creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

AR B L

v} (Hippocampus abdominalis)
axvtrwslee dats 24 %

A2 Hetol=9 £

EIMARBR KR
B LEadER

H A E

2016 £ 2 H



3l v} (Hippocampus abdominalis)
aavlrEaEs Fis 84 2

AE 84 o= &

o EEL ol% 4AIES EEOE ASH

2016 9 24

A5 ol Ay =ES AFT

AR A
9 4
9 4

AFWG hote

20163 2 ¢



Antioxidant activity of enzymatic hydrolysates
from seahorse (Hippocampus abdominalis)

and isolation of its bioactive peptides

Byeung-Ok Shin

(Supervised by professor You-Jin Jeon)

A thesis submitted in partial fulfillment of the requirement for
the degree of Master of Science

Department of Marine Life Science

GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY

February, 2016



ELKP covemveeseneesssse s s s s ese s i
ABSTRAQCT reveeeersesssesssesssessssssessssssesssssssssssssssssssssssssssssssssssssssssssssssssssessssssssesssssssssssssssssssssssssesasssssenes iv
LIST OF FIGURES «eeseeerseressesssemuseusssmssssssssssssssssssesssssassssssssssssssssassssssssassssssssssssssssssssssssssesssssssssnns v
LIST OF TABLES «-+eeeeeeeseeeseesssusssessmssssssssssssssssssssssssssssssssssassssssssassssssssssssssssssssssssssssssssssassssssssssnses Vi
1 A B SRR 1
2. KHE D HFEH e s 6
2. 1. A-TIT o s 6
2. 2 A s 6
2.3, BHOFO] QUHFAIEL ELA ooooeiicecceeessenesssmnessess s ssssss s ssssss s s s 7
2.4, CHME ZATFEEBIBO| FY|ZE oo 7
2.5 CHHE HZATINEGIZO| 28 BT crrsnssisssisssssssssssssssssssens 11
2.6, CHHZX S ATISES|E O] ECHHEL EX e 11
2.7. R}Q BIC|Z (free radical) AHZA O] B s 11

2. 7. 1. DPPH 1adical - eeseeessereseeesssesseessesssssssssssssssssssssssssssssssssssssssssssssssssssssssssasesssnsns 12

2. 7. 2. Hydroxyl radical s 12

2. 7. 3. AlKyl radiCal wsmeverssmsserssmssesssmssssssssssssissess s 13

2. 7. 4. Hydrogen Peroxide w s 13

2. 8. Vero cell OA Q] BHAFSF ZEA Z5 T .oorcercseecssnessssesssssssssssssesssssssssssssssssses 14
2. 8. 1. Cll CUIUIE «rerrerrrermmmmsesmmsisessssisssissssssssssssssssss st sssssssssssssssss s sssssssssssssssssssssns 14



=

2. 8. 2. CYOLOXICiLy wwrosrseessssssessssssrsssmssess s s 15
2. 8. 3. TOtal ROS weeeerreersrusemssissisisisssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 15
2. 8. 4. Cell Viability - 16
2. 9. Zebrafish embryo OlA{Q] EHAFSE ZHA s 17
2.10. M2|ZA HEFO|E Q| B[ it ssssssssssssssssssssssssssens 18
D 10, 1. URTTIEIGtION «weeeeeeeseeesersemmemssmsemmesssissmsssssessssssssssssssssssssssssssssssssessssssssssnes 18
2. 10. 2. Gel filtration chromatography s 18
2. 11. AMino Acid COMPOSItION @NalYSis «wwwrsrmrrrssmmsersssssrssssssssssssssssss s 19
AT e e 21
307, BOFQ] QUHEATEL ot sssssss s 21
3.2, CHEHEl BATIEEGIZO| 258 i ssssssssns 21
3.3 CHMEl SATIABSIBO| ELFH A e ssnmsssseesssssssnne 24
3. 4. Xt3 2tC|Z (free radical) AHZIEO| THT| e 26
I N T B 1 e I o [Tl | OO 26
3. 4. 2. Hydroxyl radical s 29
3. 4. 3. ALKyl radiCal e s 32
3. 4. 4. Hydrogen Peroxide s 35
3.5 Vero cell OO SHAFSE ZHA THIF oo ssssnseses s 38
3. 5. 1. CYOLOXICity rveveersseseesssssesssssnssssssss s s 38
3. 5. 2. TOtal ROS «eveereremsemmmmmmsissiessssssssssssssssssss s sssssssssssssssssssssssssssssssssssssssssssssaes 40
3. 5. 3. Cell Viability wwrsmsserssmsserssmssessssssesssssss s s s 42
3. 6. URTAFIIIation - eeeeesereeeremsemmsimsisississsssssisssssssssssssssssssssssssssssssssssssssssssssssssssssses 44
3.6.1. AIkyI radical 27HZAO| TIE 44



3. 6. 2. Vero cell Ao atits} %/\O'i I B RN 46

3.6. 2. 1. CYLOTOXICitY wrersmesrerssssmsssessssissssss s 46
3. 6. 2. 2. TOtal ROS weeeerrrrmmsemsmsssisssissssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 46

3.6. 2. 3. Cell Viability «meseersmssssessssssssessssissiesssisssiss s 49

3. 6. 3. Zebrafish embryo MO SATE &AM T} 51

3. 7. Sephadex G-25 gel filtration chromatogram s 53
3. 7. 1. Alkyl radical 22HZHI Q| FIE e 53

3. 7. 2. AMINO ACId COMPOSITION wwwvverrsssmssssssssssssssssssissssssssissssssssssssssssssssssss s 56
T P PPN PO TR 60
B T B ] bbb 64
ZEAFO| B oottt 68



ABSTRACT

Seahorse, Hippocampus abdominalis (H. abdominalis) known as a marine teleost fish, has
been used as one of the most famous and expensive materials of traditional Chinese
medicine due to its beneficial biological activities. However, its use has been limited by its
high cost despite its beneficial biological activities and there are few reports on its biological
activity and active components. Therefore, we investigated the antioxidant activity of H.
abdominalis and its active compounds. First of all, to improve its extraction yields, we
prepared the water-enzymatic hydrolysates by performing the water and enzymatic
extraction techniques with the seven food grade enzymes (Trypsin, Pepsin, Neutrase,
Protamex, Alcalase, Kojizyme, and Flavourzyme) in consecutive order. The enzymatic
extracts showed the higher extraction yield than that of the only water extract. Among them,
the water-Pepsin hydrolysate showed the higher DPPH, hydroxyl and alkyl radicals, and
hydrogen peroxide scavenging activities. Also, it protected against oxidative stress caused by
the treatment of AAPH. To identity its active components, we fractionated the > 5 KDa and <
5 KDa molecular weight fractions from the Water-Pepsin hydrolysates and confirmed the
superior antioxidant activity of < 5 kDa frction. The < 5 KDa fraction, a low molecular
weight fraction was applied to Sephadex G-25 gel filtration chromatography and we
identified that the isolated most low molecular weight fraction led to the highest alkyl radical
scavenging activity. Results of examining amino acid composition of the active peptide, it
was possible to confirm the presence of peptides consisting with mainly many tryptophan
and glycine. In conclusion, in this study suggests that the seahorse water-enzymatic
hydrolysates prepared by the useful water-extraction techniques has the antioxidant activity
and might be an useful resource of marine origin as a novel material for healthy functional

foods and cosmetics.
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2. I 2 9 Hitd

2.1 dEM=

= 70 ArEE siots MEF= MFAl f2E SO XS oh=ofa-2t
AOME{O A LAIZ|OfEl 10g Lo BIMa|s|O} (Hjppocampus abdominalis)E
HS'2or AFESHRALH (Fig. 1). Alzs MA = SZAZX (-80°C, 3~4%) SIU2H

