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Isolation and Characterization of Antioxidative Peptide

from Enzymatic Hydrolysates of Yellow Fin Protein

Shin Young Jun

Department of chemistry education,
Graduate School of education, Pulyong National University

Abstract

In the recent, various physiological activities have been detected in the
peptides derived from the proteolytic hydrolysis of many proteins. However, the
research for Yellow Fin protein as functional material has not performed. In this
study, the hydrolysates of Yellow Fin protein (YFP) was investigated as the
antioxidant.

Yellow Fin protein was hydrolyzed with MICE (Mackerel Intestines Crude
Enzyme) at first, and rehydrolyzed again with pepsin. The hydrolysate was
separated into five major types, YFP I, YFPN, YFPII, YFPIV, and YFPV,
according to their relative molecular weights, 30-10kDa, 10-5kDa, 5-3kDa, 3-1kDa
and 1kDa respectively as determined by MWCO (molecular weight cut-off) of
ultrafiltration membranes. The hydrolysates were studies for their antioxidative

activity, and their activities were compared with commercial antioxidant such as a



-tocopherol. In addition, antioxidative peptides were isolated from the
hydrolysates, using ion-exchange chromatography on a SP-Sephadex C-25 column,
gel filtration on a Sephadex G-75 column, high  performance liquid
chromatography (HPLC) on an ODS column. The molecular weight of the purified
hydrolysates was estimated by electrophoresis.

The antioxidative activity of YFP [ was stronger than those of YFPO, YFPII,
YFPIV, and YFPV, and the optimum substrate concentration for antioxidative
activities of the hydrolysate was 1% (w/w) in linoleic acid water-alcohol emulsion.
The synergistic effect was significantly increase in using hydrolysates with a
-tocopherol. The estimated molecular weight of hydrolysates on SDS-PAGE was 13
kDa.
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T AFAAM AR JHAE 5 AAT FAe (F) bl TR
ool AR A7LA] 20TAAM WE Bt

7R Al AFEE AAE F Alcalase, Neutrase®= Novo Co. (Denmark) 0 2
8 7483, papain, pepsin, a-chymotrypsin, trpysin, pronase E¥ Sigma
Chemical Co. (USA)o|A Fd3tH o, MICE (Mackerel Intestines Crude
Enzyme)= 544 dldEel HAT 9d BojdEAN 2FAUlFdS 78ty
TEAALE FEotd AMEstATh 9, 343 84 &ZFo) AR89 linoleic acid,
thiobarbituric acid (TBA), ammonium thiocyanate, DPPH (1,1-diphenyl-2-
picryl-hydrazy)v Sigma Chemical Co. (USA)A|F & A&t}

7hae) e d e R AA BaAE HE £337] 93 @elonutaz)
(Millipore Minitan'™)& Millipore Co. (USA)2 2R H TUsQ, A}&d 2o
HabgE gHAE 9] (molecular  weight cut-off, MWCO)E 77} 30kDa, 10kDa,
5kDa, 3kDa, 3 1kDa& ARE-3tgch £32) - HAA] A48 $2]¢1 SP-Sephadex
C-259} Sephadex G-75 ¥ Sigma Chemical Co. (USA)olA 77 Aojnl, AAx

&=7] Sartorious Co. (Germany) A|¥& At&3gon, HPLC(high liquid
chromatography)x= Dionex Co. (Germany)®] ODS reverse-phase column(¥
10.0%250mm)& A} &3} o).

#Z &5 #9e Bio-Rad Co. (USA)Y miniprotan % gel electrophoresis
systems  AEstRle™, SDS HA7|9FE marker protein, sodium dodecyl
sulfate (SDS):= Sigma Chemical Co. (USA)=4E T&gon, 7 9 tg A
ot BAE SFAeke AR
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221 e kA AAE o8 shAiel @A JpeRas =3

