B 328 K2R KPR
B8 3w S

Institute of Zoology
College of Life Science

National Taiwan University

Master Thesis

B F 0488 e AE 238 A W e

Evaluation of Cecropin Af in\Cobia (Rachyeentron canadum)

Pasteurellosis Prevention

PR 35
Ruei-Gu Chen

i EHAR C RE W+
Advisor: Yen-Lin Song, Ph.D.

¥ R E L+ AE— A
January, 2009



R

WX TR L IARHF S A B

BRLAFEINRHEGMARE B ELE > URBEGERENBME - B A KF
B R VT SR 6 B AR B 0 AROT B R R 691 B A AF UBAI BT 0 R R R b
TETALELLMCERERENREE T EHY DRMMAEMA > RAF40H
TR E AT T & - BRBHHNRHEFLRATHL%  RARAREEHY
BT AE L > cobiaid & XA RAF A& 0 B bl BB B B B HA KB - LR &
WK IUARAFIZIZ S RAREZ VBT RERERA - BRIKA LR ERIEH
Mo BRBRMEZIHEE—THRLEEGKA  EXRGELRLEMBRM > FL
BRIFEED o Bt ~ BT FARRBRBELELEZREHNEET 7
z%ﬁ’mz%%’i%ﬁﬁi%*%ﬁiﬁﬁw@mmﬁﬁi#wbé%’
B e #9025 R N AR B 4 W&m%%%%Aﬁ@%%

BB E B B M W R RAT AR ) 2 38 0 Bl %saxy%&%’%aa
EXBEDHERABAH B W%%%fw¢ GHRS o FloRE R AL

“ﬁ} ot

-] |
Ty AAWEERE A A&Mf 'ﬁ%ﬁ&mﬁmﬁfﬁdﬁi%h
i s oS 2 %
%0 B R R BLAE » ZHIRE %%éﬁ %m“%%?%%%&%%%%
koo BUE Mk B AAE **m%ﬁ&m ‘&%ﬂ“\i%%ﬁ’%MA%

AR R A - BA RO HRA T B bk F 4 R RRLRER
EEAR Z B CELR

RIZELEPEHAZ LN AREMIT > RAEKSHRFLTRKRE - Aol LR
FREAFEZHABNEF > STRERL A RZGRAE > LEHBRGTERET A
R o

R RGHBEBACH AN ERBMARGRERT  BARM > HIXFE]
BHSOH BRIERE SRS CRHAEHAZBRBORE » BEEFET
EENBER-TEROBA - H 5 BB -



mE

B &2 (Photobacterium damsela subsp. piscicida) = & ¥4 484 75 548
(Rachycentron canadum) EZF et AMBREA > RENARAEEYZH > UL
EHENERTRCERRDIEMYEG - REEFA—HEEACAWIBARIL
B 37AE B B 4k 1 B AR TR SR AR 4G 0 BA R ARAER - BAT S
BALHERARB AR EME . s PR e el  2ERAABERE » £
— Mm@ R G A AR A

REFHEHERAORBINARELD A0.7 M REFHEHER D ORI
BARERFRAED ELFRFEBE S 409 uMF0.7 uM 5 R B F 4% IE 287
EREEORRETRIBERCEEZRE R RE Y mmbEa o A A EHEmM
R4 uMEg R B FHIBHENA ﬁw}%@ﬁ’ﬁ%&l B4 & A A it s AR misk
R AR TR E FH B ke Jlf‘/a:fn.xi}@/& _(effective concentration, ECs
)%k%mmHM;Lﬁ%%%%iﬁ%%@ﬁ@%%%ﬁﬁ’@éﬁﬁ%ﬁa
H4BAT T AR - ﬂﬁn‘

i

u%i%\ﬁ&%%&%ﬂﬁ% ﬁ%’ 1 ZY T DR ey

%

T R 6 SR AL M I R R BT R R
EEES TR iﬁ%&m&¢ﬁ*f* ﬁﬂ% ESL P LT P

BAEREFH BRI G R R RS B
HREFACH R AR RIS AFRERE > 12 e mREE > tRANE
BAETEB100% > REHREFORLAGFEEH25% > K3t o~ HAGFE
EEBEERE (p<0.05) - HRMEAFEIHAREFACHBITRAEREWESRE
FUBRTRRA% > REHREFTOREAFTEERT% maFERaRE 2
- REFHEHIERAARKFER E%@ﬁ(%émg)%@2mﬁﬁ%@%

FEER (75%) LR FarEER (0%) kgt A% (p < 0.05) - #ERKH
MEIOCHERAREN > FHARL TR EREF A EMEKRA - BERI L

o ORZRE LB ANGE PN AR FRIRIL O BAR B2 R -
e REFAHBETREXABNZRALE NG HEHERAT» A =2
EEBRERIHBEERBE LA EFN - BRIESREE TR IS EMREE
CRBREOB EREFATHEER KSR O IER AR EAERHETE -

)



Mg R - RE K SRR BF SRR

i



Abstract

The major bacterial pathogen of cage-cultured cobia (Rachycentron canadum) in
Taiwan is Photobacterium damsela subsp. piscicida, which is highly infectious and
causes massive mortality. Resistance of the bacteria in field against antibiotics had
reported. Cecropin A is a wide-spectrum antimicrobial peptide with 37 a.a., and
structured as a simple amphipathic alpha-helix. The killing mechanism of cecropin is
thought to lyse bacterial cell membrane, causing permeability unbalanced or cytoplasm
loss. Acquisition of resistance may thus involve alternation of bacterial membrane
composition, which may be more complex than a single step mutation.

In the present study, the minimal inhibition concentration of cecropin to Ph. damsela
piscicida was demonstrated to be nearly-0.7 uM. Measured by plate counting, minimal
bactericidal concentration and!LDso were 0.9 and 0.7-uM respectively. Killing Ph.
damselae piscicida by cecropin“was.eoncentration-dependent measured by plate count.
Evaluated by trypan blue exclusion, there was a significant, cytotoxicity of cecropin to
cobia muscle cells until 64 pM afier, & shours treatment. Hemolysis effective
concentration (ECsg) of cecropin to cd"l;';a"' erythrocytes was more than 1000 pM.
Conclusively, cecropin is-showed | Qonsig'yfs_‘rably selective, for Ph. damselae subsp.
piscicida over cobia cells. | |

With inhibition zone assay; the observed bacteriostatic activity of cecropin was not
changed after 4 hours incubation.with cobia stomach crude extraction, but the
bacteriostatic activity disappeared gradually within 2 hours incubation with intestine
crude extraction. This suggests that cecropin is not stable in cobia intestine.
Antibacterial activity of cecropin was unstable in cobia blood matrice especially whole
blood and plasma. Loss of antibacterial activity may be due to protease digestion. This
instable property limits efficient transportation of cecropin to infected area, such as skin,
in blood.

To test the protection in an in vivo experiment, we introduced Ph. damselae subsp.
piscicida and cecropin concurrently by intraperitoneal (i.p.) inoculation. Survival rate
was 100% when we boost the same dose cecropin 12 hr after infection. In the infection
control without giving any cecropin, survival rate was 25%. Survival rate in boost group
compared with infection control group was significantly higher (p < 0.05). But the
survival rates of just one time i.p. injection of cecropin and infection control were 44%
and 17%, and there was no significantly increase.
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To test the protection in the feeding experiment, we introduced pre-mixed Ph.
damselae subsp. piscicida and cecropin (or encapsulated cecropin) into esophagus by
plastic tube. The survival rate in which every 20 g fish fed 2 mg cecropin was 75%,
significantly higher than infection control (0%, p < 0.05). We suggested inoculating
high dose cecropin concurrently to cobia infected by Ph. damselae subsp. piscicida can
completely kill bacteria and significantly reduce death rate. The bactericidal activity of
released cecropin from capsulated particle was not appeared as our purpose.

The bactericidal activity of cecropin to Ph. damselae subsp. piscicida was powerful
in vitro, with low working concentration and rapid effect. But cecropin was not stable to
enzymatic digestion and easily to lost bactericidal activity in vivo. The death rate can
significantly reduce unless we boost cecropin by ip. injection or feed high dose
cecropin concurrently to cobia infected by Phs damselae subsp. piscicida.

