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Abstract 

This project is a preliminary research in biotechnology for sustainable shrimp 

aquaculture in the closed culture system. This research focust?s on genetics and molecule biology 

of shrimp in particular the study of genes involved in shrimp immune system. The research topics 

are (I) functional analysis of genes in the prophenoloxidase activating system (proPO system) of 

shrimp and (2) identification of genes expressed in response to pathogen by cDNA microarray 

approach. 

To investigate the potential role of the proPO-activating enzyme 2 (PmPPAE2) and the 

lipopolysaccharide and ~-1 ,3-glucan binding protein (PmLGBP) genes in the shrimp proPO 

system and immune defense, gene silencing was performed by RNA interference. Knockdown of 

PmPPAE2 or PmLGBP genes resulted in a significant reduction of phenoloxidase activity. 

Moreover, silencing of PmPPAE2 gene significantly increased the mortality of Vibrio harveyi 

infected shrimp, which correlated with an increase in the number of bacteria in the hemolymph. 

To further characterize the biological function of the PmLGBP protein, mature protein was 

expressed in E. coli. The recombinant PmLGBP protein displays specific binding activity to 

lipopolysaccharide (LPS) and beta-glucan, but not peptidoglycan. These results indicate that 

PmPPAE2 and PmLGBP function in the proPO system and are important components in the 

shrimp immune system. 

Microarray analysis of differentially expressed genes in shrimp hemocytes revealed a 

number of genes that were implicated in the shrimp defense against three major pathogens, two 

virus (WSSV and YHV) and one bacteria (V. harveyi). WSSV infection could alter the expression 

of a wide range of shrimp genes when compared to that induced by YHV or V. harveyi infection. 

However, the induced genes in viral infection represent those that are of benefit to the viral 

propagation as well as those that are important for host defense. The present study provides some 

clues for genes worthy of further study to understand the antiviral and antibacterial mechanisms 

of shrimps. The knowledge gained from this research will be useful for an understanding of the 

shrimp immune system which can be applied for effective disease control in shrimp aquaculture. 
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li(l'lu1J1JU~~f1111.111U 1Utl Uff 'I 'II~l111,rti''Iln~fl111.1lf1~ (I~ U(l~llJU1 'JfI i~~lm'lfU tlU ~'I~fJ'Ifll'J 
OJ • 

ff1(1WU ,rti''I~'VlU~fJffm1~1f1~ (I~U(l~'VlU 'Vl1U~fJhfl ~H1U 1J1 ffUVI;(l1'lf1WmTI1~'Vl1'1~lU fJW 
q q qJ U OJ 

'" "" "'1 rJJ "I rJJ~ ~ 1 r 'j) " rI 3J d ~ 'JI Q.I 'j)Q,I OJ

'lf11'Vl (l1U(l~ II U llfl\l ! ~Mfl'l:l1 1 ll(l ~ (llJ\IlU U fll'J ff'J 1'1 fJ'I flfI 11mlfl (l1fl1J 'J ~1J1J flllfllJ fl U 'lJfJ 'I fl\IlJl 
q q OJ OJ II q 

mh'l~m ~fJ'I li4fJ 111 fJ 'I rlfl 11 1.1 riU 1 '*U ti'ilW111 h m ~1J 1flU(l~ fl l'J ui'1J UH ff1(1-YrU,r 1 fl (ll11fll'j"
OJ u q q 

.dl ..::t.d .d "QI ~ 'j) Q.I 'j) 0 d CJJ.c:s., d'Gt 
lWfHl(l ~fffl1:l1 (lU 'Vlttl(l1'IJ fJ'I fl1J 'j" ~1J 1J flllfill flU 'lJfJ 'I fl'l fl m fl1 U(l ~ ttl 1J 'J 11J 'j"11.1'IJ fJll (l (lU!'I1 (llU tU 

OJ q q q OJ 

'JI '.
i1U'lJfJ1q!(l Expressed sequence tag (EST) 'lJfJ'IfJmm (http://pmonodon.blotec.or.th) 