Zhatel ddel st R e g £ Y6l sixlo] @A 48 Table 1.9
vtebd SHE8) 100mee] BAAIA 4% 71ALdog whE L, 2 5y HA
250 8A1ZE gk A e H7bE E4AFE V189 Fiwr) 5010 HEE
Atk #EFE F 100THA 1087 B9M E4F 4842 oL, v1e 5%
== 9HEE(9500xg, 158, 40)F &, F3AE 2mFAs 7)o 20% TCA(
trichloroacetic acid)& % #7183 & oA AL E2(1,520xg, 1088 3}«
AEoe dAY A Lowry H(IBNCE 10% TCA 7144 AarLe =43
T Os Ho2iy 7R E AMs g

olo

AR (%) = 10%TC%A;§§ CES SV

2-2-2. 713 Fxe g av

Z170) tigt HAY s ZAA57] M 01%~5%717) 712 F=E W3
A171 4 0.1M sodium phosphate buffer (pH 7.0)5 A}23ld 50T &% oA
tefalletd HAo YATEE AESAY

2-2:3. 7P @l ThrRe e 22

Zbzte] Gl 1kgell 0.1IM sodium carbonate buffer(pH 10.0)E 5 ¢ 7}8 1,
7180 diste] MICEE 501, 2% 50T, w&AIZF 6A12be] 2238lel A 7} 3]
A2 F oA pepsine 2 2413 O she RN T st § A4



Table 1. Conditions for the hydrolysis of yellow fin protein treat with eight

different proteases.

Enzyme Buffer pH Temp. Time
(T} (k)
Alcalase 0.1M Na;HPO4-NaH,PO4 7.0 50 8
Neutrase 0.1M Na;HPG+NaH,PO, 8.0 50 8
Pronase E 0.1M Citric acid-Na;HPO, 7.0 37 8
Pepsin 0.1M Glycine-HCI 2.0 37 8
Papain 0.1M Na;HPO4-NaH;PO, 6.0 37 8
a-chymotrypsin 0.1IM Na;HPO4-NaHPO, 8.0 37 8
Trypsin 0.1IM Na;HPO-NaH,PO,4 8.0 37 8
MICE" 0.1M Na;CO3;-NaHCO; 10.0 50 8

Y Mackerel Intestines Crude Enzyme.



(7690xg, 208)E st A

ofje

Aok 3|48 L, 3 o #o}(ultrafiltration
membrane system)& o] &38lo] Fal#F A (molecular weight cut-off : MWCO)
H¢7F 742t 30kDa, 10kDa, 5kDa, 3kDa, 2 1kDa¢l 28 3| £3A)7 23
st o] BEEE FEUZE ts 7iAv 9ilAe AR E ARR AR
3led Scheme 1 of we} AE8 Pyt

22, obulwd 2R

ZbatEle) FAdolu)ie it EAL FZAZXRE Ay sleREE 10mge FHE
o} ampoules] 31 6N HCl 2mE 7}ste] A3 2R3 the, 4N 759 110C
F2710M TteEs AR o] AFRAES ARE 3 FHFE 7Eo et
AEE Y 3o HCE ¢4A3] AAF o2 sodium loading buffer (pH
22)% 25me] A& o] &AL LY FHeA ojy|xat AFRLVE B
3t ok

23. $AF 27

gt elde wev1E AbgEte ¥AE AWl 30kDa, 10kDa, 5kDa,
3Da ¥ 1kDa®] e $HAA BT 7xv wuid sjrRaEe Rage
a4 YA ZRetE2H S (High Performance Liquid Chromatogaphy : HPLC)
E AHEste FA3%t £ GPC column [Zobax PSM 60 (110~10°Da),
300(3x10°~3x10%, 3000(10°~107), LD. 6.2mm, 250mmx46mm] 37]2 A= o
it 3AFFTE B¥s A7 T, 4 10mg/me A2EY 100UE 245 1
me/ming S#A1A UV #E7]|24 230nmollx F35E =2Hs9ct T3224
2 carbonic anhydrase (MW 29,000 Da), cytochrome C (MW 12,327 Da),
aprotinin (MW 6,000 Da) ¥ pentaphenylalanine (MW 7539 Da)& A}&-3t¢Th



Yellow Fin + buffer + MICE

i stirring for 6h

Pepsin

| stirring for 2h

Centrifugation

| supernatant

Membrane bioreactor

1

above below
30-10kDa 10-5kDa 5-3kDa 3-1kDa
30kDa 1kDa

4

lon-exchange chromatography

!

