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2 dFdHe TS EEAA AA%S E7] s Y FY (filleting)
3= WE] frame (Alaska pollack frame)S 83} 150 WA=
B $3% 184 2PELE oSN AFRNGS B9 Ht wg)
o] gt} EAFERE UF B0, olE2RH N & Fud
Hdo] =& Helo|=E ol2nd aBRviEDHY, A aZvEIHYY ¥ 21
e AA mZvETY T (high performance liquid chromatography)Z 2 A3}
of ot wiE-g A3 FA&U|Fe B EAE AT £F
A 3EufeFsl SHR (spontaneously hypertensive rat)E o]-&3F in vivo AFPOE
A7 usgds FRYYLAS FAHAT. ol AeBA Agpol=g
2 #Ale HEFERQ 754 AAALES 7 Az 82 AEHAT

B HF F FuEEe] Hold & HAEE FIte AVHRIAA HF
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1. AA718 Q) casein®} hemoglobinel] 3t 150 WA F8) Z&EA (MICE)Y]



I{FEHE =2A3Et. MICEY {84 E caseino] thdte] 0.65 U/mg
protein® 2 JE}} S W, hemoglobinel] th3le] 0.24 U/mg protein® 2 YEFR
th o]AL Kim T (1997)0) Bxud FXFEFNA FE53 2HL 9 casein
2 hemoglobind]] )3 {4 o] 0.54, 0.197 U/mg protein BT} F2 FX]°]
.
MICE (makerel intestine crude enzyme)®] 34712 o] it &4J2 trypsin
9] ester 34 7]A<Ql benzol-L-arginine ethyl ester (BAEE)o] th3t &7 (6.456
U/mg protein)o] 7} ¢ ow, trypsin®] nitroanilide A3 7]1A<)
benzoyl-DL-arginine-p-nitroanilide-naphthylamide (BAPNA)ol| tjg &4 0.124
U/mg  protein® 2 Bl F 2okt a-Chymotrypsin®] StA 714 ¢l
benzoyl-L-tyrosine ethyl ester (BTEE)$} acetyl-L-tyrosine ethyl ester (ATEE)e]]
)3 MICES] &4 5.660, 0.856 U/mg proteino] Tt o]& 3 Atz E ),
5ol WA vl BEs TAHL AP 225 ¢ F Uk EF, °]
#3 150 WA FEALE trypsin ¥ a-chymotrypsin®] ester 3437129
5013 #4E Uehll= proteinasert Bol FHEHol JFS ¢ F ATh

2% 1% WA fFdl RELE FE/ZAA gl AL TR s 9
5 pH Z274< AEF A7, 9de 71324 e 715E38]&L pH 100, ¥
T 50 C, 7138 % 1%, 714 o &44H] 50 : 1 (ww)o]iL ¥F& A7+ 12 h

. 7MREEINEES oA wer A EAF AvEzE EIsa ojE9
AHEEE FHT ZAH BAF HH7F 1 kDa 0|3l APH VoA 713
< s e FudGEd S et
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CAEZAES B3t WE frame e ks HEelol=o MEERAHS HES
£ An, /teEAES 2718 ToAE EF 100% o3 AEES AL
o, 5 mg/mle] ¥XoA APH V (1 kDa o]3h)e] A9 119 %9 AEEL Y
BRI Rith @ebA, B AFd AMRS MG EHEES WY AR A4S
YEI A 458 ¢ & AT T3 +BHPY TEH AX At} it 7t
BalEo s 8S 3% A9, sigEAE AvkTol nAEskz Bl
of 15~28 % A= AE HEge] FUFE E 4 AUMUTh APH VIE
+-BHPZ fkg A EZHAte] st 7teEalEe Fxo e 3t a3is
AES A7 1.0 mgml G o 75 %] AE YE&S Uil Aoz v
STt

U
ot

TIPS JelE Hgol=g azvEOYAE o] &3t EHAA
st om, Al 882 Dacz  YEhyga ojrkxit NI
Phe-Gly-Ala-Ser-Thr-Arg-Gly-Ala®] &8 719 olm=2to gz FAEO] AUt
A€ etel=9] ACE A 3] #8l& Lineweaver-Burk plote2 53§ 23
non-competitive inhibitiong WVEMJU T, HEF Fu ¥t A o] ICs gkol 1.47
IME o} 53Tt

o
fr

e

. AHAFHo® u¥tS F2A|7] spontaneously hypertensive rats (SHR)E ©]-§
3tod in vivool N FRI(EAYE Z43817] AsiA AT 1 kgD 10 mge| A
Elo]l=g ATFA 2, AHE AASAY captoprile] EHETE o
& doy B & 3A47 ¥ 23 mmHge] <t A8hF dERT mhebd
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B AR AFREY )54 FAELEAVRE Az ekl AR
4 AEOTH FANBHAN WH famed] HERAES oG or, &
42 JIEEEE A3 APHV SRAA 4 958 FABYH FuY
0] Jeht ol8 149 Az 92 RS

(Al 2 AH-FAA] FEYrtFRAE] o] &3 JTA 39 A

- AARE oI F AFNX FUTF F (Crassostrea gigas)yE F3) FHAE F 0%
E &5 WM g3 FAE FAHSA £2FS 25 % (ww)HA H7HE F 20T
M SN2 F 4EF g9 dazvds s N8R AHEEA
axzmde A Az 210& HAEI] 3ty ¥z & I8
9l

B

C® gaExede A olu]ixile] AL plutamic acid, aspartic acid, glycine,
proline® lysine®] F&Fo] HImA Zorow, SAr7re] Aol uwiE)k
threonine, glutamic acid, alanine, lysine®] &2 7+A 3} W, valine, aspartic
acid, phenylalanine @ leucine®] ke =7}3lgith. 9o W& F A F R0
A9 felotnmit ZAEAY U Ax, g¥d ©E 2 ol YA
H F97335, 18 HES € ARA T A9 fES AY75A
ofuji4to Z B A taurineo] 14.6% T EL TS YRR T
L 2 glutamic acid, alanine @ proline o] ®o] 38-5o] YA} Taurined]
dFol ¥ 2 dazvdoz HA 754 17 ARA 2 o] /Y
2o 2 dazvde] d4adEde] F$ $EAAYLS AYHA ATPY %
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& Z0]E1 ADP, AMP, IMP, inosine % hypoxanthine®] 3&ko] ZF7}5H L
o 53 dasAoe] Ad4E IMPY ¥o| HHEHIUG IMPE I AA7E A
o] AEQ mul olel do wlm3 ¢S glutamic acide} ZE ofw]imAb
3} FEA B A5AES dodle AR IEA o] Y AxA 1
AR ggo] vloEnh o9} o] A7zl wel g, Fe ol
WE gk ole} FAo WA, R ofminit B A AEA Y ol
17} vebstoh

1

2 daxvdo 2Ry TS HED A, 1L7HA £4/2 ez
mdoA FudgTde] it FudYEA S Yelle EZS ARVE
YA o) gt ] AAS A 1 AL 00874 mgml 31, SHRS
o] &3t in vivool M9 FndEY Y FAHNAE Y AT 1 kgB 10 mg9]
ACE A&84 zvdg ATFAS 27, F4F F 3404 10 mmHge|
gehe AIstack ®=3 F Zdaxvde] ACEY tid AsjHES
7 BAA AfHES A
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Lineweaver-Burk plot

. F Tazvide] wi Fd BTN MEERE AT AH, 5 mg/mld
Ao 110% A= ME AELES He 2 daznAL NEFHO] gle
Ao yeiyth & dazmde Y o} (Hep3B), AHZ7ARS
(HeLa) 2 #H¢} (A549) A ¥ g FLEHS AT AT AY A2AA
F 15%FE FAEAHE Yerc =& & FAEP RS NCI-H460
human lung cello] th3F apoptosis®] S HEI A oF 30% F=9
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15% H7hHe ol83td 7154 A &
3 2 gu¥EG FA4E 7HA Helo|=E o] EAjste HWHIZFFFALY Wil E

FHrpslEel A9, 49, =Y, 94, Ae FREY, slh 2, #a,
ABEY, PR, uEY, 3242 9 33 A 20 A
2395, A7) 2 BEZDAL 5, 10 R 15%F A7 s154 AR
A e AzSAT. BEAAE Botel @, 42 ¢ F AW s
WY R FRWPH Ma A Fol $4HAL 53 F waEv g
10% A= Frhax FEOE 0§ Hed AR BE F AN

@ T8 O 29

A2 H¥L AT /12 2% dBol Be At AYHo| ©
A ¥ AR e] FENA Holuh ABAFH 715 HEA

HE gelst
3oslth SlFe) MAFEL HEFRop] AWNE ] dAHW 95
WS 24 Agel wWd Hoid wee T gov, §3 47
54 A2AE olgstel AW Y 3 2L A%H AF 24 ALL
skl AFHY AFAL) RS A Yok adY, Seluete 4F
AQe ATAA B AFeHNE BT B3tY A4 RE3} BpH

ATFEAR BFoz Qe Be REGQA 433 FFHo e Ro| A
ojlty. 53] FAEERH MELE 7T A&AY Mg e WY 87
of #&3kA Ratn Jon, tivkg FWNEZREH S AF 279 #3
Aoz AAsA ASA Zaa e AAolth = Il FHFRAAE o
FE ARSES F2NFES T EFNFES Az Jdou, dFH
S AHEIA] ¥FE-A<Ql MCPD (3-Monochloro-1,2-propanediol) 7} #A8l1 4
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A1 d M E

elete] sige §ABHY dsuolr], JEAY EF 30 qWNFoR
SAQ4Re] TAEE O BAN AAE 47 1002902 FFUL @A)
4 BEMS 54, 4UBH A9 gHe AP =LA §
gHom PN 1% B ¥ ARl WAYD
FHI §AFE DB So@ AUAE ol2E 873 WR) SPYE
A RIE AZe 1%e 2 BAL G
N FAAA AABHL AR 4EF FYH FR
T AGAERRE YBAed 2 254 BA9 g4 OF
BHQ FFolet T 4 Uk AR FS oln] wA 2HS A AE
zoz 71goA AFAA ATE dhe Ao, Sl AE o}y o)
o e 72AT MES APtk A 4E L APFY vde ue

E
ld
oXx
o
lo
b
)
e
i
L2
3o,
[o
(d
hu
fg
0::
i
tlo
)
oo
ol
ox
i
i)
o,
it
i
EIF
o

Fe 3244HE (20019E)0] 3 ?g 2
Fe 4020780tk £ Y o7 ME
=8 F7F FA we FAvtEERY steed vid Skst FEFEY
o2 oA 7pF AL, oW, oy, ofF, W

Hlg §3% 2 FAVHE A g F7heka sle Aot olF FAle

TE AIRE ol 8HAY HriHolA Ade] 58H FEo] AR o]Fof
AA @& BT okl FALEANAE fLsta o E3 oA ez
AL olele] MAREE =4 5o FAFO) o) Be 84 ©ud, 23R
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= H oF ol H7IAF A AAA itk mepA FAvkE BAE
o &0l e FEYES o83t R =& HEE VT4
AE ALY dart o = fIHEZREH A YL ELL
Fol Aol ZAAH A7t wHsteg A HHEHEHAL &, o

A7 ol ol FHHo] & FAbF FAEE olg5] YBAE

B ol

M

i)

N

e
=

HT 7S e diiEdy a7 sogdd wel auide] 74
Agstels @77 BL3] o)FojAx gloH, S Gy R E &
A= AEY Feol=g gdo] B3 AFE AEHI Qlth (Whitaker
S, 1977; Kinesella 5, 1987; Quaglia 5, 1987; Casteels -, 1989; Benson 5,

‘ [Ulo

1990; Uesaka 5, 1991).

A4 Heol= Ao B3 JAls 1889Wd] Frwol wgo] Ao
A= =29 AR o) dojdtis Alglo] Ao HAS A
< ARERH Hx2 YFHAoH, 1895ddlE HE A FE2E Fo
e FeMdle €27 Fo)xES Yehe &40 dFEH At A
= SBHAY (Fujino 5, 1986). 1 F o]gjd EHEd g 3y A7
7} X o] Hefo]=A TEF 08X HZE vasopressin? oxytosin®] 3}t
TEZ7F ABHNAL, YeeE  d€d, RAgAAET 5=2E9
adrenocorticotropic hormone (ACTH)&] F%7} 3w o, w3 A
A EA angiotensin®] FZ7} BHAT. 35td Tz WHPste o)E
Hetol=A s282o2x Hxo) FAH" RS oxytocin (Vigneaud T, 1953)
I} vasopressin (Vigneaud 5, 1954) So] Ut} 28|31 19603t o] &stxo =z
T ole HAEol=EY HHFPE ATF A, vasopressing 7] F3}R
9+ oxytocin®] AlFgE FETHRES HEUR e, T3 oxytocind
oF3HA| vasopressin®] FolnFES R HA FE2EAA B35 vFe B

del EAE A7) HEA Aoz ofHUL AHBAFLo] o5 HElol

of

o

-2 -



= BAAH FxAA 7IldE Aoz % , Hetol =9 FFol o

o2 4884 #Aeg ddsted Pgegol=g ojF1 ' EE o=
1717F 244 Jehle Aol oidg 54 719 Feeol=ddN AP
A4 FAEE Jehlie Zer SAAEAT

vEGe I At FAd Be AATE BAEY]) W& AS7HA
Fge AFdE BEFsta ofF 1 o] 4HEA wEA A= AT
AR A Hgre FAEE 7] renin-angiotensin system¥}  kallikrein-kinin
system®] Aol §AHA &g o dgzAF BAV A7l ReE &
H A It (Saxena, 1992). Aol o] F Al&wlo] #Is}= angiotensin I
converting enzyme (ACE)S] As)A) 77 ndg XNFAZAY AL 74

kv

4N

o2 AAHI Ytk = ACEE renin-angiotensin system®| angiotensin 19| C-
weho] dipeptide® A EH3}e] octapeptide?] angiotensin 12 H A 7] EH|, ©]
angiotensin II= 723 d#A5Z28S 7AW, £3 ACEE: 34 &% &

Z+E= nonapeptideq] bradykining E843} Ao 2 S Ay Al 7=

_IR o

& 3o} (Ondetti S, 1982; Ehlers 5, 1990). 19653 Ferreirax ¥ SA}
o] EAZA bradykinin® 4L A3 7E EHC] ke AL H1g
B, 1968 do]E Vaned] 93] ACEE A#jAl7l= Edo] FY3 WA
gasYeh 1 F o] F EZe] FxAA AFFoEN FYT AEl=
Z golgith ol2 sl ACEQ AsjAlo] ik A7 &3] IFHI
Ed], SquibbAle] Ondetti 5 (1977) 2483 A7E& FY43AIQY captoprile
Aot 9lsZs FRHPTET T NWAY FFHE] EAFLE
AT et olE FEslr] A8 thdd captopril Fr=ATF FALHIU
o o] g3 FEEY) AT olHT FAHES HA] AMA
HAZoe amde] gi3 JMeRAEZREH FHs= 04?7} s 3y
Hi ﬂ——ﬂ] casein ¥3||E (Maruyama 5, 1982), zein (Mlyosh1 5, 1991a), o}
= (Kawamura, 1989), B o]g]% (Suetsuna %, 1986), 7}t}@o]H (Kohama &,



1991) 2 WA (Fwjii &, 1993) 5] lon, mAE #FHel ACE A=
Yamato 5 (1986)°] A3 Streptomyces K-263 Koguchi 5 (1986)0] w7sH
Actinomadura spiculosospora 5ol F&3 FEEA ACE Asf&do] Ytk
I Buglow, 53] Streptomyces K-262 in vitroo)| A} captopril®] ACE A
NBHT vEH BAL GRS Sk

Tl 848 (A 5, 1995 &, 1997), #3 (2 F, 1996), 24 5
S7bFRHE (0] §, 1998) B 2Fo] (Suh F, 1997) Tol #E A+=
=] o