" 
(Tassanakajon U(l~f1W~ 2006) UfJflll1flU tJ'Il~-YrWJu1 cDNA microarray chip rl111i'1Jfll'j" 

, " 
'fl 'j" 1 11111UU fi 'fl fJ 1J ffU fJ 'I ~ fJfll 'j" ~~ 1~fJ111J flfi I~ (lI1 (l ~11i'ff (Wongpanya U(l ~ fI W~ 2007; 

"j "'I 'JI d "I 'JI 1 '" 'I "" 'JI .,
Pongsomboon U(l~flW~ 2008) ITIfJfffl1:l111U1'VlU(l~fl(l tflfll'J'fllU 'j"fI'lJfJ'I(lU tU'j"~1J1J1JllfJllflU 

" fffl'l:l11~ fll'J'flfJ1J ffU fJ'I~ m 'lffJ 1Um~1J1U fll'J~N "l 1'lfU fll'J ff~l'1111mUU 1 U 'J~1J1J1TI'j"Vlu fJ(l 

"" ., .I .1"1 .I 'JI 
fJfJflC)11~ff (Amparyup U(l~flW~ 2009; Charoensupsri U(l:::flW~ 2009) fll'j"ff'llm1~'\11'V'1lJ !'Vlfl'fl1U 

f tI SI " 

~(l;TI'lfUfl~N "l VifJfJflq'Vliic.!lll1~fJtJ1JtJ\Il');ml1JflViI~(I 'j"1 U(l:::i1i'ff (Somboonwiwat U(l~flW~ 

2005; Supungul U(l:::f1W::: 2008; Amparyup U(l:::f1W~ 2008; Ponprateep U(l:::flW::: 2009; Tharntada 

http:http://pmonodon.blotec.or.th
http:http://www.customs.go.th


• • • 

v , , , 

!t~~flru~ 2009) ';i1:JJO~1'i1rJlJrJ~9f~lJ hh~!lJ'fflhHr~\11fWlf~"!~\OI!~V~ !lilVfl1lJfl:JJ hh~!lJ'fftlJ•" ,d ~ ~~I d ~ d 

m~lJ1lJf11';i'VIN')j'lflWI !t~~/'jIj';ieJfl1lJfJ:JJ !u';i9HlJ'ff~eJ~!')j'eJ'VI~mllJ (Somprasong U~~flru~ 2006; 

Donpudsa U~~flru~ 2009) 

~ , . 
l'IH'!flum1 DUll'S l!'U Ufll'Sliiu-l 

, m.'"m.m"h,ru¥", .. flln;'~\.I18W:'~Il~1a • n11-uann~=tJlJ 

.::tnJ1".tluaae8n.J,"ft' aDU mamnii".tu~u 11llU''\tnni"'UU11i1 
lU'l::.nl'-"'lIlJ~1Ja~wDiinu J1li1!\u!)UUUlJlJit" dmiuollli8'lQ'QH1.h tHflFl11IJi 

ftRji"riiJhfllu1,~a~A~ • m,H'hll'uleftnul\:; UU\I!IJ~" ltlfl illlaa 
;II HMriJ~ ~ effector n1'u'"Jin1unUli",r;. 

91nti-~'1ft1R'1ft'iJl.ft,';ahfl , "'''1!lll"nn,,''K'lU 
• 'Ei'tlllw::ftlnj"ft~&:iU1J~ ",Musn'K.10q, 
'~il,~lu1i\ TolI-11b ~"'lIlli",fuJlJ-11~lIiiulu 

reo<ptOf ~e.~, V1l1' l'i~fI~~1mj.vu 

............. 


•' W11lflSWlt'lfilJ 

ltl'rl 1 .fll'Vl'l1lJ '1H).:Ill 'Ul'V1HnlJi~vu":::~I'JJ'U ltvtenl1 itititlmiv.:l~.:Iu 'U'Uf'lnn.:l llJ~1~1'UJ:::'U'UnlJtiv.:l 

U'U'UUflf'l11lJ'I1'U lUU'U ~.:I 

lh ~ £Jfl~eJ~ rlfl1l:JJ r!~ £J1tllJ 111 ';i ~ lJ! ~eJ'Ih£J t lJ fll'ifl 1lJfl:JJ 1';i fl ';i 1:JJ O~ fll';i'WWllJ 1 eJ~rlfl1l:JJ f 
q cu q ru 

, , iI ". 