Gel filtration chromatography

{

High Performance Liquid Chromatography

|

Electrophoresis

Scheme 1. Procedures for the purification and characterization of antioxidative

peptides from Yellow Fin protein.
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24, Gy ZhRE g §aks f

ghel ot whgr1E AMESte] EAF AR SYE 30kDa, 10kDa, 5kDa,
3kDa %! 1kDa®] =to FaA|A 2tz 8§ 7hAtv] did shegsfEe] 3t
3}# 2 TBA (Ohkawa, 1978)9} ferric thiocyanate (Mitsuda, 1966)2] HbH ol u} &
A A Akgl 91 DPPHZ RSA (radical scavenging activity)E =438l Bl stg
T} (Hatano, 1988).

2-4-1. Linoleic acid emulsion A&

Linoleic acid emulsion& Osawa (1981)9] Wl olg} AZ3HY. =,
linoleic acid 0.13m{, ethanol 10m¢, 50mM phosphate buffer (pH 7.0) 10m(E &
§etar, of EFEC 71 EHES linoleic acidoll tha] Zzt 1% (w/w)Y &
2 H7Ee 40:1CE 24" F2r|HollM AFstds AFa s FHAH .

2-4-2. TBA Wy

Thiobarbituric acid (TBA)el] ™3 3ata} B4 &34 2 Ohkawa F(1978)2] wt
Hell whel AAEAG. ZF, 40T A viekAZ] linoleic acid emulsion 50404
81% sodium dodecyl sulfate (SDS) 02mf, 20% acetic acid (10N NaOH= pH
358 23) 15 2 08% TBA F49 15mME W1 EFE g, 5TAN 60%
ZFowkAsta A ohA] 95T el A 6073 A A]A  spectrophotometer (Varian,
USA)E AHE-ste] 532nmollM F3 528 S8

..11_
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2-4-3. Ferric thiocyanate HHH
Ferric thiocyanated] &3 @4bst &4 542 Mitsuda F(1966)2] o] o
Z, A € 01meell 75% ethanol 4.7m¢, 30% ammonium

T3l E Smgs
—

500nmel N FREE E4HT
se] the 4

g A skt
=3

o]
thiocyanate 0.1m¢ @ 2x10”M ferrous chloride/3.5% HCl 0.1m{

Heo s AT F
2-4-4. Radical scavenging activity (RSA)
RSA+ Hatano 5(1988)Y wWhie] wz} =Asiad. 2+ 7}
T dmtoll =o]il o]E 15x10°M DPPH/MeOH 1mi9} &33 ths A2 A
30FF<t WASET 517nmo| A 2] FFE2 Y2 DPPH2| 42 =3
©.2 RSAZE YeRyRIiTh
o Absorbance of control — Absorbance of hydrolvsate
RSA(%) Absorbance of control % 100
245 ¥5o g ghatsty 53
b EY Fwxe mE diety &3 TBA, ferric thiocyanatel] ¢
RSAG S FHst Tt &, 7t RAES FAFFY 01%AA 5%74A
atod et Th

A A7t
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2-4-6. s ay

fol

prEsiEe] s fde TBA 2 ferric thiocyanate By ol ol AAs )
%, 7 A& A a-tocopherolg linoleic acidell W&l 01%7} HA Hr)siz,
7l ZbEEsi B fFAFH] 1%71 A H7ek 404102 249 g7 U
of A4stAA TBAZL € ferric thiocyanateg& =% 3dle] RRFEA 71453
°] #715 A 22 a-tocopherol® H] wa}ch.

Lo

i

2-5. 3334 Qe =9 B - FA

gasligol 243 sEl=vke BEstr] s ion-exchange, gel filtration
chromatography 9 HPLCE o| 83} Rt 7z gdAd=z B3 g
o Ftst fvbe TBA o2 74X A8 AN, 71 FHojd dasEe v}
A FEYEE o A AAE ARE ARG F JkAe) gua s
8l 23 ultrafiltration membrane system® 2 ThAZIA 82 BEey 1 Z 713 o

ot &2 elg 7R HE =8 20mM sodium acetate buffer (pH 40)2 H¥3}

J[N

A7l SP-Sephadex C-25 column (p4x40cm)dl] F¢3ta, Y g=8 172 1

FHAREL BEAY F, $589 300ne9} 1.0M NaCl 300meE AHg-ale) 24t
TETHHOZ BEHEE (R4 : 60nt/hr, B : 5p0)dte] olz RS =