Key words: cobia, cecropin, Photobacterium damselae subsp. piscicida, enzyme,

antimicrobial peptide, evaluation
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A BKA —RECRBEORE > RHF S AR AB I RE AL mins ¢ H i
BRES T RBE S LRGEEVEREFEGY - M REGH T 0 &
EHXS B b ok o BN FREMNEA %% 4 % (innate immunity )
TR E EHRBEE T M AENRE  BATERM A RILY—TF 54 - K
By B0 A AR AR B ROEE a0 S8 IEE B A4 A BN LB il de 2
T ol BB 45 A o R0y T BERK R o R e L % 1 2 B T B M
B &Y A3 6 4 0 B TR % e 04 6 SR B ol e ] e LR & RS
G i RE Kﬂ%%%#”i%%ﬁﬂ%ﬁ’u% HBIE R F) 4R 6 R

( Brogden, 2005) - J |

YUR KA 537 % 1R Iﬁlﬁﬂ %ﬁ%ﬁt FREBA - A
REFIRA% P8 B A% R 693k RARPE = 3R H au@ifﬂ PR A AR AR
By EATEN £~%hi%%%ﬁﬂéﬁﬁﬁﬁ%%%%’Wuﬁﬁ%&
REHAT 5 w9 ~ 7T A AT e S04 K FIAE A ik R o {240 ik Rk
o RAITEAT AR Foyse R > BubsrB 035 ¢ — ~ HPNe T A B0 E B AR
s ERERBAAMAFRE ) — - PN BB EFhS & T Ee R4
sz TumET A ER (Mygind ef al, 2005) ° Marr et al. (2006) Bl
HiT A AL EA um # 5 1F A (anti-endotoxin activity ) $L3E & ~ LB H % 7%
RMEIE N o2 h Rk @R ERF A AL — KR8 A Ik R R UK
B RRAPIE AE R E R KRS N @

REFAA1980F 8 ey B L » & B Hyalophora cecropiais #8448 64 fn

B 5 # 4 & (Hultmark er al., 1980) » A N#M KX » d35-37@ B AB4a
R BEREATUHRF S AREAN @R HAKRBE - B REELF S

~



LS P A B (cecropin P1) - @FFLbHEGHER > B> TFAHSE
BB R B R LA 0 BN IR A E R IE TG IR 0 & FIRCo I
A by RK ) Read s pg 0 5 =B M A BE 20 JB R A 2R3 B9tryptophan (W) o AE 4
B FEA®REAFM. (Sato and Feix, 2006) - REEZHAMEFF] » SR E R
4 B REFIK A 62-641E B SR B > N 69 24-2618 iz K B 5 AR 48 o R B2 F @ B oo ip
BEAERAARATHEOREF - REFHILIBEHANRACKHEEA — 1B
alpha-helix * ¥ 3 & = 1B Bz I B 4B pR 44 3038 45 > Nom R — B T £ ~ &k
&) alpha-helix > C3% <, & # & 14 69 alpha-helix > 12 & &4 L IL B R HME R 7 £
(Boman et al., 1991) ° REFT AR A EHKEMHRRGEE - 25
MEAEE > HE®RAFA ZEA K (Sato and Feix, 2006) - REZBWNHKRA
B (lytic activity) ° AT AP RERARE S A € R Al A ™ R §HUR B ba
(Boman ef al., 1991) ° R % ¥kt £ 857 » £60°C %A100°C F A 30 min
AP T 4% % 4 8 75 P (Wultmarke@fal., 1980 )8 <
1% 48 % i Falpha-helix €44t ”Hiﬁj( Eﬁit’iﬁyi%éﬁf&% 4 X4 =4 : barrel-
stave, toroidal-pore A carpet » "’TK/%Sapand Feix (2006) Fré = B - T iEE
HUH MR 2 & F a0 4a i) a i I %’cé’w" Fia rﬁlﬁmﬂﬁﬂ*&ﬁwﬂﬁﬂ‘ﬁﬂﬁi& e
&@%%L’&%ﬂ$ﬂ§%i“%%%mAﬁ¢ o F B I 9 9 L5
B BlE— R L *“%%@%hﬁmﬁﬁﬁ%ﬁﬁ’ﬁﬁfmmﬁﬁﬁ
&9/ FL o S B ey AL AR /)5% sPRAFR kAT 0 MR BE R KA K
RERANBERR T R AR -
Barrel-stave &) 22 3 1% 18 A #alamethininiz #2340 B BEfiK (Brogden, 2005) : 7L
TehmBikrTFaCaR BMIASHRELEHNEATEE R
B MoK EBILE > RAREEAE  LERNGRLES TS EMAY -
Toroidal-pore#) 323 & K % S Hu i PERL AR A - 7L by REFK S84 RE 3K 3L 3] 41 Ak,
TR EBEBIRABRAE @A E > SFHARERER > TBOMNERA W R
WYL AR 3 0 (B ARGR 1 ®ER A4S © Toroidal-pore¥2 3 48 # barrel-stave 32 3
T LENAEREZOMRLEERY  MABRKASKEREZAUAFEN
IRBE
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Carpet¥ w8 AN AT RORE T » MRS A MM BREINE L

BB RO 6L B e 0 R AR TS S A R DR R ST SR R B 60 1R AR
BE— b > FUBEALAE AT 4 ) 248 FUAZ - {2 4£Sato and Feix (2006-2) #9512
P EEBE AR EER NG S FihmAm gk P o 53 A8 cecropin-
mellitin hybrid peptide (CM15) # X8 # &) &7 B 7B AL SRR A48 A73.8 nm

rif
Y

AL g3 ZoRCMISH 4a 3% R 69145 £ 32 R L FA A &Y carpet32 3 » M Lb & {4
toroidal-pore #8942 R, > &4 H 1% 3R A CMISFI i, 89 FL3E B 42 #493.48 nm ° Brogden
(2005) #=Sato and Feix (2006) #.3% i 4 i B K $ 4o B 8945 F @R IRE & & ™
IR 0 AR B B 9T A toroidal-pore 7 X 3R AKX FE 4a [ 0 E R AR B B ARAR 1T
carpet¥2 3 > carpetE AT B LB ER BN R ME AL TR E -

LB R E
Fn TR R E:

R RAF R 2 %ﬁ#“%%Tuéfﬁﬁ%wa’%%%m
o BN T AT RS @ R R — AR AR A
ﬁ’%quﬁéﬁimiﬁf”%ﬁgﬂ%M1m%)°Eﬁ%ﬁ%%§%i
Eﬁﬁ@ﬁm%%m%ﬁ&wﬁﬁmm@%##ﬂiﬁﬁ%%xm’ﬁ%ﬂ%
ta R RE SN R PR *?ﬁ' %m&w%@%ﬁm ER
mmmm@mmmﬁwMgmwm’%ﬁ@i%m%ﬁ% IR T P E AT

(s

»

B % FEFe

BEH A B KRB AT OB Liéphosphatldylglycerolﬁi%cardiolipin o
EHmptalofi b @A T AT E B EEHEREMIESIEEL -
HAZERAER LN ZE  FREFTRBFEENIERILEEELLE SR
BB wml o miEaaS AT AR @B 0 AR (Matsuzaki,
1999) -

BUHA REFIR B0 A 84 4 & JF 30 A oy JR AR M 04 B AR R SRR B S A ) B AR R
7] Chydrophobic interaction) > #% > @B EM R AR > T EEARE A
BT AAART] > LA LT AE TGS B E > ILRAMIKIEE
WA LR GCHIEE G RS S AmAEL st § @B oeist
XML aEN > EMRAMFARAR  HEABRKEZ0ROFERAS  F
Mt Lileyk @k Hm s FILABEMAREER R @B EF LT -
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FAMREERARI AEERNERI IR > &L AT A PELAE 2 8
B b ot B RE 45 B > R sb 7 I B 69 B0 B B K H A e B Y 5 M SR AR R AT e

c AMitmntm R ERABH FEB BT A X e R A 0 BIF A RILR 5
Y A (Matsuzaki, 1999) -

fn B $ DU A BE R e S B

o GBS AR BUIU A B IR e B 0 X B R R D SU A BRI
ARG - FRMEA MRS PR B AR RS  c AREFTEHEERE
ZOgHUE LR 0 R e HL B K H) 45 (Brogden, 2005) I — ~ &

Morganella$2SerratiaiE M /E BBE R e G B sl G5 > UBEBEEE

o R BB BEIL AR RS T &S (Zasloff;2002) 5 = ~ fEStaphylococcus aureusiE
MRER KGR 0 B3 & 2 % teichoic ac1d,té’3%]§ » LAV km i BE e B
Mo ELRA ML 5 L = A SalmonellaiS PRI > A2 KD i

