S
220 ﬁ,@ N gﬁ_f AR .}; sAR i s o RRE M RRE s T #RE 4 £

\n:x
g

Bl
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I~ g S5 7 & 1 f2 % #r414 (Angiotensin |-
converting enzyme inhibitor ACEI)

1. = ¢ ﬂm’ﬁ—% & it i% % (Angiotensin |- converting enzyme;

ACE)2 ACEI it * RiZ

= feig R T pE R (EC 3.415.15 - & & ik oh o A ks
ok fAfpEE d RV R AR FR- BHEPFIES B
F M e o ACE 5 RAAS# /Y ch- B #FS > B 3
Ere st i bes FATR SR ABLIOREDFLE &I
(Natesh et al., 2003). A % PN chx * 3 & §_F T4 fwoe b
(membrane- anchored} % 2 & {2 7% - 4l 4 ¢ Jcig = (Angiotensin
) > # i 5 BT Ay = Al ¥ lciE# (Angiotensinil)

7 ACEl T 87 & % - 4ls ¥ fci54 #% ACE fE % avd i %
B prd] ACE fid % = 4l F Jeéf & # -k f2 bradykinin, 12 % i< 5

JR o

2. ACEIl 47

P 1970 &# MK T F BEME R > 28N E - fﬂi%’lifﬂ%’
FHCEEEIAY O LT S ACEl & F AR g Y
B R REL AR > G FERNp SR FY
ACEI - (f » 2009)
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(Natesh et al., 2003)
Bl- ~ WA RBA T P 1{‘{;7’% LONENS AR ﬁg&f#i‘é'b‘_fi °
Figure 7. Stereo view of the ribbon representatibiime molecule
looking down on the active site of ACE.
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Table 4. ACE inhibition by enzymatic digests of dgaroteins

Substrate Protease | Cso (ng/mL)
Chicken muscle Thermolysin 45.0
Ovalbumin Thermolysin 83.0
Pepsin 45.3
Trypsin >1000
Chymotrypsin >1000

(Fujita et al., 2000)

23 ~ IR0 TREAONRY Y RF 20 & RIFMEIES
Table 5. Peptides with possible antihypertensivigcobtained by
enzymatic treatment of egg proteins

Origin Sequence Enzyme Activity demonstrated

Egg white  RADHPFL Pepsin ACEI/Antihypertensive
YAEERYPIL Pepsin ACEI/Antihypertensive
IVF Pepsin ACEl/Antihypertensive
RADHP Pepsin/ ACEI/Antihypertensive

Corolase PP

Ovalbumin  FRADHPFL  Pepsin Vasorelaxing/Antihypesiee
RADHPF Chymotrypsin Vasorelaxing/Antihypertensive
FGRCVSP Pepsin ACEI
ERKIKVYL Pepsin ACEI
FFGRCVSP  Pepsin ACEI
LW Pepsin ACEl/Antihypertensive
FCF Pepsin ACEI
NIFYCP Pepsin ACEI

Egg yolk Oligopeptides Several enzymes  ACEI/Antihypertensive

(Miguel and Aleixandre » 2006)
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Table 6. ACE Inhibitory Peptides Derived from MusBl®tein of Vertebrates.

Source amino acid parent protein enzyme ICso
sequence (uM)
Vertebrates

Bonito IKPLNY muscle thermolysin 43
IVGRPRHQG actin thermolysin 2.4
IWHHT actin thermolysin 5.8
ALPHA actin thermolysin 10
FQP actin thermolysin 12
LKPNM muscle thermolysin 2.4
Y actin thermolysin 2.31
DYGLYP muscle thermolysin 62
LKP muscle thermolysin 0.32
IWH actin thermolysin 3.5
IKP muscle thermolysin 6.9
IVGRPR actin thermolysin 300

Salmon WA muscle thermolysin 277.3
VW muscle thermolysin 2.5
WM muscle thermolysin 96.6
MW muscle thermolysin 9.9
W muscle thermolysin 4.7
LW muscle thermolysin 17.4

