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Screening of bioactive materials from organic

extracts of fish

Yun Jung Bae

Department of Biotechnology and Bioengineering
Graduate School

Pukyong Naticnal University

Abstract

The main objective of this work is to increase the utilization of
by-products from fish species in order to isclate new biologically active
compound. This study presents the result of a screening program for
antimicrobial, antifungal. contractile and antioxidant activities in  organ
extracts of eight fish species. Antimicrobial activity used E. co/i D31 and
B. subtilis PM125. Spleen extracts of C. acrpio. M. cephalus and C. arugs
had the inhibitory activity to £. coli D31 and B. subtilis PM125. Gill (5.
niloticus, C. argus), bile (C.acrpio, M. cephalus) and kidney (7. modestus)
extracts had antimicrobial activity to only B. subtifis PM125. Specially
spleen extracts from 6 species fish has antifungal activity against C.
albicans. In before study, some antimicrobial materials isglated from gill.
skin of fish. Gill, skin protected fish against diverse bacteria and fungi. In
the result of contractile activity about catfish (Siurus osotus) and hagfish
(Eptatratus burgeri) intestine. each inlestine extracte of fish were high
effecter than other extracts. Gill. intestine. liver. skin, egg extracts had the

high ievel of antioxidan effect about DPPH.

Key words : Antimicrobial, Antifungal, Contractile, Antioxidant, Fish
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SotJ] FIHM toxin2 UED OIE MLUZ BHISU (2). 0l REs=
sponge, anemone, coral 001 OtLI2E AIEIINGE Relst 23% 0ig9 D
QUCH BT WO 2260 T Y M2EY S40 HEHAH 2AOR 0L
R Ya Al U= 2201 20l U0 spongedl A E HIS
(4). KRN7000 ()2 St

Discodermolide (3= SHAAHH, HTIZ86
IPS512602 (6)2 HEXNSHE 0I5 fohAd e SHHE Hxl D AL, ==
2 OfLfet soft coral® OAS1000 (7). OIDIZaAl 2l bryostating (B), & X=20l
curacin A = HAl 2AHZ AMERI] Kol da DH UCH. 2 M2 =
2 Otbiet sea slugWlAl 2 NE Dotastatin-10 (9), ILX651. Cemadotin, sea
squitit Al A RIE Yondelis (10), Aplidin (11) E2 22N, SH9EH =2
Or=ZS 2 wlohAd 204 S nSAHN B =o A 20 s
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antidiuretic 822 gt} oxytocin/vasopressin family0ll &3t 2

(leech) (16). Ta(sea hare) (17). HHl(sea sguirt) (18), = = 0(hagfish)



(19), Jt2&l(ray) SUA M= vt CH (14, 15) GRF superfamilyOil =&t &=
=2 PRP. PHM, VIP, PACAP-38, Glucagon S8 = £ U220, &0
(salmon) (20, 21), Yll(sea squirt) (22), E O (=uropean eel) (22). L XA
L0 rainbow trout) (23) SUM HMTRACH substance P (24), Tachykinins
{25) tamily= neurokinins. frog kinins. scyliorhinins S0 =at0 %, JILI0}

g (26-29) & HZFS2UWA T2 JIHIASH, T 2(smocth
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PAHFMEON HH(sea squirh A ZMIUACH (31)
StilotMlE AEBEINZE OISEUHAH AZARAN UNMH =g AXE It
Aste SHOIKA2Lt free radicaldl i, &, EUHO RY S8 2oI= @
g 20 AU

HEE E22 Odh A0 28 radical 2201 MIIH DM, radicalE® MH
otJl flet a3l 22801 WS 19699 superoxide dismutase (SOD)E

AR W= MA22 tert-butylhydroxytoluens (BHT). tert—butylhydroxyanisol
(BHAJS It 22 &4 a3 a-tocopherol, vitamin C. carotencids.
flavonoids St &2 Ao MG HE At A0 J2iUL 0 883 Hs
=00 oty HEd 2 259 AL E Qo AMZM eSS 23 QAL
Uk MO A 28 St HE MASUHA EMot= S0t 226N A
0 RUILH eSS 2D |8HA =& bacleria. algae. 3

T AP0 2ot iDL QULH WE
benzastatins A—~G (34)8 I HoICD SHIUDZFI2=2E polyozellin (35).
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agrocybenin (35) E2 XHIUT. 43 HEE Sl X REZEE, 02
(36-40) =2 UV IFEO 28 Te 2017 2eA Soist e #Hes =
=0ol& mycosporin-like amino acids(MAAs) (41)3F EXNE0l S &

2 HIANMHE O/ME s dojgd 2E0 2000 HF MM M2
2223 Z ?olH S E SN 23, 380, 242, g8l 24
S HEHEAC 0l00 0l&e HIUHAM UEs Us dojaaesas N0 9
S0 20 = H ULL S8 0FE & M2 ZUA bl Ao N5



HZU Eoll 20 SHe AES HE &I & 22q0 ooz A&
€3 Liget ML SEHO FME HO| JEQ =5 M2YQ 42 HOICH