2EStA] (antioxidants)= 4HEME GAIE AV A ATl ERE TIH,
oo thelk AL 19403t 2E4H3} (autoxidation)o]] gk A7} o] FoiZ o]
W2 AFAarst A A7ke wdtojAgts Edda A3 Ay EH g
Davies (1986)= A EA A2l AF3}lZ <l Hlo]7]Z-S primary defense system¥}
secondary defense system© 2 1}21T}. Primary defense= A]&3}4kst HE3-9
HANA BPEE free radical Fejo] AL B} ST WA EEZ HEA
Aoz A Ao A3 43S wrA|8lE 71202 chain-breaking antioxidant
2}31 =8}  a-tocopherol, gallic acid®} 1 -FEA|, flavonoidA) ¢} 3+H4+3F a4
Q! superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) %
o] «7]d] &3ty o)9lE= =] secondary defenset™= primary antioxidant
defenseE B ot} Ab3}A|L} free radical WHE-o] 98] =48 4L EAY A

S

¥ FHHEE AARI] UG repair sysemO. 2 £48 oo AN 5
o] #H3}= B A2l phospholipase A9} fatty acyl transferase, ©4FH wredz
S ®3A|7]= catalytic/multifunctional proteinase complex (Rivett, 1989)¢} 4F

33 £48 4 DNAE 83 DNA glycosylase 2 DNA ligase
(Halliwell and Gutteridge, 1989) 5o] it} dwtA o= ksl A4 4
Aot AN E EEeY, §4 F413kA2) BHT 2 BHAE AA)|

527 Fol 9L Fol 71¥L WARAY ¢ HUAATGL R o]

offl



)t} (Branen, 1975; Fujimoto, 1980). B+, A 3431491 a-tocopherolS H-
g0l Ae glo] AFH/E TE oJopEoz W solw glor} W 7}
A3 A gojgte o] &Y Agoz A HAd FASA| o] 85I
Atk whebA, A AFshA @ a-tocopherol®] thA|EH7] 913 A dSHA
A AT7F BEE ARHI AT, 7 F AFO2FEHY FAHA A7
casein (Yamaguchi %, 1980), ST =& (Pratt 5, 1972), bovine serum

it

o°"

albumin (Yukami %5, 1972), oil seed T2 (Rhee 5, 1979), wheat gliadin
(Iwami %, 1987), beach pea (Chavan %, 1999) % zein (Wang 5, 1991) 5°]
ATH

JEpe $YULE WEP GRE SFASC FAUT UE VBANEF
oz o7 287 AAY, 4oz B ASL AR Bk FRAE
AZ, A%, g So| YAW Y ¥ AHEA S8 FEE

A gelth. Zde J1E ZnNFoly] W) AR AWl Wl
A% WY + 9 4Folth WA HET S5T e HAW
$ Fash

X
Al
o,
i
A
oy
2,
e,
™
i)
iy
2
20
o
N
N
N
N
2

Chung 3% Choi (1997)= WFLEAFEL o|&3H in vitroo] X FAHE 473
AA HPE AT A Li210(mouse leukemia) M EFNHE 50%2 4%
AA &7t veldoa stgen, AgEEe Frtd wet 4% A A
7b ettt Bast gt

9, FUAFUAE 19609 FATxe] A5 SO EAske] ¥l
A AR Farh 7] ARSHEN 196239 HeYRTANERT
o) MYl P FEUHL AT FAFel UL TFYFEES

-5 -



dEA Y 5 B2 d& AFEAeH, 70ddols ARGl ALBHAH Ta
AA S HPo] &3P o), 1980dUl= HFS U] NS 2B,
1990 dth = 2HE8)7+&2] MCPD (3-Monochloro-1,2-propanediol) I+5 28 A}
3 2Q FA7E diFEo] ojrY hg FEF, AARNE & V43t
Fog Al #4lo] FuHy ok Eg, ©
7hEAFIY 2R E, AHF, SPAE 5 VIE o
Ha 3, Il E A gAY AVFRAES o83t e dAo]
o 2y @A S 4oy ¢EelR st & 7% tryptophan, cysteine
I 2L IF opviito] £A" ¥k ol lysinoalanined} T2 FA4 o]
Ae FAHEo] AAEHY dES vES 7r] AT diide vt
B EY A ZAVF diFHT Atk =3 BAEG] dPo R A F
&8t AEE AA] AT A77t AY o]FoXA ¥ U

T2, & AFAME ol EAFE WA st aFol W



1

A 2d A=z 9wy

0

1. 4=

PEE AME-F e frame (Alaska pollack frame)S HAFZSIA] M) o
(F) HET 7T FLZRE filleting 3, 92 FHAR frameS A)F kol -2
0Tl WEEASAT 5ol WF fel ZELE FE317] Hsix 7R
A G A FAE AR A Fe] UAS Fgste -70Cel AT

Za A0 tigk HA7]Z<Q  hammarsten casein® Merck Co. AEE,
hemoglobin2 Sigma Chemical Co. A|F& AFE3FHT. T3 FA7EAA
BTEE (N-benzoyl-i-tyrosine ethyl ester), ATEE (N-acetyl-i-tyrosine ethyl ester),
BAPNA  (N-a-benzoyl-p.-arginine-p-nitroanilide-naphthylamide), BAEE (N-a
-benzoyl-r-arginine ethyl ester)== Sigma Chemical Co. A& A}-8-3}H .

Rt 7oA doj JtrRSEREYH A Heel=g w1 A
7] 98le] A8 SP-Sephadex C-25, Sephadex G-50 2 Sephadex G-25 59J
HEol= AHA-E X Sigma Chemical Co. A|¥, HPLC (Thermo Separation
ProductsA}, Model Spectra System P2000)2 HE}o|=& £ AA3=H L
St HPLC-E acetonitrile®  Fisher Scientificollx] FU3te]  AL&39
reverse-phase ODS column (Macherey-NagelAl, Nucleosil 100-7 Cis, size: 10
x 250mm)E AHEste] HFE EElAA shA o

FEESESY S A3 Fdoaer &AX]= Millipore Co. (Bedford,
USA)ZHE Fdstnen, AHEE 2o A% FAIMSY (molecular weight
cut-off: MWCO)7} Z+z} 10,000, 5,000, 3,000 2 1,000 Dag A}g3I{ ).

ACE As&4d =Ho| Al8% angiotensin I converting enzyme (ACE),

Hippuryl-Histidyl-Leucine (HHL) % captopril 52 SigmaAlo]Ax] FUSFAT



23l &4 =Ao] AREE ammonium thiocyanate, diphenyl-picryl-hydrazyl
(DPPH)= SigmaAte A F91ated A&t o, #%< linoleic acid (v
99%)E  SigmaAlo| A, tetramethoxypropane®} tHZF  &ARsIA|Ql  BHT
(butylated hydroxytoluene, =% 99%)%& Flukar}oll A, a-tocopherol (£% 95%)
& M EEDANN TR AT =3, AEsdA MY FEEEEE S
317 98] AFR3 A ZHAE (Chang)e FFUistn ozd)st oF2]dt w4l
A HFwrol AL&35lg 0w, CCK-8 cell counting kits= UE DojindoAtZ 5
B FY3ATt 1 99 tert-butyl hydroperoxide (+~BHP), MTT (4,5-dimethyl
tiazol-2-yl-2,5-diphenyl tetrazolium bromide), Dulbecco's modified eagle medium
(DMEM), L-glutamine, dimethyl sulfoxide (DMSO), ethylenediamine tetraacetic
acid (EDTA), nitro blue tetrazolium (NBT)& Sigma ChemicalA}Z 5, fetal
bovine serem (FBS) % antibiotic/antimycotics= GibcoA} (Gibco BRL, Lifé
Techno. Inc, NY, USA)ZRE FUsgon, 1 9o RE Ate EAE
EFA %S FUs ARG AT

21 5ol FogRE xate F&

T50] WA fHY vild BEFiAE Kim 5 (1997)9] ol ueh 3
&3l (Fig. 1). &, 159 WZE A A2 F, 150 WA disty
#=8 A (20 mM Tris-HCl buffer containing 5 mM CaCl,, pH 7.0)S 24 7}
F FArrste] TA7)Z 9,500xgol A 287 28] WHEsle] FASAAL. oA
S 40T F2FoA AT T A F, AAEF (9,500xg, 20
min)3te] o7l AFZ Ao FF acetones H7F3te] 2T WAHAX 6413
¢ AREY T AFAES AT oJRAES oAl EAEH (2,370xg, 10

% o

A, H4E BRddy 244 wRd PR

I
[--]
1



Minced mackerel intestine (2 kg : water content 81.35%)

Homogenize (12,000 rpm, 2 min, 2 times) with 2 volume of 20 mM
Tris-HCI buffer containing 5 mM CaCl; (pH 7.0)

Activate (40C, 3 hr)

Centrifuge at 9,500xg for 20 min
Supernatant

Add with 1 volume of acetone
Stand up in 2°C refrigerator for 6 hr
Centrifuge at 2,370xg for 10 min
Precipitate

Add with 1 volume of 50% acetone
Centrifuge at 2,370xg for 10 min
Precipitate

Add with 1 volume of D. W.
Centrifuge at 9,500xg for 10 min

Supernatant (mackerel intestine crude enzyme; MICE)

Lyophilization

Fig. 1. Schematic procedure for the extraction of crude enzyme from mackerel

intestine (MICE).



AASI) A3kl FF FREE A7l YUY (9.500xg, 10 min)d
F 2 4FAL SRR 20T AFF] T2 mFo] WY FA
=

84 (MICE : mackerel intestine crude enzyme)Z. A}-8-3} 5 Th.

oX
I
X

221. AA7|Ed AE X £H
AA7)1AQ caseindl] WF RFEA
(1938)8] wWeell uiel A3t
o] 0.1 M sodium phosphate buffer (pH 7.0)& 50 ml 7}3}x 100C Y 34
Zo| A SEZF 71E%lY FY gExgHow 100 ml2 ALt A=Y
HES- &l (&5 1.5 ml + 71 &L 0.5 m)o] 0.5 mle] EALAE 71351
incubation (40°C, 20 min)A)Z]l &, 2.5 mle] 5% TCAL N L 718l wHeS A
AAMFIEL ALoIA 3083 BT b, AAEE (1,500¢g, 10 min)3hAct.
of AL FFH 1 mE FH3ted 2.5 ml9] 0.55 M NaCOsE 7}8kar 3u)
3] 3t Folin-phenol A1¢F 0.5 mlE H7}8t] AL0)A 3087 XA T,
660 oM FBE=E Y3 AEE SHIAY. 529 FHEE Fol
A gz ANA 1 mge] asxdwAo] w2 A7t ()3 1 pmoled] tyrosine
A7l 4 1 uit (U)E} 8t 2784 (Umg protein) o2 e ).
2 AYdA L/FBFY AL ts 4 wsith

250 RN $3F 2EL9 B
9] FHFEA (specific activity)> Anson

714 882 2 go] Hemmarstein casein

FB= (374, 660nm)x0.4128x3] A u]

Specific activity =

(U/mg-protein) 418 A 7t/mg-protein

(2, 041282 8] tyrosine®] $# FFE (660 nm) 7+e] TA oA T



{

ST B EA A
Y

22.2. 37140 dig §HSA

2.2.2.1. Trypsin°l tidt FAA71A 0] &4 =3

Nitroanilide 7]@ o] 3t #1242 BAPNA9] tidh wkgaA oz JelA
3, Erlanger 5 (1966)e] oz =2Ast¥ut. &, 100 mM Tris-HCl (pH
8.0) &doZ WE 0.5 mM BAPNA 0.95 ml9} &89 50 plE WS
o2 i 30CToA 583 wHEAAES o s e p-nitroanilided]
FE EFFEA (T 410 nom)o A SASHT o] W BLAEY dHe

30CAA BHeA7F (B)F F8l5 o] 9= p-nitroanilide 1 pmoleS EATHS)

1 unit= ¥ 7)8}] ).

3% (34, 410 nm)/minx1000x 3] 4] H]

Specific activity =

(U/mg-protein) 8800x ¥ A T (mg/ml)

(&, 88002 p-nitroanilide?] {FA4Y)

Ester 7]&o] g ®sBAS BAEEY Wisld A3 100 mM
Tris-HC1 (pH 8.0) € o2 ©wE 0.5 mM BAEE 095 mi¢} 8489 50 pE
HEEEdo gz Fa 30ToNA SEL WA F fEEHA dls
benzoyl-L-arginine®] %S 34 253 nmo|A &3] O I/FEAHE AL

At

F3% (34, 253 nm)/minx1000x 3] 2 1)

Specific activity =
(U/mg-protein) 1048xH 2 75 = (mg/ml)

...11_.



(&, 10482 benzoyl--arginine®] FFA4+Y)

2.2.2.2. a-Chymotrypsinol] 3 A 7129 84 =H

Ester 7] it 9342 BTEES} ATEEo] i3 Eaj@d oz =HIY
t}. BTEES] w3t &4 Hummel (1959)¢] Ho] uje} =A3}gch =
25.6%<] Wer2S FH3 100 mM Tris-HCl (pH 8.0) €40 & ¥rE 0.5 mM
BTEE 0.95 mle} G489 50 plE 9HEEFHO R sfa1 30TolA sEE ¥
SAAHE °d FEHo] L= benzoyl-L-tyrosine?] %L 37 256 nmol A
gt 1 1/H8HE AstG

-

¢

A

E 3= (3%, 256nm)/minx1000x 3] A v]

Specific activity =
(U/mg-protein) 964xHHl A F T (mg/ml)

(&, 964+= benzoyl-,-tyrosined] & 3A4<)

ATEES] @ @4 BTEES B4 34 PudAs 2o weznoes
ZHSQom ATEES g pagge w

oo
ol
2
Jo
AL
Ll
2
v
to
rr

3= (34, 238 nm)/minx1000x3] A H]

Specific activity =
(U/mg-protein) 2250x A 5 = (mg/ml)

(&, 2250 acetyl-r-tyrosine®] &3 7154<)

3. BY frame G o] Ui A Rz A PE



& Soxhlety, Z ¢l

A5t

ey
flo
&

=

8

¢

3

7
o,
N
=
2
N
.
M
rlo
N
el
ol
ot
g
(o
b
e

i (MICE)E ©]8% WH frames] 7teEsit
(degree of hydrolysis: DH)= 2} frame 1 g& 9428 100 mlo] EAHAIA
1% 71Agdoz dto] 714 of E4H7} 100 : 10] HEFE g F 40TelA
1AZE WA ZTh whgo] FEHA HHEEFEANA 2 mlE Hea 7]
20% TCA €9<¢ % IA71ste AR (2,370xg, 5 min)d o, 4354
o) AFFE FHstA Lowry P2 10% TCA 7184 Aa%gFe FHT F of
H o} Zo] 7tFRAEE ALt

10% TCA 7}-84 AL

NHrERAE % = x100
FHALF

33. pH a5}

HE framed 7}5E =0 i3t pH &3+ 0.1 M glycine-HCl buffer (pH
3.0~4.0), 0.1 M sodium acetate-acetic acid buffer (pH 5.0~6.0), 0.1 M
disodium hydrogenphosphate-sodium dihydrogen phosphate buffer (pH 7.0), 0.1
M Tris-HCI buffer (pH 8.0~9.0) & 0.1 M sodium carbonate-sodium bicaronate

buffer (pH 10.0~12.0)8 ZtZ ¢F8&Q4o =2 3l pH A& HESHT-

34. &5 g 53}

- 13 -



HE framed] ZheiEEe et 3 pH st 2=E 30~60T7}
A | 7IHA o]E9 HF 2%

35. 71d 5% digt ax

BE framed] 7lpiaxe] digh HH pH 2 &% 27 oA V|2 FE
E 0.5~3%71A WHIA7IHA JheRee g HHo V|dsE aHRE A
E3Ad