OISR HEZ 24 2 THE 2L47t4E0S fI FSHE2 AMESIRIML

2.2. Al

CHH A S ATI2800] AR El Trypsin, Pepsin2 Sigma Chemical Co. (USA) Of
M F5I0] AFE3SIS OO, Neutrase, Protamex, Alcalase, Kojizyme, Flavourzyme
2 Novozyme Co. (Denmark) OfA TSHY AESHACH =40 AREE 1,1-
Diphenyl-2-picrylhydrazyl (DPPH), 5,5-Dimethyl-1-pyrrolin N-oxide (DMPO), a-(4-
pyridyl-1-oxide)-N-tert-butylnitrone  (4-POBN), peroxidase, 2,2-Azino-bis(3-
ethylbenz-thiazolin)-6-sulfonic ~ acid  (ABTS), 2,2-azobis-(2-amidinopropane)
dihydrochloride  (AAPH),  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (MTT), 2,7-dichlorofluorescein diacetate (DCF-DA), Sodium dodecyl



sulfate (SDS), Dimethyl sulfoxide (DMSO), Bovine Serum Albumin (BSA)= Sigma

Chemical Co. (USA) OflA FR5H0] ALESIF 2 FeSO,7H,0, Hydrogen peroxide

+ Dae Jung Chemical Co. (Korea) O|A T&50] ALESIRULE Pierce® BCA

protein assay kit = Thermo Scientific™ (USA) Ol A FR5t0] ALE3SIRI D RPMI

1640 medium, Fetal bovine serum (FBS) & Gibco/BRL (Canada)XlAM RIS At

8oLt O §fof 2E 7|EF Aef2 24 E SSAIefS AHESHALY.

3. oforel Yy X
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Fig. 1. The source of seahorse (Hippocampus abdominalis).



Table 1. Extraction process and optimum conditions of hydrolysis.

Extraction process Optimum conditions

Methods Times (hours) pH Temperature (C)
D D.W 24 h - 37
T1 1h
T2 3h
T3 Trypsin 6h 7.6 37
T4 12 h
T5 24 h
P1 1h
P2 3h
P3 Pepsin 6h 2.0 37
P4 12h
P5 24 h
PT Pepsin 12 h + Trypsin 12 h
DT Complex D.W 24 h + Trypsin 12 h - -
DP D.W 24 h + Pepsin 12 h
N1 3h
N2 Neutrase 12 h 6.0 50
N3 24 h
X1 3h
X2 Protamex 12 h 6.0 40
X3 24 h
Al 3h
A2 Alcalase 12 h 8.0 50
A3 24 h
K1 3h
K2 Kojizyme 12 h 6.0 40
K3 24 h
F1 3h
F2 Flavourzyme 12 h 7.0 50
F3 24 h

adjusted to pH 7.0 after deactivating the enzyme reaction for 10 minutes at 100 C in order to

stop the hydrolysis.

-10 -
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100°C EZI0|Q

KIr

S Mg

2 Pierce® BCA protein assay kit

o/

96wellplated| 1 mg/ml SE2| 2t SAII4+ES|E 2540 2 BCA solution 20040

S A

= ELISA reader

ENEIR

H
—

KFEEA|Z{ 37°C Of| A 3087t

=0 M

k=g |
H O

F 562nm

.
o

2
[S)

2.7. Xt EIC|Z (free radical) 271

free radical 272’42 ESR; electron spin resonance (JES-FA ESR, JEOL, Tokyo,

o4 signal

= A8

Japan)

(control signal - sample signal) / control signal x 100

Scavenging activity (%)
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2. 7. 1. DPPH radical

DPPH radical?| £82 A|E 30ue, 60uM DPPH (1,1-Diphenyl-2-picrylhydrazyl)

30msE =4

ot
N
HT
>

HFSAIZI CHS capillary tubel &7 ESRS ARE3}0]

signal 2t= TOIRICE OiE+= AIZO 8012 DWE AMESHZCH E4=d

rlo

Ct51t 20| SHRALY.

Power : 1mW, Amplitude : 800, Modulation width : 0.8mT, Sweep width : 10mT, Sweep

time : 30sec, Time constant : 0.03sec

2. 7. 2. Hydroxyl radical

Hydroxyl radical2| 582 Al& 20ue, 0.3M DMPO (5,5-Dimethyl-1-pyrroline N-

oxide) 20p2, 10mM FeSO47H,O 202, 10mM H,0, 20 E EHIAN F 28 30Xt

HFSAIZl CHS capillary tubed| 7 ESRS AFE3IY signal 2t FSIRACH CH=E

= A=Y 042 DWE Aol ZA4=d2 L5t 20| ShRIn.

Power : 1mW, Amplitude : 1000, Modulation width : 0.1mT, Sweep width : 10mT, Sweep

time : 30sec, Time constant : 0.03sec

-12 -



2. 7. 3. Alkyl radical

Alkyl radical?] HE2 AR 20w, DW 20ue, 40mM AAPH [2,2-azobis-(2-

amidinopropane) dihydrochloride] 20p2, 40mM 4-POBN [(a-(4-Pyridyl-1-oxide)-

N-tert_butylnitrone] 20 E ==4 = 37°C 0N 3027+ BFSAIZl CHS capillary

tubed| &7 ESRES ALESIO] signal #ts TORRICE Hiz=7t= AlZOid 062l

DWE ArE3tel M2 ChZar 20| SHRACE

Power : 1mW, Amplitude : 1000, Modulation width : 0.2mT, Sweep width : 10mT, Sweep

time : 30sec, Time constant : 0.03sec

2. 7. 4. Hydrogen peroxide

Hydrogen peroxidel| =72 96wellplated| A|Z 50u2, 0.1M phosphate buffer

(pH 5.0) 50p2, 10mM hydrogen peroxide 10iE 0T T H&S XIHA|Z] 37°C

oM 527 BFSA|ZACE O|F 1.25mM ABTS 15u0, Peroxidase (Tunit/ml) 15u0E

OHL
M

oE T Y2 KIThA|ZA 37°C OA] 1027 BFSAIZI CFZ ELISA readerg ALE
St 405nm SEE0A E™T § 42 FOIQCHL == A|=CHA 2049

DWE ArEotZLt.

-13 -



2. 8. Vero cell OMQ| &itst =t =H

Normal cell O M2l &itel 2dS FF5t7] ?lof AHF0| & FEEN A=

ofzZz|7} =M RAz0[o MT FHMER Vero cellS HIZSHH HHO| ALESHA

C}. Vero cell2 Korean Cell Line Bank (Korea) Ol Al £QF H0} AIR3IQI OO, AlZ

O CHSt CytotoxicityE 2015t AMpt™ AEYAE FE5HRZ M2 Total ROS

#Hotet Cell viabilityS =Ql5t0] gitel 2dS E7HoHALY.

2. 8. 1. Cell culture

Vero cell& 10% FBS (fetal bovine serum), 1% antibiotice ZE&St= RPMI HiX|

MUl

AHE3H HY QY SFSHLCE Cell culture flask (75m)0| MHsEZ 37°C, 5% CO, &=

HOIA MZHEHO| et 2~32L7F HiFot Ao, HS0| SAE MZ

il
A

2| 517
s HiX| 4 EHS MAHSH = 1X PBSE 2~3%| MAES TS 1X Trypsin 2ml2 &

7t5k0] 37°C, 5% CO, =AM 287t RAl = 7tH2 A58 FO FEE MZ

mjo

£ =oALt o] = 3~5mi2| BiX|E FO{F0f ZtEHA =30

MM
an
gl
T
!