B¥ T core polysaccharide®y @ & 4 » ﬁi’ # Hiﬁiﬂ: HSEIE 5 W ~ Salmonella b, 7T #

B4 e iwm%ﬁ%mmbﬁﬁ?ﬁrmwmmpmmmm%%ﬁ’ﬁ
SRR A4 B BERK 42 B #m}%%,%‘xﬁd’ﬁﬁﬁ é’wﬁé} | wx%‘ IR B R G Ak & $H LR IR
i&m,n\&@@mmmmwwmﬁﬁmmi&Tu 7l Ak B K AR B RRR
POEBEL 0 235 4R 8 A A R S B A B -

FRF R EF > HRAMRKS R e EE AR E AR RTREHE
Ao R AN ARE I EBILAE % 2 B RROSURE > TR %S B AT
REHR > DACL G BB EE. coli#tStaphylococcus aureus¥pexiganan & 4 31 %
MRGIEIZA R > W B HHAE T A HUE M Ak Hpexiganants # & 48 AL
B89 (Zasloff, 2002) ~ A FH A EFH @ HMEREL B AMRIKELERE > o

BAHRAFTHREREXTFRIIAMRMER » R A4 F 895U H PERLT A
WEIER > B EABR B4 (Marr ef al, 2006) - L E > FLAMKRE R E S
FEBHB ZRBAREAFTY —GAHL -

A ZHBPEEFONARKEEANERASER S R BH AT EA R
PR R RAA10781070 0 R 4% b A Fsub-MICIHE & T 4 4% % K Bp T 4
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| R mEIARKE  REARIAMWESHHE > THETROKA
PLHH o LAfsub-MICRET#KRIFEF SR AeF b BHILAMILE £
BN - mBALBENRI BT @R RFERR > B BHR#EE
A oo B ko AT XATHAER R D BERBI AR EEANERAARETA X
SMEMHRBR > LA e @ %50 IR P A2 8 A N %L BL
EARERZLAH LB AL A LB (Marr et al, 2006) -

HU B BEARE A 3R DU AR A

Marr et al. (2006) #&%] > wR LT HEY > FER—EREH T2 TAER
BEFRBEAHIREL > R BRAEHBEERBELSRE > BT S UEE
LR BKKRE > EREGESERESR AF E o Micrologix (Migenix;

http://www.migenix.com) * Magainin Pharmaéeuticals (http://www.genaera.com) £2
IntraBiotics (http://wwwiintrabiotic8icom)#t L Ea4a2N 3] » &+ 0 1 ME KR 46 0 B2
KB 5 RAT AT > ERWETETSIEMATIRT AR R A 69 - 5] % 8 B
ABUFSERAE  EHAE %ﬁ%;ﬁ%?”%%Tummymnmwm&%
K& iﬁm@mm2%z~ﬁ£“ﬁFmM&%&% T YRR
K » pexiganaft 5 O & LA 2 xi.ﬁ.—# PR - /ﬁ- i#BPhase 3 ER1E 0 FE R E
MBI EANIER T pex1ganaé’].l:’rﬁ e ﬁ: g?giil R A L RATIE A R R AF
3 o MX-226 % A7 4 # indolicidingé AL i 3 T oA A 7 8 %, 8 A 4 4 dm 1 35
' 488 8Phase 369 ER B 43t L AR 69 R ) B H R A ey R R 3 B
AR E TR A% > ¥#1% 7 ACadence (http://cadencepharm.com) /2 ) 48 3&
4 o % — 8@ @Phase 25 8YMXS94ANL & A 7 indolicidin 4 4b M & » =T 24
PRS2 B B A A
Polymyxin B #v gramicidin & & 18 A 7 # % i# Pseudomonas aeruginosa $1
Acinetobacter baumannii®k 3 69 B RERK © FLER R LAE B RAE 90 2 A 2 B IRkd 2
PEE ERARAREFUREERGNEFERHOMAR  BERSHT N
FREMBRFM - BIARELE AN —KRTRAN S F %4 5 Polymyxin B# #137
MELRANEERRSE > LT ARREKRAF %K - DaptomycinA — {8 anionic
lipopeptide B- & #& B &9 s& 1 > T A » R ¥ & J§ & Staphylococcus aureus
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(methicillin-resistance strains), Straptococcus pyogenes, Straptococcus agalactiae,

dysgalactina subsp. equisimilis & Enterococcus faecalisB 3 (Marr et al., 2006)
HFRFETERZRLBKELIMTEENIAMIKIERZERER - BEER

B ERMBEAAEMEM AL GHEA EHFERETEPIAE > TREH

40 KR B AR R AL S 1 B AR o LR MERA ¥ R BCME RS B M 0y 1R 25 R

UM ABEORARERILAEY > FER T ER PAEE RS R ERELE
WA LA HF SRR E (Marr ef al., 2006) -

BRPEREF

cellulose acetate phthalate (CAP) Z—#ME4rA WL RME > TANKE
MBRESERABE > FRANREERL BB E QERMERE > BACAPEFR oIk
MR T R G5B ZHEIEN] ﬂ’}ﬂé prErv B5.5F @B IERBERE NS
M1 o CAPRriZ3b A7 0 JR%E: & =R 2 RRAF R - R & F al1F
o

PLEE A R L;J ‘T |
i\‘

Barrett (2005) 4% #— ZE}E A ¥}?«fn,i%‘é’3 AP B A B X

(exploratory phase ) ? ﬁﬁ Fﬁ e ( early phase ) ~ 2 E Y wE

(lead optimization ) ~ & igfli =% MYr (candidate selection ) ~ ER JR A] 3R 45
( preclinical profiling ) ~ E& /R 3X5 (clinical development) ~ 44 E &
(regulatory submission) $#2#t# £ (approval and launch) ° AFEZ B 89
AR REFATERANGRCHEBARAEZIR G KB — 2R EFEREE
RATEILBRO L HAARARBEIAMRIKEKEAM R R LR EAERE
By LB & -

BHRAROKEFRARE - RERAPARE - RA MR R afoF 1%
BELBBERTUFGZENATAGCHFERRAGERENG T - L1385
HF o RBEHMARE A @i FERRAFRAAA LA RIL R T — 2 BTN
HREFHAFERLRD LHIMA o HRE R T T U5 40 L AR I
REAHBEMRET RERRAMEZWER > TAETENREERZTF &

W
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BBAGFMERGRY  EERARNBZEMHBRRAOER XL 84ER
B F3 48 B (period dependent) &% 1% 478 A8 B (dosage dependent) ° i ¥f
PG ERT R T ARG 5% Rk % 7 Ao £ 4 ATIRIE -

Barrett (2005) #2 4 > AAA&EH (lead minimum ) & 249 & ¥ %KL B &)
WEMN0 uM ~ ARSI H R E N 4E16 ug/mL ~ KIEME RAN100 ng/mLEF §

(E

BB /1 M20 me/kg s B A 1%E F A4 (candidate optimum ) % ¥R FEEH &
NAENT UM > ARSI BRI ug/mL ~ AKEME K2 mg/mLELE T
&/ 110 ma/kg o A EMIE 0 BT R BRI EITEERA
AR B -

HREREBRRG G BENRBELERENARER  £2F AR %%
BERERE AEHAEFEE LB HN & BRVYE  RE—REE
HRERGER R AR LET K ﬁfﬂ'é%Tuﬂm B2 ik B3R > MR
B) iR 2 5 A 2k %80 X (GBorge and Mbrahiam, 2006) ° AH Bk P 55k 32
R B 605 8 75 b ke e #F3 m%ﬁﬁm&%ﬁ%%%%iﬁﬁ%@%
Tt U R A6 AR T 17 6 %
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kL Ty
s ¢ 3.F 3 |

B #4842 B (Photobacterium damselae spp. piscicida) ¥R #E3E%H L% tryptic
soy broth (TSB, BD) %/ Am1.5% AL » &R E 2 2% AAbén > 3B H/ 28
C ° ATCC 51736§2248'% & ftif 27 K& & G AH 2 PrIR MR £ BF A 32 > KuRI R A
HMFEKREKRERAS ZEHEH LG (k—) - BE#3% A Kiryptic soy agar
(TSA) RIATSBAAl.5%ERK -

AR ERTRA QO EATE AEB — RIS R BRE > b F Ry e
— Wtk AR T REBEE > AREAH A RRE > ERBRRLE GILA
—h AR AT B 4 RIR AT o T BE R 0 4o 1 32 & A 2L Abrain heart infusion
(BHI, BD) » #8%M%/m1.5% NaCl ° Hiékdfzﬁ’t/\2% NaCl » &R &k 35 0 BEe
#7462 B FHE A BHIA (BHI ol 5% KR -