+](spectraper membrane tubing, Sartorius, Germany)éte] 48 AAsty 24
tao o] $dAzE 28 FU4E ST T, 7MY P8 52
48 50mM sodium phosphate buffer (pH 7.0)2 #H &5 A17i Sephadex G-75
column (g2.5x90cm)e]l FU&L, TY GFLHog &7 ( §% : 60ni/hr, B0
ZF 5ni)AlA 280nmel 4] FHAEE ted £83lx Fddxeo Fitsle s
S E. 7P #Held adsieElg bR #BEe HPLC A4 ODS

do PN
S

A
o
ol

_13_



reverse-phase column (¥ 10.0x250mm)& A}&3te] &8¢t oln, 2545
2.0md/min, o]E4eZE HyO9 Acetonitrile (0~50%, 40 min)2 A}l&3te] A ¥
A FrFulHe s 215nmo M FREE =33

2-6. &% 892l

poS
o
2
off
B
o2

HZF AAE 29 subunit Y4 € EAFE Lamimli(1970)2] e ot
s gd. %, SDS-PAGE (0.1% SDSE ¥-#312 125% polyacrylamide gel) 5
HE ol 838t 2% reducing buffer2 23 FA Y BE I} SDS-marker protein
(ovalbumin ; 45 kDa, pepsin ; 34.7 kDa, trypsinogen ; 24 kDa, lysozyme ; 14.3
kDa, aprotinine ; 6.5 kDa)& slab gel (6x8cm)ol F3}iL 01% SDSE 343
0.25M Tris-0192M glycine buffer pH 83 &3] 2} wello] 100Ve] Mo
2 AHA7EES Adsdy. #7|9E F 01% Coomassie blue R-250, 45%
methaol / 10% acetic acidE A}8-3le] 40T F2 oA wukshd A 3085¢H &4
AMaldch Gaol iy AL 40% MeOH / 10% acetic acid2 ©A3lA
SDS-marker protein®] 7lo]Fxe} AaAE B3] olFxE ulwsld £A
subunit®} Bzl 2 = gAYy gae] By AL 0.005% Coomassie

" blue R-250 / 6% perchloric acid £ B3}

- 14 -



1L 7bu] 9 R e ASREE

o) e e 7tvle dide AFEHEE 3% FH(E Fig 19
e Ak a-chymotrypsin® & 7t RAEEL W 71 2L 65% A A4
T EE Yeusles, MICE trypsine 2 7FRSAA S o of 58%9] 7}
A2 et ¥ pepsindt netrase® 7}5EE ARL W Ao R
A7t =4 ket

F7HA A2 A shAe dide g HF 7|AF=E HES d9E
Fig. 2o Yehilth AgF=rl 4% of oF 62%9 714228 Jehlo] o}
FEo) HlE vPE HEol & Ao vEHNET UutHog g s14EH
Mol 71 FEE 1-5% AR, £ ADel A ALEg shxie) @uael A
Se FRolAe sleREdE kA a#F o) gt

S

o

2. opulwm A 2 A A

MICEZ  ZleEajalzl 7kate] @iias gejoget wkgo8 o] &8t
MWCO 30,000~-10,000 Dagl 2ol 2JsfAx EEA 7l4RHPES YFP I, MWCO
10,000~5,000 Da%] #&ES YFPII, MWCO 5000~3,000 Da®] 23E& YFP
1, MWCO 3,000~1,000 Da®j £&ES YFPIV, 18] MWCO 1,000 Dasl| %=
T ERE AE YFPVE BASHoH, oA £IE 7ixin] guA si5Ee
o] opnlial B ATS Table 20 vehyeld).