20 &71 500RPMOA 527F BH=Z2S ot 45AS Mt Chg HXIE &

=

|ZUESH0] M2 OfFRALCE =H[E MZ= ACHeiar of = 2Ho| ALE

M
Mt

a

SFRALY.
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2. 8. 2. Cytotoxicity

AM=Z0f| Chet MZ=dE 2eot7| /8 MTT assayE ot MZEZYEES

A

~
o

SIALCEL BHA 1 x 10°22 MZsEZE TS0 96wellplatef 190uE seedingStR

1 37°C, 5% CO, ZUOIAM MIZAEHO| 2t 20~24A|2t HHYSIROH A|E2X 2|

g flo HEsEo 208 55 TUSOH 10E ME[SHRALE O = 37°C, 5%

CO, ZAOIM MEAEHO| W2t 20~24A17F BHYBIAOT 2mg/ml SE2| MTT

(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)E 50u¢ * 2|5} Ct.

d CFg 37°C, 5% CO, Z=U0A HMYENO| WEr 2~3A[ZF BFSA[Z| 2 HF & &

mjo
Pas

ZH 15002 MAHSED 10% SDS + 50% DMSOES 100p0 €O Fom, g

CtA|Z{ 120RPMOJ|A| 3~12A|ZF W HEA|ZI Z ELISA readerE A3 540nm

jot

0N FFe F s FOrALE == A=RO4A E0i2l DWE A&

Ct.

2. 8. 3. Total ROS

MHopy AEYAS RESIRS M2 AZX2[0f oft it 2ds =I5t|

|8l AAPH [2,2-azobis-(2-amidinopropane) dihydrochloride] Xt=& F0| A|&X

2|0f| CH®t Total ROSS| H3IE FHESIRULE HA 1 x 10° MZSZ2| vero cell&

DS 0] 96wellplateOfl 180uE seedingdt 1 37°C, 5% CO, EZO|A M| &HEH

- 15 -
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Of et 20~24A17H BILSIUOD AlRMEIE 98] HBSE0| 208 SES o

£0 102 H2|SIRALCE 0] = 37°C, 5% CO, RO MEAEHO| e} 1A|ZH

B LStE 2 80mM AAPH 10ueE X 2|SHRICE 1 ChS 37°C, 5% CO, Z=710fA

1027t BtSAIZHSE 0.05% DCF-DA O|EHZE8HUS 10pe XN2[stn HlS XITHA|

ZiCE 0|3 37°C, 5% CO, ZZHO|A 1027t B1SA|Zl F ELISA readerE AtE3}0]

ofgfer #2 =0

>
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o
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oA
%
dn
N
mjo
i
Of

FRACE =T AlZX2| 8o 4

A0
—

_

(=1 RS

[m
&=

FEAZl deddt Mot AEYAS REAFIX B2 HET

o2 FERALE

excitaion : 485/20, Emission : 528/20, Optics position : Top, Read height : 7mm, Scale value :

30000

2. 8. 4. Cell viability

ABEE AEP A

i

FEOIAS Mo AlZX20 olgt eitet 2y

mjo
ot

Lol s}7|

|8l AAPH [2,2-azobis-(2-amidinopropane) dihydrochloride] At=52 FO| A|&X

2o Cich MZ SEHS SFYSIAUCE A 1 x 10° MESZ2| vero cellg TS

O 96wellplateOf| 180ueE seedingdt¥ 1 37°C, 5% CO, Z=ZOA M= AEHOfl

2t 20~24A1ZE iSRS H A[EXE[E 8] HESES 208 5= TS0
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100 N2|SIRUCt O] = 37°C, 5% CO, ZHUA MIEAELO| ) 1A|ZF HEQYF

SIS 80mM AAPH 10ueE ME|SHRULCH 1 CFZ 37°C, 5% CO, =OA M=

AEfO|  hEf 20~24A12t  BIYSIRILD  2mg/ml SES|  MTT  (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)E 50p0 X 2|SIRALCE O|F

37°C, 5% CO, ZO|A SMJEO| e} 2~3A1ZF HSAIZ|D H 5| &45H 150

peE M7 10% SDS + 50% DMSOE 100p 20 FOM, WS KThAIA

120RPMOI|A] 3~12A|Zt WHIA|ZI & ELISA reader® AF230] 540nm S Z0f
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Zebrafish (Danio rerioy= Q17t1} SN ASM0| FAISE MESIEA 7|2
MEEAH O MBIHAEYAE RFESIFZ M| AIZNZ|0 2ot 2itet 2#Ho=

2HOl EZaitE =0l StX; A7t ZAuto mME dEE HIE FESIRULCH
embryo medium 1.8ml0%| 70% epiboly TFA2| zebrafish embryoE EOl&E 7 Al
2M2E Qdh 2Es=2l 20df =5 S0 1000E ME|SHACH 1A =&

AlZI & 300mM &X=2| AAPH [2,2-azobis-(2-amidinopropane) dihydrochloride]

£ 100pe MEZ|otRAL Ol HEE HotE ZESIAC U= AIRXNE| 80|



2.10. Mel=ztd HEO|EQ| &2

o

HE ZalteEslE0A it 290l 2 dolgtd HEO|ES EXE

2t0I5L7| I8 Ultrafiltration2 St ALY 222|520, O & MEAHQI size

exclusion® I8 Gel filtration chromatography S}t0f fractiongs &£2|35%CH

2. 10. 1. Ultrafiltration

T A SA7t=2l22 A EE 222 ?I6H Labscale TFF System (Merck
Millipore, Germany)2 AR23}0] Ultrafiltration® SHICE 10 kDa 1t 5 kDa<l
Ultrafilter membrane® AHE3t0] 10 kDa O|4, 10-5 kDa, 5 kDa O|StE £2|5HYA

ol SZAX (-80°C, 3~42)F LtRL=t ot O|F 0| AHESHALY.

2. 10. 2. Gel filtration chromatography

Hg

fot

OAS
_I__I_Ol_l'

o

74X 2XtEFol 22|22 DW 180 8AIZ! F| Sephadex G-25

Il
Elis
Elis

column (2.5 x 100cm)2 O|&5t0 2 2miIe| F&52 2 10mi¥ E2|5tRCH &

252 SpectrophotometerE ARSI  220nm SEZ0A FHEs F
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chromatogram2 5t %ILCt.

2. 11. Amino Acid composition analysis

Sephadex G-25 column2 AFE3H 22Tt fraction2| F0t0[ 4t ZHHIE

ot

J

olst7] SIS ZA! HCIS K2lohol THUE BEIO|S S AMS| ThEo

%

& Pico-Tag &= O[85I0] RP-HPLC (reversed-phase high-performance

liquid chromatography)2 HEZ& 20& Of0|.40f CHel EM}Aed, o F

Tryptophan2 HH|QI&ZE4At (methanesulfonic acid)2 M2[5t0f X2 Jt+£9
o 5 2MOIACH EMIHE speed vacs S8 AES A2 °F 100ugS PITC

Of

labeling F = 400ul?| buffer® =@l L& O] & 10ulE HPLCY| loading S+

ZYotUCt 2 otbjeate] mExA 2F

PLCAC

rlo
T

HZZZ retention time

2 7|1F22 iR, HAMHZ =0|7] 28l Internal standard2A N_Leucine=

ALESH LIEBEEH S AFESHRICE HPLC analysis system= Of2fiQf 20| 143510

Bl
1x
Of
39
|0
=]
Elis
1x
P
™
ro
-

F=1t 2Lt (Table 2).

System : Waters 510 HPLC Pump x 2, Waters Gradient Controller, Waters 717 Automatic
sampler., Column : Waters Pico-tag column (3.9 X 300mm, 4 um)., Detector : Waters 2487

UV detector, 254nm., Data analysis : empower 2 software.
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Table 2. HPLC conditions from Amino Acid composition analysis.

Time Flow %A %B
Initial 1.0 100 0
9.0 1.0 86 14
9.2 1.0 80 20
17.5 1.0 54 46
17.7 1.0 0 100
21.0 1.0 100 0
24.0 1.0 100 0
25.0 1.0 100 0

%A ; 140 mM sodium acetate (6% acetonitrile)

%B ; 60% acetonitrile
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100
2

80

D T1 T2 T3 T4 TS5 P1 P2 P3 P4 P5 PT DT DP N1 N2 N3 X1 X2 X3 Al A2 A3 K1 K2 K3 F1 F2 F3

~1
=

Yields of enzymatic hydrolysates (%)
« - h )
= = = =l

[
=

[y
=

DW Trypsin Pepsin Complex Neutrase Protamex Alcalase Kojizyme Flavourzyme

Fig. 2. Yields of enzymatic hydrolysates from H. abdominalis.