#2# (E. coli, strain, D21)" 3% 5K ALB (Luria-Bertani broth, BD)
AEREZAMEER > LA #%%ﬁ"ﬁ.&?#ﬁ”‘aiﬁa MIC/&1£0.39 uM (Ho et
al.,2002) - BEH aPHERE E—«é rii %/ﬁ Gt £ B > BE. coli B AAE3T
Tk THRE %xz:f%

e AAREES X
% # Zappulli et. al (2005) ZPCR-RFLP% /% » % A % 3| F# AP.dam-la F
(  5-CTTAACGCTACGTGGTGACAGTT-3> ) # Pdam-la R ( 5-
AGACGATCGCCTGCAATAAC-3’) - E R Z k%[ A BstUl - PCRE} 4y i 448 5%
# %50 uL > 2-1x PCR buffer (Yeastern Biotech Co.), 0.2 uM la_F primer , 0.2 pM
la R primer, 100 uM dNTP + 1 U YEA Taq DNA polymerase (Yeastern Biotech
Co.) ° RIEHK LB AL 45 R E94°C 2 min, /v L E4(94°C 455, 55°C 45 s, 72°C 1 min)
R IEAOR » & 4472°C, 5 min# .k RJE o (R4 BAE A S 4384530 ul » 4 1x NEBuffer,
1/3x PCR product, 10 U BsfUI - DNA & 7k 1 F 4% agarous gel © &PCR4& 7T 243 3|
—201 base pair K/ h £ > & BstUIE A 1% & i 31125 base pair#176 base pair i 5 52
Ao BPRT AR A EHTIRATE
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T®A X

#:# (cobia, Rachycentron canadum L.) # R B B R &Y > & RNE N AEE
oo g KE E 4 E30LS ppt 0 B A RATASREFHRER —R - ARG &
ZHMe B E— BB A ANTR - ANEILEEEERYEREE 50 > AN
BB B R B g 49205 -

X * (cecropin A)
FREAZREFREMRCELS LG - REFIBEAKFIAH *N-
KWKLFKKIEKVGQNIRDGIIKAGPAVAVVGQATQIAK-NH,-C’ » 45 & 2 N$2C3%
% A -NHAL 2 54
RH oA REF S G 0 GEASA AR RERR EARL - ABRRE -

%46, Wi A& (Minimal inhibitiory concentration, MIC) ¥k /6% i A&
(Minimal bactericidal conéentration,l MBC) |

X2 4% #Motyl et al. €2005) é’aﬁfi"%ﬁﬂkai o MR E T HBM G LR H
UTSB (2% NaCl) A% #+8 @zmmwt%/& %107 CEU/mL ° 129634 F 3100
WL F B e 9L B A R RLE AR E 20 BATEAT Hsn A 428°C 0 2024/ BF
s LA B AR L m B R A B R R SR B
FORFLPP AR ARI BRE o & — FHEERA AR A RS B ey AR FL &R 100
ul » AHEHMAENTSA (2% NaCl) k- i dhmik B28Cie &4 ¥ H X » B30-300

BRAEBBERm > STEARMA LI - A RRA BB R RAENEH0.1%89 &
MR B FREA ARIEREARE -

ABRESEHRABHEREMNE (Lethal dose 50, LDs))
EZEmYESFLiu et al. (2002) BAEEEL - #5385 K 2 T HEM ) BT
B ATSB (2% NaCl) A #|## » & & m i R E %10° CFU/mL ° ££967L4 F
BRI00 uLAH R A RAERB AR REOREF RS » REIBREAHO pM ~ 0.5 uM ~
1 uM~2 pM 4 (M BRE=ZF4H - £28CEEZBAH—IFE > 25 B E100
uL# & » MATSB (2% NaCl) i@ & ##1% H100 ul3g 4 #2447 TSA (2% NaCl)
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o 28CAM KR > BR30-300M8 B A Byt mhm o SFHAAA R RA K E
control plate BP0 uM ° F R IEFH 7 HRLBER T — Fla AR ZIRE -

¥ i M 2% (inhibition zone assay; radial diffusion method)

EF%FHo et al. (2002) #9 % kb5l o RS uLA K E FHEMAE. coli
D21 (OD value 0.6-0.7 ) #uw %8 mL 4 4F £45C A F #9LBA ( 1% agarous,
AMRESCO) ¥ > {2E. coli D21# 2100045 > #10° cells/mL ° BA3R & & K% R4
% MBBEIANINAD BB Am Y » FHEFLLL - BREZLE > A RE
I ERAACAKIE 30048 B GE - X EHITRALE > TTRBFALRT0%
B RBABAEEE > HASME LB T UBHERKR o LAE4 mmey T
RILF > SRR FEE T BB PR R R E - L BERNEAAN
6 UL AR IR 37 C A B R R L6 B R4 -

AEBEANCKRAE N ﬁﬁi Wik (kll‘l.}ng curve)

BE N A EFS5EMotyl et al (2003};@ Mygind' et al. (2005) mesAE15 2L -
5950 5 00 60 BT B RTSBLER% NaCL) AEFIA 48 - 1t 5% o2t B 82
#%10° CFU/mL - 18250 mLé&%%ﬁ%ﬁiﬁﬁ%wo mL > B 1 mL & #
BHREEWTSB AL ZLREAOEM ~ 1 uMéi;S UM > ££28°C 22190 rpm & % 32
oo 420~ 0.5 ~ 1822/ BF F B R ZE A B E 200 uL R 0 38 E HFERER100 ul#k
WA TSA (2% NaCl) k> 28C3s R mREFFAREABH - R FL=RREA
REABERBRBEATAMAEARLK -

by $ 3 p 0 EFE TP 23

#% 41 5] & 4138 2450 mg/mL heparin sodium salt (from porcine intestinal mucosa,
SIGMA-ALDRICH, cat. # H3400) M/&% * @ /) 3F heparin¥>4t {4 k3% » 1 B FFk
HUEt fb e B M54 dn ik B N1.5 mLFA 4 8eppendorf ¥ #2358 4 BF H R AF heparin ¥
PR R E 0 Bp R E K 4B R A = 48K e E 5RPBS (390 mOsm » 2ANaCl
P ) #FE > A£4C T R350 X ghfEu2004E 0 bR bR DR ER > B
10 mL7k#) % FRPBSHM i F 4 £4°C TS FlAF R Z R - |14 ke % 5RPBSH
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TR EHBFS U AR BN A ook T BERENEYE > Foh
HIREA1.7 x 100 RBC/UL » # a3k 5 R 584 (60 uL) RREEESMRE S
BA S REREEREAEOUM ~ 1 pM > 10 uM ~ 100 uM $21000 pM > #£28°C K5
AR — NEFE 0 AF R 212,000 X gBEs15%) (Conlon et al, 2007) ° &I
100 uL L& &R BEAI6FLAE ¥ > LA KK AT 4405 nmig kR4 TR KM
(Lee et al., 2007) ° BA1% Tween 20/ ¥2 &4 4x o 3K & S A4 1F £ 100%:% s (Conlon
etal,2007) " OUMREF R Atk B AR BEL s T 695 FEA plank ©
Hemolysis (%) = 100 X [(A sample - A blank)/(A Tueen20 = A biank )]
Effector concentration (ECso) & 5~ H 2 50% 4 kA% R BFR E R RE T RE »

s pxop o LLED E ST R L S

AL otk R B BB KRB AE BB TRE

PAL15 ( Leibovitz s'L-15 meédium, Gibco ) +410%_FBS ( fetal bovine serum
qualified, Gibco) #3&4i% (FBS/L-15) - 281C 4RI E o B4R R 6 e
AaAl mL201% trypsin®PBS/EDTAREHM ¥4 - saA12 mL FBS/L-15:24 » 4%
4o i IR FE 4 A450 cells/ull» “F# 4 \aiaizxé%w ¥ (250 uL/well) * # E 28CiAk
AR 0 REEM R B e RIRZ RO R £ &Rk 0 A300 ul
PBS/EDTAE iR » R LR A 238200 uL/zz\%‘ AEFWFBS/L-15 > BE 5 %
0 uM, 4 uM, 16 uM¥#64 uM > X B28CE RSN > B E L HRHE » 2300 ul
PBS/EDTAM MR > B #14 AuA70 uL trypsin/PBS/EDTAAE 4a fi 6 % > B v A60
uL FBS/L-1538 % 4) 4m it > fe 3R 3H 8035 A4 E BERA % (trypan blue exclusion )