!fi£J1tllJ~lJ Yi~H)lJ'fflJ eJ~~eJml:JJ!fl~£J\OI1lJ 'fffll1~!~£J~ t lJ ';i~lJlJU\Ol lJeJfl1l1flU rJ~'WWllJ 1!fl1eJ~'jIj:JJl£J 

~!~lJW !t~~l~fll';i91 ';i 1 \1fl\Ol!~eJfl'WlJ,r n ~~m:JJl~ 'ff:JJtllJf11';i!i£J~1lJ ';i ~lJlJU\OI !'lflJ n'~~'ffl:JJlHl'V1lJ 
'fffll1~f11';i!i(J~~ml:JJ!f1:JJ~1 n~~'VIlJ~eJfl11:JJ!fl1 (J\OI1l1fl11~:JJlru' lJ!91 ';i 'VI !~lJ~lJ U~ ~l1WllJl';i~lJlJ• 
~tl~!flttl~'jIj:JJ 1(J'WlJ 1i fl ';i ';i:JJ !m~!'VI flU fl fll';i91 ';i 1\11Mij11';i~iY'VI1ifll~ 'ff ~ ij fl1l:JJ f:lfl~eJ~u~~mjw'h. 

" , 
~ ~ 

QI QI ~~ " 

';i1:JJmf11';il'lWllJl DNA chip !l'leJ91\01911:JJ,,!~flll'lfJ~ 
" , 

1m~fll';iU!~lJ1m~fll';il~(J'I.h~tl~!liltlfffnn1lJ~llJ'WlJ ~i1'1'ff91{1lJ11';i~!~t.Jtilflt1J "l fieJ fll';i 

fi'lJ'l11U~~ffmJ1'j1jUl~~V'IVlJ' lJ ';i~lJlJ 11'1';iVJlJtl~tltlfl~!~'ff !~mll'U~fll';i!~11 \1 fl~ 1flfllnh~llJ 
" ,"'" " "'1 'j.I 0 'j.I d" 0 d , ~ ~ 9) --=:t. 

~tl~(JlJ ! lJ ';i~lJlJlJ lJ m flm~1 U~~ fl1 ';i fl lJ 'l11(JlJ m flm\Ol 1'VI 91 eJlJ'fflJ eJ~ 91t1 'fffll 1~91 \01 !'ll'eJ \01 1m'VI fl lJ fl 
q q q q 

cDNA microarray 

2 

http:V1l1'l'i~fI~~1mj.vu


• • 

1.1flnh 
., 

fll1"'ff~l.:JlmnlJ'U (melanization) 1f1~~'U i~tIl~'IJ'IJ iv'IlVJmHltltlfl9fl~ff (prophenoloxidase: 

.oJ .:'1 ~ j) Q.I d 0 Q.I ~ 1 QJ c(lf) 1.0::::1 Q.I OJ ~ 
proPO) 9f.:J IlJ 'W 1" ~'IJ 'lJ1J lJ~ lJfl 'U 'VI ff1fHlJ 1" ~ 'IJ 'IJ 'H 'U.:J 'U fflOl1 !lUJ fl1"~ ~ fl ff'U 'H 1:\.:J fl1" ~ 'IJ 1'U fll1" 'U 

$I 9J l ~ ~c1''')' "1 0' 3J d d0 

'ff1lJ n f.l \l fl fl1" ~~'W ~ 1fJI')j'tI ~ 1:\ 'W 'VI HJ t ~ fJI tI'U t9flJ phenol oxidase (PO) 'VI1'H 'W 1'VI ItJ mJ'U 

.1 1Y ?t & ?t... 0"" y """j
'ffnlJ1"~ fl tI'IJ phenol 'I1llJ'U quinone 9f.:J Ill'U 1011 flm.:J ff1f1 tylOl tlfl1"~ 'IJ 1'U fll1" ff1" N IlJ m'U 'U 1'V'ItI 