Mean £ SD from triplicate determinations. Measurement by the based on the solids content.
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Table 3. Yields of Total protein contents from H. abdominalis. (mg/g)

Total protein contents (mg)

D 93.38 + 3.04

T1 196.90 + 2.55
T2 190.07 £+ 6.21
T3 194.94 + 4.39
T4 184.37 £ 11.80
T5 127.67 £ 2.79
P1 164.15 + 2.84
P2 119.13 + 0.87
P3 206.43 £ 5.21
P4 198.22 + 2.28
P5 144.21 + 3.29
PT 238.01 + 15.49
DT 14750+ 7.14
DP 221.21+7.02
N1 281.38 + 11.41
N2 257.15+ 8.19
N3 222.19 £+ 5.67
X1 24790+ 5.75
X2 234.52 + 2.15
X3 156.12 £ 6.21
Al 226.13 + 0.89
A2 179.20 £ 3.20
A3 169.40 + 4.85
K1 202.36 *+ 4.60
K2 228.39 + 3.15
K3 172.61 + 2.98
F1 268.68 + 2.64
F2 252.12 + 6.83
F3 251.20 + 1.56

Mean + SD from triplicate determinations.
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3. 4. X8 2tC|Z (free radical) &A

3. 4. 1. DPPH radical
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TrypsinQ 2 12A12+S 7t

Pepsin@ 2 12A|Zt

-
o
T

0.00, DWE 24A|Z2t ==
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2%t DPPH radical &4
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DPPH radical scavenging activity (%)
n
=

3071
20

10 -

L e e
D T1 T2 T3 T4 TS

DW Trypsin Pepsin Complex Neutrase Protamex Alcalase Kojizyme Flavourzyme

P1 P2 P3 P4 PS PT DT DP N1 N2 N3 X1 X2 X3 Al A2 A3 K1 K2 K3 F1 F2 F3

Fig. 3. DPPH radical scavenging activity of enzymatic hydrolysates. (%)

Mean + SD from triplicate determinations.
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Table 4. DPPH radical scavenging activity of enzymatic hydrolysates. (ICs, values)

DPPH radical scavenging activity (1Csp, mg/ml)

D 0.52 + 0.02
T1 >4
T2 >4
T3 <4
T4 1.62 £ 0.10
T5 1.70 £ 0.00
P1 >4
P2 >4
P3 >4
P4 <4
P5 2.26 £ 0.08
PT 2.11+£0.09
DT 0.28 £ 0.00
DP 0.77 £ 0.04
N1 >4
N2 <4
N3 1.41+0.08
X1 >4
X2 <4
X3 >2
Al >4
A2 1.62 £ 0.02
A3 >2
K1 <4
K2 1.09%0.10
K3 1.23+£0.10
F1 <4
F2 <4
F3 >2

Mean + SD from triplicate determinations.
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3. 4. 2. Hydroxyl radical
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0 a
D T1 T2 T3 T4 TS P1 P2 P3 P4 PS PT DT DP N1 N2 N3 X1 X2 X3 Al A2 A3 K1 K2 K3 F1 F2 F3

DW Trypsin Pepsin Complex Neutrase Protamex Alcalase Kojizyme Flavourzyme

Fig. 4. Hydroxyl radical scavenging activity of enzymatic hydrolysates. (%6)

Mean £ SD from triplicate determinations.
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Table 5. Hydroxyl radical scavenging activity of enzymatic hydrolysates. (1Cs, values)

Hydroxy| radical scavenging activity (ICso, mg/ml)

D 0.93+0.09
T1 0.72 £ 0.09
T2 0.81+0.08
T3 0.82£0.10
T4 0.74£0.14
T5 0.69 £ 0.10
P1 >1
P2 >1
P3 >1
P4 >1
P5 >1
PT <1
DT 0.70+0.12
DP 0.81+0.14
N1 >1
N2 >1
N3 >1
X1 0.79x0.14
X2 0.59+0.18
X3 0.59 £ 0.08
Al >1
A2 >1
A3 >1
K1 0.90+0.11
K2 0.74+0.12
K3 0.73+0.11
F1 >1
F2 >1
F3 >1

Mean + SD from triplicate determinations.
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3. 4. 3. Alkyl radical
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(Table 6).
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Fig. 5. Alkyl radical scavenging activity of enzymatic hydrolysates. (%)

Mean + SD from triplicate determinations.
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Table 6. Alkyl radical scavenging activity of enzymatic hydrolysates. (1Cs, values)

Alkyl radical scavenging activity (1Cso, mg/ml)

D 0.38 £ 0.06
T1 0.33+0.03
T2 0.63+0.03
T3 0.41+0.02
T4 0.25+0.05
T5 <0.25

P1 0.60 £ 0.02
P2 0.59+0.15
P3 0.36 £ 0.08
P4 <0.25

P5 0.24 + 0.06
PT 0.33+0.06
DT 0.15+0.00
DP 0.15+ 0.00
N1 0.28 £ 0.09
N2 0.23+0.03
N3 0.18+0.16
X1 0.78 + 0.16
X2 0.58 + 0.01
X3 <0.25

Al 0.51+0.03
A2 0.73+0.09
A3 0.77+£0.03
K1 0.78 £ 0.00
K2 0.25+0.00
K3 <0.25

F1 0.99 +0.25
F2 0.71+0.02
F3 0.70 £ 0.03

Mean + SD from triplicate determinations.
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3. 4. 4. Hydrogen peroxide
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gen peroxide scavenging activity (%)

Hydro
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DW Trypsin Pepsin Complex Neutrase Protamex Alcalase Kojizyme Flavourzyme

Fig. 6. Hydrogen peroxide scavenging activity of enzymatic hydrolysates. (%)

Mean + SD from triplicate determinations.
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Table 7. Hydrogen peroxide scavenging activity of enzymatic hydrolysates. (I1Cs, values)

Hydrogen peroxide scavenging activity (1Cso, mg/ml)

D 0.92+0.11
T1 1.38 + 0.05
T2 1.84 +0.31
T3 1.64 £ 0.09
T4 1.20+0.03
T5 1.71+0.08
P1 2.09+0.51
P2 1.75+0.28
P3 2.45+0.33
P4 2.68 + 0.09
P5 1.73+0.36
PT 1.25+0.17
DT 0.23+0.02
DP 0.89 + 0.03
N1 1.10+0.11
N2 1.01+£0.03
N3 1.20 £ 0.04
X1 1.04 £ 0.00
X2 0.79 £ 0.07
X3 0.56 + 0.04
Al 1.10+0.01
A2 1.25+0.07
A3 1.29 +0.01
K1 1.73+£0.03
K2 1.02 £ 0.02
K3 0.42 +0.26
F1 1.88 £ 0.35
F2 1.45+0.17
F3 1.51+0.12

Mean + SD from triplicate determinations.
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3. 5. 1. Cytotoxicity

o

Pepsin

g otoj Mz

MTT assay

to| 2%3F=E3t HADPHO| 50~200 pg/ml &&= X2[of 9

IS

o |
S 7296

2 124

2 =LAt (Fig. 7).
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Fig. 7. Cytotoxicity by HADPH in vero cells. (%)
Mean + SD from triplicate determinations. HADPH ; Hippocampus abdominalis Distilled
water Pepsin Hydrolysates ; extract from freeze dried seahorse. Hydrolysis for 12 hours by

pepsin after extraction for 24 hours by water.
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3. 5. 2. Total ROS

AmM AAPHO| 4tetX AEYAE [RESIE I HADPH 50~100 pg/ml &&=

XM2|of 28l Total ROS 4d0| SEoEXHCZ At Feks 2SHRALE 100

pg/ml =& X0 28} Total ROS 4‘g0| 8352 + 1.90% +E22 ZAd=

Ho 2 =HOIE|RULC} (Fig. 8).
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Fig. 8. Total ROS production by HADPH treatment in vero cells induced by AAPH-
oxidative stress. (%0)

Mean £ SD from triplicate determinations. HADPH ; Hippocampus abdominalis Distilled
water Pepsin Hydrolysates ; extract from freeze dried seahorse. Hydrolysis for 12 hours by

pepsin after extraction for 24 hours by water.
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3. 5. 3. Cell viability
AmM AAPHO| AtetX AEYAE RESIZE I HADPH 50~100 ug/ml &&=
HMelof 2osf MzZE dEZH0o| sSEoEXME FUste ZA¥ES =QISHRULCL

HADPH 100 pg/ml =& K20 2|5t MZE MZEHE 8098 + 2.58% +TE2E

Stot=d2 2 2QIE[RULCE (Fig. 9).