HEEmpp gl -

REBXBREELENMA AR RE

1. 4% afilf (bovine trypsin)

4 fk & G fif 3 A SIGMA (trypsin 1:250, from porcine pancrease, cat. # T-
4799) - Bk G2 G898 € 26y i uB Fk (Faulk eral, 2007) 2 — - B LA
FHREAMFAREFHERACEFIATRINSE - ARATZERLF
Faulk er al. (2007) e41Fikughmfs ek @ 15 M 69 R &4 %1% %50 mM Trizma,20 mM
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CaCl, , pH = 82 ME G R E £ S LS AR A E - 4 unitshh & G50
uLX &% (256 pg/mL) #4£1.5 mL eppendorf¥ & 4 - trypsin: cecropin = 1: 815,
w:we £37CAKBHEFERO, 20, 40460 minfg > ik A0 ul, 140 ug/mLAE &
& fifgdr#] % (trypsin inhibitor from soybean, sigma, cat. # T 9003 ) > #EH EK L >
R EEORKBRIEEEET > ERFME EARE - S0 E B 46 HEs A
WERATHR -

T1. #3480 1L B2 ke 3 BUR

BB % £ % %+ Moyano and Savoie (2001) &7 ikhm A5 e o 2R W N EFE
AR BN KA S RN K EERCT BB F RATB AR 0 F RN Atk
i B 9LAT By o %) B e A ks R (Trizma S0mM > CaCl20 mM > pH = 7.0) #)
SO mL&k 4 P o Su S IR G IE T 0 DA T R AT R T —
GREME AT LB PSR HABEE K & FABRE MR o £4°C 1 2016,000 X
g%mm%ﬁ’mi%%’W%ﬂﬁ%ﬁ5%%ﬁﬁﬁﬁ%ﬁﬁ&m?ﬁ%%€
B A o ABradford;& 8] %%ﬁﬁﬁx“‘;&qﬂffé‘%f BB 45 se B ERORE G E0.4,
1.5,2.5 mg/mL ° ﬁﬁﬂ%%ﬁ%‘iﬁxifi%é%fi%li 0I5, 3mg/mL - A ERE : REE
=1:100 (w:w) &4 ﬁ%"c%%%ﬁ% 1%*;;%%% HAb#mfpH = 2.0 F4EAO,
1,2, 3/ 6 #ﬁ%&ﬁﬁﬂ%iﬁ%éﬂépH =7.5F RO, 1,2, 3/ 6§ > 74 4biipHey = € =&
R RREIERBLLE o ZKEH PR BT - A B EREI A
Trizma 50 mM * CaCl, 20 mM * A EBRR TP HEARE Fom 2 % oAb fr
" (REIpHME ) » R AB oW FxH A REFRATHELTEREEF X -

s 222 EX R TL
BB kxR % # Lopezetal (2007) e9tEx/EE K -

I.2 M (whole blood) #2424t (plasma) 4y :

PR pUER e 0 481 c.c.4t B &R 43R (25G, 16 mm) BA50 mg/mL heparin
sodium salt ( from porcine intestinal mucosa, SIGMA-ALDRICH, cat. # H3400) #U&
REVH RS 0 GV heparin¥ 4 R 3% 0 B B FFIRI B B AR R B N1.5 mL
T84 theppendorf ¥ > % 38 % BF B R 4f heparin 7] #L fe iR T4 o BPZI R BKE -
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BLBP By A by b 0 BAMEATR R TR o F R R 2 £4CF A350 X gBES254
> EARITARERS > ULETRETR

ILfr % (serum) $# % 7E/bdF (heat-inactivated serum) 3[4 :

A BF R fobrgt Bl 0 A1 mL&H ) B B AP Ak e Bl M58 )k B N1.5 mL
eppendorf ¥ » M E Z L& — R RIR B REREE 0 BREKLE - FERE RS A
4°CTF 1000 X g w254048 > LFREP Adn i that > DSLBTHRE TR - B3
feFE50C TR 20048 » FAA IR B AL ELhF

By AR 3R ARRREF AR R FAEZH > 221 uL it
9 AE R AR SB R 113 WLAKR A% 0 B3 ul, 500 yWMREF 0 ER&REFR
BEA25 uM > =3ty AR BB EREFTEMGTRRE R B EA LK Ll nR
ﬁ&ﬂlmﬁusuﬁéﬁé%WﬂW(ﬁ%% A2MEERBE) REK 0 B
A13 uL, 500 Mk & % > ﬁKKKQ?% %%MMO

A% IR B 6 ulthdh LA R B 5 A ik EAT i%%#ﬁpiﬂi;ﬁdﬁc » A0
BF R IR o AR SR E28C T R imﬁiz;u B%w% B A B H6 ul > Bl AR B
%ﬁ&%ﬁi&?%%%ﬁm@%“?ﬂﬁ"“

‘ 0
| > ||
N | ‘i

ERX® “fﬂL )
0 A B SE 4 S4B A A8 T e

I B E 4t

B AL A EBHIT E B3 AE P H A > B > #lE LFRIE 0 UAPBS
0% AR E #3000 CFU/mL » BR100 uL¥e X 85 X &% (2 mg/mL) &4
(EHTABHBAZAFNEERBEALES) > BITAYN0 g BT 8%
B % #4300 CFUB02 mg R E % - BITAXRE F4R] 4100 uL PBSHL S H R E
% (2mg/mL) &4 -

WA A I NETE 0 B BB REES F KT AKRA02 mgRE & -

NEFHZER  BEEFHAWE RERBRERPTORCEL  BWMETE
o E - OB E TR o8k F—SEMoseEetREMNNE—R %
PA b 3 PCR-RFLP/% #AT48 % -

1L 2
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B AL E EBHIT E B3 AZ P HEA > #l B > #lE LFRIE 0 UAPBS
MiF o AR EEH3x10° CFU/ML » BR100 uL e S R E 4 - MCAPLEZ
REE - REF+UCAPALEZ RE S - AFCAPRAK » BUBREEALN20 g
LR AET B EE S LH30000 CFURY A AR R E % (0282 mg/fishH
) ~ ACAPEEZ XE % (02812 mg/fishm#) - REE+UCAPAEX R E
(1 mgREFA mgbL XX REF) ' EERREFARAPBSERELRS
(2 mg/fish) -

NEERZFH  BEAWE  REBRBR LR TR CHEN » TRECEM
8B~ AR AT RR AT 4m A B 0 AF— wEER G IR FE  WAKRABAL
#1 mm#y ¥ — # % 2 L PCR-RFLP % #4748 5% -

HE—_TRZBAR X (cellulose acetate hydrogen phthalate, CAP) &
x ww |

X £ % # Milovanovic and Nairn (19,86)#37?/% f% A A T ¢ 185 g
Na2HPO4 7 #1150 mlK $ » z’Juﬁhi(;_O]C ﬂﬂzﬁ#ﬂﬁﬁ B AAS g CAP > ¥4
B > i ho A il f’“é’JNaOH%%%\ﬁZ’F /e\ﬁ%éﬁﬂ(élézo mL » % # L CAPE
B A27% (wiv) » B8 u ”*é’a%fé:%a tb ERERETOAZRERE
FER RGBS FRAL u@SGﬁﬁEé’&tﬁf%’/"fﬁ% F RAEBILER (1.5%8
B) EFZAm kAT o BMLER T A IREREH (80 rpm) - B TE BRI
48 0 BPE AT BRI &K 0 A KBUR AR BREA @A 0 K EEREE -

"t o4t
Fif B B 5 848 %18 A EXCEL# 82 > # fTone-way ANOVA#IH 047 » & 4R 3

% % B b # 2AScheffes’ s S method - #F °
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X

AEEBEHBARHRLEHRE (MIC) ~ AKX RAME (MBC) R¥R
ENE

REFH =B LHET A 5Bk AR B B E4£0.4-1 pMZ R > R s ARHP
AEZMRARBRATR@A LR MEE  RZAZEF 5 RIKKEH 24£0.8-1

UMZ B (R=) » BRLEERRBANZEF  ETSAERGERK% - &

3
=4 7N

S

T AZEBAK (ATCC51736) fKutk by i &3P B R F 7 AR HRE » 248%
By R AKAR B IR L R Ay AR B R L B AT

REFAL0 uME)1 pMX B H A EHEAFZ AR AN ERERR LA > £1
UMPBF & A 76% 89 4 AL AP > BAEM B T1 pMZ & R& » 2lE2 pMEZ 8 A4
T AN ER RIS 2 UM LR E S LDo¥ £7007 uM (B
,_) o