Zk gAd TR 2] ojuli=ite] A= A9 et o, aspatic
acid, glutimic acid, glycine, lysine8] &Fo] AdlA g =4 el

_15_



100

80 1

Degree of hydrolysis(%)

Fig. 1. Effect on the hydrolysis of Yellow fin protein by various enzymes.
Substrate conc.=4%(w/v), S/E=50(w/w), incubation time 8hrs.
A : a-chymotrypsin, B : MICE, C: Trypsin, D : Alcalase, E : Papain,

F : Pronase E, G : pepsin, H : Neutrase

_16_



100

80

Degree of hydrolysis(%)

0.5% 1.0% 2.0% 4.0% 6.0%

Substrate concentration(%)

Fig. 2. Effect of substrate concentration on the hydrolysis of Yellow Fin
protein with two enzyme. S/E=50 (w/w), temp. 50T, 50mM

sodium phosphate buffer (pH 7.0), incubation time : 6hrs (MICE)+
2hrs (pepsin).

_17_



Table 2. Amino acid composition of Yellow Fin protein.

(AA/100g protein)

Amino acid YEP I YFP O YFPII YFPIV YFP V
Aspartic acid 11.26 11.22 10.99 10.66 8.40
Threonine* 412 3.87 3.75 3N 3.37
Serine 342 3.38 3.27 3.28 294
Glutamic acid 17.87 18.72 18.25 16.84 14.84
Proline 5.64 5.02 4.71 3.91 3.67
Glycine 9.53 8.90 8.03 7.35 6.49
Alanine 6.84 6.75 6.64 6.58 6.96
Cystine 0.73 0.74 0.61 0.58 1.13
Valine* 515 4.95 5.04 511 5.39
Methionine* 2.34 3.23 3.41 3.87 4.22
Isoleucine* 4.40 442 4.36 4.70 4.10
Leucine* 7.79 7.87 7.94 8.44 7.52
Tyrosine 1.01 1.82 2.23 251 2.89
Phenylalanine* 4.09 2.93 3.07 3.19 3.56
Histidine* 1.72 1.93 212 2.18 2.29
Lysine* 8.16 7.92 9.09 9.85 1216
Arginine 5.94 6.35 6.47 7.22 10.07

Essential amino acid 33.36 32.69 3444 36.37 3851
Total amino acid 100 100 100 100 100

* Essential amino acid

- 18 -



2 wAE g Wkl Eeg SheREY FA% $EF GPC columng
AbE3te] HPLC oA ZAVS}gTh Fig. 3o A et o] YFPI & 23,000~10,000
Daol &A1 9le] Bxme] ged, 8 HHo2E 15000 Da, 13,000 Daoldd
o YPFII & 13,000~6,000 Dad] gAMLl £x=Hof qllon, 8 fEoZ
= 9,000 Dac]lx, 7,000 Da ¥4% HHAdE EE=Ho AT £& YFPII=
6,000~2,000 Da2] AR I e, F3 JESZE 5000 Daol
Ao YFPIVE 3,000 ~900 Dao] A8 el EXHo Uden, F8 Frew
T 2,600 Dac]%1, 800 Da ¥A&F HYd= HEE Stk 2281 YFPV 9
Me Bapz Hert 900 Da ~300 Da o]gjon, 8 R o2 800 Dax} 500
Da o] tf#2& 243194

1. Gua AApaEe) g3 m

4-1. o 717 E2 2 FM5EEHS BB gaksA

& 7 ShsREEE HMIANA @e Ado) uis) TBARCIME
1%~56% A% Fustele] Hojd Ao veuth Ed Ad FUIA a
-tocopherol#}2] Hlawo| M= pepsine.2 FheEsAZ TheRaiEe 247}
-tocopherols} 4§ &418t ®3tE RYew, MICER a3 7eEafE
Sole HERAES BANAA 2 dzIFRT BRPE B G4

gt} (Fig 4.).

o
of o

o
£
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Absorbance at 230nm

T T T T T

0 5 10 156 20 25 30

Time (min)

Fig. 3. Molecular weight distribution profiles of YFP I, IO, IlI, IV and V on
HPLC with GPC column.
HPLC operation was carried out with deionized water as mobile phase
at flow rate of 1m¢/min. A : Albumin (MW 66,000Da), B : Carbonic
anhydrase (MW 29,000 Da), C : Cytochrome C (MW 12,327Da), D :
Aprotinin (MW 6,000Da), E : Pentaphenylalane (MW 753.9 Da). YFP [
MWCO 30~10kDa, YFPO : MWCO 10~5kDa, YFPII : MWCO
5~3kDa, YFPIV : MWCO 3~1kDa. YFPV : below MWCO 1kDa
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YFPII