., . 
'Vl 1mm:Jftl i 1"f1 fl1:l iflfll1"m~~'U1"~'IJ'IJ i 'VnVJ'Utl1:\tltlfl9fl~ff 11lJl'1''U 111fl i tJ1"~'WPattem recognition 

o 'j)dQ.lQl Q.I rI':' "0 
pnrotei 'VI1'11'U1'V111'IJfl'IJH'U.:J19f1:l1:l'lJtlWlftl hfl 111:l~m~~'Ufll1"'Vl1.:J1'U'lJtI.:J serine proteinase (SP) 

cascade ~.:Jl1~m~~'UltI'Ui9f1f pro PO-activating enzyme (PPAE) 1'11''Vll'HU1~ltJ~fJ'U proPO 

(inactive form) l'11'ln'U PO (active form) l~tlff~NllJmlJ'U . . . 

y ~ y d d '" d y... 'i ~I "" 

111 fl fll1" fI 'W 'H 1 Il 1:1 ~ 1'1 flll1 'H 'U 1'VI \J tI.:J fJ 'U 'VIlfl U 1\J tI.:J fl 'IJ 1" ~ 'IJ 'IJ t'W 1"l"I 'U tI 1:1 tI tlfl9fl~ 'ff111 fl 

jJ d"i 9J 0 j).e:. Q.I 'II"" .::::I d d. 0 Q.I 1 ,! r;I d

j1'U'lJtllqI1:I'il t'U:UfJ.:JfJm~l f1W~~111U !~f1'U'W'lJU'U'YI:Ufl11lJff1f1ty 'U1"~'IJ'IJ'U tJ1"~fltl'IJ~1UU'U 

PmproP01111:l~ PmproP02 (Aroparyup 111:l~f1W~ 2009) 111:l::: PmPPAEI (Charoensapsri 111:l:::f1W::: 

2009) ~.:J'W'IJ';hij'IJ'VI'IJl'VI"hfl'ty~ tl1":::'IJ'IJ i 'W1"VJ'U tl1:Itltlfl9fl~ ff 111:l::: 'VI1"l'IJ'HUl~'lJtI.:J~'W PmClipSPI 

.J d. 'j/.d..d. Q.I 

(Amparyup U1:I:::f1W::: 2010) 111:\::: PmMasSPHI (Jitvaropas 111:\:::f1W::: 2009) 9f.:JlJ'H'W1'V1lflU1fl'U 
., .., 

Q.jlQ.I 'jI-=:9 31' ~ '31.::::1 'jJd, do Q.I • 

1":::'IJ 'lJlJlJ~:U fl'U \J tI.:J fJ.:J f.l.:J IllJ 11fll Hl'fllll fl tI'U '11 'W 1'W 11"111::: 'VI 1" 1'IJ '11 'W 1'VI \J tI.:J U'W 'VI.:J fl 'llJ proPO 111:\::: . ., 
PPAE 1'W 1":::'IJ'IJ i 'W 1"VJ 'U tl1:I tltIfl9fl~ ff tlVN 11" n1Ol1lJl'U tI.:J 111 m::: 'IJ 'IJ iH:ifll1" f11'IJ f1:U tlV N ci''IJ~tI'W•., ., . 
~.:JU'U fll1"l.u'l' 11 fl1:l i flflll'Vl N 1'W 'lJ tI.:J 1" :::'IJ'IJ u1 'WI~.:J ~ fl ~.:Jij f111lJ ~ 11lJ'W tlVN V.:J 1'W flll ftflll1111 U 

'JI 'j/, I , 


IV d lIJ $1-;;3 fjJ d.c:l Q, G) I, <J} ~ , & 91 do d 


f1H'U !~l'1flll1'11'W1'V1'lJtI.:JU'W PPAE ')j''W~ t'HlJ 'Wm ')j'tl11 PmPPAE2 111:l:::ffflll1'11'W1'Y1'lJtI.:Jfl'W• 
& ~I d 'I ' 

lipopolysaccharide and 13-1,3-g1ucan binding protein (LGBP) 9f.:J IlJ 'W U'W !'W fl 'llJ pattern . . ., 
recognition proteins (PRPs) -vhhfl'ty1'W1":::'IJ'IJ proPO i~UliJtlijl:Jftl hm.u'l1Jl1.lfl~fl itJ1"~'W PRPs 