- 42 -



110
100

920

80
70
60
50
40
30
20
10

0

CON 0 50 100

4mM AAPH + HADPH (ug/ml)

Cell viability (%)

Fig. 9. Cell viability by HADPH treatment in vero cells induced by AAPH-oxidative
stress. (%0)

Mean £ SD from triplicate determinations. HADPH ; Hippocampus abdominalis Distilled
water Pepsin Hydrolysates ; extract from freeze dried seahorse. Hydrolysis for 12 hours by

pepsin after extraction for 24 hours by water.
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3. 6. Ultrafiltration
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3. 6. 1. Alkyl radical 27H&’ 2| Tt
10kDa O|#4, 10-5kDa, 5kDa O|5te| EXtEH 2= Z0o| Alkyl radical &2HEd

= Bt 20 HADPH= XAkt O et Alkyl radical £2H&d0] &2

S

o2 QIEQIOn SZoEHoR 0| FUts S LOlStUCL BAY

H 22E9 1Ceat (mg/ml)2 A= Zb 10 kDa O|40| 024 + 0.00, 10-5

kDaO| 0.21 + 0.00, 5 kDa O[3}7} 0.15 + 0.01= ZQIZALCt (Fig. 10).
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Fig. 10. Alkyl radical scavenging activity of specific molecular weight fractions of
HADPH. (%)

Mean £ SD from triplicate determinations. HADPH ; Hippocampus abdominalis Distilled
water Pepsin Hydrolysates ; extract from freeze dried seahorse. Hydrolysis for 12 hours by

pepsin after extraction for 24 hours by water.
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3. 6. 2. Vero cell 0|AMo| Stits} =t H

—

3. 6. 2. 1. Cytotoxicity

MTT assayE ot0] MEZHEES =t 21t 10kDa 0|4, 10-5kDa, 5kDa O[5}

O 50~100 pg/ml &&= XN2|0f 2ot M= LIEFLEX] EQULH (Fig. 11).

3. 6. 2. 2. Total ROS

4mM AAPHS| LMotd AEYAE RESHFS MY 10kDa O|2f, 10-5kDa, 5kDa

0|8t2] 50~100 pg/ml S= X2|0f 2|3t Total ROS MM SEo|

i

Moz

=

oN
5

b

b

Of
rir
ox
0%
o
ot

QRO HADPHZ} MEXtet EOf M2t Total ROS 4d0| Za

fanl
rir
oX
oot
mjo

= .
s}ols

ISt 5kDa 0|32 100 pg/ml &&= XN2|0| 2|8 Total ROS

MMO| 61.01 + 049%2 UABIFOH, AN

AE A

uj

X B

rlo

=2t

Lo

HlDS}H OF 50% £X02 ZUAL= HOZ SOIL QUL (Fig. 12).
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Fig. 11. Cytotoxicity by specific molecular weight fractions of HADPH in vero cells. (%)
Mean £ SD from triplicate determinations. HADPH ; Hippocampus abdominalis Distilled
water Pepsin Hydrolysates ; extract from freeze dried seahorse. Hydrolysis for 12 hours by

pepsin after extraction for 24 hours by water.
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Fig. 12. Total ROS production by specific molecular weight fractions of HADPH

B50ug/ml ®W100ug/ml

*
*
=10 kDa 10-5kDa <5kDa

Total ROS production (%)

4mM AAPH

treatment in vero cells induced by AAPH-oxidative stress. (%0)
Mean £ SD from triplicate determinations. HADPH ; Hippocampus abdominalis Distilled
water Pepsin Hydrolysates ; extract from freeze dried seahorse. Hydrolysis for 12 hours by

pepsin after extraction for 24 hours by water.
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3. 6. 2. 3. Cell viability

4mM AAPHO| At3tX AEFAE QL8RS [ 10kDa 0|4, 10-5kDa, 5kDa

|0
rht

0|8} 50~100 pg/ml & H2|0f 23t MZE MEZ

rlo

SE9|

Hoz Z7t8}

rir
N
Q'I:
o

OIEA2 0 HADPHZt MEZAtet Eof| ek MZE Y

i

20| Z7tots

M O 50% T2 TItEl= AR QI ALt (Fig. 13).
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Fig. 13. Cell viability by specific molecular weight fractions of HADPH treatment in
vero cells induced by AAPH-oxidative stress. (%0)

Mean £ SD from triplicate determinations. HADPH ; Hippocampus abdominalis Distilled
water Pepsin Hydrolysates ; extract from freeze dried seahorse. Hydrolysis for 12 hours by

pepsin after extraction for 24 hours by water.
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3. 6. 3. Zebrafish embryo 0| A Q| atitat 2t HIt

10 kDa O[4f, 10-5 kDa, 5 kDa O|5t2| EXIEE E2E & Alkyl radical 27

orr

F Vero cell OMQ| gtitat &d2 =QIst Zut 5 kDa O|3te| X &Atd HELO|
E7l 23t 288 E0l O|2FE 70% epiboly THAQ| Zebrafish embryo0]

15mM AAPH2| AtetX AEHAE RESIAZS WY ZIFA[ZH [ME Zebrafish2

MESS ZYSI0 23l 283 HISHQLH Aty AERA | T 3A|7H0]
Bt E M 50~200 pg/ml s&= HM2Z|o 2ot WEE2 SEoEXHCE F7}

St BE0| = EA2D 24A[7H 48A1ZH 72A1Zte 2 Zateto= O|2oh 4

2 RAEACE Mo AEHAZ AX| 2

LS

rlo
=
P
-
)
rx
LQI-
il
|>
[m
Lot
| >
i
o
rlo

=TS Hw3tAS O 200 ug/miel S=X2|= o 50%0 7tt2 YE=EES &

XAH Fe o2 HOILQOoH O|22E HADPH 5 kDa O|8t0| XMEXtA

EIO|E&= AAPHZ REE MSPHAEYAZRE it 2doz oot Eoont

7t =HQIZ[ALE (Fig. 14).
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Fig. 14. Survival rate by < 5 kDa fractions of HADPH treatment in zebrafish embryo
induced by AAPH-oxidative stress. (%)

Mean £ SD from triplicate determinations. HADPH ; Hippocampus abdominalis Distilled
water Pepsin Hydrolysates ; extract from freeze dried seahorse. Hydrolysis for 12 hours by

pepsin after extraction for 24 hours by water.
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3. 7. Sephadex G-25 gel filtration chromatogram

EE 2

Ao

o 2dS EO0|= 5kDa O|st HEO|E & =2 MFEX

28l Sephadex G-25 columns AtE3st0] &2/t ZADt 4749| fractions 20l

i

T AU (Fig. 15). O] = Z2[El HELO|EQ| Sitsl 2dS =Sl Alkyl

T - —

ot

-

radical 27&4S =MD, Amino Acid composition analysisS 30 Zt

=

tot

fraction2 2 Fdoto| it ZMH|E =HQISHRALCE
3.7. 1. Alkyl radical 27H&’ 9| Tt

4719| fractiond F1, F22t F4= =2 Alkyl radical 2HEES EJH L, F30A
OfF 2%t Alkyl radical 2H&EE =l = JUUCE F32| ICoat2 92.18 +