HFO A HH= 27 28 20 M= dog shark liverfll A squalamine (42),
X2 skin mucusOi A hipposin (43). red sea bream@ gil2 2
chrysophsin (44). OIJ| skin@ 2 % Ef HLP(histone—like proteins) (45). hybrid
striped bassZ %1 piscidins (46)2F Moronecidin (47) S01 QL 22 WA

o2l 2l Bk SAHE SO A R0 M2 BFMHICl JHE0r A2
BHH OI&FZEH OtLich JIEISY %5 MZ20AH 248 &7 5238 J1& 220
JHEN 22 F52 20 A0, HIHA HHE 243 842 UoHs M

cl8d Z2EE godfish® brainll A HKHE Carassin (48), rainbow troutOil Al
HHE M2F HEi2l tachykinin family (49), codOlA ZAHE M2 SHEHQ
bradykinins (50) §2 0l0tJ & == QUCH G& AEHALL 228 29 S0
FHSIE LSt BMSHS TUHMA S4S 3 B0 H20ME Uy TR

2 &8l mycosporine-like amino acid (MAAsS) {(41)2Fe BLAVS MO =X

|

SOl Sol . & EI0AHE 220t HAHD U UEE ARG Mos
& EHC BAZ AU HZEFH e 2202 9g o890 950,
RE= HFS EF0F 220 Els 200 20l HM I X 8 =2 H =
OFECH OlHe SR8 AH2H ME2 skin, intestine, gill. liver & (J2s 2
FAUA delz2d S0l FHEASE 2 5 AL 012 €2 610 = 2120
Mz HR2 ZIIZER TEZ2 o0, 3882 g9, stx2a), 24=
S dtel gltE AHEULD HRY BIS2 H2IE= 200 gig=0d 012
MEER MEE dolgd RO EMSEY M2 A2 HEE 4 A0 &
Ct
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ULl "g<0es DS(Sarotherodon niloticus), N il{Channa arus), &M
(Cyprinus carpio). MII1(Silurus osotus)OI U= S A01(Scvliorhinus
torazame),  Wel X Atelepus  japonicus),  =U{Mugil  cephalus). F Xl

(Thamnaconus modestus)0ICH. (Table 1)

MES DIH M= Methanesulfonate salt {3-aminobenzoic acid ethyl ester.
MS-222)010f Sigma (Lot, 27H3742)AHHIAL RIBHACH S ZS AN AFEEH Y
A= Tryptic Soy Broth (TSB)= sigmallot. 111KC006) ALMIAL R elatELE.
“1STOF radial diffusion assay AUl AbZet A2 Yeast Extract (Sigma, Lot.
81K0354). Tryplone (Pancreaatic digest of casein, Sigma. Lot. 12K0185).
Agarose (Low EEQ. Sigma. Lot. 31K00091), Streptomycin sulfate (Gibco
BRL. Lot. 11860-038)2 AFZ&tRLH. C. albicans= Potatc Dextros Borth
(PDB)=  Gibco (Lot. 128322) AOIAl 22801 AFE AL

1. 3. Bacteria ¥ Fungi
st B A0 AMEE % LAl bacterias  Eschrichia coli 031D 8Baciius
subtilis PM125 0ICH £ coli D312 0122 NCSUNA =2 8ol A=2590.
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A= HFRE ME-222 (Methanesulfonate salt)2 O

FE S2I0IAL HMAE HAGHI fohM SF+2 MESY

Ch. 22la 2 1 % acetic acidet 1 1 4 (v/v)2 288 & £
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HA sz2d2 =362 RshA Radial Diffusion assay (46)8 <
HoARAQH, LS FSHoI 2ohM gram-negative bacteria®l £ coli
0311 gram-positive bacteria®t 8. subtilis PM1252 AI2EHH L

BacteriaZ Tryptic soy agar plate (TSAJO T &6t 37 CTHAM 16A2F &
eb Higte! = otltel colonyE A 4 mi€l Tryptic soy broth (TSRO & F &t
OCEAL 37 COllA BAIZE =9 mid-logarithmic phaseDH Xl MHHSQE G120 HY
et bacteriae 2000 x g, 1022 #4222 ot mediaZ MHs =
100 mM phosphate buffer (PBS. pH 7.0)2 €0 £ % bacteriaZ 2% Z

AUELE 012 THAL 2000 x gOllA RAFelE of0 AUEL 0 HES 3

dt=otd AAISHLE washingZ 22 100 mM PBSZ AE3sE 570 nmollA
optical density (OD)JF 0.101 &2 SIAAIH ZFH|8H

Agar plates2! 242 GOS0 20 207 m 5 x LB broth, 20.7 ml 100
MM PBS (pH 8.7}, 58.6 inl deionized water. 1.57 g low EEO agarose, 0.5
g NaCl. auloclavedid ZBI8 A8 50 CIF S &2 Algl 5 QM F=Hist
pacterias B2 & 0 FU £ cofi D312 MES agar plates ZH Al 10
myel StreptomycinZ 1 ml€ 100 mM PBSH =9 = BAGHH Z=Y|E
bacteria® &M HHAO A0 ZCh platet 10 mI2! BIAIE 22 & WA 2
AR BEe S210F M & WA D el



Plot A Z8iE XM 2-3 mm A% T wellE

MNEsSIH HEN = £ wellll AIZE S Ol M3 2 Al

g5 52 2da MHE T 0.01 % acetic acidMl S0 AFREHLH A=}
px

BHAl e HME AE®E 37 CTHAM 16AI2 SOF BIAGID, well =0 421

SEd0l HU MEE ZEOlz Candida albicans (C. atbicans)O|L}.
Potato Dextros Agar plates (PDA)OIA X2t QU= C. albicansE Potato
Dextros Broth (PDB)UI &EZAIZt & 30 TOIA 48AI2 SOF HEsH). s
SEOIE L& 501 1x10° CFU/mIOI TS & hemocytometer® AE35I0 3
A THIGHAETH