36. 714 o Eivld Y@ &5}
B frameo] ZheEdizc] tE HF pH, &&= B VAF= 243
71 O E4HE ASATIEA O R EE ARSI

7. @A e A
We) frames] 7p5EHAES) h HH pH, 2%, 714 FE 2 /1A ) &
2l ZASNM WAL 1, 4, 8, 12 © 2447 B AIAY F 2

o SrrIEE BRI

3.8. E] frame @A JlE g EAFE £

BH frameS T F, SHES BYsted § 100 g RAXFD) 7
w3 HH 2N JteEEtdTh RS whE F, 10T A4S
E3AYHAN T, FEHS AR (4,650x)dtq 3|t X
(ultrafiltration membrane system)& o]£3 o Exlgk &A (molecular weight
cut-off : MWCOYH 7} 22} 10, 5, 3, 1 kDa?l W& &2 SHANA 747
T8t THAAxE F WA EH NEE AESAT

4 AFEAE AP FuFRAY 23

_14_



4.1. Ferric thiocyanate method

gl d sleRE B dakslg A e Mitsuda 5 (1966)9] #Heo) wE 54
39 th =, linoleic acid emulsions Osawa (1981)52] Wilo] wz} linoleic
acid 0.13 ml, ethanol 10 ml, 50 mM phosphate buffer (pH 7.0) 10 ml& &3
33, o] B JFSES|ES linoleic aciddl] i3] Z+Zt 1% (wv)e F%
2 A7rste) 40£1TCE 2EE F27|HeA AF3EA AFasE F34
Z}. Linoleic acid 0.1 mlo] 75% ethanol 4.7 mlE 7}3F ¥, 30% ammonium
thiocyanate 0.1 mlE &3I4

7 ThS, 20 mM FeCh/3.5% HCl £ 0.1 miE 7Ha ¥, 325 Ao
A EANA BRREA2 F3E (3 500 m)E St E49S T8k
o

4.2. Radical scavenging activity (RSA) &3

RSAE Hatano § (1988)¢] o weh, z4 7lwE3E 50 mg= S
mlo] *o]3, o]& 1.5x10* M DPPH/MeOH 1 mle} &3 thg A-A
3087 AT F, 517 me) M) FFEE SAste] ¢ DPPH 4= 2

L

M

43. =0 O& Ji5e =

VR EY R0 WE 3Asle =4S Ferric thiocyanate ¥ RSAZL
S &43%Y FIHY F, AFREHNES KA FF 01-2%7A HA A
Fsted 2ol &4 S48

44. 3583 33
7t g AsaFA= Feric thiocyanate ol os) 2AsR[H. =,

_15_



F A Eeted o] a-tocopherolS linoleic acido] ™8] 0.1%7} S A Hrishar, o
71 NGEHES FAZHY] %7 HA Hrpste 40x1CE 2dE T
1 Well Mgt HA Ferric thiocyanateghS 33t HETEAN 7hFEHE
o] H7}¥)z &2 a-tocopherol®} H) w3} Th.

45 AT FANA Y FI5 5

4.5.1. X Ew) <}

A4 7vA|E (human liver cell, Chang)Z fetal bovine serum (FBS)©| 10%
345 DMEMH| A4 wlkslgu). =, 75-em’ plastic flask (Falcon Co.,
England)®]] Chang cell& 10% FBS, 7.5% NaHCO; 150 pg/ml, glutamine 58.4 u
g/ml 2 antibiotic/antimycotics 4.4 pl/ml 7} $HF¥ DMEME] XA 37T, 5%
CO9l Z=Hstoll A wistAth 2~3Ywith A subculturedto] AHEFE
A8 A T

452 MN¥EAF

AE7} AF 75-om’ plastic flaske| A} WAL A ABLE, CMF-PBS
(calcium magnesium free-phosphate buffered saline, pH 7.2)2 A X3+ £, 0.25%
trypsifEDTAE A3ty MEE Zofaa wig o2 RE Hojd F AXuj
doz FIANAAN AHEY (80xg, 3min) AT FE AL pelletd] HY
FAE VI the, 2 FEoE NHEEYIY 9d AER{fYS BE ¥
trypan blueE A EFFH3} 9:19] v &2 EF3t F3An Z Aol A
2 (hemocytometer)S ©]-&3te] =334t}

453. FAJFAHAEA] AEXTEA =4
7trEHESY FAHF5H L CCK-8 assayE ©]83tth &, H4AE (Chang

cel)E 96-well plated]] 5x10° cellsiwell H =& RF3F4ch o]E 37C, 5%

_16_



CO, Z=719] wj%7]olA B
betel 48 A1ZHEQh MU MEAEES 48A%F W FAIZE Chang cell

454. -BHP F5¥ A XAt A st Ee] a9

#BHP9] =9 AMEIAte] it 7t &l axE ##Fsy] §lstad,
WA 96-well plated] TFHEE 5x10° cells/welle] %2 Y31 CO, incubator
A 2417 MFAZ T, NHFREEY FEE welld 5 mg/ml¥ H7Hg
%, 10% FBS-DMEMHJAZ A% 100 Wz -3k 37C, 5% CO9l
AN 1847 WMFSATh o MFAL CMF-PBSE AT SFM
(serum free medium)®} ~BHPE 0 uMo A FE 300 pM7HA] 32 HAF
7} 200 pi7b A H7HE o, o]E Al 1208 s¥A F, CCK-8 kit

2 §3=2 2499 1 198 FHAAL

4.5.5. +BHPO| A XA Alo] o g 7tsealEe] ¥4 5%

+-BHPS] A Z AL 3 7peEsiEe w2 A&%E FH37 A8y,
WA 96-well plateol] THHEES 5x10° cells/wello] EE& ¥Wil CO, incubator
oA 2A17F HlkAZ] TS, JMSEIES FEE welld 0.5 mg/mloA 7.5
mg/ml¥ H7}3F & 10% FBS-DMEM Hjz| 2 HAHEIE 200 plz A3}
37C, 5% €09 ZZANA 18217 wikatch of widd & CMF-PBSE A
#3313 SFM (serum free medium)d} 225 pM ~BHPE T2 AR H7}
200 w7k EA MG o, o] thA] 1208 M FAZ F, CCK-8 kit2 &3
=2 243t 1 E%E FPSAT

5. dade &4 53

- 17 -



51. ACE A3&A & T FndYTY =4

ACE A3 84L& Cushman$} Cheung (1971)¢] HhHo] we} A8t} o
Ao 7teR 5L 0.1 M sodium borate buffer (pH 8.3, 300 mM NaCl 3}
el =<A JHEEs Y 50 ploj 25 mU/ml ACES<} 50 plE 7}k 3, 37°C
A 3087 gexg3tdtt. 7)) 415 mM Hip-His-Leu (107.4 mg/10 ml
sodium borate buffer) 150 plE ¥i 37CoAA 6087 v+gA]7] & 1 N HCI
|4 025 mlE 7}3te] ¥kg-S FAAHTE whgLR-Bof| ethyl acetate 0.5 mlS
7¥ete] Dk ohg, AAEE (2,500xg, 5 minAlA Y 200 pE £33}
ATt o] FFAE &M AR g FFHSF 1 mlE 718k $3A171 3
228 nmo| A §FEE A9t ACE A3Ae] ==& ACEQ A3 &A
= 50% AsjAl7led B stEAEY T2 ALMEY ICs (mgmhE
e =

SHR/Kist

Orlgin @ Jackson Lab, {USAY ==> Kist ==> Kribb

Charact,? 19838 Wistar Kyoto rats B8E B3,
Bpontaneous hypertension modef B4 o8y
screening O ME, MUR2ENED 29

_18_



5.2. In vivodl] 93 AL 54

AHAom YL FEAZ] spontaneously hypertension rat (SHR, | F
180-220 kg, female, 6~8F8)L thA o= ACE A3 FHElo]=E 10 mgkg
(SHR body weight)] A ZAFEFo]8}e] angiotensin 12] <tol] thdk 3 H 9
AR ENE AESAT A2 3T JAF AL 045 ml (FAF &
Agel A&t A EdTE EHE AT EGe BAHE HAIHE
ASAAANZE #YPIYE SHFYeH dEzTEA AHE FFALY
captopril e AFESHATH o W HTPUSYY, 5 SBPE /1Fo2 wlastth

5.3. ACEd] & A3j =gl 34

ACEd] W3t A3 #el2 Bush 5 (1984)¢] dhyol wa A3 F,
s w9 Heol=E W Ao Hr1skal, ACE A3 4L 71d F%
2 gsld 2339t Helol=2 AU F ACEY &R
Lineweaver-Burk plotE ©] &3] *3] sjel& AA3 AT

i

6. B4 a9 ¥el, A4 L 54
»zeYe Bl G482 FnILL veE BAFEE 294 7
FEAEY 54 Healrl A5t Yely BA) B 2 ZAE I
S99tk 5 olemy A=wpEIY, Aeln AZrhETYY R HPLC 52
og3te] 72 AA wAT AUBHS FFke} P B B B
A ve) AT T, AerlsH B4 A 54, 7
= 2 7)%¢ setste AREA ol 43t

Jot

=

6.1 o] ARvlETI T 2T £

2] 33 3lA|7] SP-Sephadex C-25 column (22.5x45 cm)ol] 7F-E3A R
£ F3a, 593 SF8% 250 mlE HFARES EEAZ F, FFE
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62. AN} I ZvlE 1]

SP-Sephadex C-258 ZZAJZ] columndl|A] Edt B ZoA zF Ao
=2 RIES gxgdo=7 HEH3A 7] Sephadex G-25 column (2.5%x98
cm)ol] FUsta, gol2FE {EFAAT. 24 FYES 280 nm E 220 nmO]
AN FBEE ST F, 5AAXT §, Yo 7 BEFY Fitg F F
18 e SAHsAT 82d JE F X M =& FEES AS
A A

6.3. HPLCE o]-&3 A4 &4 AF ¥ € A

A AZvtEIHIE o]&3te R EHE FToA s ¢ Fndy
Ao 71 & AR ZTAARXES 0.1% trifluoroacetic acid (TFA) &Y
o] =< HPLCe| FU3¥tl. HPLC (Dionex Co.)olA] ODS reverse-phase
column (Shodex Co.)& Al&3lgon, olF AL 0.1% TFAH,09F 0.1%
TFA/acetonitrile2 3} XA T Fuly (0~50% acetonitrile, 40 min) O 2
SN O, 4 RS Yt 2E AES gdoez ks
FYG B A F §2F UE F B0 AW 5L IR L oy

=

6.4. A& Pejol=9 FAolu| =it B4
olu| it B8 A8 50 mgg ampouled] €3 6 N HCl 2 mlE 7}3}<]
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23 & 110THA 24X 7HEastdnt. Ealds o8t Az
3l GAke A AT & sodium loading buffer (pH 2.2)Z 25 ml7} =A F&
3l o] F ARE opv|=} AFRA|) FHste FFstATh

6.5. A2 &4 Aelol=9| ofmjt XHFA]

o=t MEe N-ZHoZRE oluibS Aeéle EdmanH{ o & F3)
3 &, 7144 AEMEE47] (Perkin Elmer, New Jersey, U.S.A)Z 2434
o & 97 AN FHHE AN opve4rE PICT
(phenylisothiocyanate)ol] ¥-ZFA}# phenylthiocarbamyl (PTC)HElo]=F T} YA
% vk FEAES
(ATZ) F=42 H3IAF7 2, o AT FE2<2 phenylthiohydantoin (PTH)
ofpjizitoz WMFAA FAHAT F& JAEe]l=2 N-Zdo] thsir 99
PGS wHEsle M EdE& AAIATH

AASE Z, XA ZAS A A3} anilinothiozoline
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A3 da 9 gz

1. Y] frameo] YvtPPE ¥4

YEE AN FHZLE e (F)UHEFA 7EF3F o2 RE filletingd
F, g AL frame (FH : 78.13%, W : 851%, & : 13.36%)% A} g yro}
20T YFRASA T AP A& o™, HE framed] §HE A
AE ez AR 243 Azt Table 1] Uebd nle} Zo] 3,
A, 2@ @ 3 Eo) FFo] 247 81.52%, 13.55%, 3.29% L 1.64% T}

r

5o WHoZRE FHlEs proteinase FEAS FEL Fig. 13 2ol

g %, 15 WAl ddtd &4FE&4 (20 mM
Tris-HCl buffer containing 5 mM CaCl,, pH 7.0)-& 24l 7}& H7}ste] A7)
2 9,500xgol A 2837+ 23] whEdte] ZASAH T o]ZE 40T F25E

A 3AZE T BASAIZ &, 94EE (9,500xg, 20 min)dte] Aol A3
Aol T acetoneS st 2T WFHNA 6417 TG WA dY F2
HAES AU olAS ThA] AR (2,370%g, 10 min)d ¥ AHPES o
Al A Fad DA BEA aE BRES AAIN) Q5 T
o SRTFE FUbet 488 (9,500xg, 10 ming ¥ 1 FEHE F24A

B

3t 20T AASY T 150l WA fale 2&E A (MICE : mackerel
intestine crude enzyme)= A}-8-3} ¥ ).

21 AA7IEA A 28540 G4

HEA 714 casein?} hemoglobindl] ¥ 150] WA & Z&EA (MICE)
o] IHEAL Fig 20} VRN ITE MICES] 18842 caseinol] th3la] 0.65
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Table 1. Proximate compositions of Alaska pollack frame muscle

Components Contents (%)
Moisture 81.52 ( - )
Protein 13.55 (73.32)
Lipid 3.29 (17.80)
Ash 1.64 ( 8.88)

( ), percentage on dry basis.
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0.8

0.6 1

Specific activity (U/mg protein)
<o
=

0.0

Fig. 2. Comparing the activities of MICE on natural substrates.