YFPIV

YFPV

WuQE7 18 92UBqQIOSqY

30

25

20

15

10

Time (min)

continued
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05

—&—— Control
= Q- a-tocopherol
044 ——F—— MICE
— == Alcalse

E — - —  g-chymotrypsin
o -— —0— -~ Papain
8 0.3 —_———— Pepsin
® —C—— Promase E
o el Neutrase
§ ——~&-—— Trypsin
2 0.2
o
@
e’
< P

0.1 i

-
s e Eoaes St
0.0 & : L T
0 1 2 3 4
Incubation time (day)

Fig 4. Effects of antioxidative activity of hydrolysates of various enzyme from

Yellow Fin protein in linoleic acid autoxidation system measured by

the TBA method.
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Ferric thiocyanate ol 93] #ES A= 715EHES Hrlelr g2 o
2TEY 13~50%F % Holdth 343318 598 YehHET, 94 pepsine g B
AT ThrEaiE Hrbrel A AU a-tocopherolst AN Atz &
}E Ve (Fig. 5). Radical scavenging acivity (RSA)e 20~58% A% o]
#49< YERAAA T, a-tocopherold] W& e gasi=Ee Jeh)id (Fig. 6).

42, Fhael @A FheReE e sy

7hAE] A vheE sl g F43E L 0:1CE Z2AY FerdN A4E
DEAA Bla g A, linoleic acidoll M 2] gatziale 2 7l5RIES H71A|F)
A Fe A5 WlE TBAHCIAME 30~50% 719 48 aaE Jghygon
(Fig. 7), ferric thiocyanate® el e 30~70% AE Fatsdo] Zrialgdn (Fig.
8), radical scavenging activity (RSA)= a-tocopherol Bt} g &3 fa=
e LTt (Fig. 9).

YFPO 3 YFPI, YFPIV, YFPV o] TBA¥ ¢ ©g gatsla 2o A3 3
g#?1 a-tocopherole] HIE P S 37%Fx Fe Fgu3HFL ehyglon),
YFPT ¢ Z$ole atocopherol®d A8 3a8lEsnE  JehQch  Ferric
thiocyanate *§ ol A= YFPII, YFPIV, YFPV %% a-tocopherol R U}E e 3hak
38 HHT YFPI 9] A$olt atocopherol®t} wte &ialaye UYehfYot.
RSAd|A el #ateld 48 dhREY B3o] atocopherolbth e, 63~38%74
=9 radical scavenging activityE E?&E}.

ol’del A M, AdAE st AN YFPI7F 718 £ 343
g7Z vehf ek Bishov 5 (1972)&  AYP (autolyzed yeast protein)@ HVP
(hydrolyzed vegetable protein)o] Fxof ¢ &&= primary antioxidant #+3 1
T3t Ror, Yee T (198002 T @9F9 pepsin 75REfES Fisty 27
oM tz-re vlaste 80% A% F4H F4EHE BUct Yamaguchi 5
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Fig. 5. Effects of antioxidative activity of hydrolysates of various enzyme
from Yellow Fin protein in linoleic acid autoxidation system

measured by the ferric thiocyanate method.
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Fig. 6. Radical scavenging activity of a-tocopherol and hydrolysates of

various enzymes from Yellow Fin on DPPH radical.

A : Alcalase, B : Neutrase, C : Pronase E, D ; Pepsin, E : Papain,

F : a-chymotrypsin, G : Trypsin, H : MICE, 1: a-tocopherol
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Fig. 7. Antioxidative activity of hydrolysates of MICE + pepsin from Yellow
Fin protein in linoleic acid autoxidation system measured by the TBA

method.
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Fig. 8. Antioxidative activity of hydrolysates of MICE + pepsin from Yellow
Fin protein in linoleic acid autoxidation system measured by the ferric

thiocyanate method.
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Fig. 9. Radical scavenging activity of hydrolysates of MICE + pepsin enzyme
from Yellow Fin protein on DPPH radical.
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Aste Fasde] g2 obvbmAbEd o8 d%g @i, HESoME 1 T4
ohullcite] A& YA s sl AHFHAAE Aoz AAHY s
B &l s Es RSA o2 AWsrle sty gdHg.