96 well platelll 100 22| Fg €0 38 2H3| MHatI 100 #¢ 0.01

% acelic acidill =01 EHIE AIRE 010t U= wellBtC FASHCH 0§ 0H
M2 SHOE 2 SNUHECH 620 nmiUld OD 242 =850 30 COHM 244l
2t SO HIE = ODgtE EFHGIRG

2. 3. 2% 2H

s 2Ad2 dl~0e YEY (Fptavetus burgerdet Y02 M
(Silurus osotus)Cl BIE AVZ6ISUCH

3.1 3o =H)

SO {(Eptatretus burger) D) (Silurus osotus)Sl ZIEHD HEN=

e ™~

nindguts Z0IJt 3~4 cmIt ©WIE S HEG6HD, M2Ile gastrointestinal tractE
HRESL MEs B2 ZHIZ2 bufferoll S20H Ol REHM AFESH buffer
o 42 LS4 20k NaCl 445 mM. KCI 10 mM. CaCl--2H.0 10 mM.
MaCl--6H.0 55 mM. Glucose 10 mM. B2 220 ARSF buffere] TMH2
Otef gt 2CH NaCl 100.8 mM. KCi 2.5 mM. CaCl: 2.5 mM, KH:PO. 1.1 mM,
MgSOs 1.2 mM. NaHCO: 25.0 mM, Glucose 11.1 mM, 2&5t 222 b
O &2 HEA Z20 Uz LAZEE 2 adipose tissue S2 HMHStD o

A5 1lom AT DS = HAC Ot FE |SUL

ol

el
r‘o
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ZZ organ bath LHel KXOIG D&EA2ILD #

isometric transducer®! 222Gl 1.0 g2 &2 2 FRICH FHIE 2 organ

i

2.3.2. 249

=Hi= Z2ao 0t

= =

bathdll 4 152 2tHCZ bufferE LDHSI0 FTACH 22 H=ohAd =UsH

FLH CHEFD carbacol (5x107 M)Z SOatH Zas Azl =

HANAM AtBSE & organ bath

Iy
K0
1o
o
<
)
=]
I
e
o

88 S HJIE F&

24
=y

o

=l
DPPHEZE AIE8I0d Radical Scanvenging Effect (RSE)E X AISH L}
222 £F= 2HA HAHSHE 4 ml methanoltl ZaHAZCH DPPHE
=00 1.5x10™" MOl SIS 2 ZHIGICH. 1 ml DPPH solution 2t
SAE 520 nmUlAd O.D.

Iml TEZZ UV cuvettllAd Z& 6130 =28ts 2
s SEHSYD H20A 30=2 gxs = 0D 2
ontrol2& 1 ml DPPH solution®l 4 ml methanol &

RSES +X8l= 08 A8 &DE G20

RSE (%) = [1-(OD of sample/OD of standard}] = 100
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1 T 1

Carb. 107M Gill Spleen Intestine Liver

\
J\ f/\ 2.59
1 1 1 1 2min
Kidney Bile Skin Egg

Fig. 1. The responses of internal organs extracts of tadpolefish
(A. japonicus) on hagfish (Eptatretus burgeri) intestine.
An aliquot was 1/50 of total extract volume. The arrow
is represented that extract applied to the intestine in the
organ bath.
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Carb. 107°M Gilt Spleen

-

_J o~
1 T i

Kidney Bile Skin

Intestine

19

2min

Fig. 2. The responses of internal organs extracts of mirrar carp (C.
carpio) on catfish (Silurus osotus) intestine. An aliquot was

1/50 totali extract volume. The arrow
extract applied to the intestine in the organ bath.
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2 H0Ad 482 B0 452 di+0HE A0IRE AMEE PYst =
MS-222 (Methanesulfonate salt)® O F&EH0E skin, gill, intestine. liver,
kidney, egg, bile ¥ spleensS HE SIQULEH 2212 HIIE2 HEs SA 2
= MO S OISES MMGH RAdiM 131 28432 M2 £ 2HI2 242 OIE2

BEHUM 1 % acetic acid EJF & hot platetlA 20| A

=
=
2 FEZE MEcI &2, S2H0, 25E Y B BHHE ZHOIULH

2. g 9 580 =

m
[}

o
»)
(o8]
S

SE OB ULL AIRE Z
Gram=positive bacterial! 8. subtilis PM12501CH &2 24 ZUZE Table 2
o 301 LIEFLHSLC.

Table 2= £ coli D310 U8t gets 202 UENACH €200 Z0A
| 2EFEHACH, kidney

0
Ch 8 =02 spleen

= Gram-negative bacteria?!

2 H2 spleen FES kidney FTE20AM &4
Slht=s [ 28 S22 UE LIEH

FE 20! spleen o «
E2 DA £ coli DITU oM S 2B NE LIEHHRILH =05

FEEN bile =
=01 bille FEZ2UME 12mmol 28t &2 &UE 2EGIRUCH JE2 HE =
Z20 A= E coli D3N IS 8@ dtE LICHH K & QUCt.

Table 30f 5. subtiis PMI1250I THEt 23248 2= LIEHKRCH E=
FHAME EetIioel gill 22 22X gill ZEE2 2L spleen 222, 30
2| spleen =& S0l 8. subtilis PM1250] Cf

=
oA &7 S IE

CHERLHRACH 28 a0z &2l bie =210 #1Y
Kidney ZE20A E2S 00 HHUACH S0 HEE F Bl

E=2 E0AM
LHSACH.