Sardine MF muscle alcalase 44.7
RY muscle alcalase 51
MY muscle alcalase 193
LY muscle alcalase 38.5
YL muscle alcalase 82
Y muscle alcalase 10.5
VF muscle alcalase 43.7
GRP muscle alcalase 20.0
RFH muscle alcalase 330
AKK muscle alcalase 3.13
RVY muscle alcalase 205.6
GWAP muscle alcalase 3.86
KY muscle alcalase 1.63
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Amino acid . ICso
Source parent protein enzyme
sequence (LM)
Vertebrates
VY muscle alcalase 10
Tuna PTHIKWGD muscle acid -
Alaska _ alcalase+pronase+
Pollack GPL skin collagenase 265
GPM <kin alcalase+pronase+ 1713
Collagenase
Pork ITTNP myosin thermolysin 549.0
MNPPK myosin thermolysin 945.5
MNP myosin synthesized 66.6
NPP myosin synthesized 290.5
PPK myosin synthesized >1000
Pork ITT myosin synthesized 678.2
TTN myosin synthesized 672.7
TNP myosin synthesized 207.4
RMLGQTPTK troponin C pepsin 34
RMLGQTP troponin C pepsin 503
Chicken LKA creatine Kinase thermolysin 8.5
LKP aldolase thermolysin 0.32
LAP muscle thermolysin 3.2
FQKPKR myosin thermolysin 14
IVGRPRHQG actin thermolysin 2.4
FKGRYYP creatine kinase thermolysin 0.55
IKW muscle thermolysin 0.21
Invertebrates
Antartic ] )
il KLKFV muscle pepsin+ trypsin 30
Oyster LF muscle denazyme AP 126
FY muscle alcalase -
AW muscle alcalase -
VW muscle alcalase -
GW muscle alcalase -

-24 -
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Table 7. Angiotensin Converting Enzyme Inhibitaienh Some Proteins.

Source Peptide Preparation  s¢@QuM)

Snake venom Pyr-WPRPTPNIPP Extraction 2
Pyr-WPRPNIPP Extraction 3
Pyr-NWPRPNIPP Extraction 3
Pyr-NWPHPNIPP Extraction 9
Pyr-SWPGPNIPP Extraction 39
Pyr-GGWPRPGPEIPP Extraction 13
Pyr-NWPHPNIPP Extraction 13

asl-Casein FFVAPFPEVFGK Trypsin 77
FFVAP Peptidase 6

TTMPLW Trypsin 16

PLW Synthesis 36

LW Synthesis 50

VAP Synthesis 2

FVAP Synthesis 10

— FAP Synthesis 3.8
B-Casein AVPYPQR Trypsin 15
h-B-Casein IlYPFVEPI Synthesis 8
IYPFVEPIP Synthesis 12

LIYPFVEPIP Synthesis 9

IYPFVEPIPY Synthesis 20

YPFVEPIPY Synthesis 20

PFVEPIPY Synthesis 25

FVEPIPY Synthesis 55

PIPY Synthesis 30

y-Zein VHLPPP Thermolysin 200
VHLPP Synthesis 18

LPP Synthesis 9.6

— VHIPP Synthesis 10

— VHLAP Synthesis 4.5
a-Zein LRP Thermolysin 0.27
LSP Thermolysin 1.7

LQP Thermolysin 1.9

Tuna muscle PTHIKWGD Synthesis 0.9
PTHIKWG Synthesis 7.6

PTHIKW Synthesis 1.8

THIKWGD Synthesis 50

HIKWGD Synthesis 50

PTHIKWD Synthesis 38
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Source Peptide Preparation  s¢@QuM)
IKPLNY Thermolysin 43
IVGRPRHQG Thermolysin 6.2

Tuna muscle VGRPRHQG Synthesis 5.4
GRPRHQG Synthesis 34
RPRHQG Synthesis 22
W Synthesis 2
IWHHTF Synthesis 2.5
IWHHT Thermolysin 5.1
WHHTF Synthesis 46
HHTF Synthesis 84
ALPHA Thermolysin 10
LKPNM Thermolysin 17
Y Thermolysin 3.7
FQP Thermolysin 12
DYGLYP Thermolysin 62
DMIPAQK Thermolysin 45
IKP Synthesis 1.7
LNY Synthesis 81