7.37 ug/ml 2 2QIZ|AUCH (Fig. 16).
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Fig. 15. Sephadex G-25 gel filtration chromatogram of <5 kDa fractions of HADPH.
HADPH ; Hippocampus abdominalis Distilled water Pepsin Hydrolysates ; extract from
freeze dried seahorse. Hydrolysis for 12 hours by pepsin after extraction for 24 hours by

water.
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100 -
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Fig. 16. Alkyl radical scavenging activity of Sephadex G-25 gel filtration fractions of <5
kDa fractions of HADPH. (%)

Mean £ SD from triplicate determinations. HADPH ; Hippocampus abdominalis Distilled
water Pepsin Hydrolysates ; extract from freeze dried seahorse. Hydrolysis for 12 hours by

pepsin after extraction for 24 hours by water.
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3. 7. 2. Amino Acid composition

Aspartic acid 2F Asparagine2 MW (£Xt2H0| ZtZf 133.100, 132.120 22 &

AtSED Glutamic acid 2F Glutamine2 MW (EXt2hH0| Z+2ZF 147.130, 146.140 2

2 FASHZ| 20| HPLC 2449 retention time 20| o5t 0|2 &HAtS)

o ZHSIRLt (Fig. 17). Sephadex G-25 columna ARE3I0] 22|3t fraction 470

o Fdotoleit EMEH|= ZFZ CHSOF ZLCH F1 fraction? Z/dH|= Alanine

16.00%, Glycine 13.16%, Glutamic acid / Glutamine 9.97%, Tryptophan 8.48%,

Valine 7.76%, Leucine 7.47%, Proline 6.57%, Arginine 5.76%, Lysine 4.51%,

Isoleucine 4.00%, Threonine 3.73%, Serine 3.70%, Aspartic acid / Asparagine

2.99%, Histidine 2.38%, Methionine 1.57%, Phenylalanine 1.21%, Tyrosine 0.61%,

Cystine 0.12% 2| =AMz FHE AS =2 & &= JUARUCE F2 fraction?| Z-FH|=

Alanine 20.76%, Phenylalanine 14.93%, Leucine 12.12%, Tryptophan 9.35%, Valine

9.04%, Isoleucine 5.75%, Histidine 5.04%, Proline 3.70%, Glutamic acid /

Glutamine 3.63%, Methionine 3.47%, Arginine 3.41%, Glycine 3.26%, Threonine

2.02%, Lysine 1.14%, Serine 1.04%, Tyrosine 0.71%, Aspartic acid / Asparagine

Lol

—

0.57%, Cystine 0.05% 2| =AMZ TME HS

kot
ot

F 4= QURALCE F3 fractionQ]

Z4H[+= Tryptophan 54.90%, Glycine 32.78%, Cystine 2.49%, Isoleucine 1.57%,

Serine 1.18%, Phenylalanine 0.96%, Alanine 0.87%, Histidine 0.80%, Glutamic acid
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/ Glutamine 0.67%, Arginine 0.58%, Leucine 0.52%, Aspartic acid / Asparagine

0.48%, Valine 0.48%, Proline 0.45%, Threonine 0.42%, Tyrosine 0.37%, Lysine

ol &F A

0.35%, Methionine 0.12% 2| =AZ2 F#+ME A2 =2l & = URUALCE F4 fraction

ok

O| Z=-H|= Alanine 13.23%, Glutamic acid / Glutamine 12.29%, Glycine 8.86%,
Leucine 8.00%, Aspartic acid / Asparagine 7.79%, Serine 7.55%, Isoleucine 7.55%,
Valine 6.89%, Threonine 6.74%, Proline 5.37%, Arginine 3.98%, Phenylalanine

3.43%, Lysine 2.98%, Tyrosine 2.30%, Methionine 1.39%, Tryptophan 0.87%,

Hl

ot

Cystine 0.77%, Histidine 0.00% 2| =M2 T+d= AS

ot

7 UAALY.

J

O & =2 Alkyl radical scavenging activityE 7+%! F3 fraction2| T/d0F0| At

ZgH|= Ct2 fraction Tt= CFEA TryptophanO| 54.90%, GlycineO| 32.78% =
HSO0| 2 A2 =olg = A2, O[22 H O[2{gt ofo| 40| FE O|F 1

A BEOIEZL ZEXY A= OdE + AUUCt (Table 8).

- 57 -



8 8 8 8 8
R 8 F % B
L ¢H ﬁs.g@ %991-sh ; gs.,@ 3
SO | : 8 8 um _ I8 E BRE
9 9 e E YIRS
-8 gs_.ng . wowg: | WA ’ 110
— == e — e : ikl :
© ] ol . (] ) 0L ¢ 0
1591 t8l0d.” -l ’ IoLsh-zslof ® E IR ,
9Bl < 80911l - 79Nl o9 -len| ,
b Jm — W ﬁm — 8.3._;.@ A.m _m:;ﬁ.m J.m
ORI < IRt 4 sni-lly wizg) il
ﬂ. | f ,
m d ; . ; i ; :
i k k ,
s |
i g y
b 3 | —— ¢! i i b
S N ’ : oot : f0e-0¢ 2
| — A
8 8 18 g 8 Bl 18
E a =< R Es (o R E ©
1999°SH 58-S oS |
; 1879-h9 @9-ho .ﬂm 9-ho
Q09 ay=t 1 g i 4 0985t H OIENE 8
| .
%.5& d & E:i : ? E.i 0 L) : d
TR ; 9l5¢-dsy R LS 0oy
] 8 4 8 8 8 5 8
bl N N N N N N N
— A N o
e |- L - L gL 8 B 1 g
T N R R e RN PR e TR
e 0 ¢ 0 0 ¢ ¢ o 0 -] o 0 o 0 -] 0 ¢ o o 0 o o -} L] -] -] o -] (-] -] -] -] -] -] -] o -] -] -} -] -] -]
1} w w w

- 58 -

Fig. 17. Measurement of Amino Acids from Sephadex G-25 gel filtration fractions.



Table 8. Amino Acid composition of Sephadex G-25 gel filtration fractions. (%6)

(Unit: %)
Amino Acid F1 F2 F3 F4
Asp / Asn 2.99 0.57 0.48 7.79
Glu/GIn 9.97 3.63 0.67 12.29
Ser 3.70 1.04 1.18 7.55
Gly 13.16 3.26 32.78 8.86
His 2.38 5.04 0.80 0.00
Arg 5.76 341 0.58 3.98
Thr 3.73 2.02 0.42 6.74
Ala 16.00 20.76 0.87 13.23
Pro 6.57 3.70 0.45 5.37
Tyr 0.61 0.71 0.37 2.30
Val 7.76 9.04 0.48 6.89
Met 157 3.47 0.12 1.39
Cys2 0.12 0.05 2.49 0.77
lle 4.00 5.75 1.57 7.55
Leu 147 12.12 0.52 8.00
Phe 121 14.93 0.96 343
Trp 8.48 9.35 54.90 0.87
Lys 451 1.14 0.35 2.98
TOTAL 100.00 100.00 100.00 100.00

Cys2 ; Cystine (disulfide linkage between two Cysteine residue)
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of CHoll CtstA A+ Ee UK
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A=l HE QJUCH (Pihlanto-Leppals, A. 2000).