1 4
| —
=

RBENCMBARHRED®

52 BAATSA LS A 1 ANR Bk R 1 4075 B AK D T
ﬁ’*¢ﬁ%%iﬁﬁ?i£ﬁ5%¢ﬁ%%%%6%%ﬁi%ﬁ%%:zWH,
%%ﬁ*¢ﬁ%ﬁ%%%6%%ﬁ%ﬂﬁﬁ%ﬁﬁuMi%%&$¢ﬁ%ﬁ%%i
HORD BH0% 0 f£—/NEFHE O RREMERTE % & R 0 £ A 6 BHTIEAR A AR
HBRAT - REFREAD  RAMFHMAaE - KA mREF 4@ (control) %
HAEREFRHSAE N (=) -

b S p 0 ST R 13

REZFHu RO FHERABRT ZE B R4 3K 0T N oY e 4r F R B
BRF i FAE S REMS o AR AT REFHELRGEMLS - £X
BFBEE1000 uMEF#2], 10, 100 pMABLE A 88 % £ E2 31 (p < 0.01, Scheffe’s S
test) > EIIRELF 12%6) 4o s FRAE H A > ECso >> 1 mM ° 1, 10, 100 pM R 48 L
BRABEEBERR (p>005) - FAKREE (Apak) #90 pMAE K K405 nmF 3%
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{8 %0.100 > #11, 10, 100 uM3E{AAB L » &2 H K1, 10, 100 uMABEL R A #8
FEERE R TaRAKGFEERERERIN25% (B=A) -

5 px p. g SRCF ) R SE 23

Mo B BT Nt B H Ak e B0 EORE & 0L e AR A Lt e, 0 3 EALER
TE@BEFRIIN - FRERTREFREZR6L pMIFRIEANFE » FLA
BB L0 MR AN BFARLE A BB E £ £ (p < 001, Scheffe's S test ) > %= ik
B T739% 0, 4, 16 WM& AR AFBEELZE (p > 005) ° ALAM@AERERTY
(0 uM) 8N EF# A ST tafa e » RONEE BB ERD  BRAFBELE
fo B MR CAAME (p>005) 'BE=B-

SMEOMEERAB AR REENX

DA BESAEERFERE RO A TR LGS R EREGlf M mE Kk -
#%%é%&m%ﬁmWﬁﬁiﬁ%ﬂ%ﬁﬁ%é%%F&m4qm%ﬁﬁﬁ@
ﬁi%ﬁ%%%%&ﬁo%%%&&ﬁ%&ﬁﬁﬁﬁ(mmm1’Eﬁ)’%%
R SUE BB GBS B s LI A SRR 155 e o
?’&ﬁ%%%ﬁ%ﬁ%%ﬁm;WE%X$6&&$%W¢%§QH%(mu
50 BE) ol REKE REA IH o k£ indln 2 AL ) - REAAES
CTF (well 5° B A ) HEER TOOSERI R EHEABRNA28CERT (well
6°'BR) BARD -

HMACARERENAB AR RZLOBE

DA E B E ERFEREZOINATHET € A BN LE R ERRG S
R BRI RERRRCEERE IR  ONFLYHTSS%F M
ARG BMEARNEINFOREFMNAABEE LR KT POl LBEEH
REFPRATHERER D - Ao E IR ERE FIPRA T > 0/ 8
MALERA4.1% » B3 E B RN A KSR A BF R 38 i B b R R 0 B2 A
FEMABLR > ATAWATHROREFTRECREWAB AT EAB TR -
B SLAT B e E BUR L AR FlpHIE M BB EHTIR A G R R AP A ey - B A
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MARER  FEARAREFATCRZERENTRANERRL (R25) -
REFE8CHEAKTEAINFENANEEE (KEZR) - B -

L SR Z B S L0 RN B

B A R R R B I A AT & B A B AR MRk TN K

O MRk REFHIWEER A i b B EMBEABEE LR
A A19%8120% 5 REEWHIPAENR A FRREEaF PHEMALAFESE
£ 51 A53%5160% 5 R EF 6930 B 5 AL 2 o L e S8 AT B e T BB E S
B HBEEEE (p>005) ° £ONSFHmEk afgrslBla » REFedp sk
b i P RMBARBREER DA HU%RS1%  REF I A ERAE
do i A KTE b A BRE AR A BTA%ETAY  RE RN R E L S
o 2 d A I s T S B B 1K AR £ B (p20.05) -

BVNE R oK > REF a0E E s i P B A EE LR
S A14% R27% § REE K B Mk b A B K - B b Ay
%m%;i%%%%i%ﬁﬁ?%%ﬁﬁ%ﬁﬁ%%ﬁ’g%%éﬁ
(p>005) * 1 # vk QB b1 AEE R B A0 FbiE b 15 2 o 8o 3 56
BEAKEBEER O RIAAT Y RAS% R E 438 1 4 o 5 Bk 76 s o
PR AK BEE R o P AACSRIRTI% R B 04 B 5 1A o S A
B R EERE AL AEEER (p5005)

24 NEER AR REFHIPEFHAL R - o - oiF A LT hF P
W 56% ~ 23% ~ 21% ~ 0% > Wik LA A BAE £ R o 24/ BT Au ik Gl
FAE > REFOWEHTIEAS LR G 53 B31%RA%  AHBAELR
REFOWRTR L FHALToFTRABRELZR > 75 5H69%H80% 5 R
BEFWinhElh 2ol R FARITFAK AREELE
(p>0.05) -

A0/ w9 AR S o e RGP BI B L T R B E B AR
BB EE AR SR R A S (p>005) D
B 0 RlARk e 0 R aligde IR TR D RE T4 SRR > w9 bRk S A R A
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HWER @A EABE I (p>005) ° 2248 > FlAR30E G Mg HI B % T £ w4
SRR BERMAEI AR ORBE 0 (p>0.05) -

AR ERERERARE T BHE oIR T I RAE
mRBEEFrAEREELAR (Bx) -

&0 W @ M B BT

2 ‘W»\

ERL%®

RS 3y (B~ +)

CREFEGENERBBEREEHCHEF AR LA (Pdp only) ££— Kk
EHMTFHFERB6.7% LB FHFER K% RERTFHEFRE
Rt Lyl S £ 8 - BE SEE502 mgRE TR GBI R % R GHET
* (cecropin only) * i8ju#aix 4tW=R0.2 mgiﬁ‘?‘é’)@]ﬁﬁ#ﬁ Fl&R  BERE
2100% °

f—RiEgta > RERH TR A7 & # H«rh}\r&@féﬂi B (Pdp+cecropin) &4
I BALA% 0 LR JE AR LR A R 5% “ ftzézbuéﬂ CREFRCHIER AR
BT NS BAE (Pdptcecropin) Hé‘ﬂ%ﬁ 7%*100% MR RMAALL R EE RS
# (p<0.05) »#—% &%J‘?ﬂ#ﬁk {b%fﬁﬁ R (p <005 @ REAE12DEEZ
ﬁmf%i%%%a#ﬁ%%mé%la%ﬁﬁim ‘@t F (Bt) -
fE—RiE g4 m+a%ﬁ @(Mpmw)%ﬁﬁm iR IET 0 R
BARRETHZIFLE  REFTEHA0, 1, 1% - RECHBARFELETRE
%% (Pdp+cecropin) S E AW REHBAT REBLRBATIHELK L » R&E
BEEEAL L, 28 ERAURER I HE ALK _BEAEETHEH —
THEALEHERE  UBERAUARAEZ=ZE - REHRE F4 (cecropin
control) £ R FRAIAH T » R&EFEEE AL 4, 4% (B+ A) -
feibota > REEHERMA (Pdp only) & &ARFHK —RMWBIET » REN
REBEFTHRFLE > REFFTEHAL 1 28 - RECHEARNFLETRESA
(Pdp+cecropin) & &ALt R FPHA AR T > REGFEEIAY 4, 418 - REHK
E %4 (cecropin control) FEE X P RIAH ST » mEAFF &AL 4, 4% (B
+B) -
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RS AR AL JE A B BIFPTA % TR BB BERE ~ AT RR LB R AT & B Al Y
BEEHRIN REZRREMETEBRS AR LR GEEEH » NEHRET
EHATIEAT A BB E > AT A K B BA & PN R I 504 B 7% UL B ATPCR-RFLP » #
Wk BB AR T A B R R A BB -