— PTHIDW Synthesis 13
— PTHIAW Synthesis 0.39
— PTHVAW Synthesis 15
— LYP Synthesis 6.6

Bonito VRP Autolysis 2.2
IKP Autolysis 2.5
LRP Autolysis 1
IRP Autolysis 1.8
SVAKLEK Autolysis 82
ALPHA Autolysis 79
GVYPHK Autolysis 1.6
IRPVN Autolysis 1.4
GVYPHK Autolysis 1.6
VYPHK Autolysis 7.6
IRP Autolysis 1.8
IRPV Autolysis 31

-26 -
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(1) Protein hydrolysis
Chicken egg albumin (Sigma; USA)
Thermolysin EC 3.4.24.27(Sigma; USA)
Sodium hydroxide (Riedel- de Elg UK)

(2) Protein content
- mercaptoethenol (Merck; Germany)
L-Leucine (Sigma; USA)
Methyl alcohol LC grade (Mallinckrodt Chemicals; RS
o- Phthalaldehyde (MP Biomedicals, Inc.; USA)
Sodium dodecyl sulfate (USB; Spain)
Sodium tetraborate decahydrate (Riedel- dénHBIK)

Sulfuric acid (Union Chemical Works; Taiwan)

(3) High performance liquid chromatography
Acetonitrile LC grade (J.T. Baker; USA)
Angiotensin I-Converting Enzyme from rabbit lung B@.15.1
(Sigma; USA)

Boric acid (Hayashi Pure Chemical; Japan)
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Cytocheome C (Sigma; USA)

Gastrin (MP Biomedicals, Inc.; USA)
Glycine (Sigma; USA)

Gly-Gly-Gly (Sigma; USA)

Hexaglycine (Sigma; USA)
Hippuryl-histidyl-leucine (Sigma; USA)
ortho- Phosphoric acid (Merck; Germany)
Sodium chloride (Riedel- de K& UK)
Substance P (MP Biomedicals, Inc.; USA)

Trifluoroacetic acid (Riedel- de Ka; UK)

(1) Protein hydrolysis
Amicon stirred ultrafiltration cell 8200 (MillipordJSA)
Econo-Column Pump (Bio-Rad; USA)
Hitachi himac high-speed refrigerated centrifug&0GII

(Hitachi; Japan)

Micro high-speed centrifuges (Hettich zentrifug&srmany)
PHMS82 standard pH meter (Radiometer CopenhagenmBs)
pH/ ORP Controller PC-310 (Suntek(%% ); Taiwan)
BM CIRCULATING WATER BATH (YIH DER@#z4%);

Taiwan)
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(2) Protein content
Foss tecator Digestor (Foss; USA)
Kjeldahl system Kjelte® 2100 (Foss; USA)

Unicon UV-2100 spectrophotometer (Unicon; USA)

(3) Sample Concentrating:
Aswil evaporator RE111 (BUCHI; Switzerland)
Heidolph VV2000-LIFT (Heidolph; Germany)

(4) High performance liquid chromatography
HPLC pump:
Agilent 1100 series (Agilent Technologies; Germany)
Shimadzu LC-10 AWp (Shimadzu; Japan)
Columns:
1) Size exclusion: Superdex Peptide HR10/30_10x360
(Amersham Bioscience; UK)
2) ACE inhibition: Agilent LiChroscher® 100 RP-18e
5x250 mm, bm (Agilent Technologies; Germany)
3) Peptides purring:
Synergi 4u Fusion-RP 80A_10x250mmyv
(Phenomenex; USA)
Jupiter 4u Proteo 90 A_4.6x250mnpd (Phenomenex;
USA)
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Jupiter 4u Proteo 90 A_10x250mnmp (Phenomenex;
USA)
Detector:
Soma UV/VIS Detector S-3702 (Soma; Japan)
Integrator:

Chromatocroder 21 (Sci; USA)

-30 -



CHICKEN EGG
ALBUMIN SOLUTION

pH 8.0, 65

Add thermolysin to hydrolysis
Sampling at

different time

Centrifugation(10000xg, 15min)

Centrifugation v
(10000xg, 15min) Supernatent
Ultrafiltration
Supermatent L
L J .
Protein
content
)4
ACE
mhibition
v