2 HALWMHE HELEZ 0 YA2E gili. spleen, kidney 2 bileMi A &

e

o SUHE bile FEZZ2 10mm 09 2as strg s et

T @H0] skin @ egg TES0A S2EO| BHO BEHIYUC, gl skin=

=
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0

Ch. (data not shown) 2219 & 0 28 2 Jls40 =2 gl skindl 2
AEE N SEO EMZZN ZES As 2O MAFH( (54, 55). 010
OrMel A0 20 HX01 2 skind} gilltll 884 SH0| QULH=E AP
seldBl RUCH 1 o2& Moronecidin (47), histone-tike antimicrobial
protein (45). Chrysophsin 1.2.3 (44), Pleurocidin (52) E8 € 4 UL

2M 000l B HElAM=E HEX, 20 9 e spleen =32
Of 0dES NES € 5 UA/UCSCH, FA kidney TEZ2UAME SFSNUE
& 2+ UYL EE B FIRUAMHE 2 HES spleen TE2SUA 222

O 8400 2EAUCH 01&2] HARAMA GE2 spleent kidneys X &

Hote N2 24 lysozyme, antimicrobial proteindt 22 34 SR Mo
stlte= 2101 ZHXM UG Kdneye RE S| 24E HA002 sw=
Eot B2 2000 I gtgd 282 e 22T AMREL

2 HAMAE 2HY UL bite FTEENAME U2 X5 =220 &
B2l gRgds 2E g 4 QUL OlEQ HIRE Z6 biledl

jd2 22 2ol detergentst
HPUA sHY U2 bie
| HEISU=0 0= salts2 =292 W20 LiEt

3
2 OODHAM MRS OEE BA09 A0 HA 4T0|0R D4E B
S oHe i UE W (Eptatretus burgern B

(S
MEBIRACH 2+50 AAZE Z2E W2 RN 20I%UsE MEHA M2
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Bl 22 OIRSIUCH SHH V= bulfer®E AIRHUL ST 2EaM =
N

Filel 1/508 ALEstALE carbacholl TS B2 222 100 %Z 5.

TES0 e Fae B2 HZ = carbachol BHES 712 HIW6H0 LIEFLY
AL 2=F 269 BUE Table 42 50 LIEFAALH

222 FESS HEUQ WY F20 oA 0--300 %S Ctgst 3712
2rEE UEHRACH Sal 24 HF9 intestine TS20] SEOQ M2 Z2to
ot S5/ 2% carbachol 2CH 28 100~156 %0 Yote 225 U2
HEE ZE Z S AUCH intestine LT 24+ ZHE B3R5 ACH
= AF0A AIEE 832 R M2 2458 222 &7 98 jae:
Ol=d = USE BH=C0H 01M) 22 200 2t 079 2= 229
A2 brain ¥ intestinei A AME 20| 20 OlXE == BEHO =2 &
JAUA LT Ha MAXNE U 2K 22 SO OGN H20
prainOILE intestinefl 2 ==z ZMotH HEOCIL.

= UM sE HSOICH U0l 20IKEH intestine2 M2Ust |0 2=
O 2ot 2201 282 2 + UG S5l intestine TSE2E0E 245
AgH Zatiloln H=EAl 20 2 SSE02 gl FE2S 230 2 0o 22
Off CHSH 77 9 — 95 %0f Ql=2&= WIWHE 25t 4= SHE 22 3 & U9
Lo 20 OfLlet, HEX2 SSAH0C spleen S22 M H20= ots 2
TE QGME BYUOLE, U MU KM 242 1181 %2 77.2 %0 sl
e D3 gds 2UAC 0l gl spleentils= OIBIMA 951 & braindt
intestinetll Mot Jdox 2AN=E U2 ]9 25 220 =2ME 4+
ULt H=4dE MAlSKH =Ch 20 otLl2h Setoret F el liver 2222
HEW JSE O 22 81.8 %, 71.9 %0 012 24+ EBE &S

UCE TJeiLt bileZ AU G &2 D500 CHe &0, N2AXZS M6

AdE DS G E LEHHT PRICH
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Purttication of two antimicrobial peptide from the liver of

starfish (Asterina pectinifera)

Yun Jung Bae

Department of Biotechnology and Bioengineering
Graduate School

Pukyong National University

Abstract

Many natural products isolated from marine organism have been
known to exert inhibitory effects on a variety of microorganisms
and thus may serve as models for the synthesis of new drugs. In
this study. two antimicrobial peptides (peak A. peak B) were
isolated from the liver of starfish, Asterina pectinifera. The liver of
starfish was extracted by 5 % acetic acid. This peptides were
purified by reversed-HPLC column(Vydac Cie, Hypersil Cis), ion
exchange HPLC column(CM-5PW, DEAE-5PW). In final step using
Hypersil Cie. we found two main peaks (peak A and peak B).
Molecular weight of peak A and peak B were 2951.77 Da and
2980.15 Da. The primary structure of two antimicrobial peptide were

28 amino acid residues by automated amino acid sequencing.