11:::'Vl1'l1U1~ 11'IJ111:l:j}'W~'lJmfll.u'11Jl 111:l:::1f1~fll1"m:::~'W flll Vi1.:J1'W 'lJtI.:J~'Wfl~lJ PPAE 111:l:::d.:J Hi:l 
q q q q q 

Y ,Y Y '" 'I'd
m:::I9J'W phenoloxidase 'I1'ff1"l.:Jl:um'W'W 4'Wfll1"CJJ1~1:I')j''W 

~.:J,f'W1'W .:J1'W 111uif~.:Jijl101f.ltJ1":::ff.:Jrl (1) l~m~'W'I11111:\:::11m 1:::,.1~'W ~1~U1.u'tI.:Jfl'IJ1":::'IJ'IJ i 'W1"• 
VJ'W tl1:Itltlfl9fl~ ff1 'W n.:J flmfl1 1m::: (2) ftfllll'H U1~'lJ tI.:J~'W1'W 1"::: 'IJ 'IJ i 'W1"VJ'W tI 1:1 tItI fl9fl~ff i ~u1~ 

'JI • f , 

t'VlfllJ fI RNA interference 1~ u'Ii'tllJ..1:I1l1fl.:J 1'W 111flU l1~Vi11 '11' 'VI1"1'IJ 'I1UTn'lJ tI.:J~'W yilii U1.u'tI.:J fl'IJ 
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Ru'H1iiu;i6~tJ:J,rB~tlV 'i:::vvr'tV'iWUB €IB B ncJI6V/" 

l'llfll'HHlfllt'U'Ul'V'l'HlJtJ{ 'illflll'U'ti'mJ~V'U':U GenBank t~tJllmnv'U PPAE u~::; LGBP ~ 

t~rn'ti'tJ-:Jtl'U'J::;'U'U l'V'l'JVJ'UtJ~tJtJflc)ft~ff u~::;itml::;M~h'l'Ui!';lfl~ltJlmn~rJi '*1thumlJ Genetyx 

u~::;twmll~'Ui!1f1~ltJ1'¥1~~ff1J'U'Jw~tJ-:JV'U l~rJi,*t'¥1f1i!f1 RACE-PCR.. . . . 
"" Y 4 4 4 4 Y.., i: ~I "" i: 7Y "" 
ffn'tJ1'HUm'llB~tJU'YImtJ'J'IIB~nV'i:::VVm'ifYUBiJBBnCJf6V/"tV/tJ 'lI6'Y1fJUfJ RNA interference 

&\JIltl'll double-stranded RNA (dsRNA) l~ml,y in vitro transcription system 

• II) ",..t '1 ~i '" 'i' i ,1 II) ~ ". '" 
'¥1lfll'JtJtJfllt'U'U ~'V'l'Jt:IJtJ';jt'V'ltJ ~'If 'Ufll'Jt\91'JrJ:IJ dsRNA ~~rJ 'Ufll'J'¥1~~tJ-:J'Ut'Jl ~~t~tJflrJ'U 

. " 
PmPPAE2 U~::; PmLGBP :lJlffflEJl'\1til~l~rJi,*t'¥1f1i!f1 RNAi .u'U\91tJ'UU'Jfl l'llfll';itJtJfllt'U'Ul'V'l'J 

t:IJtJ{~~lt'V'll::;l'Uu~~::;v'U t~tJ'\.Jl:lJlfffl-:J single-stranded RNA (ssRNA) ~-:J sense RNA u~::; 
'i' II) "',' "'II) '" dI d. 1 '" , • '" antisense RNA ~~rJ ~'V'l'Jt:IJtJ'JU\91~::;~'il::;:IJ ~'V'l'Jt:IJtJ';jfflrJ'\1'U-:J'¥1umrJ 5' :lJff1'U~tJ-:Jm~'Ut'Uff T7 