Separation for reversed-phase
chromatography

Selected

fractions

|

Peptides
Sequencing

ACE ICs,
determination
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2 e F -0 b ko Rl 1% -39 kAR o IN & F T4k
pH # 5] 8.0 ¥ # iEig > *c# 1 65C » *v » v F-kjzps %
--Thermolysin (0.02mg/ mLik {7 K fZ & J& o & B3t F R 010~
20~30~60~120~1801f- 240~ 48P~tk > H ¥ 04455 A+ » i3
2Btk o B fs 2 Tk 2 20C kAR REER A E o

PH statz # 3-3-v K24 » Utpk > NE & - e ol pHET
g E R 0 OANE § Y4 AMIFPHE A 8.0 T o A
FREFRF 0~10~20~30~60~ 120~ 1804 240 » 45 B~k o

0.1N Sodium pH value

hydroxide pH Controller Recorder

Econo-Column
Temp.
Pump Controller

Hydrolysis Jar CIRCULATING

WATER BATH

I~ b kiR Fak EAE L 5 e
Figure 8. pH stat system of protein hydrolysis.
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2. 42 %8 Jg (Ultrafiltration)

ok iz 4 ) B RS0 KRS > & 1000XgEc 15 A 4815 0 12
SRR EREE R ERY BFR BRI ERER
(Amicon stirred ultrafiltration 8200¥ /g * & # F g L i+ /| & {7

B AR e A 0 A s AR 2% » 10KDa(k *5) k% ~ 3KDa(m

)ikt 2 IKDAGR )R w7 A+ B H A2 v kR -
3. Ak AP T B A H R

BAT R g (6 % A A1 ek 24 2 0.45um g BB k0 14 Superdex
Peptide HR10/30% 48 ¥ 1i& (712754 3 £ A 45

kT dEns 3 g AR > g 5 0.02M Brpk % 8RR (2
0.25M NaCl, pH 7.2) 14 % »xic ;% 48 & 17 % ¥o(Shimadzu LC-10 AT
vp) o ooniE 5 0.4mL/ minigiT A 45 0 WA E 5 214 nme 12 8 A
o+ £ 0P 517 SRR A fiPE ke w] 5 Cytocheome C
(12,588Da) ~ Gastrin (2,126.2Da)> Substance P (1,329.8Da)
Hexaglycine (360.3Da)Gly-Gly-Gly (189.2Da}¢ Glycine (75.07Da)

%4 AOAC(1980). ¥vx § A 45 i o B~ BmL -k f&7% i i 4r »
10mL k£ fic 22 10g 4Rk dn o 12 % 5 A {245 (4000C)ie 7 A 2 = @A
25 A (54 87 40~ 100mL 45k &2 40mL NaOH 2 poid F g 23

0T e AR OIN £ IR 0 F E MY kg
FR2ZTFE o
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% 4% Churchet al.(1983)% Fristeret al. (1988} ;= » {1 *
O-Phthaldialdehyde (OPA) z-kf34 ¢ 2 " A i § 23k R - Hipl 2
I 4o L

CHO SCHLLCH,OH
@[ + HN-C cn -CQMH + HSCHCHOH ——~ pHao ~ N-R + 2H0

OPA 1° pepﬂdes B-mercaptoethanol

OPA t#& 2% %™ > ¢ ¥ B-mercaptoethenok - ‘&2 §
(NHp) F f& » 25+ 1-alkylthio-2-alkylisoindole: 3 g 7% % #f it &
340nm™ E F Bk ek ki o o F ek iEARg o Bl A TR &R
ERLEXES L
OPA 2| fie 4

12.5mL 100mM NgB4O; ~ 1.25mL 20% SDS 20mg OPA% *+
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e d T okt R E TR T 25mLe

#-20uL F % ﬁ?ﬁfﬁ F&id i 4o~ ImL OPAZEHR| Y » 3 % 8
TR R 2 AB o e F 0L kKR R TR & k£ 340nmT aek ok
® o2 L-Leucinet®: 5@ (- R E R E & (R4 ) watekg
T ERE
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Figure 9. The standard curve of Leucine by OPA weth
6. -k % & (Degree of hydrolysis, DHY &
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f2 A 4 Hippuric acid (HA)Y:? Histidyl-