Key words : starfish, antimicrobial peptide, Liver
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HA SRCIUACH (38). =5 M2 YU HES 20 HEMWAS Ctys &

A2d HEOSH HHEREO MR AR skin (36), gill (37), liver (38)
-

g
S0l Thest HOI0IM (o SR 874 BE0IT) SASAL. MRSl O



£el

Mo seEd HE0IE = S0l (Moses sole fish)0I A Paradaxin (17).
DI ¥Rl (Mudfish)Ol Af Misgurin (18). & X (Flounder)OilAl Pleurocidin (19),
Hiposin (34), G121 (catfish)MIA  Parasin (20}, s (bass)el Hepcidin,
Moronecidin (21, 30) S0I 209U RS L220A= A
Tachyplesin (22)1} Caltinectin (23). MS 0 A Penaseidins (24)21 HHITI 2l
Ch St YH(Tunicates)Wl A= Styelin (25), Clavainin (26), Halocidin (32)

S2 SDEY HE0SI AMIACH. LM HHES © 0428 S8 Algs
goedEE2 FHOL 0IZEHAID A0 (32, 33).

Z UAUAE OIME 22 Z259 SR RO B B 2 20
A OOt M2 ZoA JtAtel (Asterina pectinifera)E S5y & 22
& SES ZNSHAU. SItAElE MY0| 56101 A0 2=3T & =

otl, A M S50l FUHLICH 0lds a0z

S50 1 #0F sHIED YO, ZatsEg) 226

1 e HHOICH M ZotAteo] thel 2 e

A-lJp e FZol UL YWENAR (Asterina  pectinifera)2 0| 8 510

phophotipase A 2 A2l toxin (28)0 CHet &40t OI20{& Bt

QUL il HR. 223, wnicale S92 OIAE A2 H &REs B
Ao

2L REJLAS] (Asterina pectinifera) b £8t= 2UIs 20

rr
021

My
Ao
0z
Iz
Il
S
.

2
>
il
R

HAMM = EEIAML (Asterina pectinifera)2 0128 s R sAd B0 C 9
[
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Ex, SH. 2FCE 22510, MES XI2 (i} Z2A3Z MY Ho 2!
OIEEE HHE 2 JA YHEAZ 28 SHAH 22 ZEMA -70 TH A
SHastE0 (Fig. 1)

SOEEU AES £ coli D3N, B subtilis PM125= Tryptic Soy Broth
(TSBIOIM MUH SIU=0 Ol0F AMEE TSBE Sigmallot. 111K0008) A0 A
RS 290l radial diffusion assay A ARS8 AI2ZES Yeast Extract
(Sigma. Lot. 81K0354), Tryptone (Pancreaatic digest of casein, sigma. Lot.
12K0165). Agarose {Low EFQO. Sigma. Lot. 31K00091), Streptomycin
sulfate (Gibce BRL, Lot. 11860-038)2 AIR&IGECH HH UHUMA A=
HPLCE water? acetonitrite2 Tedia (Lotl. WS-2211, Lol. AS—1122)A12] X

BE AWGALL

2. 8 & WA

2. 1. & &

70 COIA =2l Zelet BENAME {Asterina pectinifera)®) EJlg X
HNEC LSS AU USSR 14 W BHEE M2 5 202 =0
AL A20HH FEMNE AS = blender® XTXE OI4) 896D MY ==

I'5 % acetic acid?t ST = F& 200 mIg I8t & homogenizalionst



Fig. 1. Starfish (Asterina pectinifera). Starfish has very strong

reproduction—power and whole body can grow up toc new
individuals. They gives serious damage to shellfish, ark,

scallop. and shelifish farm.



AZUH2 DOM SEACH. pellett 5% acetic acidE 1 : 4 (v/iv)Jt T¢
% Zg8 F homogenization ¥ RAYE2| (6000 x g, 4 T, 30 2)slH oW,
pelletS MF= ol M2l MAEMS =25101 & S &S BHLE pellet

=MW ethanol®] BlIE0}

OtRALE ZAAME =Z2UD ethancl?l ESEUE LHA| FAE2 (6000 x g, 4
C, 30 2)3tH HEM2 S=&l samplet 1 N

300 mi0l SI=S ==s5tAL0H
4 C M2HUAM st 2ag = 422 (15000
x g, 4 C, 50 2)3t2 sHotACt.

Sep-pak Cis cartridge (20 mi, Waters)Ul sampleE loadingdt Lt

(]

sample0| A& Sep-pak Cig cartridge®l 0.1 % trifluorcacetic acid (TFA)
(D.W), 0.1 % TFAJE ZES 10% methano! (RM10). 0.1 % TFAZI EatEl 50
% methanol (RMBG), 0.1 % TFAJI Z& = 100 % methano! (RM100)2 27t

HOF AZotH sampleE 2EAMZL. (Fig. 2)
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™o
N
o0
)
]

0x
i
I

dhEgE SEGI! FolM gram-negative bacteria®l £ coli D311
gram-positive bacteria?l 3. subtifis PM125S M E5HS ()

bacteriag Tryptic soy agar plate (TSAJMl TZ5H0E 37 CUA 16AI2F =
o uietet = Stitel colonyE WA 4 miSk Tryptic soy broth (TSBYOI 37 ©

UM B6AIZ S mid-togarithmic phaseM Al MO 81 BHESH bacteria

= 2000 x g, 1022 Ba=e 612 mediaZ MH3 & 4 miol 100 mM
phosphate buffer (PBS, pH 7.0)8 Y0 & = bacteria S & 4H0l=
Lt OI2 THAl 2000 x gOlAl ®A2212 801 MOHED, 0 HES 3H vt =

ot(H &AL washing®t @2 100 mM PBSE AE5I0 570 nmi Al optical
density (OD)JI 0.10] SIS = 3| AlH ZH|SHC},

Bacteria® &2 agar platesS A2 =% 20 207 m 5 x LB
broth, 20.7 ml 100 mM PBS (pH 6.7). 58.6 ml deionized water, 1.57 g
tow EEO agarose. 0.5 g NaCl. autoclaveolttd Z=H|et BIXIE 50 €Il 9E=

&8l 2 20AM =HIE bacteria® @11 & 40| &0t £ coli D31 10 mge



Liver

!