Substrate

A, Casein: B, Hemoglobin
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U/mg protein®. 2 ENG © ™, hemoglobino] t)3}ed 0.24 U
Bttt o]AL Kim § (1997)¢] E1ud FXFEFIM F53 zah
(TICE)9] casein % hemoglobinel] th3t 1-/-&Alo] 0.54,
o 2 #9827 oYz FAFEFANA F£3
g9 A9 AHEALQ Neutrase 0.5 L, Alcalase 0.6L, da-chymotrypsin 2
pronase EX U= &Ado] W1, papainBUhE FOoW, trypsind+= FAFE 4]
€ YeEht B3t TICEZF Al &4EG &Aool @& olf+&
TICE7} FAFETERH @A FEZAT P& 28490 FEol2g a4
HHEol A & e Aol Iy {3t J7] wEojrk. Marishita
AL o], A, FAN o] 2 2019 Z+ Y] Fol £x3}
= @FARHELY] BHE AT A, AR 2T AL A F
A, FETet AstddA 2ed A ¢FE FoA =2 84S Eivx
g vk Qlth o9 Zol o Ffo WF 23 F WAdAME AY dRE ¢
Zey dAR A aLT EAE de ReE A Utk

197 U/mg protein

0.1
F849 caseind-3)

22 7149 U &4

MICE®] 371" thgt &L Fig. 3] el ATE Trypsin®] ester 3
47129l benzol-L-arginine ethyl ester (BAEE)o] W3t &4 (6.456 U/mg
protein)©] 7} =om, trypsin®] nitroanilide SHA) 719
benzoyl-DL-arginine-p-nitroanilide-naphthylamide (BAPNA)ol| th3t &4 2 0.124
Z v W& 239kt). a-Chymotrypsin®] 314 7] 2 Q] benzoyl-L-tyrosine ethyl ester
(BTEE)$} acetyl-L-tyrosine ethyl ester (ATEE)o] th3F MICES] 42 5.660,
0.856 U/mg protein®] 1t} Pyeun 5 (1993)2 WX WA 3ol F&ES
oA 23 2FA BAPNAY| )3t &AJo] z4z}t 0.059 0.02 U/mg protein
o2 ety d¢on, Uchida 5 (1973)2 o] HFEFOAN EESH
& trypsin, chymotrypsin ¥ carboxypeptidase®] A7 Ao} Al B35t
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Specific activity (U/mg protein)

Substrate

Fig. 3. Activities of MICE on synthetic substrates. A, BAPNA;
B, BAEE; C, BTEE; D, ATEE.
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, Kolodzeiskaya 5 (1988)2 =&4F ddo]/F9] fEF0] EX3}= trypsino]

kl

r—‘i—ll

&tod, 123 Genicot T (1987)2 o] FEFo] EA3E trypsind
st Rustdy. gdabd, 35 WA ZFaAqE trypsin E o«
-chymotrypsin®] ester A 7120 Eo0)ZF2Q XS e+ proteinase’} W
o] IFH UL & & AT

3. W frame G Ao g3 H3F /R =30 AE

3.1. 7h& o] dig pHe #3}

FE ThERAL @nde JleEsEy] AE pH 2UE AET dde
Fig. 4o Jehlidct. =e| 7bgziatel 7k &-S pH 10034 11.0914 &
dol Ekom, 53] pH 10.00]A4 oF 40%=Z 714 &80l & RALE Hol,
AVEE 150 A ZaAE <224 proteinase®] FAdo] A UYER L
Yee & 4 Utk Murakami®} Noda (1981)& Holg]e] FEFolA &3

&Z2] proteinase7} pH 10.09]4], Kim 5 (1986) 15ols} Aojglel WA
22 Fo] E¥xste 9l Bjasre H4 pHE Y FHANE A 9.0
98, 283 FESF FHNAE 949 10.00)t B Pt 2yt
o7 ZHKAN F£3F LT proteinased] HZF pHE B, YJojot Aj$
55 pH 8094 HAH&AFE vepdtdz &t olgdsr 242 B o, oF
8 ZHoAM FE% 9d Ealgire H3F pHE tii] 8.0 R, &
54U AN F23 vid BHELE FE 100 12 A0 AR
=0e A ¢ & 9o

32. A% H @ Lx a3
Fe A3 amae) shrRale] W L2 Adt Fig S9N 2
o] SOTOIM HhBAL dehlglom, 7 o F¥E FAS Pashe A

o
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Degree of Hydrolysis (%)

40

30 -

20 A

Fig. 4. Effect of pH on the hydrolysis of Alaska pollack frame
by MICE.

- 28 -

12



= 8 S
ul i 1

Degree of hydrolysis (%)

p—
<
L

O T T T T
30 40 50 60

Temperature

Fig. 5. Effect of temperature on the hydrolysis of Alaska pollack
frame by MICE.
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¢ o JAH. Dokeot Ninjoor(1987)= A-¢- ZHollA  FElidh dde
proteinase= 60TColA HPFAHL JVeldtzn 3193, Iwata 5 (1974) 3|
A OJF 21F G Bt o F 43/ 25A FalE ¢ proteinases
WA 60~65ColA HNHFAPL Rk B u3dtgch Pyeund?} Kim (1986)S
15O FEFIAM F23 2ELE 45T FREAE Hojtirt 50T 9]
Fo FA8A TA3t 70CAHME A9 EEA4FETL Bustgct 19
W, 315 F&5 F#:S A proteinase (Ooshiro, 1971)9} W+ F&F
Bl YA trypsin (Simpson 5, 1990)8] &% &3%E HW, & T 40T ¥
oA HEAHE Holthrl 2 o]F 50TAAME Aol 7 75%$ 60%=
ZAa3tRATE Bkt o]H3 AlAe FES5 FEl 9 proteinase A A
e AFRUYE 5L AHY Wy & 2594 o a3 Ae=E

ettt webd gD 280X F-eid &Ze] proteinased] FAE B 1)
BEA, AN E oF 40~50CE 259 60~65CRTH /] ¥ x4
HUgAdS JeleE A2 o4 & itk

33. /1A% @E s a3

FE ZHE AL DA gig RSl 1A E EF= Fig 6914
o} o] 1%9] 71dE =N 71 880 & Aoz JeEg, o we 7}
TENES F 2%Ah vtHoz gulgel siEENEA A JAFE
1~5% A=dd, & APz A= i HFagds 1%3eH,
22 VAFEde Ry EeFo s dojtA gsktt. ojg s AT
A& olfe WH 7 geidoe] Bo) B84 7ido)7] fEelg Aw

rr

5]
£

34. 714 ol fAHo ©E s8R a7
71" o) a4anle]l A3 (Fig. N)AAE 712 o] &244H7F 500:17- A= 7145
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(9%) i
[ee] g [\
! i t

Degree of hydrolysis (%)

LI
N
I

34 T T T ¥ T T
0.0 0.5 1.0 1.5 20 2.5 3.0 35

Substrate concentration (%)

Fig. 6. Effect of substrate concentration on the hydrolysis of Allaska
pollack frame by MICE.

_31_



Degree of hydrolysis (%)

80
60_.
40_.
20 A
0 T T T T T T T T
10 50 100 200 500 1000 5000 10000
Substrate/Enzyme (W/W)

Fig, 7. Effect of substrate/enzyme ratio on the hydrolysis of Alaska
pollack frame by MICE.
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FE7E gtetA AYHYst 3 olFRHE st S48 1
Atk mEkA, E&H b wE Jhe
HAo 714 o) aiven fdHoh

35. A5 Ead @ WAzl f3h

50l WE HAe ZEAE Bl AFFRA S tae] Azke] W
3t (1,2 4, 8 12, 24 2 48)d ©E JFEHEE AES ZHE Fig. 89
eSS 250 WA e 2ELE HEH HERA gl ded thste
whg A7kl 12AZAR Z7kae of 67% 9] AhRaES HEom, 3 olF
8NZINRA F7MEETE B4R SRAT AEHA FHE B oF 70%7
A =2t Hale (1969)° o5 wmdel Aersdi 4AHos 44
3 mae AUBAHS Hud Ay, 24A7 RS T JbeEded
pronase E7} papain} T} ‘?-$ 39 71 o) g BastEcr 3 Kim 5
(1997)& A HESF FHY 2a4E U frames 7}4E31E vf pronase E
9} a-chymotrypsin B Th= 42} 10%$} 5% A= 7FeEd&°] L%, papin
B oF 15%FE =gty Rudtgoh 39, caseind 7| F 2 AMEIHE
el Azhste] ME AAEEHEE sAWAAE oF 7% FAMA 27}
Sp08, 24K AL FREA T Fokae oF 81%2] Arpel BES
1228 Betad

Ooshiro (1971)= 1150 FE oA F&3T proteinase®t & F2f ] trypsin
02 caseing 4A7F B tFRAEHAS WY MR EE
359 #FE4 proteinase?] A$ HEl= Ao o 70% BEE Tt
Fo} A9 trypsing 7|FEo|Foz st oF 15%%S MR AT
B34t =  Ramakrishna 5 (1987)% o} chymotrypsin®} bovine
chymotrypsing A1Z+73 3o wE A4S vlmdt AP A, collagen 7]1E-& Al
£3ha] 35TCoA 8A1ZF REEAIZ S B99 olFo E8&4 @EARES 7
A& ALg3ted 37TolA 5412 WHEAZS B9 EF ol F chymotrypsin®]
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Degree of hydrolysis (%)
-
[}
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Fig. 8. Effect of incubation time on the hydrolysis of Alaska pollack
frame and casein by MICE.
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oF 20} JlEF FAel o EUTI RTAUT. olHY A
o, oF wMAL Slerasts] g ol A &
o] Bt} 581 Aoz WeHD

m]n
"
°
e

rulm
L
ofo
—Orl-"
fr
P

4. H| frame Gl Z 7R 50 dgd Y HE

Favit g8 yide ke B47F €24 JFEESE (peptide)©)
e 854S =t g a4 HF¥zAA A B THE
A VbRl s S dde R ks, Fudd, F 5 Ued AHEA
< A& & 23, Fadst 2 Fadshe] g E40] AEHUS

4.1. MICEd] o|&@ g frame 7}5-E3 59 J43} 34

olde] Ay A MICEZ B frame AL A& F o2 34317 3}
o 7teEs] HF 2HoE sttt F, N1ATE 1%, 712 o) 24
H] 50:1, pH 10, €% 50T % 12A17F 7ysEs)3ta9t 7teEs) & 7t
Nes FIAHARES Fatod BAF ardz BY3on, e oaut
ARGRE e BAE SAEAYE 10, 5,3 2 1 kDad] 73 ARRStY HF o
N MY BEES A} (APH I 10 kDa o]}, APH II: 10~5 kDa, APH
OI: 5~3 kDa, APH IV: 3~1 kDa 2@ APH V: 1 kDa ©]3}). o84 44L& 7}
TR 58 ferric thiocyanate H o] 23 231845 AEI A3} APH V9
A 7P = s e e, Al Ad F4ESEAIR] a-tocopherol

4.2. Radical scavenging activity (RSA) &3

RSA= Hatano 5 (1988)¢] o met SR8t 2 7H-E3E 50 mg
S FR/S 4 mlo)] Hola, o] 1.5x10° M DPPH/MeOH 1 ml¢} £33 ¢t
& ALolA 3087 A F, 517 mol A9 EFEE ZH3te] Fe DPPH
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—@®—— APHI (10 kDa above)

........ [o RTINS APHII(5-10kDa) }]

——-¥-—— APHI (3-5kDa) .
34 —=v— APHIV(I-3kDa) 7

— ~i —  APH V (1kDa below) /

— —0--—  control D/

— —&——  a-Tocopherol /

Absorbance at 500 nm

Incubation time (day)

Fig. 9. Antioxidative activity of alaska pollack frame hydrolysates (APH)
from in linoleic acid autoxidation system measured by the Ferric

thiocyanate method.
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o] kS AP, AT HA F2kslA|9l a-tocopherol T T EAFEHA]
ol BHTS 272 AHgatth 24243 ZE 7heRs] o)A DPPHo &
A< JeER, 3], APH VoA DPPH 2A%o] 714 (AW A%
HAA 21842 a-tocopherol # A FFAFEIAIQ BHTR O 23Ut (Fig.

43. s= & Fis 84 53

gasleo] /1A =& APH Vo w54 31Ak3}8 S ferric thiocyanate *H
2 radical scavenging activity (RSA)Z =43} T} Ferric thiocyanate H < 7
© APH V9 %7} 1% o] w) a-tocopherol Bt} dAk3lE o] =311l
0.1 2 0.5%9) A% a-tocopherol BT} QR gtx|et &atslgo] ohid HYr} (Fig.
11).

RSAS] 7%, DPPHe| thdk APH V¢ %% radical scavenging &3+ 1%
Ax AAHOE ZANTA 3 o dAME A AFSAG (Fig. 12). o
# gk Wehol=e ArbEEs Rg Agole Wehol= AA o) ARYE
7} Aepol=e] FASH 2A TS FIAA FAW, W)= 1%0]3
Arae W Arolsel AHHES} Gars Aol YL BAE TR
Shtel aszA 2galy] WEHT AZEE, B ATAN SEraEe
Fasge] B AAEEE 1% 98 T 4 AN

A B (1992)2 FANF FZES ALUTFRAAN FAsEE SAHE 2
FAZF 1% FEA A Fe PRI JERdTD Ry
Saiga 5 (2003)2 =HA ZAHAHF S

e

i<

>

H

S papainy} actinase EE2 7}E3) g
R B0 2% FEY w) vitamin ERTH 3Ak3}EAd o] =931, papain 7}t
FREZo] Tt Aol Fuhn FHT T Park F (200)2 AF =EX
N F23 JfFEEAE T} 1%} 2%7F 2 Aolgle]l FAsaRE
Bt Bosdt ode RaE 7 A5RsEe] 9Rt AT 3

(i

T

Kl
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100

Radical scavenging activity (%)

BHT Tocopherol 1kDa 1-3kDa 3-5kDa 510kDa 10kDa

Fig, 10. Antioxidative activities of MICE hydrolysates from Alaska poltack
on DPPH radical.
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—— 2%
........ O ]%

——--—— 0.5% — —.
44 —g— - 01% | ¢

— —& —  Control 7

——0~-—  a-Tocopherol /

Absorbance at S00 nm

Incubation time (day)

Fig. 11. Antioxidative activity of APH V at various concentration in
linoleic acid autoxidation system measured by the ferric

thiocyanate method.
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Radical scanvenging activity (%)

Tocopherot 0.1%  0.5% 1% 2% 3% 5%

Concentration (%)

Fig. 12. DPPH radical scavenging activity of APH V at various

concentrations.
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AeZme HsF x4 Udeds 2oEn

bl e dsAFe ferric thiocyanate We] o3 ZAsAt F,
A &g b a-tocopherol linoleic acidol]l Whs} 0.1%7} HA H7}eta, o
71l AR ES FAFTH 1%7F HA H7iste 40£1C2 23 g2
71 Wl M3t AA ferric thiocyanatezts F3 3o hET2A 7l &
o H7I=A %2 a-tocopherol¥t HlwF A3}, APH I& H7Fg FolAMT a
-tocopherol 2t} ¢}7t wre sty S Uy & FME BF Fitst
o] wgton, £3], APH V& FH71& oA 713 & 1188 S Y
Aok (Fig. 13). o] As}olA He) frame ©H A 7R ES AT it
5H4Q) a-tocopherolz} WEEH o}F e H3EAE Yehde & F U
o}

Yamaguchi 5 (1979)& S o 7}5E 3] & 0] a-tocopherol®] #4+sld
#E AsA7e FES vty Rudtga, Saito  (2003)L Tyr-His-Tyr,
Tyr-Lys-Tyr 2 Tyr-Arg-Tyrd] MEE& zt= Jelo|=g& st 189 At
H2HE ST A9, Tyr-His-Tyro] 718 53 848 RIGa 33,
=3 BHA # S-tocopherol &EA)&tel]l 2GR 308 o] & F58HE
Yeld oy kg o, citric acid 2 a-tocopherol A3} A= A5 a7} ¢l
i Budtgth 22, Tyr-Lys-Tyr 2 Tyr-Arg-Tyrd ojujd 33ERE
AesaAE e A St 39T Yamaguchi (1989 thFohild, ¢
FAIQl, AEtd, 457 59 slEsE3 a-tocopherol o] G5 EIANE
g A%, EE JIFREsEe] Bud Aeadrt st dger
Kawashima 5 (1979)& Al Azl 783 & o) vitamin C, -8 4ke] W&
Abgol el wig Hold AsaEAE Yeidta Baustg

Saiga 5 (2003)2 sHA| <4 @ AE papain H actinase EEZ 7} 3

ki

Jo
Y
g

k)
b

-
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4
-——&—— ToootAPPI l

........ O T(X:O’f‘APPH
——%——  TootAPPII s
——g—r TootAPPIV e
31 —-#—  TootAPPV v
——0~— Control B
——4——  a-Tocopherol (alone) /

Absorbance at 500 nm

Incubation time (day)

Fig. 13. Synergistic effects of a-tocopherol and APH in linoleic acid

autoxidation system measured by the ferric thiocyanate method
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AR bR EES pHY tlg sl pH 7000 71 B 43
B9 et SRy, Krogull 5 (1987)2 AASEEQ vwA,
Fefol= F olpiite AHHo R A3y dour, pH, &%
R AsEuAG AsfAle] EA oRe] wEl FakslE@Agel zjolrl gm
Bk &, Feto|=9] gilst YL 189 TR = Axdo) &
o} #Z¢=Hed, Chen T (1996)2 tiFwwd JleRiEzye Rd
Leu-Leu-Pro-His-His®] 34+3}&4 ¥.9)7} Pro-His-Hisg}x 3stgov}, 23 =%
= 23U E Pro-His-His®] E4o] i "ojAom 3ok =3, o
9 MEg ngez dud Hdeol=g FA4std A4 A, histidined
7t Aetol=e] &4o] wuha sgEul, ol AL histidineo] 4ol Uy
o]E B ML AAAEZ Z835lr] wZolgly BRIl Hatate S
(199E 2¥AHLEFT e 543 75-2aE2 5 228 Asp-Thr-His-Lys
HE}o] =7} a-tocopherol#} sodium ascobated] FASFAHL A=A ZItty dF
Atk HlE Fetol=o] ksl Ael] oiM A W ELS B go
Y histidine 2717 4o lolM F23 4B e Ao 4A Ak
b e B35 e Z4zbe] obu|iedl, F radical scavenger2 XA 2§
sto] FastE AES At Fastgo] B olvx s df 4TS
BRI Aeol=s a2 74 oumgtel AR o] wE FArAo]
Fe vAE AR AZEd =3 g JleRe g HEA FarsiAe
o Fsae olujxl Fo] 4stE FAFAE FIANA AL ZH
Hetde Aoz Bad.