BEdmER (BN +—) -

BEERCAPR F R B EER T EBORESOEY AUk EAERN Mk
TR BB 4 F/CAPAEpH A2 B MR R T B TR 8 » BRARF » Sik
1R B ISR BpH AR IE R 0 T A B i 4 F/CAPIZ IR K 0 IR R
bre, o PR fdrF W G CAP TR > LI RETCAPE T T ARE W 248

W EEPEIR G Eﬂxﬁ%%i%ﬁWA%(*iﬁ)

GRBAERACH BT AR LA EEEL A A ELERA SR
T RR ENEAT E BCAR M FIE E E AO% A SR EERR BT S MR
E%ﬁf“ﬁmngiﬁ?@%ﬁﬁé$%ﬁ%’%aa%ﬁf”ﬁMM@i L F
@*ﬁﬁ%@ﬁm’ﬁ%ﬁ%ﬁti&?ﬁﬁﬁ%&6%%@%@&&@%%®
i%%@%ﬁﬁ%ﬁ%ﬂ%ﬁﬁutg&mﬁt'%ﬁﬁ%ﬁﬁi\wwﬂ‘
ommi%%@$mﬁﬁﬁw,%ﬁéﬁtﬁ&b%t BREHIEZBR] mg
i%%ﬁmw@%n@i%%@%%ﬁ@@m iR EERA ST BERA
CAPEFE2 mgREF A THHFETEH100% TR & EMMEARRT -

FRB| SAR AL T BB I 0 B IFPT A A 78 Be BRRR ~ AT RS B R AT & B Al Y
BEEHRN REABDRAANEMATEBRSZAFRINGEEH  UEMERE
TR IEAT A 2 B gy 4F - AR°T £ Kk H 28 & S9N R 5 669 1 % WA 4TPCR-RFLP »
FEI I BB R Ay R R B TR E -

oot 2 mgREFahERECH B EABWLAREEZR (p <
0.05) ° R TFAMBRFTABIREEBER L HARTE -2 mgREF4HH02 mgk
EfattbABREEZR (p<005) > RTFREEFERZ BT FARERALR L
T H o2 mgREEFAMCAPLE02 v 2mgREF @M FRAELZE (p <
0.05) » A FCAPLEMREFE B X RERERLHETE -2 mgREF 4@

o

+

FolmgREEZWECAPLE I mgREF@aMLABE LR (p<0.05) @ 27K E
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FERBREA BRI RERER LM ATE > BCAPLENREZ L &L
RABBRLUETE - B E A EERCAPEAE?2 mghtifigm (BRENE
HEH2 mgREFarki) HLFREZE (p<0.05) » AT REZFLER R
e (BA)

EERREHMEITAE  RE—REHBERARCTER = RARLEHT
BECHIERAHCAPELAR AR RHAELHE AR CTEE > AREZELEHFE
BRCHIERAA2 mgREFANRE=ZREHEH R CEE > EREHFE L
E 52 3 4% BACH B AR mgREEFANRE = RAHEERAE A
B ERARLERT BRCHEFHACAPELR2 mg REFANRKRE=X
BB HRARCHEE  ARARELEEHRT S BRECHIEAFE I ECAPEL K02 mg
REF@nBERMREHE HAFET HE  OREE L EHE 5 RRCTHIEHE A
1 mgREFHCAPE EL mgiﬁ%éﬂ%&%@ﬁﬁﬁﬁ&éﬂjﬁ%tm% ™ X 1%
&8 8555 - RACAPEEL R &4/t X PA L E T (H+—)
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Hi

AERGERBEAREF TR ELRR A CHIEITHA > MBCAA09 uM »
#MICAE0.7 uMAB L ° Mygind et al. (2005) PAplectasin (Plectania nigrella) i&#&
PLE PERL St R Bl m B (4w Streptococcus pneumoniae ) P 4 4 R & 2 MICHE 31

AAMBCAE ° Cole et al. (1997) FfriR3key & 38 ( Pleuronectes americanus) 318 B
fkpleurocidingt ¥ =4k & 485% & # (Leucothrix mucor, Aeromonas salmonicidai and

Cytophaga aquatilis ) ~ ¥k N85 B B (Serratia marcescens, Bacillus subtilis,
Pseudomonas aeruginosa, Staphylococcus aureus, Salmonella typhimurium I, and S.
typhimurium I1) $1—#3E 3B (E. coli, strain D31) ° Ao _E ££20004F Ff )3 41 4 vo
¥ A$Em R B (Candida albicans, Klebsiel{al pneumoniae, Staphylococcus aureus,
and Pseudomonas aeruginosa) #¢ A MIC/E %7 MBC#) &£ - Motyl et al. (2005) 4%
0 EMBCAE /N MICHI 1645 2R %40 B AW By i ME R M JE 2 Rty il w16
B oo R BRSBTS B
RN R KB R B IR R R0 p 0 e b — iR
%%ﬁ%ﬁﬁﬁﬁ%%ﬁﬁ«zmp,ﬁ&)qﬁ@ﬁ%%ﬁi%%ﬁéﬁﬁ%i
T4 S B I BT B i 2 ) < MIC B SEMBC A 89 bt
ST o B A R S b LA R A A AR AR
W LA ArEAL > BAFE— SRR
REFHNECHERAARRTEO B ELL D SR LT UEHF R > Motyl et al
(2005) #2] > — DT KA N E T 24/ N 0F N{EFF 4o BB E T F3M81log » R
EE4A]l uMB R NERTARLEDIC @E > BRTENNRORAME -
Mygind et al (2005) 3% %3S 48 R B 4L B Ak IR — AR LR AR B AT % o R AR 48 o
Zasloff (2002) BN E MK CREHMICE) T4 28 2] 80548 W 3t AR 7 4o
o WARFR R ARA R T U R 0 RERESRE TR CHIEAZ AT TR
FECEFREHmARAFHBRIOREL > LT REFRAECHERAS T X
BB REABM 0 M IF/EM BRI K42 o Chang et al (2005) &9 K5 & RN A M

* 3 0 & 15 £h 3B 89 cathelicidin ( ranbow trout, Oncorhynchus mykiss ) ¥ %

=

Aeromonas salmonicida® B 31 05 ] R 2V 89 A 2 & A KB L 38 e M 38 hu e F T o
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Boman et al. (1991) ¥ @R E Rt E*% RARBEFHRALERARETR
BmE o femfel uMB 2T » REFEZRUITEAN T KABEE T 0 121218 50
BRk BodARPHAALERT  REEDES B> S REET
PA B By # R (worm-hole » BE EB9FLIR) » RAA R S &R 0 RA U B HAUE
By X FAER > ZAXERMIRH > Brogden (2005) $Sato and Feix
(2006 ) 7% & ) 69 4% H 42 B 1L-LAR X Boman#y 3R ik
AEEFHEHERENLDNA07 M EABEEZTA S MICH A1 uM (4
ug/mL) BHAR MBS - REFAGKEMME (8 mgmL) L2 —EES - k2
AR BN AR S E A (Marr et al, 2006) ° #HELELHRR > RE
FHETRAE—FTAREMBEHIER -
i%%%@ﬁmmm%%%ﬁﬁmuM%ﬁ%%éﬁom@mﬁﬁmmmm@
R P A SA 4t B AT ﬂﬂh>mmmﬂghmzdd(%W)Mﬂ%ﬁﬂAﬁ
@ﬁﬁ%E@>9muym’*ﬁ%ﬁ@ﬁ%& AT T RETHGR b
HRBECsoiZ B AHT mM (iel 4000 mg/J...) %Tiﬁ%?ﬁ/&@ﬁﬁlﬁfkéﬁ,aﬁé‘ i3
#wﬂ&swmram(w&)&q%%%nﬁﬁﬁm AR e MA@
Steiner et al. (1988) X 4% %] R B R AT B ALK o B
o REFH 8 m R 4%7'7% ﬁ‘%_ 'rii%#%'fiﬁ}iiﬁ*éaﬁﬁ%ﬁ °
=3 A +ﬂ$ﬁx/&§ﬁ$9’\ﬁ¥iﬁ% 18 R B B BUR & 0 HER B P eyt
BEHREZWAZTHOBER  EXATH ¥ R 8 B S AT e) HALBE R &
HEREFOWRATH BIREZAAMIBREEBERNTET R - £
Hultmark et al, (1980) &% & ¥ 38 & R ¥ 6930 B 75 M H B 15 69 AL R &L
B > 12 Wang et al (1999) 4t #%fcecropin B¥} B ik 18 09 8L & & A R P 47 45 4
cecropin BAABRMEIRIET » &A% ~ BB EE M /) 91 B AR AN BS L 64 E ) R B R B ME BRI
FEERAERTY > REFEBRBERBR TP AR LERERETEKR -
WREERMGMBL>H > B & ali§ (pepsin) E & &9 174 £ phenylalanine BA