Boiling for 20 min
i

Add 5% acetic acid
}

Homogenization and Centrifugation (6000g. 30 min, 4 C)
1
Sample : Ethanot = 1 : 3

I Centrifugation (6000g. 30 min. 4 T)
Add 10 ml 1IN HCI
| Centrifugation (15000g. 50 min, 4 C)
Sep-pak C18 cartridge extraction

|
[ I l

D.W. RM10 RMB0 RM100
1
Vydac Ciz
!
CM-5PW
l
Hypersil Cs
1)
Hypersil Cia
i
DEAE-5PW
il

Hypersil Cie

Fig. 2. Extraction and purification of antimicrobiat peptide ifrom the

liver of starfish, Asterina pectinifera

_10_



Streptomycing 1 miel 100 mM PBSOI =021 & 3|A50! =48 bacteria$l
SN BEXION A ECH petri dish0ll 10 mi2l BIAZE 22 5 WX 27 Wi
A HSe 0008 M € Wtk J1Celct

2 gd= 2ESI AcA ZHIE B 2~3 mm AT s wellE
vacuums AESIH BHEH F % wellll AIBE FASICH Ol 242 = A
SE 2SS FHS MHE £ 0.01 % acetic acidll =0 AFRECH AIS0t
BHA 2 286l AHES 37 COAM 16AI2H S0 HHAUBID, well =201 247

o
clear zone2 AJIE 4o HLE &0t} (Fig. 3)

2.3. 83 A

Sep-pak Cie cartridgeE S 2E& RMB00I £, col D31} B. subtilis
PM1250 [Hot D& 2t5 SEREAS LHOWAI 20 =48 oY gas
21 RlohA A4S reversed-phase HPLC  (RP-HPLC)YDF 2249 ion
exchange HPLC EA&E £AGIRILH 229 BES HE sample B2EsE £
colil D3T= MBol 72428 SHoIUU. RP HPLC 240 A2 2=
A 01 % TFAE X ole= 8 01 % TFAZE E&3dl=s 100 %
acelonitriieg AFESEALH. HM S HE OFei S 210t (Fig 2.)

[

HEHHME RP-HPLC column@! semi-analysed column Vydac Ciz (7.5 x
n) 22 BAZ GIYUCH 0 - 60 %2 B 0 linear gradient &
AU flow rateZ2 2.0 m/min© 2 12022 SAEQ0. (Fig. 4)

TOUM HAE A CHON EAEAE UL S8 42442 201 =
% ion exchange column®l TSK-gel™ CM-5PW (Tosoh, 7.5 x 750 mm)&
E46IA0L 20l A © 20 mM ammonium acelate (pH 5.15) B :© 1M
ammonium acetate (pH 5.15)2 AME8SIHCH 0 - 100 %2 B 20 linear
gradietE MEot0 10052 2456190 (Fig, 5)

Al EAE RP-HPLC column® Hypersit B80S Cs{Hewelatt packard.
125 x 2 mm. 3mZ AMBSIECH 20 - 50 % liner gradient2 6022 05
miimin@ =2 X610, (Fig. 6) EZ2&0 LR 232 U HE O Ho
Hypersil BDS Cig (Hewelett packard. 125 x 2 ¢m, 3mmE 27 - 37 %. 40

Z. 0.3 miimin2l =2 S A 2480 (Fig, 7)

[h®]
0
et
3

>
0%
o

HH'
o
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Ui B ©= lon exchange column®! TSK-gel DEAE-5PW (Tosoh,
7.5 x 150 mm)Z A D 10 mM Tris-HCI (pH 8.8), B : 1 M NaCl in 10 mM
Tris—=HCI (pH 8.8)< &0h. 0 - 100 %, 1002, 0.5 ml/min %21 &I A 24
otALt. (Fig. 8)

HAaHm SHE Hypersil BDS CielHewslette packard, 125 x 2 ¢m)=
28 — 38 %, 402, 0.4 ml/minS %21 GtOIA 2460 (Fig. 9)
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CH3CN (%)

Absorbance at 220nm

I 1 ! 1 ]
20 30 40 50 60
Time (min)

Fig. 4. The 1th step reversed-phase HPLC profile onto Vydac Cis

(7.5 x 250 mm) column. Dotted line is linear gradient of
CHsCN in 0.1 9% trifluoroacetic acid (TFA) at a flow rate of

2 mi/min. The black bar showed antimicrobial activity about

E. coli D31.
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Fig. 5. The 2th step ion exchange HPLC profile onto TSK-gel™
CM-5PW (Tosoh, 7.5 x 7.5 mm) column. Dotted line is
linear gradient of ammonium acetate {pH 5.15) at a flow

rate of 0.5 ml/min. The black bar showed antimicrobial
activity about £. coflf D31,
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Fig. 6. The 3th step reversed-phase HPLC profile onto Hypersil Cia