garglEo] 71 & 23 MR EE (YFPI)Y H7l Bd waE ity
S =8 A3, TBAYY 98 =AM 71589 H7s =7} linoleic acid
of ths 01% 05%AMe 3 T8 Jehix Zgdon, 1%4 o
-tocopherol#}t A A8 E - WEP QAT (Fig. 10). Ferric thiocyanate] o
oF FAME 1%A4 ¥2 dMERE Jehle F9E Yy (Fg
11). ReAdM = 7t alE e H7texrt 1%Y W & X vlg) 713 &
F4Ae B (Fig 12). o128 Ze VY= Friser) e Ffes
AHE AAY HJAE7 HH=Y Gag e G4 dE¢E nHA gAu, 9
B=8 1% A71stae o del=s) 48 ws} a3t ade] L vF
T Tas sy gARA ZEEy] WEelgy AZEY, B AFdA si4E
e Fasdd fe AMEEE 1% ol 4de & + Ak

Bishov & (1972)& diF ©Wd 735 sxd ulg 438 A
g A, 0.0IM ~02M xR A HE =7} T2 Fvl wal kst ol
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Fig. 10. Antioxidative activity of YFP1 at various concentration in linoleic

acid autoxidation system measured by the TBA method.
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Fig. 11. Antioxidative activity of YFPI at various concentration in linoleic

acid autoxidation system measured by the ferric thiocyanate method.
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Fig. 12. Radical scavenging activity of YFPI at various concentration

DPPH radical.
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Z7HchE HOsEs, 4 5 (196 ARy A3d AeraEe drhss
of mHE HaRY NN KAFTF el 10% A7 FRA Ao Pt
A7 Uedoy Bud o Aok B9 9 Q00hF & oA A@ ket A
23 MFRAEY T2 1% 2% W 5 o Ao gastass dehpud
o oRusch oldF e 4 shraEel dRE faAwn AArri u)
%3 FRolq vehde Rz,

trEsied deERE HES) 9s ¥ F43AQ a-tocopherolst B
8 Ar8A] TBAW: ferric thiocyanate®e] )3 dzge 23 Ax,
linoleic acidell a-tocopherols} 7}=E3)8-& &7 H sk A4S, a-tocopherol7H&
A7hg H2FEG TBAYONE 2E 71483 89| a-tocopherol Ht} && &
e A5 aATE JeE AT} (Fig. 13). Ferric thiocyanate Mo ME T E 71542
HEAA 80% o9 w2 FANFEARE YehNAT (Fig. 14). o149 Ael|A]
7HAte] deE AR ES AR HAF48 A atocopherol® WEA] o}
& AeEAE JEE ¢ £ d9.

Bishov 5(1972)& #}7bas] Euwwizd (AYP)o] 7h4Es2S BHAS w4
AAgsle] B5EAE FESF 2, 0005% BHAC 025%2] AYP 3 7bAlel 0.02%
BHA T:xt} 269 A3 898 RYoy Busiga, Yamaguchi 5(1979)2
a-tocopheroli} 7h¢E-a-& 10% o]4e] tiFvtWd 74 R 5o Alsatgo
5 Bustgth E¢ Yamaguchi (1989) 5o, S 8719l alalel &
1 Fo| 7hEHEF a-tocopherol 7o} FEANE HESF A, RE Jl5E
Aao] vud g2 4sEHE vehdtha Rusgoen, Bishov 5 (1975)L
Aedad A5EHdE HVP)Y A7iis) 52 9wz (AYP)S BHT, BHAS
DA AHERS AR, 3%olde FxRelA 50%0) el AEARE BYTy B

]
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Fig. 13. Synergistic effects of a-tocopherol and hydrolysates of MICE + pepsin
from Yellow Fin protein in linoleic acid autoxidation system

measured by the TBA method.
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Fig. 14. Synergistic effects of a-tocopherol and hydrolysates of MICE + pepsin
from Yellow Fin protein in linoleic acid autoxidation system

measured by the ferric thiocyanate method.
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FUHAE AYA7 ez dehte Aes foEt,