7 A By

R tyrosine > R & & ¥ 1% f£N% % A 18 & phenylalanine * 5%F % B 467 st.alpha-helix
BT E AR AR AWE EOERA A SEHEILERRMRENLE
M EENME o AT B 9 4 AL B & A trypsin ~ chymotrypsin #v elastase * A & # % &9

exopeptidase * & P trypsinfvchymotrypsin T4 3E F A48 L2 % 7 74 (Faulk
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et al, 2007) ° chymotrypsinE £ ¥4 tryptophan * tyrosine * phenylalanine * leucine
2 Bemethionine * £ R E £ P AN H = - w -~ AR > B thchymotrypsin
HRXEEZHEFEEGETRELR K ° TrypsinE 4L & Lysinefrarginine * 5% 4 iE
LA BRAREFRAZEEMHORR  EXEFr TP E£ANEBUM N
¥ B A B B+ 18 Bk A B P AR AR B9 alpha-helix € AR » %) £2Co% B alpha-helix 3 28
B ELE A 2R A KETRE R EHHEER - Sato (2006) #F % cecropin-mellinin
hybrid peptidety B4Rk > LBERRE T W AT B EBR L EE EZI 40 0 F
B N3#% 89alpha-helix #2C3% 89 alpha-helix 54 48 3 & 7 P4 69 4248 JF 5 48 1 F AE 2848 3%
RKOZAEM - TRBHEAEL > trypsnH P RE ZEBEHATHGERK -
FE BTG GIFEATERRE RE R & GRFE T IFF A L F AR R
EE 5 A=+ 5» é%%'fuﬁii%?éﬁ#vilé MEEH K > BFE T HH AR
Fol ARG ER - R AR g ﬁﬁ%%%%%W%&@ TomREF -
i%%&@ﬁﬁﬁ#i%ﬁ*okﬁ#%m&Tﬂ% REFEFHRKR  Bh
By FHREFIPAFTHE ﬁmt.w \ 49:51 AEREFLBR G RIRE
b & GREEF &**HﬁrA$i§?%Wi%ﬁﬁ% i SR A I
FERBE - ghDh ”A§QM% | BFE PR A IRIAR B & AR W AR R AR S
ol E ﬁ%iﬁ%w%%ﬁ%kﬁw%mxwﬁﬁé*%%%\@ 2
e BB A R E MR ERG RN TRARALRGBEY » B
P fn | AR S B RE AR B AR B O TR X B MR (Spronk et al, 2003) © % 4hdFdw
Faligir s Blg > oF RSP REZWAFHETIABRE Yo > HEEF 03 o
REZWATHARE THF40 wFFPEELIATORAEEL > AL RERKE
T -d2hflhRRRAMEEGHENHEAHREFTWRAZEGEREMABKR
Wil FT A > 2Bl h PR EREIWASTHIERABEL A FEA
HA B @R EE N BB Ky FRaSbmBIEMRE @ BT HR

SE Ak
HHR

T e P R AR W BRI T BB R A SR R R B R AR TR
FRBREFRES S c FEMBBREANRNRERESRELRA Kb
Bl b3 R 5 T AR EA AT B R R A B ATE TR A SR A SN 5

BREA AR ARN A hEE AR -
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WE—&RER 5 M RE F A F DR T A IE10-10° CFU/mLEY &
BARH BREFRAEARS  REAFMAE  HILEFHETR Y BHRAELH
Tt AN TaENSEREZHE > A—FERARREFTTURTEMI B
BB AR A AT » b BT A RAENIFRIARERE - AWM ETRFER > 02

mg/fish$22 mg/fishF & £ AR > A E B LEFERKO B ZHITHEETR -

EREFHACHEFALEBIINEOBRILPITNBRBAET > TURZFE
Rofo R LmmILAABELR - 12 R BESFRE L HEFER100%
BRI E  ROTEPB & B o E8 ey B K T A HURK R AT AR B R R
REFETE - AR ENB @ AR LR RLELIRE S > BHRE &ER B R
FOERFRR AR -

HERTRER T EAMPEHEHETRABRRE SR (2 me/fish) RAFHER
B R B IR B T R SR BE RS AT P
TABRD CH AT AR SURLE TR s A TREXREZ AL
th o REE#ECAPE ﬁﬁ%ﬁA%%ﬁi%ﬁ B0 T A 3R A AR Ak B B K

AR %6%%#5°$@¢%%%%?%L ET IS TY T T O

BEREFBELER TR ﬁa%ﬁa“ﬁgw%@¢§ﬁm%iﬁ%&am&%
TR R R A - m-m%%ﬁ ’iﬁ?ﬁﬁ¢$%%x&ﬁ%%%ﬁ
WHEEGE M TN LB R T bR B RO B REE S AR RTINS
B poFEE B -

BT EAR B SRR R AR R LA AE B EEREE EHLDs ~ LDw * BERE
E417EF 410" CFU/20 g fish » mARRE B E 410" CFU/20 g fish > BBEEMEE
Hi1EAR B = L) A BLAEE 417610045 o 5 4°F JlEMargarifios (1996) AT3R > ELE71&47
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Table 1. Pathogens of cobia found in Taiwan.

Pathogens 1997-2002 2000-2003 b
Penghu (%)* Southern Taiwan (%)

Parasite 29 26

Virus 8 18

Bacteria 63 56
Photobacterium damsela subsp. piscicida ND 58
Aeromonas hydrophila ND 18
Streptococcus iniae ND 10
Vibrio sp. ND 7
Flexibacter columnaris ND 7

ND, no data

a MM EBIIEAT  b RIS 2
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Table 2. Characteristics of some digestive protease in fish”.

Enzyme Synthetic organ  Action site Cutting site
aromatic amino acids’
Pepsin stomach stomach o ' .
acidic amino acids
) intestine and lysine (K)
Trypsin pancreas ) o
pyloric ceca arginine (R)

Chymotrypsin  pancreas

Elastase pancreas

intestine and

pyloric ceca

intestine and

pyloric ceca

aromatic amino acids

glycine (G)"
alanine (A)"

aliphatic amino acids™

# Halver and Hardy (2002).
## Guillaume et al. (2001).
* Silva and Anderson (1995).
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Table 3. Amino acid sequence of cecropin A and the acting sites of fish protease.

Red arrow: V v \ A / v + &
trypsin N’-KWKLF KKIEK VGQNI RDGII KAGPA VAVVG QATQI AK-C’
Blue arrow: * *

chymotrypsin N’-KWKLF KKIEK VGQNI RDGII KAGPA VAVVG QATQI AK-C’

Black arrow: * * * *
N’-KWKLF KKIEK VGQNI RDGII KAGPA VAVVG QATQI AK-C’

pepsin

Green arrow:

N’-KWKLF KKIEK VGQNI RDGII KAGPA VAVVG QATQI AK-C’
1 "'!.4;- |

clastase

1 1
| ,
r |
A

Underline: amino acids of positive charge ..
¥ : ' }
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Table 4. Photobacterium damsela subsp. piscicida strains used in the present study.

Bacteria Strain Code  Year and Location of Isolation Host
ATCC51736 1995, Japan Yellowtail (Seriola queradiata)
Ph. damsela subsp. piscicida 248 2001, Penghu, Taiwan Cobia (Rachycentron canadum)
Ku 2006, Penghu, Taiwan Cobia (R. canadum)
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Table 5. Minimal inhibition concentration (MIC) and minimal bactericidal concentration (MBC) of cecropin for
Photobacterium damsela subsp. piscicida strains.

Bacteria Strain Code MIC (uM) MBC (uM)
ATCC51736 0.8 0.8

Ph. damsela subsp. piscicida 248 0.4 0.8
Ku 1.0 1.0

MIC was defined as the lowest concentration of cecropin that'inhibited.bacterial growth in the broth.
MBC was defined as the lowest concentration of cecropin that reduced bacterial colonies by 99.9%.
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