(Hewelett packard. 125 x 2 mm, 5mm)column. Dotted line is

linear gradient of CH.CN in 0.1 % trifluoroacetic acid (TFA)
at a How rate of 0.5 mi/min. The black bar showed

antimicrobial activity about £ coli D31.
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Absorbance at 220nm

20

|
B
|
.
-
1.0 .ﬂ | U 37
et b4
"/:,J L’\l f - 32 Q
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- ”‘.—" ! J U
________ - i 27
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Fig. 7. The 4th step reversed-phase HPLC profile onto Hyersil Cie

(Hewelett packard, 125 x 2 mm. 5um) column. Dotted line
is linear gradient of CH;CN in 0.1 % trifluoroacetic acid
(TFA) at a flow rate of 0.3 mi{/min. The black bar showed

antimicrobial activity about £. co/i D31,
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Absorbance at 220nm

03r /
N
ﬁ g ~0.8
L
|i Il ,f‘w
| |\ Al
Lq, Y i 0.6
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| VI @
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Fig. 8. The 5th step ion exchange HPLC profile onto TSK-gel

DEAE-5PW (Tosoh, 7.5 x 150 mm) column. Dotted line
is linear gradient of NaCl (M) in Tris—HC! (pH 8.8) at a
flow rate of 05 mi/min. The black bar showed

antimicrobial activity about £ coli D31.
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Absorbance at 220nm

0.4

0.3

0.2

0.1

:-.‘38

]
8
CH:CN (%)

10 20
Time (min)

Fig. 9. The 6th step reversed-phase HPLC profile onto Hypersil Cie
(Hewelett packard. 125 x 2mm, 3 ) column. Dotted line

is linear gradient of CH.CN in 0.1

% trifluoroacetic acid

(TFA) at a flow rate of 0.4 mi/min. The black bar showed

antimicrobial activity about £ cot D31.
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EHE AHE #7428 =20ss =XE)| QAsA  Matrix-Assisted
Laser Desopation lonization (MALDI) Mass spectrometer (Vyoger-DE™ STR
spectrometer, perseptive  Biosystem, USAJE AIE25IECM. Matrixs a
—cyano—4-hydroxycinamic acidE AMEZaH$C).

Mot HAZC OO0l MEE 24510 QoiH Edman SHHE o=

el Shimadzu (PPSQ-21A. Japan)Oi0l'c & 24D S ALRSHUCEH

.= &

et SOROM  &F  WEMR 31501212 HEIARL (Asterina
pectiniferals w0 ZASCA HRsI0 &, 2, MAM =2 23, 28
s & 62tX2 &) =

dEoltd ME HEMNX 70 TOH 22A5HH &
B0 EdiHE A2 HMGIRL. 70T BRMF U B2 31502

S0 20 OAl 20228 B2l 2 plenderx

=
|2 &6t HESIAUCH (Fig. 1) BHRE MIES =2
o

gl
o
k>

H
il

y
K
2
rr
=
O

\J

5 % acetic acidlt

C MTAUM 124128 YEISHSULCE
a®el (6000 x g, 4 T, 408) Z AMZNS 5=5UON pelletS 5

% acetic acid€ &Jiol ==& & FE =0t

MEZ AU U2 2%2 5% = »29 AZWY A0, 21D N =02

HiHotol ?Iah M ethanol 2 IN HCIE AFE35] 210

F‘O

= =50 ZHIE sample2 Sep-pak C18 carliidgedl loadingsl 0l 0%
(D.W.). 10% (RMI10). 60% (RMB0) 2 100 % (RM100) methanolg 22 A
a5t01 sample2 EF AIZN. B2 A2 sample2 22 MY 9 171002 )
A ZHEAIZD = 0.01 % acetic acid 20 =0 & £ co/i D31 B, subtilis
PMI250 CHoll &4 S ZHGRLL 229 sample2 8. subtilis PM125%

= =

Ch £ colf D310 GiaHA 25t 2R &AZ2 LEHHAT. =56 RMBOHAM &



sample0l JIEt2l sample2Ct 2 clear zone® & A FLL 220+ OfL|2 DW.
RM10. RM1002 clear zone WSWH 2USHH Z 0| CHAL Keldl AlZEslE LY,
RMEO BZEME clear zonell SHOIYUL, QW2 AMBOHA Z2ZS sample
E Mot ZH HEE HIAH DUCH (Fig 2)

2. 8 M
M NHEE 4DH S RP-HPLC ¥ 2SHHI9) lon exchange HPLC A2

A e semi-analysed column®! Vydac Cis (7.5 x 250 mm)OA
HotRCOM,. 0 - 60 %2 B 20 linear gradientE AIZ8IUYOM flow rate
2.0 mi/mn22 12082 EAGIACH (Fig. 4) 2429 2EES £ coli D3I
2 radial diffusion assayE S UOM, 42-44 2&H 2HMH ZASANE U
EFLHCE

HetHel #4 2EE cationic ion  exchange column®  CM-5PW
(TSK-gel™. 7.5 x 7.5 mm)B MEct0 =460 (Fig. 5) SO0 242 A
0 20 mM ammonium acetate (pH 5.15), B 0= 1M ammonium
acetate (pH 5.15)2 AME5IU 90 0 - 100 %2 B 20 linear gradient® A}
HotOl 10022 246IALL (Fig. 5) 24 20 3-4p 22l 2 9-108 =l
M EREEE UHUHRCH, 018 5 [ 2s NS Y0 3-4 282 =4
= Hypersil BDS Cis column (224 £ 1 20-50 %, 60=, 0.5 mi/min)0fl A
=oAL (Fig. 8) main peakUlMd 2R SACI UEIH D2 0O peakll o1&
gl= E22 RP HPLC column® Hypersit BDS C (Hewelett packard. 125
x 2 mm, 5umE MESIECH 20 - 50 % liner gradientZ2 8022, 0.5
mifmin=2 2 ZAGIAL. (Fig. 6) ZR&H0 U2 2EE 4 @i oHHol