5. B frame 7l R ERREH FAFA slelol=o] Fu 2 A

51 F4tst @A qetol=9 ¥ 2 A

ZF 9AE 9 W) EEd e RIAEE FolA FadHo] L
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bR EoA Mg A FasiE S Jedle 99 fEelzws EeElE)
7] 13} ion-exchange chromatography, gel chromatography % HPLCE o83}
o EstArt

51.1. o] & AZwE 175

HA 20 mM sodium acetate buffer (pH 4.0)2 ¥ 3A3}A]7] SP-Sephadex
C25 A& FXAZ0 column (p4x40 cm)e] A &8 5SmlE &2late] #8
g 23y s S 2AE Fig 149 YEAT Fol& uds
A7y F18 ZEHo) 20 mM sodium acetate buffer (pH 4.0) 11E &35 1.0
M NaCl-&¢] 300mi¢} FLg 4FE&H 300mlE AH&3te] AL T4
o= a3 A3 (flow rate: 60 ml/hr, collection volume: 5 ml), 6712 FE o
2 BeHAd. 7 385 g9 2 2A7AX3 F, ferric thiocyanate Hol| <]
& FAE A A, FE IV (73~ F ol atslas
7 Vehg.

g

[o)

512. 2 aAZ2vlE 175

Fole AZwEIYFH] RIFE FoA FsAo] Hojd FHelo| =7}
450 e A% Vo] SAAZES AR5 5 F, B B
FAIZ] column (92.5%90cm)o|

0{)«

& 1,000~5,000 DaQl Sephadex G-25 A&
72 HY3AIZ] L GradiFrac System (Pharmacia Biotech., Sweden)<
AREEt Ul Aol F8 R L Ao, o] FE FaAE AT 2
7, F oA HEAN AT L a3l @4o] JET) (Fig 15). °lE §
AZ3 ¥, HPLCZ AR at¢h.

(i

5.13. HPLCo) ¢} &
ODS columno] #2& HPLCE o]8-3}e] H,09} acetonitrile 4o 7 243
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Fig.

14.

Abs. (500 nm)

0.0

TR

r 08

NaCl (M)

Absorbance at 215 nm

T T T T
0 20 40 60 80 100 120 140

Fraction number

Separation of APH 'V by SP-Sephadex C-25 column
chromatography (down panel) and antioxidative activities
(upper panel). Elution was performed at 1ml/min of flow rate
with a linear NaCl graidient (0 ~1M) in 20mM sodium acetate

buffer, pH 4.0.
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Fig. 15. Gel filtration chromatogram using Sephadex G-25 of active

fraction (down panel) and antioxidative activities (upper panel).
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d FETHY (0~35%, 40min) o2 &2A|AH (2 ml/min) 23 A3, Fig
69| M & ol ube} o] 3719 8 gio] FEHo0, ojg9 gitsiy
< SAT 27, A "R HRAA Mg 573 daksige] Y o] g

Capcell Pak Ci;-VG columno] #2&%E HPLCE H,09} acetonitriles ©]-8-35}
o 34 FEFHH0~15%, 30 min)o 2 Al B2 A A, A 7Y
T8 gEoE EEFJoY P3 FEAA 7P 43 ks Z48 e
W A THFig. 17).

hile

Lo

5.14. 333 HAelol=9 ofmje it 4 W FxEH

FiEE Aol =9 ofmidlt AR N-dhol] Valo] $X|31% o™
MEF ol Gly, Thr, Glu, Pro, His 3 Asn 27]& ZFst UK Murase
5(1993)2 histidineo] ¥ 3d Feloj=rt kst Aol Ertusig=r o
A& histidine®] ©o]v|TF ringd] <4 ZHol® B AF Hv)Z trappingd
2]3t Aolg} ¥t 3 histidineS Z 33 HElo] =& histidine 1 AA|H
o Hold FtsEAEELS Jehded, oA histidineo] HElo] = o]
hydrophobicity S F 7} A7} 7] wjFolg}t 3ttt Saito 5 (2003)2 histidined}

¢

tyrosine®] X EH ftripeptide 4] HE A ) A)(Tyr-His-Tyr, Try-Lys-Tyr %
Try-Arg-Tyr) @43129& HES 23}, Try-His-Tyrb 7H8 =2 Satst &
AL Yet ot gt Yamaguchi 5 (1975)2 HEloj=9o] X go) ulg}
gAakglsol] xpolE XMl dipeptide®] ¢ alanined N-#@o g 3}
HES u] Ala-His, Ala-Met, Ala-Tyr ¥ Ala-Try9] 34t3tgo] £ o= 1}
Bl e, oA & olujiile] N-ggt i C-Zud 9X3=r)d w
A GdFe 7] gFoleta HHEstAth Chen T (1995)2
5 &l B-conglycining &EAF O 2 7R 7H4EE FoA] 3

A S 7HA = HAEo)= 8 N-go) 4A44 o} x=4kel valine©] ) leucine

O
o
s
L
i
s
1

E XE3tela gJov, ufdE proline, histidine @ tyrosineE 7}A]+= 5~167) o}
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Acetonitrile (%)
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Fig. 16. Reverse-phase HPLC pattern on a Primesphere 10 C;s column of
active fraction II (down panel) and antioxidative activities (upper
panel). HPLC operation was carried out with 35% acetonitrile as

mobile phase at 2 ml/min of a flow rate using UV detector as

215nm.
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Fig. 17. Reverse-phase HPLC pattern on a Capcell Pak Ci;3-VG column of
active fraction ITA (down panel) and antioxidative activities (upper
panel). HPLC operation was carried out with 15% acetonitrile as
mobile phase at 2 ml/min of a flow rate using UV detector as

215nm.
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52. A W FA oA FEl frame J}FEHE S FATY HE

52.1. WlF BAAE g Fi51F peptide] AEHA

WE frame 8 GHAE JlESEY] wig ZATBAEAN NEFAZES
Z4% 298 Fig 18¢] JehAKT Fig 18614 HEo|
A @ A HME YELL 100%Z B 0 7H-EAE
100% o]oz JelgEd, 3] APH V(1 kDa o|3)) 7}E3&S HU)et

= BFole 5 mgmle] FEANA 119% F= BEES BA wehA
B A8 A8 Jt5EEEe W DAY oud =AE vehtA
%ol FFF AL FAs).

52.2. +BHP =2 AXIALe] O 7t &9 3§28

+-BHPS] FXxo] m& A4 HAxE9 HEHS BHPE 2417 HE & &
43 A3, 225 uM&] +BHP A TFoA 50% =9 NEZAEES BHYL
2 225 uM +BHPE IC508 AH3tHtt (Fig. 19). +-BHP 55 A X IA}oj
W3t ZkeieEe] Fstgs 24 Ay, spREE drhee] HAEst
ol Hls| 15~28% AT ME AELo F/4EE B + Uit AR
+BHPO| 2% ZtAE o] FAALE AW 3ly] H3te] 271X 9] w7l Ee] Rars
oA gledl, I dbs= Masaki 5 (1989)e] o3| BHug ANxute] XA}t
stol #HE ALSZ DPPD (N,N'-diphenyl-p-phenylene diamine)9} 22 3}2+3}
AEL AARIS FEEAQ +BHPY o3 A EIAXAE AT F rie
Zola, & e AEZHALY wFUEL FatsiAle] 9

i

WA Al

o
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—@—— APH I (5-10 kDa)

------- O-+  APHHI (3-5 kDa)
——-y-—— APHIV (1-3kDa)
4opd TV APHV (I kDabelow)
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o
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Concentration (mg/ml)

Fig. 18. Cytotoxicity of antioxidative peptide from APH on cultured

normal human liver cells (Chang). Cultured cells were

incubated under 5% CO; and 37TC.
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Fig. 19. Effect of +~BHP concentration on cell killing of cultured cells

without and with APH. Cultured cells were incubated under 5%

CO; and 37TC.

_52_



AAARL S E Bt nEZEgote V5E &4AAIYE Aot &I,
Frankel (1984)2 A9 2kgle] o5 WA =lw MDA £ A& 23 BAH=
& A4, ©@elE, DNAY ojulie 2§53 ¥hg3te AEe wabAd At g
% 3L, Pascoe 5 (1987)2 - OH(hydroxyl radical)t} LOO - (lipid radical)¥} %
< 4N AE atocopherold} 2 A4 =t AjtE o] e FAEA Y
AHE fFEdte Axe wWoaunE ZAAZYgn HEI3Yt}. Farss &
(1984) ZFAE M EZA 7} ZFX3 vl d thiol?l reduced glutathione
(GSH)9] &7t Mz A J&FS vHokal 3w, Masaki T (1989)
2 +BHPO| A E=/o) tiz) 3 Aeo)EAY d
AATeEN  HMEAE AQA7|3, F43tAQd DPPDU  catechol
glutathione®] thALFAAG ol Zgo] AHZW FAdole BAIRle] tbutyl
alkoxyl radicalef] &) MAEE= L- & 2ATOZA MEAE XdAZIGL
B33}t Benjamin 5 (1993)& calf thymus2HE £33 6 kDa Hx9

>

eferoxamine®] GSHS] A H| &

thymic Zelo]|=7}1 7+e] MDAMA S Z4aA7l= FA]9 7F glutathione?] 7t
A28 701 vascular endotherial cello| 4= endogenous 34F3LE A S F71A|
AX AZEALE AAA 7Tk Bag b ok

B Ao A olm izl o) histidine®] lipid radical& | A3 X & x}Aaks}
EQ MDA AL dAste A AEES Fole Aoz dudth

523. tBHPE #48 AL Aol 0@ AFEAES] Fxol g Fu

3 &3
HNrREe] Brd e GAsnanE B3] 9skd WF 2T
HNrRHBS ARLS T2, 1BHPE AT AHAEL FUAA AE
WESS Z3F AW, ALEHBS FEE2 05, 10, 20, 50 L 75
mg/mlS 78IRS ul 1.0 mg/ml7t 75% JEE 71 52 AXE AEES

VER AT} (Fig. 20). Pascoe 5 (1987)2 &<hA|Q) adriamycin(ADR)©] GSH
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Cell viability (%)

5
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Fig. 20. Effect of various concentrations of APH V on cell viability of

cultured liver cells exposed to ~BHP.
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O dste] ool gk vitamin ES] &RE I A, AEW «
-tocopherol®] grgFo] Z7}89 o™, 0.6~1.0 nmole/cells®] FEolA] AMEHE
go] 7} =4 YeEh} vitamin EE A§E0Z 2AAEA L30T 2H
AT 3 ADRY GSHE FAZ o2 nZAJ|E ethacrynic acidS =2} 3h
A Z A a-tocopherol®] FHFS ZAT A, sEEAY FAo s 4
3-8 whEo] dojue FE thiolZ]9] ZA7E MEU ] EA3E a
-tocopherol®] Z+aoF WHE #AAZL 7] W&o, thiol7]&] 3ol ZHAsHH
A Eo] o7 % oFstEE Ao HudHh

6. Bl frame /5L E 25 E FnAY Aetol=9 #a] 2 HA

e frame DA S MICEZ 7l#sistd AR £93 A5ia
29 Pud¢ B4e 2 F9E Table 20 LhehfQIch Table 26) e}
‘& uhel o] APH V (1 kDa o]3hellA] A &Ao] 87.62%=2 7+ &L &
R B4E UEO] o E olgst Fudt AL £IHA sk

6.1. o]e FA=upE17 ]
=8 T FuEAEAHC) 7 F2 1 kDas THI Tt

% (APH V)£ ol A=ZvlEagyyoes FE#3s¥ct. =, 20 mM sodium
acetate buffer (pH 4.0)2 ¥ &3} A]7]1 SP-Sephadex C-25 X2 =¥ column
(81.0x25 cm)ol] A|E&H | mgmle] 7FEEY 5 mE FYs3, TY3 9
& 500 m=E HIFIARES A7 F, FIE FES EEFEH 300
mi®} 2 M NaCl€9 300 mlE Ag3te] AN sETHgez 2d435
(flow rate, 2 ml/min; collection volume, 5 ml)3dte] Al 7§9] RO Z B3}

At o] JERES EHstd THAA2AN F FndEGEA g3 A,

oo
1=

_E
&

o
i\
e



Table 2. ACE inhibitory activity of Alaska pollack frame
hydrolysates by MICE

Hydrolysates ACE inhibitory activity (%)
APH V (MW 1 kDa below) 87.62
APHIV (MW 1 -3 kDa) 78.95
APH III (MW 3 - 5 kDa) 73.84
APH II (MW 5 - 10 kDa) 68.24
APH I (MW 10 - 30 kDa) 59.60
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IV 204 ICs3te] 0.11 mg/miz Ado] 744 Ett} (Fig. 21, Table 3).

62. A A2l E 135
Fol& LEA| SP-Sephadex C-25014 R2F IR FoIM 73 Hojd

g
gt

JuEYFAS JERE g8 S Sephadex G-25 A FAZ FFXEH column
o

g FAAZ

32
*

3t & ACE AEAHS 533 Ax, & DoA ICohte] 0.035 mg/ml= 7}
2 28 THFig. 22, Table 4). wabx] EE DE Al&sA A mZvED
A5 Pt Z& F AFIH FFV2 FH FRAERSAIL, °) A
& ACE A#EAdd 71F a47 e ddEd=E &E3r] 98| HPLCE
AHEEte] AR E A=A

6.3. HPLCo} o3& 7
Sephadex G-258 ZZA]Z] coumno|A] E2d BEFE FoA Fx
H gojgd =

o] 7t B2 R FHHUXEES 01% TFAZL &
HPLCZ t}A] #2138}ttt =&, reverse-phase columno] Z3E HPLC

i
S
b
op
ofi
-

o o]EAo=Z 0.1% TFA7} F4E Dol249) acetonitrile (0~70%, 50min)
S AMRSte AFY sETHHOE £&3 A, A Ao F8 HEoE
o o9 FudAPTAHS 3% A, F HA FFEo] 0.023
mg/mlE 718 Aol =gt} (Fig. 23, Table 5). °]E THA] "ol24=9}
acetonitrile®] F=E & 85:152 % A3 HPLCE E&3dld ©d I3E Ay
(Fig. 24, Table 6).