~ '" ~ ~II) '" promotor i 'Ufll'Jff'JH dsRNA 'UtJ-:JrJ'U PmPPAE2 U~::; PmLGBP 'il::; t'lf t'V'l'Jt:IJtJ'J PmPPAE2iT7-F 

(S'GGATCCTAATACGACTCACTATAGGGCGGCGGTCACGCTCCTTGTTC3') U~::;PmPPAE2i-R (S'AC TCTCG 

". II) '" 
GGGGCACGCTTGTTG3') '\1'JtJ t'V'l'Jt:IJtJ'J PmLGBPiT7-F (S'GGATCCTAATAC GACTCACTATAGGAGGGCT 

TCGTAGCGTCG GTC3' tm::; (PmLGBPi-R )5'CGAAGGAACCTGTATTTG cn fffl-:JfflrJ (sense RNA u~::; 

i,*i'V'l'JtlltJ{ PmPPAE2i-F (5' GCGGCGGTCACGCTCCTTGTTC 3') u~::; PmPPAE2iT7-R (5' GGAT 

... II) '" 
CCTAATACGACTCACTATAGGACTCTCGGGGGCACGCTTGTTG 3' ) '\1'JtJ t'V'l'Jt:IJtJ'J PmLGBPi-F (5 'AGGGCTT 

CGTAGCGTCGGTC3') u~::; PmLGBPiT7-R (5'GGATCCTAATACGACTCA CTATAGGCGAAGGAACCTGT 

. '" i " " i~~ ..,'"
ATTTGCT3') ff'Jl-:JfflrJ antisense RNA \91111m~'U 'Ufll'J'¥1~~tJ-:Jf1H'U t'Jl 'If dsRNA GFP) green 

fluorescent protein) t1'l'U1'l1f11'Uf.J:IJ fffl-:J l~rJl,*l'V'l'Jt:IJtJ{ GFPiT7-F (5'TAATACGACTCACTATAGGA 

. ~ 
TGGTGAGCAAGGGCGAGGA3') U~::; GFP1-R (S 'TTACTTGTACAGCTCG TCCA3') ff'Jl-:JfflrJ sense RNA 

u~::;i,*l'V'l'Jt:IJtJ{ GFPi-F (S'ATGGTGAGCAAGGGCGAGGA3') ll~~ FPiT7-R (5' TAATACGACTCACTATA 

'jJ 0 tq rI ~ ... ICl od 'j} 

GGTTACTTGTACAGCTCGT CCA 3') ff'Jl-:JfflrJ antisense RNA 'Ul t'V'l'JtlltJ'J:IJlt'V'l:IJu'J:IJltlWlJfl1rJ PCR 

~ '" '" '" d II) ~ ~ 'i' '" '" 'i' • .1 '" "" ~ '" '" .1'"
U~1tWflH~\91flWCY] PCR '¥1 t~~1mttJfll t'Jm'il~tJt~fl !'¥1'Jl"ItJ';i9fff U~11tf1'Jl::;'\1f1Wf1l'V'ltm::;u'J:IJlW

q 

RNA ~1rJ agarose gel electrophoresis u~::;mufll'¥1'J lvll'¥1t:IJ'¥1~ 
o ~ QJ rI..:::! 'j} 

lJ1H~\91flWCY] PCR ~tJ-:JrJ'U PmPPAE2 U~::; PmLGBP :IJlff'Jl-:JfflrJ sense RNA u~::; 

antisense RNA lflrJi,* T7 RiboMAXTM Express Large Scale RNA Production Systems 

(Promega) itf1'Jl::;Mf.JWf1l'V'ltm::;u~:IJlw~tJ-:J ssRNA ~1rJ agarose gel electrophoresis U~::;fftUfl 

1'¥1'J 1vll '¥1tll'¥1~ lll:lJll'll i 'I1't1'l'U dsRNA l~rJ'jj:IJ~tJw '\1 fliJ 70 °c u~11 'I1'fflrJ RNA ~'UtllJt1'llJ 
q .. 
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• • 