40

—

Hypersit BDS Cie (Hewelett packard. 125 x 2 cm, 30l =& =2
= 27-37% B0 gradient. 0.3 ml/min0l A 231001 (Fig. 7) &4

Z Al 8012 column® DEAE-5PW (TSK-gel. WIS, 7.5 x 150mm) o Al
Mot (Fig. 8) 222 A 02 10 mM Tris—HCI {pH 8.8). B Z {7}
IM NaCI2l Xg& 10 mM Tris-HCI (pH 8.8)01D. B EIHE linear gradient
£. 0.5 m/min©@ 2 ZAFAL, 2A2Y 9 20 ATEA0 AR

S OIZ Hypersil Cis (Hewelelte packard. 125 x 2 am. 304 28 - 38

ifow
s
o 710
Al

AT
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% BE linear gradient. 4022t 0.4 ml/min0lAd 438 A FEOZ 2

JH2l main peak A% peak BES 2SS 4 UAUCH (Fig. 9)

3. 7 Ag Y HE 24

HE ZHM HEUAM 2Z2ld 5 NS main peake SX4SE 2027 96k
M MALDI-TOF Mass spectrometerS AtEctHCH 24 Al AIRE Matrixe o
—cyano—4-hydroxycinamic acid0IC. 24 Z7) peak A= S X0 2951.77
Da Ol4l. peak B= 2980.15 DaZ X 20| Hi==8 SE A ©F 281 0O
L2 0IFHE As o & AR’ (Fig. 103 11)

peak A2t BSl 00| b2 2180 Edman =28l
B OOl &b HE ZAD| (Shimadzu PPSQ-21A)E AIRBIHLH O 5 S8
OlDic &t MEE 248 20 11 200 85510 2229 Ql0ls s M2 o

>
= B, 198, 22289 FD| peak BE 1581, 26-- 28

i
> 1
T
12
HE
X
o
Iy
04
Qf

—

2= SIRUCH peak A
SOOI O Ot0le M QLX) &atsl 28 4= AACH peak AY B2l & ¢al X
A1) OOt & M2 HInet 2 0 AE0 SASE 2 4 QArt 2Lt
1281, 133, 2181 &D10t peak A= Glu, lle. ThrOl 2 peak B= Lys. Leu. Ala
OIACH Hetet AD=2 2T kA cDNA work2 28 =0 ASH, A0
HE5] FHOAE 2L 24 Ao AT g ¢ oY Ao s 2o ®
£E ¢0tg WEoIC

EESNACIH Hats FNUSEUMe 2284 HE0ICC 200 M6
MEFHE SIBtH: SIAMCIS M2 28O 088 & A= DI 2 =
UE 2012 AZS ST
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Fig.

Count

6000 =

2951.54
5000 = ‘

4000

3000

2000

1000

0 1500 2500 3500 4500

. Molecular weight of antimicrobial peptide A from liver of

starfish by MALDI-TOF Mass spectra. (Vyoger-DE™ STR

spectrometer. perseptive Bilosystem. USA)
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3000 -

2980.15

2000 ‘

Count

1000 =

]
0 1500 2500 3500 4500
Mass (m/z)

Fig. 11. Molecular weight of antimicrobial peptide B from liver of
starfish by MALDI-TOF Mass spectrometer (Vyoger-DE'"
STR spectrometer. perseptive Biosystem. USA)
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Table 3. Sequence of antimicrobial peptide A

from liver of starfish (Asterina pectinifera)

Cycle No. amino acid Yield{pmol)
1 Ala 41.7
2 lle 100
3 GIn 100
4 Asn 100
5 Ala 100
6 ? -
7 Glu 3.1
8 Ser 73.4
9 Asp g1
10 l.eu 70.8
11 Met 33.2
12 Asp 7.2
13 Glu 21.2
14 lle 42 .4
15 Ghn 5.6
16 Asp 38.0
17 Ala 38.0
18 Tyr 26.9
19 ? -
20 Gly 4.5
21 Thr 1.1
22 ? -
23 ? -
24 ? -
25 ? -
26 ? -
27 ? -
28 ? —
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Table 4. Sequence of antimicrobial peptide B

from liver of starfish (Asterina pectinifera)

Cycle No. amino acid Yield{pmol)
[ Ala 499
2 lle 23.6
3 Gin 100
4 Asn 100
5 Ala 100
6 Ala 100
7 Glu 15.8
8 Ser 24.8
9 Asp 9.5
10 Leu 100
11 Met 69.4
12 Lys 81.1
i3 Leu 77.6
14 lle 21.0
15 ? -
16 Asp 17.7
17 Ala 447
18 Tyr 80.0
19 Lys 23.5
20 Gly 440
21 Ala 15.7
22 Lys 201
23 Pro t5.9
24 Gly 20.5
25 Ala 36.8
20 ? -
27 ? ~
28 ? -
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X

HAE S8t A 20 2HAMRIE 0188 @2 o) Xaig D UL
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