6.4, ACE A3 Hetol=9] A3 W7l yF 24
A% EYUAAE FHegol=eg A dWIUEFES ZAE] {3
Lineweaver-Burk plotg o]-&3lod AR sttt =, A3 efo|=& 13, 26 pg/ml
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Fig. 21. Purification of ACE inhibitory peptide from APH V on
SP-Sephadex C-25 column. Elution was performed at 1 ml/min of
flow rate with a linear NaCl graidient (0~2 M) in 20 mM

sodium écetate buffer, pH 4.0.
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Table 3. ACE inhibitory activity of fractions from SP-Sephadex C-25

Fractions ICso value (mg/ml)
I 0.98
II 0.76
I 0.32
v 0.11
\Y% 0.45
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Fig. 22. Gel filtration chromatography of active fraction on Sephadex
G-25.
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Table 4. ACE inhibitory activity of fractions from Sephadex G-25

Fractions ICsy value (mg/ml)
A 0.134
B 0.066
C 0.078
D 0.035
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Absorbance at 215 nm

0.0 50 100 150 200 250 300 350 400 450  50.0

Retention time (min)

Fig. 23. Reverse-phase chromatography of active fraction D on Capcell
Pak Cy. HPLC operation was carried out with 70% acetonitrile

as mobile phase at 4 ml/min of a flow rate using UV detector

as 215nm.
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Table 5. ACE inhibitory activity of fractions from reverse-phase

chromatography
Fractions ICsy value (mg/ml)
a 0.424
b 0.023
c 0.058
d 0.042
e 0.078
f 0.194
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Fig. 24. Rechromatography of active fraction b on Capcell Pak Ci;-VG

column.
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Table 6. ACE inhibitory activity of fractions from RP-HPLC

Fractions ICso value (mg/ml)
al 0.145
bl 0.013
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& FA7bsta 7149 wx WHstd wE Aie&s 54 A, v AAF A
W7l ES Yeh ) (Fig. 25). Ondetti ©} Cushman (1982)y C-Zehe] A
7Hel Fetel=7F ACE A &Ade Z¥e JFs mxda e, o€
C-actel olmjimjio] ACES EA¥-99} wH&3ly] wjFolgta Husyy
Cheung % (1980)2 C-Ztol| tryptophan, tyrosine, phenylalanine % proline %
of 277 EAE o ACE A3gAe] it Aor, N-Udd=
dipeptide”} A WF ojmi=itoz g o] ACES AR} axAoz Z
3t A Aol 43ty Btk 3 Nakamura 5 (19952 o
39d Zol proline 2717} ACE A& 7} 9L A, ¢-Led] &
Ashs Arge 1 F2F FolUde FAs Al 9 =5
SRt

(N

P

o
k]

al

6.5. ACE A& Jeo]=29] ofv=3t A AH

HPLCE %3l HZE HAEZSL Eeld £ Edman EHS o] &3 74
} ASHERAMVIZ obmedt MEE BHF A%, FAE Fgol=E
Phe-Gly-Ala-Ser-Thr-Arg-Gly-Ala®] 87} ojv|=2to g FAEHY AP, 1 F
F ACE A3} &/42 147 pMo| Yt

ditHo g FIFYFAHY BRuE AR, Kim T (200)& $3 Az
| 7teElE ACE A3 feto|l=g 2 AT A% F /e Felol=
g EYstded, 2 88 Gly-Pro-Val 3 Gly-Pro-Leu® 2 QI=E¢y &
4L 44 467uM 2 255 UM TH Byun S (2001)L HElW SR ER
T8 5 71e] ACE A3 Helol=8 Egstgoen, ztzt Gly-Pro-Met (17.13
uM) 2 Gly-Pro-Leu (2.55 uM)E Q15 ¢t} Wako S (1996)2 ¢ Aol 73}
TEEFES AVHEHAIA 4 FEFEEZRE ACE A Ao 52 HEol=
= 8 BASA ohvxil MEE AFF A} Try-Ala-Leu-Pro-His-Ala
(IC5=9.8 pM) % Gly-Tyr-Ala-Leu-Pro-His-Ala (IC5=27.3 UIM)] 2™, Maruyama
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0.004 4
0.002

T Y 6666 T T 1
-1.0 0.5 0.0 0.5 1.0 15
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Fig. 25. Lineweaver-Burk plot of ACE inhibitory activiy in the presence

of inhibitory peptide.
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S (1985)2 casein®] & 42 7MEEIEZHE ACE Asf@EAo] 2 JEol
Z9o] ojujiAt A]FEE  Ala-Val-Pro-Tyr-Pro-Gln-Arg  (IC5=15.0 M) H
Phe-Phe-Val-Ala-Pro (ICs50=6.0 uM)2. 2 H 118} th. 3, Yokoyama 5 (1992)
< ZtgEolel 543 JteEsEZRH ACE AMa|#Ao] 2 JEe]=9
A g2 ILe-Lys-Pro-Leu-Asn-Tyr (ICs50=43.0 pM) % Asp-Tyr-Gly-Leu-Tyr-Pro
(ICs=62.0 pM)olatxz 3dtgon, oEL REHo=w Hud FHY
lle-Lys-Pro, Leu-Asn-Tyr, Asp-Tyr-Gly 2 Leu-Tyr-Pro®] ACE A3|&A-& zz
1.7 oM, 81 pM, 2700 uM % 6.6 Mo ttar B sttt 3+, Kawakami
T (1995)2 Leu-Lys-Tyr (IC50=9.78 uM)¥} -A}3F tripeptideS A1 SFe] ACE
AL 43 23}, Leu-Lys-Pro (ICs5=2.8 pM) @ Val-Lys-Pro (ICs5=2.6
EM)e| &Ado] f3ttha g uh gloh.

ol4el AsE 4HE W ACE ASVAL JehE Weol=el 7z
B 3Y% ACE ASAZ TR dE UE 49 Arjolze cuw ¥
%l Pro-Pro @ Ala-Prod} Z& #AY It Aow AAHo] go, =
i a-zein (Leu-Arg-Pro, IC5=0.27 uM)3} Zo] ;& Z37e] olux o e
4% ACE Asj8A4S vehlle Aoz Buso 9u, By oy} Helo)
=9 do] HA] Aaj&d FoF ¥ E 5 AL Aoz AT
WEtA ACE A3 &9 79 oluxite] Ao we} i JFS ie
o2 AAHAR O 74 Heolze F79 opwinite MEe] 93 o
Fe IS Aoz AAEn. B A7A 93 ACE A3 Fetol= A
el ZaEd wws Eu C-do] FASE Al Y olmixite] wdE
3} AR ArgGly-Al® 2 A0l QAT BHE 147 uMZ S5 3h50h

de i

2

I
P

rl

6.6. ACE A3&A Helol=29] in vivod A Y73 SAZHA
ARz 3¥LLE #2847l spontaneously hypertension rat (SHR, |3

180-220 g, female, 6-8F%)S A} o & ACE A3 peptideE 10 mgkg (SHR
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body weight)¥| 4] 7J 7% o5l angiotensin 19} 5ol thdt JAAAE A
2 2, AJEE FPA8AQ captoprile] gETE thh Yoy £odl
T 3 W) 23 mmHge] H3 8¢7EE JehldY (Fig. 26). 32 2
€ ACE A3 fetol=r} dA2RE E=HJn 159 SHRE °]&3
a8 g9/t AEH QEH, Fujita 5(1999)2 o] Sl d 714268
Z2RE L& Leu-Lys-Pro-Asn-Meto] prodrug €} e] ACE A&} #Eelo]=gtx
9 EH, ©lAL  LeuLys-Pro-Asn-Met®] ACEe] 2ldld 7}4=2a) 5 o
Leu-Lys-Proo. 2 = =6] Leu-Lys-Pro2 Leu-Lys-Pro-Asn-Met® ¢} T2 8ufji}
348 ACE A8 E35 Yehdds Busc}. =3 SHRY AT Fo
%, Leu-Lys-Pro-Asn-Met& 6A17F| Al 8474317 HlQ o), Leu-Lys-Pro
AN HY EgAstE JEUdY 22 8 FIAE AT B9 F
A ERdsod 71H5e BR8-S Jedty RuEgR g &2
AP AH2E Slelel=E AT 549 F Rago] YR o} si5A b
2o AxA 2 E4o] JihEk

-t
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Fig. 26. Change in systolic blood pressure of SHR by administering ACE
inhibitory peptide derived from enzymatic hydrolysate of alaska
pollack. Single oral administration was performed with the dose
of 10 mg/kg body weight, and SBP was measured 0, 1, 2, 3, 6
and 9h after the administration. Different from control at

*P<0.05, **P<0.01.
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gt 4 9 43 FAo] & JElo|=E oleud ARvEIHY,

A azvtEawy @ HPLCE EIAFA S olveit vigds AAsALH
g 712 B EAE FAFAc = AMEET SHR in vivo 23

F3to] zbzt ey FnddBAHE AJSET, ol S AE
ol B A9 HAEFHER VTA AIEAES 1FY 7158 HHEE
czn B883A T

He] frame S F o] FEHQ IFE 93ty Tl WRAoEF
#2394 HA71AQ casein® hemoglobindl] g 5] T F
%382 (MICE: makerel intestine crude enzyme)®] ILH3AE FAT A,
caseinoll th3}le] 0.65 U/mg protein® 2 1}ERSES ™, hemoglobindl] TH3led 0
U/mg protein® 2 e o] AL Kim 5 (1997)0] B3k A F-E G0 A
23 £E 59 casein @ hemoglobind] ™3t uHFEAJol 0.54, 0.197 U/mg

B
il

protein Xt} =& Fxjojth. MICES] $HAl7] o] thd &AL trypsin®] ester
3} 71221 benzol-L-arginine ethyl ester (BAEE)o] w3l &4 (6.456 U/mg
protein)©] 73 =Qrom, trypsin2] nitroanilide glA3 71 Al
benzoyl-DL-arginine-p-nitroanilide-naphthylamide (BAPNA)d tj$t &4 0.124
U/mg protein®. = Hl 1A vror} a-Chymotrypsin 2] st 7] &l
benzoyl-L-tyrosine ethyl ester (BTEE)2} acetyl-L-tyrosine ethyl ester (ATEE)ol
i3 MICES] &AL 7Z+7} 5.660, 0.856 U/mg proteino] ATt o] AMM=E
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3l o)#)d 1HFo] WA ZF A E trypsin Y a-chymotrypsin®] ester 3

A71Zol Eol&Ql #A4S YElll= proteinase’} Zo] FFFHA U5S &

MICEE ©]83}e] BE frame WAL 71525t A4EEES &
dojzet vhEI| M EAF ZV|ER £835tal ol A
A3 A H97t 1 kDa ©]8H¢) APH Voo 713 w8 datstg g 3
LB S VeI dstEAd HEel=E BEEr] ¥ ol A=
nfEOdy, A I2eEadgy 2 14% 3H ZAZAEIHIE o]E3ty

F B3A dAo-

AELBE T3t FE frame F2 33} Jeol=9 AEFsHde HE
T 2, SR ES FUE FAME BT 100% o) A&
™, 5 mg/mi9] oA APH V (1 kDa o[3he] 7+ 119 %] AE&S X
of 2 A3 AHES M RIANEES MY TAEY S4E YEHUA &S
< ¢ F Utk =3 +BHPY Fxd AEZHAL] g JtFEEY 334t
F8S ST 2, JHERAE Aol AR Hst 15~28 % 3
T AXE AFEEC) 73S 2 = It APH V7 +BHPE 38 A ¥
A W ZteRAEe Fxo o Fks aAE HET 2H 10
mgml & o 75 %9 AX FEE&ES veE A2 Yeuth

4, 7teidE F FELEEE JEhE JEo|=EE ol AZME
2y, A 22etEadgs g2 3% 4H 22eEaRIE o835ty £
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AA Az, BExEES 882 Da  fdon olmkxAl AMELe
Phe-Gly-Ala-Ser-Thr-Arg-Gly-Ala2] A% /2] olm|=qto g FAF o AU}

AA) A Zelo)=9o] ACE A3 #E1S Lineweaver-Burk ploto 3 %3 2
3} non-competitive inhibitionS JYEMN I, HF FEY FAo] 1.47 uM2
ICs @2 otF 3ttt Addoz udYS F'EAZ spontaneously
hypertensive rats (SHR)E o} &3} in vivool A F1EUYFAAS =437 ¢
A AT 1 kgD 10 mge] Helo]l=5 AFF A A, A8 s
)l captopril®] EFHETE ThA @GOy FA3 T AL 3 mmHge] &
¥ A3t gt mEa o] FAeel=g eA AAELFEN Y A
2 o]g3d 1 Bgo| JuET

2 #AY HFERQ 7leA AJdEaLEANTFS Axd] st A
24 AELEN VS RARR] B framed] JHERHES o] &dtHoH,
BLE JHEEE A APH V R oA 7HE 9 FastaAds dud
Hego] vetd olE 7 A= d8= AP3ATH
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o] NEaA FAAA HYPel &AL, 1980ddE S FT] A
Ztst o e, 1990 o) = AR S MCPD
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AT (S, 1982), 2L A= #F AT (Lee 5, 1984), LD A
g BAFEHe| AE (Kim 3} Park, 1988), o7 Fuldx R 20
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2 o]8F o7 AZE (Lee 5, 1986), 7ihFo] FALE o] 7ol
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1. A5

HAE A FAIGNA FLUZ = (Crassostrea gigas)E T3] A £ 30
B AE 85 W o, FAE s 258 25% wwEHA HA7ME F
20T A A4 £ R don daxvdS vhEo] AEE ARS8
o.

2 dazxvde] AHH EHS HA ] Y5t AEE Sephadex G-50
4 SP-Sephadex C-25 2] #Helol= AL 42+ Sigmarl, HPLC (Thermo
Separation ProductsA}, Model Spectra System P2000)2 S E}o]|=& #]- HA]
3l=4d] B3 HPLCE acetonitrile, ethanol @ water - Fisher ScientificA}
A Tt AR

ACE As|&A =Ho| AL8¥F angiotensin I converting enzyme (ACE),
Hippuryl-Histidyl-Leucine (HHL) % captopril 5% SigmaA}olA 73T}

TS, AZuGAdAY FABYE FHEr] Hs AR UAAEES
(Hep3B 5)2 Soista o oehs} ofe)dt wiollA EFuol A8l on,
CCK-8 cell counting kitst= ¥ DojindoAlZHEH FYdHew, 1 £ 9
tert-butyl hydroperoxide (t-BHP), MTT (4,5-dimethyl tiazol-2-yl)-2,5-diphenyl
tetrazolium bromide), Dulbecco's modified eagle medium (DMEM), L-glutamine,
dimethyl sulfoxide( DMSO), ethylenediamine tetraacetic acid (EDTA), nitro blue
tetrazolium(NBT)= Sigma ChemicalA}Z % E| fetal bovine serem (FBS) =
antibiotic/antimycoticst= GibcoA} (Gibco BRL, Life Techno. Inc., NY, USA)Z
E| malondialdehyde tetrabutylammonium salt (MDA)X= FlukaA} (Fluka Chimie
AG, Switzerland)Z2 28] TUZPgon, 29)o] RE xeke BEAL EFAek
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Hetel 7t Adzste dgegS AAT e HAF 20 myt HA H LA
ok o] F 10 mlE #H3a 1 §N&o) S-sulfosalicylic acid 0.5 g& H7}élo]
oM 1A A F Al AR (12,000xg, 5 min)sle] FE A 5
mlE H33 ZFFHZE F lithium loading buffer (pH 2.2)2 2 ml §A A&
AT °] T RE FH3Y ofnieit AFEAVE FE ot 2AS
48

AT EFL 3% A azntEaw s (Dionex Co)E ALl A
F3lHon, HPLC EAZxACzA o|54 £ulE triethylamine-phosphoric
acid (pH 7.0), 42 0.8 ml/min, #H-L uBondapak Ciz (300x3.9 mm), &
T 30CoH, 859 3= UVEE7)Z 254 nmol| A &2ttt

4. 2 dazxvd JEo FHFAY AE

41. = Haxvd9 FuIAQdy
4.1.1. ACE A3BRE 53 FuIYTA =3
ACE A 3]&42 Cushman®} Cheung (1971)9] o] wal A4}t o
o] 7t ESIE2 0.1 M sodium borate buffer (pH 8.3, 300 mM NaCl &
)l =< FHEE Y 50 plo) 25 mU/ml ACE& 9 50 plE 718 %, 37Co)
2%