# e HHL & ACE it % T ¢ -k
B hkG R 228 NMT B 4 Bod ko
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FHA chd S B3 pF > £ 57 ACE K faisfA%ds » F 2 pl4x 4 o
FREL A e R pe ]
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converting enzyme 50% activity; dfor ACE)z_ B 2 % » Ltk & 5 7|
o RIEAFRER S L ACE #r4]F MU W iF > 11— X wjFd R
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Figure 10. The degree of hydrolysis, pH value abxddluted ACE
inhibition of egg albumin hydrolysate at differdmydrolysis time.
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Table 8. The effect on degree of hydrolysis, pHigand 30x diluted

ACE inhibition for egg albumin hydrolysate hydrogdzin deioned
water at different hydrolysis time.

Ry S AT FE IR

Hydrolysis Time DH ACE inhibition
(min) (%) pH value (%)
0 0.0 8.06 0.00
10 8.09 6.18 34.18
20 9.28 6.04 42.44
30 10.45 5.95 45.49
60 13.44 5.79 50.91
120 16.75 5.64 52.72
180 19.48 5.58 52.80
240 21.78 5.54 53.67

+

f#:

én\m _L,,~L

[e]

N
5 8%
L

A3 KR R E F R ERPH B2 B kR 2k
PH 11 2 = - B ARk fade & f fcifd i i el

Table 9. The effect on degree of hydrolysis, pHigand 30x diluted
ACE inhibition for pH stat egg albumin hydrolysditeated by
NaOH at different hydrolysis time.

Hydrolysis Time DH ACE inhibition

(min) (%) pH value (%)

0 0.0 8.06 4.10

10 7.88 8.02 37.69

20 8.91 8.03 44.68
30 8.93 8.01 47.71
60 11.22 8.04 50.07
120 13.50 8.01 51.09
180 14.46 8.03 53.23
240 15.14 8.03 52.60
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Substance P

Gly-Gly-Gly

Hexaglycine
Cytocheome C

(astrin

Glycine

Standard

Suspension
10KD
3KD

1KD
0.0 12.5 25.0 37.5 50.0 525
Retation Time (min}
Blt- ~FR9 kP SREERFAELATFTEALT o
Figure 11. The molecular weight distribution of egdigumin
hydrolysate permeates obtained from ultrafiltration

A214

- 45 -



2R KBF ST ERE R AF LY TR wF
2 ACE 2 #rdlE AR o

Table 10. The protein content, protein recovery l&igfor ACE of egg
albumin hydrolysate permeates obtained from ultrafion.

Protein Protein Inhibition ICs0_
i content recovery 30X dilution (Protein
Fraction conc.)
mg/ mL % % pg/mL
Supernatant 8.178 90.49 55.70 14.15
<10KD 6.681 73.93 52.71 13.70
< 3KD 4.706 52.07 51.95 11.62
< 1KD 2.6 28.77 42.34 9.37
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Table 11. The peptide concentration and ACE inimbidf 1KDa eluted
permeates collected in different retention timeticn.

' eptide ACE
Minute of ~  peptide o
collected concentration 10]J|V|
peptides of elution peptide

(min)

(mM) (%)

6-10 0.094 21.63

10-20 0.054 30.29

20-30 0.037 73.75

30-40 0.029 38.60

40-50 0.032 42.14
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Figure 13. The HPLC-C18 analytic-column chromatagcd peptide collection of egg albumin eluted at20 min.
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Table 12. Purified methods, peptide sequence agddCACE of egg

albumin peptide.

Site of Egg

- 1 i *
Peptide sequenceSradient of elution Albumn

ICs0o
(UM Peptide)

Phe-Gly A 333—220

Trp-Ser A 147-148
Leu-Glu-Pro B 129-131
Ala-Phe A 187-189
Val-Phe-Lys-Glu B 14-17

Leu-Tyr A 105-106
Leu-Trp-Glu-Lys A 183-186

407.76

52.72

39.79

121.17

489.21

107.77

63.85

* Gradient of elution:
A: 0 min (CHCN: 0%) — 20 min (CHCN: 30%)
B: CHCN: Isocratic gradient at 15%
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