" .
Ul~'1fJ(ll~UJ1tl51HYml"lhJ'u~I~V~Yinfl111H~lJ 20 ppt 11ll.!!1m 7 ll.!ri'Cll.!Vilfll'j'yWl(\~~ 

. " 
... <!I 31 ""'" tl '" 31 ... 31 tl ' 0 ... 31 ') 131
flfH(I'Clf)fJ~'VllJ'tIl.!WI 'j~lJlW 3 g U(I~\lfl dsRNA 1'tIl\9nfJ~ 'j~lJlW 5 /-Lg 1Pl~l.!l'Yll.!f)fJ~ 1 g IflV ')$ 

d '" 31 1 31 tl 31 d ... 31 l' '" 31l'tIlJ'tIl.!lfl 0.5 mL \lfl dsRNA l'tIl l.!'tI~ (I'Cl'l'Vl 3 'tI'Cl'l1Pl1fJ~ l.!f)'llJfl11J~lJ 1l~\lflfl1V GFP 
" .or:::! 9J ~ 9J o.d .c:::td. 

dsRNA U(I~ 150 mM NaCI !(IV'IfJ~!ul.!nm 24 h U(l1'V11fll'j\lfl dsRNA 'VllJ lipopolysaccharide 

" " " (LPS) U(I~ p-glucan ~ffflJ~~GJfl 'YI~~1l1f)Ul.!!~V'I~~flmlll.!nm 48 h 

fl 'J' 'HllVl'l.h:: ~'f1i f11'W fll 'J'if1J~'1 fll 'J' IItfVl 'I fl flfl'U~1'Im'U~'UJl'flf'l'U fl RT-peR 

1~1Jttiflflfi~1l.!f)cilJ~i!fl dsRNA U(I~f)cilJfl11JfllJ'YI~~1l1miv~lJlI1ll.!!1m 48 h UllJlffflfl 
q q q q 

31 0 31 ') 131
total RNA fl1V TRl reagent U(I::l.!llJlff'jN first strand cONA tflV ')$ IrnProm-IITM Reverse 

" . 
Transcriptase (Promege) U(I::: 1Pl'j 1 'iJ ff~1J tl'j ~ ff'VlTIflll"l fll 'j iJ1JiJ~f) n U fffl'l ~ flf)'tI 'Cl'lfjl.! Yii! fl ~1V 

dsRNA U(I~ buffer ~lm'Vlfl:Wfl RT-PCR lflV1,*!l"l'jllJ~1~~11l"l1~fl1Jfjl.! PmPPAE2 U(I~ 
"I 0' '" .J?i"" '" 0'", ... 0' 31

PmLGBP U(I::: tl"l'jllJ~'j'tl~'1Vl.! EF l-CX 9f'lIUl.!Vl.!fl11J~lJ 1Iml~'YI~(llPlflWCVl PCR fl1tJ agarose 

gel electrophoresis 

~Q~ V V ~ " ~ 

fl'J'1'lltffl'I.Jllflfl'f11fl'UM phenoloxidase (PO) 'tHl'Ifll'J'tlmHfll'J'UtfVl~flflfl'Ufl~tI'U 

1~~ffml1mlmhfltlJ'tI~'1fjl.! PmPPAE2 U(I~ PmLGBP 1'i~'j:::1J1J proPO 1~1J!ti~fl1l1f)~~~ 
d cv " .d, ~ ".c:::t .Q.I I.d, 

lJfll'jV1JV~fll'jUfffl~~~f)'tIfl~tll.! PmPPAE2 'YI'jfl PmLGBP fl1Vfll'j\lfl dsRNA U(I~f)(llJm1JfllJ'Yl 

i!fl~lt1 dsRNA 'tI~~fjl.! GFP lJllPl'jJ'iJff~1J!!~f).y;l~'tIfl'l PO lflvVilf)nlfltl~lJlWmllJl'Ii'lJ'Ii'l.! 