=
A 3083 &

N

A3t At. o 7)o 4.15 mM Hip-His-Leu (107.4 mg/10 ml

sodium borate buffer) 150 plE ¥ 37TCA 6087F ¥H&A)7]1 ¥ 1 N HCI

€Y 025 mE 75t wk3-& XA ATH HFL-E A o) ethyl acetate 0.5 mlS

hoel WY o, AYRY Q500%g 5 minAA FFA 200 WE B
=

A g 255 1 mlE 7ksle £3)4)9) 1,
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228 nmol 4] FREE ZHHAT. ACE AHAY FEE ACEY As)HA
2 5% AsAIEY Bay arsEe RS ANt G (mym)E
B elahit

4.1.2. In vivodl 23 JAYA3}EY 54

AAPH oz 1¥JS F24AZ] spontaneously hypertension rat (SHR, | Z
180-220 kg, female, 6-8F8)S TS =2 ACE A3 HEol=Z 10 mgkg
(SHR body weigh)HA 7%t angiotensin 19] Foll theh I F A<
AANEARE AEI}AT AHADFel &3 JANEY 045 ml (FAT &
Aol ARgs A2 A4S THE A 42 FAHoE HBFEAY
dSAAANE mYEYS S dEzFEHN ARE FPAIAY
captoprilS AH&-EF3ATh o] W HuFALY, & SBPE V|EoE HluwstAH

4.1.3. ACE9] A& A3 A 3

ACEd] th3dt As] sj8l-& Bush 5 (1984)2] #h{o| uwle} ZA3tYch =,
0¥ =9 HAeol=8 wdHdd A, 714 v & 2eEstd ACE
A #BHE SAA HJeol=g HIME $F O ACEY &R
Lineweaver-Burk plotZ ©]8£3}a] 3] 9818 AAsI¥TH

rir

42, FFBY =3

4.2.1. M X

SAE (HeLa, Hep3B 5)= fetal bovine serum (FBS)o] 10% -3
RPMI-16408) K] 2 #j ¥3t gt =, 75-cm’ plastic flask (Falcon Co., England)ol]
dMEE 10% FBS, 7.5% NaHCO; 150 ug/ml, glutamine 58.4 pg/ml %
antibiotic/antimycotics 4.4 Wml 7} $HE RPMI-16408} 2|2 37T, 5% CO,9
20| A wjekste], 2~3drit} SHHA subcultureste] AN EFE FX3FATH
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422 NEXAF

AE7 A 75-em’ plastic  flaskol] A R4S A ASFR, CMF-PBS
(calcium magnesium free-phosphate buffered saline, pH 7.2)Z A %3t 3, 0.25%
trypsi/EDTAE H2jsfe] AL Sah2z npto g R mojdl ¥ Az
Ao THAAXN AHEE (80xg, 3 min) 3HTh F2 AIES] pelletol] H]
Fg 7hE 0hg, BT FAos WREYH BY AERAAL VE F
typan blue® AEFFA7 019] W&z Eele] BeHAT AN GTA
29} (Hemocytometer)S ©]-83}e] &334t}

423. AXFHs FA9 o F4EAN 53

AE F2%5 Z3L Cell Counting Kit-8 (CCK-8) assayES ©o]&3}o] =43}
AT =, BAAES oA M4 GAZE WSS & ExFEE 23 )
TS MG oS, oA 18A17F WA 73, 2 N E B/RAS 96-well
plated]] 100 pl/well £ 2 2 H3tFc} o] 37T, 5% CO, AL 7|0 A
Bl 3k ¥, CCK-8 kit solutiong 3} wr)o]A ThA] 1~4 A|7HE<r vl
A7t} Microplate reader (450 nm)E o] &3l A3 oz NIZAES
A5 At

OIF

4.3. Apoptosis =3 A
43.1. FY A 4
A2 o] Fefw3l= Hasegawa 5 (1996)9] 93t staining nuclei Wy oz =

A3 &, AZE 10° cells/wello] H T2 223 oS, 2417 w3t &

ABE  FH7bsle 24X WG olE AXE FAT T 4%

A

PARS
A

-

paraformaldehyde= 3173 8}37 10 uM Hoechst 333422 A& oA 24
T o] BYS FFIAn Ao FF3Y).

s

)

¢
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4.3.2. DNA # 33} 824 (DNA fragmentation analysis)

DNA fragmentation %412 Compton and Cidlowsky (1998)] WHo g =3
Ak F, WG AXE A48 (300xg, 10 min)g F 10 mM Tris-HCI
(pH 8.0), 0.1 mM EDTA (pH 8.0), 1% SDS % 100 pg/ml DNase-free RNase®]
Y &9 400 pE HUF o, 1AL F 100 pgml $E7F HEF
proteinase KE H7}sle] 37CoA 16417 ¥idslgde. EAEHS 713
DNAY phenol-chloroform® 2 3%3}3l ethanolZ2 FAA]Z1 & 1 mM EDTA
7} £3E 10 mM Tris-HCIE 42 3 DNA 10 pgS 3 pl¢] loading buffer
(60% glycerol, 0.1% zylene cyanol, and 0.1% bromphenol blue)9} 4 ojF %

2% agarose gelsol| A A7) 953 H T

4.3.3. Flow cytometeryol] 2|3 A XF7] A
Flow cytometeryol] ¢]38F A F7] EAL DNA nick end labeling (TUNEL)
assay ol 93t ZAF3AT F, AXY FHAES A4 EE (800xg, 10 min)
3le] AEAS A AZ T CMF-PBSE F ¥ AXE A& ARy 5
countingd THE AE HAEEL 05 mle] PBSE I RB{FAIIR, A7ME
5 o] 4CoA A7 WA AT 4-5x10°709] 2
ANEE 958 AP wol AR (800xg, 10 minydte] FFHE A|A
3 & 1% bovine serum albumin (BSA)7} ¥3H PBS £do 7 FAM3x
A 57 (800xg, 5 min)3tgth AX IAES 1% BSA7} X &H PBS 0.8 ml

ethanolS- 0.

2 R{FA7)3, e 108 PI £ (propidium iodide, 500 pg/ml in
3.8x10° M sodium citrate, pH 7.0)& 0.1 ml & 33 RNase A 100 pl (10
mg/ml prepared in 10 mM Tris-HCI, PH 7.5)Z 0.1 ml 37}3}o] e A 14]
b 5ot 4CoA GAa3HT o)ls A EE 35 um AT Q] pore sizeE 73

nylon meshol] F3A]71 ¥ FACScan flow cytometry system (Becton Dickinson,
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San Jose, CA) FAXEEAIE o] 83l DNA o] o histogram& =74

3ot
5. 2 dazxvdog iy HdA Agol=9 2 2 A

51. o] a3 aA=2vlE 15
20 mM sodium acetate buffer (pH 4.0)2 wulg] 33} A7) SP-Sephadex
C-25 column (24.0x45 cm)d] & WaFxw|ds F
250 mlZ BHIFAFEES S§E3A2 F, F3d 2EE 458 700 mis} 2
3

3
M NaCl€% 700 mlE A3l A3 = Fujdoz 2 HEE (flow rate

¢ B4 2T wzaR.

52. Ady aZ2ulE

%ol w3 42%]9) SP-Sephadex C-25F F3IA|Z] columno A #E|3 &
i SN 7 Aol 2 RYES "ol E HHIAIZ Sephadex G-50
column (22.5x98 cm)ol] FUsta, o)z £Z(flow rate: 1 ml/min,
collection volumn: 5 mDA]ZA T Z BRI ES 280 nm E 220 nmollA] &HF =
E SAT F, o8 5EAAXE ¥, dB3FE FYIY Fn¥Y &4 =

st

53. HPLCE o] 83 AN EH AF Fe 2 AA

Sephadex G-502 £2A7] 2 mAZuEIHYE o] L3l g EIE
TAM FuEY o] M 2 YR FEAXRES "olFd =9
gel permeation column (GPC)o] ¥ 1A% dAA|a=ZvlE 1Y HE o] &5}
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o go]l&52 &Z(flow rate: 4 m/min)al 4t 5% 2IYEES TAAZ

min) &2 &%) A

6. JE} frame BN A 7GR AETN F FaZv Y S 0] 8T 71T AQ
s e Az

7hEEEE B3 APH VE o838t 20| 73S Azttt znige
Aze 7hrEslE 30 g HG 40 g MW 5 g EEF S g A 1 g AL

FHE D (BAFHEF) AF) 01 g F2A2 (LF7] AEF) AE, A=
)

o) W, 24N B oA AuEF AR wgol

B e B FHd ggdd F 1098 At A5AA8 9SS 74
A HAY (U WSE, 48 Fo, 3W; BE0T, 27, ymr), |
A ovievtmo) o2 AAsgth sbeESE (APH VE ARF 2o

W

5 1A
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R = dARvAS gt EFE AR} N4 JJdaLENNEY
Al ]l ek} R 84 o2 (taste), YA (odor), A4 (color)
5 A FEo 2 PRI A, 2 AT o 944 Student

t-test= 7 A 3} Y}

-94 -



A3 d4 # aF

1. 2& o]&3 daxnde Ax

1.1. @ta Zu]Y o] A=x

AAE ol FAZNA FLE F (Crassostrea gigas)E 53] FAF F 30
 Ax EE& W og, FAE SH3}A 258 25% (W/W)E]ﬂl 27he &
20T S F ¥ gojx dazvdg fHEo] ARZ ALEEE

2
i

o
I
oX,
M
o
S
o,
ol
pats
i
oo
o
A
flo
0%
2
)
4
A
Px
22
b
N
3
O
N
]
=
LY
ok
P

Tl A2 semi-micro Kjeldahl®, Z3E& AX3gHo g SAHSHT. HA,
2o g & IutdE-E Table 1 =1

AR D 34402%9 A XA 2 65.58%=
= guido) ko] FUtEew, g Aee wulE oF 23

2
kv
o
k9
2
)

13. @azud o] FA ol =i H-A

Ao mE I FERUIAY FAHoiuxi AR W A=
Table 29 YUEPAAT S TEZW] A
glycine, proline & lysine®] 3tgko] vl A =oton, &4 7|7ko] Axpglhe) w

2} threonine, glutamic acid, alanine & lysine ¢] 3+F& 7HAFYH 2, valine,

o

74-%- glutamic acid, aspartic acid,

O
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Table 1. Proximate compositions of fermented oyster (Crassostrea gigas)

sauce
Contents (%)
Components
19 29 39 49 54 6%

Moisture 28.83 27.82 19.6 18.37 17.27 16.01
Protein 34.42 36.61 59.93 61.33 63.02 65.58
Lipid 1.48 1.36 1.21 1.13 1.12 1.12
Ash 1.43 1.61 1.59 1.61 1.53 1.49

Carbohydrate  33.85 32.60 17.67 17.57 17.06 15.80
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Table 2. Amino acid composition of fermented oyster sauce

(AA/100 g protein)

Fermented oyster sauce

Amino acid
24 44 6d
Aspartic acid 9.74 11.36 11.44
*Threonine 1.75 1.53 1.25
Serine 0.70 0.58 0.22
Glutamic acid 17.79 17.64 17.67
Proline 7.86 6.86 6.61
Glycine 11.05 10.02 9.77
Alanine 9.06 8.29 8.44
Cystine 1.18 0.88 0.64
*Valine 523 5.69 5.74
*Methionine 2.40 241 2.33
*Isoleucine 3.39 3.91 4.23
*Leucine 5.88 6.81 7.61
Tyrosine 1.70 2.07 2.21
*Phenylalanine 3.98 4.50 4.50
*Histidine 2.35 2.45 2.69
*Lysine 9.78 9.41 8.97
Arginine 6.14 5.57 5.68
Essential amino acid 34.76 36.71 37.32
Total amimo acid 100 100 100

_97_



Hy
o,

aspartic acid, phenylalanine ¥ leucine®] &S Z7}stHt} o]} ol
71kl wel S, Fel gl wig W W ohjeh FAolv|eAre
A% Ttol7h Lhebsket

ok
ol

14. 2 daxv| 9o Feopn|=it F4

= dazxnde] foprits A AFE Table 30 Yelidth =
g zujdol {8 olu|:=4te] 7 taurine, glutamic acid, proline, glycine,
alanine, valine %< 3ol wwA Zgtt SA77o] ARFH ufE}t
asparagine ¥ B-alanine TFE FA3IH oY UIRR ] ofnliit FHFS STt

9T E3] ol AR Z glutamic acid 5& AR IMPe} v

15. & Haxvdo JAAAED 4

e AVt AAA HBFHOR 2, 4, 6 LA HiH
3} Table 4o Yephd vhe} o] Aj7bo] ZAFFE ATP FHFL Ao
ADP, AMP, IMP, inosine ¥ hypoxanthine®] L Z7134th 2 olf&
Ao g g9 A, AAF ZF AY KolrE v ADP ¥ AMP
i gl ATP7E 5o dou 237 Fee tEe IMPY w#d]
ATP, ADP 2 AMP7} 3Hi-5o] Q= Aoz dex At} Terasaki 5 (1969)
e AlZTol 28Uy ATP EIAZE  ATP—ADP—>AMP—IMP—inosine—
hypoxanthine®}3l X 318} t}.

B Aol IMP7E o AEE A& ATP7) 29 ALE 3] Aoz
pH7} 44 FFoZ WHZd o 71x] IMPE & Eajxo] =HHY7] wjEo)

a1
(i
tjd
"
fijo
IN
>
i)
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Table 3. Free amino acid composition of fermented oyster sauce

(AA/100 g protein)

Fermeted oyster sauce

Amino acid 2 g 4 9 6 o
Phosphoserine - - -

Taurine 17.62 16.44 16.91
Phosphoethanolamine - - -

Aspartic acid 2.29 2.64 2.86
Hydoxyproline - - -

Threonine 3.34 3.85 4.08
Serine 3.32 3.66 3.69
Asparaginine 1.35 1.21 1.33
Glutamic acid 10.00 10.57 10.54
Sarcisine - - -

a-aminoapidic acid - - -

Proline 0.19 5.32 5.78
Glycine 6.16 7.35 6.96
Alanine 4.86 6.85 6.63
Citulline 6.99 0.24 0.27
a-aminobutyric acid 0.22 0.19 0.17
Valine 2.18 4.68 4.76
Cystine - - -

Methionine 2.13 2.48 2.27
Cystathionine - - -

Isoleucine 3.13 3.95 4.06
Leucine 6.13 7.14 7.18
Tyrisine 2.98 3.25 2.51
B-alanine 0.94 0.79 0.74
Phenylalanine 291 3.31 3.52
B-aminoisobutyric acid 0.32 - -

v-aminobutyric acid 0.39 - -

5-hydroxylysine 1.23 1.02 1.48
Onmnithine 0.52 0.44 0.55
Lysine 8.07 6.92 7.09
1-methylhistydine - - -

Histidine 1.22 1.13 1.21
3-methylhistidine 1.38 1.51 1.50
Anserine 0.79 - -

Carnosine 1.10 1.43 1.22
Argine 3.70 3.65 3.71
Total amino acid 100 100 100
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Table 4. Contents of nucleotides and their related compounds in fermented

oyster sauce

Contents (umole/g)
Nucleotides and their

related compouds

2 4 4 ¥ 64
ATP 0.55 0.31 -
ADP 0.45 0.65 0.81
AMP 0.32 0.42 0.68
IMP 1.03 1.52 2.15
Inosine 0.13 0.20 0.38
Hypoxanthine 0.02 0.04 0.18
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2

gt JTE, IMPe doll vlwd ¢HAs 1 A7 JulAdEolH,
W a vy glutamic acid®} Z-& fF-glolw]i4b (Table 3)3 FESHH 3o
280 e ASoZ BAUEYT (Terasaki =, 1969).