5. F4stA HAel=9] B4 - FA

zZt gAE g g YloA B viriRdEE FoA dasE el w2 vt

wolEolA 7bg A% @ddEEe dede @d fE=tts EosA H¢
ion-exchange chromatography, gel chromatography % HPLCE o]&3lod £

2

3l ch. WA SP-Sephadex C-25 X & FZA|Z] column (g4x40cm)el) A58
SmbE Gelste] FEY FEY PN S FAT AHE Fig 159 el dch
ol wEFR7} F2E ZPo| 20mM sodium acetate buffer (pH 4.0) 175
g2t 1.0M NaClg9 300mest TL3 4389 300mE At LA
S es EeEle 9 A e EeE Esdt A HES 44
Z% 5, TBA Yol o3 g ds FAT 23, JF M (130~160)7} 7+
Hold gathga g Jehfi sl

Fole Azvtead e FHE FoAAM Il Hold A =Tt FFH
ol Ay HE Mo TZANZXEEL bufferd] X9 F, EHLA7L B 3,000~
80,000Da%l Sephadex G-75 X2 FZAIZ! column (25x90cm)ell 50mM

olf

sodium phospdate buffer (pH 7.0)2 #H¥3#A|7] o5 GCradFrac System
(Pharmacia Biotech., Sweden)& AM&-3ld & 718 & (II-1)S Eosigon,
o) ¥ PN Y A3 o] FRo|A Fole AmEnANY F¥
Mol MEtt & dds=s el iokFig. 16).

Sephadex G-75914 2|3 & FolM Faatdol 718 3% 8L 542
Az8 &, ODS columne] #A& g HPLCE o] &3l H,O9) acetonitrile 890

at!

2 A8 T Fuly (0~50%, 40min)e.2 2 A|A (2mé/min) £ 3 A4S
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Fig. 15. Separation of YFP1 by SP-Sephadex C-25 column chromatography (lower
panel) and antioxidative activities (upper panel) of the fractions (I, H
and [M). Elution was performed at 1m¢/min of flow rate with a linear

NaCl graidient (0~1M) in 20mM sodium acetate buffer, pH 4.0.
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Re-chromatography of fraction M on Sephadex G-75 gel
chromatography (lower panel) and antioxidative activities(upper
panel) of the fractions (M-1). Elution was done 1m{/min of flow

rate in 50mM sodium phosphate buffer, pH 7.0.

- 38 -



Fig. 17 e lilch 402 B8d g39 gas4Le 248 Ax M-1-10] 7}
G oot Fiag e By, of ¥ S tA HPLCE &3t A Ealslo
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A Aot FAFAE Y FH g Fasiol 5L BYL vitamin
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4% AT 249 £ FHe 125% SDS-PAGEWLZ sty 1 An
& Fig 199 JEIRTh QA% 238 23 & 719 band¥ eh} 53 B
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&
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Abgstel olm 248 HE AA YR BALe 13 kDaz et
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Fig. 17. Reverse-phase HPLC pattern on a Primary 10 C-18 column of active
fraction I eluted on the Sephadex G-75 gel chromatography (lower
panel) and antioxidative activities (upper panel) of the fractions (II-1-1,
M-1-2,1M-1-3,11-1-4). HPLC operation was carried out with 50%
acetonitrile as mobile phase at 2m¢{/min of a flow rate using UV

detector as 215nm.
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Fig. 18. Reverse-phase HPLC pattern on a Primary 10 C-18 column of active
fraction Mi-1-1 eluted on the HPLC (lower panel) and antioxidative
activities (upper panel} of the fractions ([I-1-1a, [I-1-1b). HPLC
operation was carried out with 30% acetonitrile as mobile phase at 2

m¢/min of a flow rate using UV detector as 215nm.
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Fig. 19. SDS-PAGE of the purified enzymatic hydrolysates of Yellow Fin
protein on 125% gels under denaturing condition. Line 1
ovalbumin (45 kDa), pepsin (34.7 kDa), trypsinogen (24 kDa),
lysozyme (14.3 kDa), aprotinine (6.5 kDa). Line 2 : enzymatic
hydrolysates of Yellow Fin protein.
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