SN UAA| RS

L=

N 0 " c H tl IR o3 k- o 0
8l Ny . 2 i T m_. <+ + o [ = JJo £ u|
ICRT o) S i K D ooy D v 9
0 S g ki N ) < m X o w® o) W
S T s & 0 wF
o O | w3z oo w4 w5 ®
x K ® B 3 »n X F % s & o r ©° X
A = 5 F W b &
S B . o @ X A S - T ao X
u S = i B ] b 1 = -
- 5 g} 4 ooy o g 0N A
N T T B - w
o 3 B - M < o =) sl S olg = = o ol
s & ¢ 9w MW o F X ol s © ~
i S o = 3 = il ol H = of n g
=l N S ol a i o — S e ol Fors £
o = N ol 1 ol o a3 " r =) of o3 w_.__ o,
4 o © ogp  o% R’ - R o T =
._o_”_ (3] - . |_._A| A._ﬂ ofl _._.__ o__._._ O“_O A_I 7A o
I S < A ERE Lo Moo % s
g 5 A g W L ] W =
s & = > o g o ® a2 o=
=i > o e © Il oK BSS R ~ 2l JoIr N fol
o = = © U | uf ro! ~ m.__u of N T
= = 5% Rl Y L b2 < Bl oae U o A
=l 0| = I+ . [ <r o< u — o it X0 mo n
Y =% 2o 2 F @ < = 3 Z ® p " RO
— Ty =) < fom o T0 = =) = ~ ol
22w 3§ o» 2 5 £ o4 A
s o5 2 4 x z o F g X L
0 R L2 m ® R S =
F = M T 10 H al N =3 5
3 = i 70 A 1o = S < Bl - [ el
yw & 05 & ®» T 5 owm Z w0 rd o
Kio ol iy 1 < o = mr TH =) oK . E < ol
P = ° R < ~ M o &
oo o T w o W oo & 0=
L - TR 2 B IF g e Y
) ) 1 - = S K LH il S vl o KO k
G ol TH Z0 o K Py} ol o 100
{10 O__._._ m ﬂH_ T
<0 I

-62 -



sy
==

o IxE 7YY TRY0| Yoo, ol

-63 -



Chobert, J. M., Bertrand-Harb, C., Nicolas, M. G. 1988. Solubility and emulsifying
properties of caseins and whey proteins modified enzymically by trypsin.

Agricultural and food chemistry. 36(5), 883-892.

Helrich, K. 1990. Official Methods of Analysis of AOAC Intl. 15th ed.; Association

of Official Analysis Chemists, Washington, DC, USA. Chapter 11. 1-31.

Jao, C. L, Ko, W. C. 2002. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging by protein hydrolyzates from tuna coking juice. Fisheries Sci.

68(2), 430-435.

Je, J. Y, Park, P. J., Kim, S. K. 2005. Antioxidant activity of a peptide isolated from
Alaska Pollack (Theragra chalcogramma) frame protein hydrolysate. Food

Res. Int. 38(1), 45-50.

Jun, S. Y., Park, P. J., Jung, W. K., Kim, S. K. 2004. Purification and characterization
of an antioxidative peptide from enzymatic hydrolysate of yellowfin sole
(Limanda aspera) frame protein. European Food Research and Technology.

219: 20-26.

Kang, M. C. 2014. Anti-obesity effects of red algae on the differentiation of 3T3-L1

preadipocytes and obese mice fed a high-fat diet. Cheju national university.

- 64 -



Kang, M. C., Cha, S. H., Wijesinghe, W. A. J. P, Kang, S. M., Lee, S. H., Kim, E. A,
Song, C. B., Jeon, Y. J. 2012. Protective effect of marine algae
phlorotannins against AAPHinduced oxidative stress in zebrafish embryos.

Food Chemistry. 138:950-955.

Kim, E. A. 2011. Antidiabetic activity of phlorotannins isolated from Ecklonia cava

in zebrafish model. Cheju national university.

Kim, K. N. 2010. Anti-inflammatory and anti-tumor activity of fucoxanthin from

Ishige okamurae through MAPKS regulation. Cheju national university.

Kim, S. Y., Kim, E. A,, Kang, M. C,, Lee, J. H., Yang, H. W., Lee, J. S., Lim, T. I,
Jeon, Y. J. 2014. Polyphenol-rich fraction from Eckonia cava (a brown alga)
processing by-product reduces LPS-induced inflammation in vitro and in

vivo in a zebrafish model. Algae. 29:165-174.

Ko, S. C. 2009. Purification and Characterization of Angiotensin | Converting
Enzyme Inhibitory Peptide from Enzymatic Digests of Styela plicata.

Cheju national university.

Mayer, A. M. S. & Hamann, M. T. 2004. Marine Pharmacology in 2000: Marine
Compound with  Antibacterial, Anticoagulant, Antifungal, Anti-
inflammatory, Antimalarial, Antiplatelet, Antituberculosis, and Antiviral

Activities; Affecting Cardiovascular, Immune, and Nervous Systems and

- 65 -



Other Miscellaneous Mechanisms of Action. Marine Biotechnology. 1, 37-

52.

Mendis, E., Rajapakse, N., Byun, H. G., Kim, S. K. 2005a. Investigation of jumbo
squid (Dosidicus gigas) skin gelatin peptides for their in vitro antioxidant

effects. Life Sci. 77: 2166-2178.

Mendis, E., Rajapakse, N., Kim, S. K. 2005b. Antioxidant Properties of a Radical-
Scavenging Peptide Purified from Enzymatically Prepared Fish Skin
Gelatin Hydrolysate. Journal of Agricultural and Food chemistry. 53: 581-

587.

Panyam, D., Kilara, A. 1996. Enhancing the functionality of food proteins by
enzymatic modification. Trends in Food Science & Technology. 7(4), 120-

125.

Pihlanto-Leppéald, A. 2000. Bioactive peptides derived from bovine whey proteins:
opioid and ace-inhibitory peptides. Trends Food Science & Technology. 11:

347-356.

Ryu, B. M., Qian, Z. J., Kim, S. K. 2010a. SHP-1, a novel peptide isolated from
seahorse inhibits collagen release through the suppression of collagenases
1 and 3, nitric oxide products regulated by NF-kB/p38 kinase. Peptides. 31,

79-87.

- 66 -



Ryu, B. M., Qian, Z. J., Kim, S. K. 2010b. Purification of a peptide from seahorse,
that inhibits TPA-induced MMP, iINOS and COX-2 expression through
MAPK and NF- kB activation, and induces human osteoblastic and
chondrocytic differentiation. Chemico-Biological Interactions. 184, 413-

422.

Sanaye, S. V., Pise, N. M., Pawar, A. P., Parab, P. P., Sreepada, R. A., Pawar, H. B.,
Revankar, A. D. 2014. Evaluation of antioxidant activities in captive-bred
cultured yellow seahorse, Hippocampus kuda (Bleeker, 1852). Aquaculture.

434, 100-107.

Thiansilakul, Y., Benjakul, S., Shahidi, F. 2007. Antioxidative activity of protein
hydrolysate from round scad muscle using Alcalase and Flavourzyme. J

Food Biochem. 31, 266-287.

Wu, C. H., Chen, H. M., Shiau, C. Y. 2003. Free amino acids and peptides as related
to antioxidant properties in protein hydrolysates of mackerel (Scomber

austriasicus). Food Res Int. 36(9-10), 949-957.

Xu, D. H., Wang, L. H., Mei, X. T, Li, B. J,, Lv, J. L., Xu, S. B. 2014. Protective
effects of seahorse extracts in a ratcastration and testosterone-induced
benignprostatic hyperplasia model and mouse oligospermatism model.

Environmental toxicology and pharmacology. 37, 679-688.