ojs} o] &9 ArtmAdAIRl

A}

2. A7t 2 daxvidognyg A 34

z dazvds g dAF @RE oo F He: F &
A ds) 238dS AN A3, FndFEAH
Bt 7IZPEE FoA% Zolt AL fiRen 6 MEA S TEET
o] 7t ®& AL e

ot
A
& o
o 8
L

v}
£ o2
R

2

3.  daxvdog iy Judg 49 ¥ £ AA

3.1. o] ARvtETIH o] o3 ACEA 3| Hetol=9] & - FA

HA 20 mM sodium acetate buffer (pH 4.0)Z ¥ 33} A7l SP-Sephadex
C-25 FAZ =24 column (g 4x40 cm)o] A58 SmlE FYI} T =
& 115 §838a 1.0 M NaCl€ < 700mle} FL3 4FEA 700mlE A&
st A¥A FruiHoz B3 Ay (flow rate: 60 ml/hr, collection
volume: 5 ml), 37§e] R oz HEHJT (Fig. 1), £33 J18 A4S
743 AH}E Table 59] e ATE Table 549k o] Al HA &I A
ICso 7X°] 1.54 mg/mlE ACE A3 &Aoo 7}F H=Uot

- 101 -



NaCl (M) «seeeeee

g
=
=
&
~
Nt
=
g 21 2
=
s
8
}
2 c
< g
B ./
1 -~
0 T ... T ¥ T 0
¢} 50 100 150 200

Fraction number

Fig. 1. Ion-exchange chromatography of FOS on SP-Sephadex C-25
column. The separation was performed with a linear gradient
from 0 to 2 M NaCl in the 20 mM sodium acetate buffer (pH

4.0) at flow rate of 1.0 ml/min.
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Table 5. ACE inhibitory activity of fractions from SP-Sephadex C-25

Fractions ICsp value (mg/ml)
A 2.54
B 1.98
C 1.54

- 103 -



32. A AZvlEIHHE o] R3 ACEAS] Selo)=9 &g - A

Fol2 WFFA SP-Sephadex C-250014 Fgk & FolA 7HF Hojd
FuEAAAHS Jells FE S Sephadex G-50 2 F£RE S column
(62.5%98 cm)oll &EA1A Edte] 4 4 FEE 280 nmell A F
deto F JHe Fo o2 sty §ZUXT F ACE A&y
A3 A3, B CHNA ICsogko]l 047 mgmlE 714 53819t (Fig.
Table 6). Wald ZE CIHZ ALs)A A I2rneEagusE Pt 2
AEHA #5712 53t FAUERT g, ©|E HPLCE A &3t
d JaE AU

O‘l
ot
b
il
N

o
e

»N

o

«

A4 AAAZvE T o] 9T EE
Sephadex G-508 S Al columnoA EE®H BIHE FoA Fudst &
Aol 7M=& HAES FEAEIY olF BoleFd FHo HPLCE £33}

At =, gel permeation column (GPC)E o] &3t} =ol&5a LZ(flow
rate: 4ml/min)gt A (Fig. 3), OA MY F8 FEOo=Z FEFHAoH, o
o] ACE Af&4E 543 47, oA A JEAA 713 53 ACE A
NS JERAUTE (Table 7). o] RS ALsA GPCE & T ThA
reverse-phase columno] #FZ¥ HPLCE A}R3lo] o|FArC Z 0.1% TFAZ} g
8 gol249} acetonitrile (0~11%, 20min)& AL&3le] AEN FE7uiHY
o2 FEAA EYstd FAY F2 RS 4o oj59 JuIAAYTA
= ST 27 F wA o FAo] 00874 mgmlE 7 53T
(Fig. 4, Table 8). o] A sfA Lol Hefo]=9] HAHHE Table 9o 2
o3t YehH STt ACE A3 Helol== o] /e FAFYLE AXwA o
28.03u19] &4 F71E HYGon ICy 3t 0.0874 mg/ml Ar}.
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Fig. 2. Gel filtration chromatography of active fraction C on Sephadex

G-50 column. The separation was performed at a flow rate of

1.0 mV/min.
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Table 6. ACE inhibitory activity of fractions from Sephadex G-50

Fractions ICso value (mg/ml)
CI 2.54
cn 0.47
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1.8

1.0

Absorbance at 215nm

Retention Time (min)

Fig. 3. Gel permeation chromatography of active fraction CII on the gel
permeation chromatography (GPC) column. The seperation was

performed at a flow rate of 4 ml/min.
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Table 7. ACE inhibitory activity of fractions from GPC column

Fractions ICsy value (mg/ml)
I 1.350
I 1.020
I 0.571
v 0.251
\Y% 0.134
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2.0

Absorbance at 215nm
T
Acetonitrile (o) ------

0 10 20

Retention Time (min)
Fig. 4. Reverse-phase HPLC pattern on ODS C;s column of active fraction

V. The separation was performed with a linear gradient from 0 to

11% acetonitrile at a flow of 1.0 ml/min.
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Table 8. ACE inhibitory activity of fractions from ODS C;s column

Fractions ICso value (mg/ml)
A 0.890
B 0.087
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Table 9. Purification of ACE inhibitory peptide

Step Am"““(trﬁ;)pepﬁde IC,, values (mg/ml)  Purification fold
Fermented oyster 7000 2.4500 1
SP-Sephadex C-25 5302 1.5430 1.59
Sephadex G-50 103 0.4725 5.19

ODS column 0.008 0.0874 28.03
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34. ACE A3 ele]=9] A3 v7lF 2H

2 Tazvde ACE As| o= Az wEE 2Hs7] AsiA
Lineweaver-Burk plotg ©]€3la] AR5tk ACE A3 HEol=g 50 Z
25 WE st 71de =& HSAA AES ST 2, BAH A
& Yete= Aoz AJHNUT (Fig. 5). ACES] 847 AE Asfsterle
C-Zete] otmit Ao mpet wje & FFg W
FE C-Iee] ofmizito] imino acid$} WEFE olmil Fo| AR F
4=l = dEte]=7t ACE Asjiddo] ¢ dz3 Aoz RiFol gl
o} (Cheung 5, 1980). &3] C-Lte] dipeptide ofwjx=Ait zt7jo] 93] 7173
2 9% ¥E Aoz 4uA oy, N-gwe dipeptidert AWE o]
oz d FElo]l=x ACES 4799 aAzoz ZAdsty A3ttt

A

rir
pa
o
il
2
A%
2l
32,
rr
)

rr

3.5. ACE A3 &4 Ae}o]l=9] in vivodl A R FHZH

APz 18-S 52327 spontaneously hypertension rat (SHR, |3
180-220 g, female, 6-8F%)E )} 22 ACE A3 peptideZ 10 mgkg (SHR
body weight)¥] Al 75 I3} angiotensin 12] &¢tel] st A EAHE A
+ 23} Fig. 63 o] Yetth Al#-& HP7AsAQ captoprile] E3pH T}
= Oa Yoy B4 ¥ 3421y u) 10 mmHge] Hx FYFEE Jeh
AL BAZ7EA] A&HAT. RE G FAE AT Fo T uRLEHQ
sy 7135 $A44S el Bagdxg, 2 Ao AME
# flgol=e AT 5o F BFgo] YehdA] go}l 7154 2] ARA
1 8ol 7Y

4. & Haxvdo FUFA
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50 ul inhibitor
25 yl inhibitor

0.30 4

0.25

0.20 1

w

0.15 Without inhibitor
0.10 1

0.05 1

A

2y
f T To0 T T 1

.0 -0.5 0.0 0.5 1.0 1.5
1[s]

Fig. 5. Lineweaver-Burk plot of ACE inhibitory activiy in the presence

of inhibitory peptide.
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Fig. 6. Change in systolic blood pressure of SHR by administering ACE
inhibitory peptide derived from fermented oyster sauce
Single oral administration was performed with the dose
of 10 mg/kg body weight, and SBP was measured 0, 1, 2, 3, 6
and 9h after the administration. Different from control at

*P<0.05, **P<0.01.
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4.1 Mg AR AE qF dazv e HEHA

2 wEzvA WG PPAATNN Y AXEHE SHT AFE Fig 7

o el & wazu|dS Hrlslr & A ME HESS 100%=E
2 #1e F 2ExedY 57 5 mgmztA Frhg gt MEYE

2. Z daxv| g FAEA

2 Hazvdo g 71 (Hep3B), A 7AFY (HeLa) R H S (A549) AE
hE FLBAHL 243 AAE Fig 8o YAtk o] FAE Fof
A NG AEL ASOAA F 1%AES Y 2o BBAL el
Awtrzio g Ao RUE AHRd, gEEaAEF T 3% 2 ASH
Hehs FEE2 AMHY GAEF U AX Z4 A dFPdA SNU-1
cell lineo] WslH FIAEDE Jehgon] (Chung 5 1997), 7ue} @
2ol 7t T A /]9 o}n|:=4F (Asp, Asn, Phe) & ©]Fo]F tripeptider}
F2 g &S et BuE Pt (Lee 5 2001). =3 Hwang T
(1992) A9 ehter FEENE AA FAE 2 NP oA
Z294 2 AR WAZ} EHE Yehdle A&l EATTE A
o] H3low, Stube T (1992) Aol gl AAFTEANM F=2T
dolastatin 10©] L1210 leukemia®} T}FE leukemia cell lined] o} 743t =
vebdttn dtgar, =3 1 o]lF Tumer 5 (1998)¢] dolastatin 10-8 human
prostate cancer cellso] 23+ A3} 1 nM (IC5=0.5nM)o| 4] DU-145 human
prostate cancer cellS A3A AR AFcie AMLS HIon, o9
TZ+= ©YA 789 Z7|(dolavaline, valine, dolaisoleucine, dolaproine,

dolaphenine) 2 ©]F o014 UThi X313} T}
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Fig. 7. Cytotoxicity of a fermented oyster on cultured normal human

liver cells. Cultured cells were incubated under 5% CO; and 3

7TC. Viable cells were detected by CCK-8 assay.
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100

Cell Viability (% of control)

Hep3B Hela A549

Fig. 8. Antitumor activity of fermented oyster on cultured various cancer
cells. Cultured cells were incubated under 5% CO; and 37T. Viable

cells were detected by CCK-8 assay.
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ool Aot ol MAANFE B HIYEES ol 8T It =2l dT
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43. & 9§ xu] Y o] apoptosis =T A
= T axn el apoptosis FE4-E DNA nick end labeling assay® ol )

2t DNAE A3 3 FACScan flow cytometery system (Becton Dickinson,
Sanjose, CA)9] FHEREM7]E o] &3] DNA 3o uwl2 histograms =

=

A3t ). Flow cytometeryol] 2]3t apoptosis 2 A EF7] ¥4 Z3} Fig. 9 2
Fig. 109 Yehd vie} o] & 2w Fgzun a2 NCI-H460 human lung cancer?]]
tiate] oF 30%2] apoptosis =84S Ve AT

S cell cycle ¥4 53l = HaZn A apoptosis = TAE &
At A, & g Fxo|ds xg)dgS W S phaseo| A9 celle] A7} 7
28k G2/M7|N A9 cell A7 ZF71elE Ao Z Hol F Waxude
GM71E dAITS & & AUATh Choi T (2000 BF it FE2ES
human breast carcinoma MCF-7 A3 o) AHT3YPS o MEF7]S Gl 7]

1..4

l

A sted MFAE =8ttty 3193, Chang 5 (2002)& MCF-7 A| X5 9
SAHAA oJHF T FAYFHE Hest MCF-7 Ax9| AZAHE

E 7 MCF-7 A Eo)| X &44Fe] Ak
E-2 jsoflavoneo])&}il 3} T} X3 Matsuu
< (2003)2 &% 59 719 o (kefir)7} HFAFA
of =& d AMX AFAIES JA Ty BusgEd, MEAIE AAA

H
Q) 9L &= caspase-39] A S A5 A]A antiapoptotic ETE LrEFIITH

llo
Jor

>

N

N

£

4

4» ;

Fo

il

o

o,
o
S

&Y
X

o
R
&Y
filo
2
o
=
=
i
NE

- 118 -



25 A
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10 1

300
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Fig. 9. The effect of the sauce of oyster on NCI-H460 human lung cancer
cell cycle distribution determined by FACS analysis and expressed

in percentages.
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(A)

CoMhandet

(B)

Fig. 10. The NCI-H460 cell cycle distribution (right panel) determined by
FACS analysis and expressed in percentage (left panel) after 300
pg/ml of the sauce of oyster for 3 days. A, untreated; B,

treated with oyster.
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AR Y Ax

E (APH V) 30 g, 419 40 g, A¥ 5g, I=T 5 g A4 1 g HSFF
(BARAF) AF) 02 g, 7HEHEET 0.2

(BASA(F) AF) 0.1 g viE 22 (BASEEF) AF) 0.1 g, ¥
B (FAs 4G AE) 01 g, FRAE (LF7] AFF) AF, FAx
67~7.0%) 6 ml L AF (BANPF) AF) 6 mE EF3}A 2o =49
200 ml7} EA Ak o] §4& WZgo] ol JE FTIHH HATETHS
o W1, 24X B BAA AEEF AHT gl Ed F, I 89S
25 o7z E odsta AR ANE zutg dHeg FAY. olF

o}
=
2

B frame 7bEESiEe] P23 R FRYG R APH Ve} F 2=
nde Az st B I AR e B P AFHE Table 109]
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Table 10. Sensory evaluation for functional fish sauce combined with

fermented oyster sauce.

2
Mean score*

Sauce*! Total score
Taste Odor Color

Control (A) 2.98+0.22° 2.87+0.41°  3.03+£0.56"  3.13+0.34°
A+10mlFOS  3.30+0.46® 3.584044™® 3.39+035°  3.151047°
A+20mlFOS  3.40+031" 3.62+£0.36™ 3.49+022"  3.16+0.28"
A+30mlFOS  3.41+035" 3.63+£041" 345+£031®  3.15+0.36"°
Market product B 3.06+0.46"  3.75+£0.42*°  3.28+021®  3.01+0.33°
Market product C ~ 3.24+0.57*  3.78+£0.28° 3274033  3.21+0.32°
APHYV 2014044  292+045° 3004045 3024047
FOS 3484025 3.68+031%® 3.64+£037°  3.12+0.23

*!Control, Enzymatic-hydrolysis sauce was prepared from APH V.
FOS : fermented oyster sauce, APH V : Alaska pollack hydrolysate (MW,
1 kDa below)
Market product B : Chemical soy sauce, Market product C : fermented soy
sauce

**Means within each column followed by the same letter are not signigicantly

different (P<0.05)
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HAelol=s} Eal= ¢l Alder-Nissen (1976)2 ©ulz 7iyiRa|Ee] &0
AMER BARTE BMAe TASE 254 o] I BAYG
2 22@ v Yok 2HY B AT A8 B frame SHERAEL 2
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AHE o B ARAA FYT F (Crassostrea gigas)S 53] FAF F 30
=
3

E AR 22 W g, FAS S 25 25 % wwEHA AN F 2

0CAM % gol BEzEv e BEo] AR AR
g 2 Haznde F3 Ax 24 PENY st 4E2 2 ¥R
zrloje] JERAE AAHAL, ok2d o5 YABAE AR

= wrgzuje] A olu=Ake] ¢ glutamic acid, aspartic acid, glycine,
threonine % lysine?] o] vlmA Etow, SA7|ZHe] ZHighel| wa)
threonine, glutamic acid, alanine, lysine®] ¥ 74P M, proline,
glycine, valine, arginine®] &S Z7}slgth. Yo W& 2 YAZEV Y Y
Feloplest 24N 9@ Axh, Yol BE 2 Aot YAAT A2
FWAs, 18 HEF 2 ARA 59 AA9d Fad BTl ot
w20 2 83 A taurineo] THE AR KT o] EUT THEFOE glutamic
acid, alanine @ proline $°] ®o] =] AU
ZF dazvde AABdEde] F$ FFARF S AYHEAM ATPY F2
o]E3 ADP, AMP, IMP, inosine % hypoxanthine®] Ho] ZF7}stH o™

E3 dEFHPC] ALFE IMPY Fo] FAHHUG. IMPE 1 AATE B
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