- 67 -



4 K| 2EZEe| Al

—

-

OO} =
LS AN

AEDT L0FH0|

o
31
ki

ok
ol

xr

20 1

=
=

Atet £=0[ AAZ|0] o] Atg|

¢
O

Al
O

(=1
=1

LIt olgiZ =2 =30 AA7|of| o2t

I

052 #HOIAL

Fet

| &A

y)

257

|8 S ohRel & + AASUCEL 24, "7 o

1

ol

OH

ol

ulJ

N1

d
<

ojn

oju
RO

Lct m=~Hol ofd oEl Xz Q8 HM7F FAt

e

10l

=Y DaYNE LAk

[}

, Y ELSEHE ZAS

L
[=|

u

al

.
[

- 68 -



== - $ Rl <0 1l A w_m 0 [
S mou S F 4T R OE T IOZ o0 5o R
<0 EL 33 . 2 S = ol 0 k o
L o3 e go ol 0 Ju i hdl Ko 1 ol
T ow S LR - w F B 5 B T =
L < w . T ® = = 4 3 5 om B W
19 < ._h_u_ _ Tl —_ = ]
.ﬁ ﬂm T o I+ Ik = ol m__.m = ok m/w WM Mn.ﬁ o M
10 L o = - +10 ru Pl o -
o fujm I Py o T 0 X -
— W) u_n ot jol N o . ol ol N i T = - =
< = Gl T Kir N = 0 ol 44 . ol jol .
ml LM 100 o <0 H_._ > = = g
p . o < M o& < T ™ oK o AU u . X
| TR > - onl 7l 1k LH 0 A o i I
A ) o K x w om R = T T = %
S L - N B R | ) o K E +
ujm o7 ol < < or 20 _Mu_w o3 == 0 Kl | =5
= < 3 = L= S o o5 M W
< ~o %0 v o — o o ok O F o = i
7l N = = mL_ mﬁ pl N = o S o _u_. =
i = i for ol of J0 oF I K- + m_u_u X = Ko Uy
L T A I T T
L gy s % ®ow 8 5
= Mﬂ i = o8 o T = o orl El ol = T vy ]
= m. mm m_Am > o3 ) H U B & T R %! e o
® ' N W B B B s wm o oz & 0§
< ° = % . RO < o = o ® - L
g RO T A = 0 on
3 = - ] In 5 xr =5 o 0 it
._LOQ a0 10 3 |Mr_._._ o3 O_L [m ] O_L z _.___._._
_ . 33 . ° U
T < o - S SR w = oo W
2 < [ M = o ﬂ_ oF 10 ol 10 o
=] <0 K g 0 < =0 JoO o7 N N mh < 3T o5 o%
© 1 s D I T T M B W =
s @ ® & fd Z = CO - T D
o3 = Ny 3 ~O Jod S ] ] Al

- 69 -



U
a0

xd

X

a1
ki
]
70

oK

10
Al

X

fol

L|Ct.

OFAA
= 0O

A E &AL

E|

2~ Foold

HE0A 25

2|

o
e

ljo

ZME ORHK|, OfT{LIOIH ZAte]

b

Of MM ZAL

I.

L
=
[=)

NE

1

NIl nk

b

=0| &/of F=AHNM

El
=

ceet 2A7 2 = UESF SHS S

E£90| 20| ot £ BHE A[EO[7|of

AR 9l

WS L7t s

L7 D E

HHE O

"
St

=
=

AME Ko

-
o

)
—

VL
(=]

o
=

O

FAFSFLICY.

Vi
O

LCh 2%

I

2E XN o] 25 ohRE ¢

2t
4

S LI ol2fgt

StAlE

-70 -



	1. 서론 
	2. 재료 및 방법 
	2. 1. 실험재료 
	2. 2. 시약 
	2. 3. 해마의 일반성분 분석 
	2. 4. 단백질 효소가수분해물의 제조 
	2. 5. 단백질 효소가수분해물의 수율 측정 
	2. 6. 단백질 효소가수분해물의 총단백질 측정 
	2. 7. 자유 라디칼 (free radical) 소거활성의 측정 
	2. 7. 1. DPPH radical 
	2. 7. 2. Hydroxyl radical 
	2. 7. 3. Alkyl radical 
	2. 7. 4. Hydrogen peroxide 

	2. 8. Vero cell 에서의 항산화 활성 측정
	2. 8. 1. Cell culture 
	2. 8. 2. Cytotoxicity 
	2. 8. 3. Total ROS 
	2. 8. 4. Cell viability 

	2. 9. Zebrafish embryo 에서의 항산화 활성 측정
	2. 10. 생리활성 펩타이드의 분리 
	2. 10. 1. Ultrafiltration 
	2. 10. 2. Gel filtration chromatography 

	2. 11. Amino Acid composition analysis 

	3. 결과 
	3. 1. 해마의 일반성분 
	3. 2. 단백질 효소가수분해물의 수율 
	3. 3. 단백질 효소가수분해물의 총단백질 
	3. 4. 자유 라디칼 (free radical) 소거활성의 평가 
	3. 4. 1. DPPH radical 
	3. 4. 2. Hydroxyl radical 
	3. 4. 3. Alkyl radical 
	3. 4. 4. Hydrogen peroxide 

	3. 5. Vero cell 에서의 항산화 활성 평가 
	3. 5. 1. Cytotoxicity 
	3. 5. 2. Total ROS 
	3. 5. 3. Cell viability 

	3. 6. Ultrafiltration 
	3. 6. 1. Alkyl radical 소거활성의 평가 
	3. 6. 2. Vero cell 에서의 항산화 활성 평가 
	3. 6. 2. 1. Cytotoxicity 
	3. 6. 2. 2. Total ROS 
	3. 6. 2. 3. Cell viability 

	3. 6. 3. Zebrafish embryo 에서의 항산화 활성 평가 

	3. 7. Sephadex G-25 gel filtration chromatogram 
	3. 7. 1. Alkyl radical 소거활성의 평가 
	3. 7. 2. Amino Acid composition 


	4. 고찰 
	5. 참고문헌 
	6. 감사의 글 


<startpage>11
1. 서론  1
2. 재료 및 방법  6
 2. 1. 실험재료  6
 2. 2. 시약  6
 2. 3. 해마의 일반성분 분석  7
 2. 4. 단백질 효소가수분해물의 제조  7
 2. 5. 단백질 효소가수분해물의 수율 측정  11
 2. 6. 단백질 효소가수분해물의 총단백질 측정  11
 2. 7. 자유 라디칼 (free radical) 소거활성의 측정  11
  2. 7. 1. DPPH radical  12
  2. 7. 2. Hydroxyl radical  12
  2. 7. 3. Alkyl radical  13
  2. 7. 4. Hydrogen peroxide  13
 2. 8. Vero cell 에서의 항산화 활성 측정 14
  2. 8. 1. Cell culture  14
  2. 8. 2. Cytotoxicity  15
  2. 8. 3. Total ROS  15
  2. 8. 4. Cell viability  16
 2. 9. Zebrafish embryo 에서의 항산화 활성 측정 17
 2. 10. 생리활성 펩타이드의 분리  18
  2. 10. 1. Ultrafiltration  18
  2. 10. 2. Gel filtration chromatography  18
 2. 11. Amino Acid composition analysis  19
3. 결과  21
 3. 1. 해마의 일반성분  21
 3. 2. 단백질 효소가수분해물의 수율  21
 3. 3. 단백질 효소가수분해물의 총단백질  24
 3. 4. 자유 라디칼 (free radical) 소거활성의 평가  26
 3. 4. 1. DPPH radical  26
  3. 4. 2. Hydroxyl radical  29
  3. 4. 3. Alkyl radical  32
  3. 4. 4. Hydrogen peroxide  35
 3. 5. Vero cell 에서의 항산화 활성 평가  38
  3. 5. 1. Cytotoxicity  38
  3. 5. 2. Total ROS  40
  3. 5. 3. Cell viability  42
 3. 6. Ultrafiltration  44
  3. 6. 1. Alkyl radical 소거활성의 평가  44
  3. 6. 2. Vero cell 에서의 항산화 활성 평가  46
   3. 6. 2. 1. Cytotoxicity  46
   3. 6. 2. 2. Total ROS  46
   3. 6. 2. 3. Cell viability  49
  3. 6. 3. Zebrafish embryo 에서의 항산화 활성 평가  51
 3. 7. Sephadex G-25 gel filtration chromatogram  53
  3. 7. 1. Alkyl radical 소거활성의 평가  53
  3. 7. 2. Amino Acid composition  56
4. 고찰  60
5. 참고문헌  64
6. 감사의 글  68
</body>