'tI~~ ltl'j~l.! lflv1~1~'tI~~ Bradford U(I:::Vilfll'jIPl'j11lU~f).y;1~'tI~'1 PO lflm~lJci11JffllPl'jlPl L-3,4
. " . ~ 9J.d, or:::! ~ III 9J.::::s1dihydroxyphenylalanine (L-DOPA) (I'! l.!I(I~flfJ~'YllJ total hemolymph protein 2 mg 'Yl~ 1l'Vl 

~W'YI1JiJ 30°C 11ll.!nm 30 min 'YI~fltlfin~vl~lVfll'jl~lJ 10% (v/v) mflU~9f~f) U~lUl!tllfl~l 
<!I d 

fll'jflflf)(ll.!Uff~'Vl 490 nm 
<U 

.d, 'j/I" ~ ct "91' 
lfl(ll.!Vl.! PmLGBP 1'tI1,,! nmlPl~'j pET28b 1J'jl1W Ncol/NotI 1l1f)l.!l.!'Yl'jll.!ffvlfl'jlJl'tI1,,! 

:t ~ I7'd " 'JI d 1
E. coli BL21-Codon Plus (DE3)-RlL 1l1f)l.!l.!nW'II9f(l(\'Vltlf)'Yl'jll.!ffvlfl'jlJU(l1'Yl 37°C l.!ijl'YI1'j

<U 

,: ~ ~dl 'OJ 9J1'Q.I 9J ~ gJ

IM~I')$~ LB 'iJl.!m~'Vl~lJfl1 00600 !'Yllf)1J 0.6 U(\l ffIPl1m:::l'Jl.! 1 mM IPTG !l"l~m~l'Jl.!fll'j 
'JI • , I 

!!fffl~~flf)'tI~~ ltl'j~l.! 'YI~'11l1nUl.! 5 h Vilfll'jln1JI9f(lrl' lflvulitlUl.!!'Y/lv'IYi 6000 rpm 11ll.!!1(11 

'" 0'31 31 0 0'3I..,j
15 l.!1'Yl (I:::mVIPl:::f)fll.!I9f(l(lfl1V lysis buffer (20mM Tris-HCl) U(l1'Vllf)1'jUl'lm9f(l(lfl1mfl'jfl~ 

~'.d ,,~ d I ..:k d 1 11I]tl 0d 

ultrasonic oscillator 1l1f)'Wl.!i1'W!'Y/1V~!!Vmi'l'lll9f(l(l'Vl~ !f11Jff1l.!ffl'j(l:::mV9f'llJ ttl'jI'l'W~V t 'Vllfll'j
<U 

llfl'jl:::,11flV SOS-PAGE 

~fl'l:llfll'J'.u'I.Jfl'U 'tiM PmLGBP flmh'U'I.h~flfl'I.J~-u~IC)f(\~'ll(\11'W~1t1mrl'Ufl ELISA 

Ul p-glucan 1l1f) Laminaria digitata (Sigma L9634), LPS 1l1f) E. coli 0127:B8 (Sigma 

3131"1 31 31 l'L3129), PGN 'iJlf) Staphylococcus aureus (InvivoGen) lJl(l:::mv 1 'YI tflfl11lJI'tIlJ'tI'W 10 Ilg/IlL ff 
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i . 'JI 0 'l 'JI 'JI ~ ,t II] 'JId '" 'JI 'JI "I ~,
~.:J 'U 96-well microplate 'I1~lJ~~ 2 Ilg !!~TY1l mm'l t~HJ'Vl.:J n'VlfJW'I1.fJlJ'I1B.:J'UllJfl'U 'iJlfl'U'U'UlJ 

~ 60 °C L~'Unm 30 min !L~-;I!~hJ bovine serum albumin (BSA) UlJ~ 37°C Lll'Unm 2 h ~l'l 
" . 

L'I'HW1¢i'-;W TBS 4 flf.:J i rii 11'J~'U PmLGBP 100 ng ~'l '1 'Ul'Jfl'l1~lJ UlJYifJW'I1.fJiJ,rB.:JL~'Unm 3 h 

~NL'Vl~1'l 'lri primary antibody (1: 1000) UlJ~ 37°C LlJ'Unm 2 h ~l'lLVHlI'l L~lJ second antibody 

(goat-anti-rabbit IgG conjugated to alkaline phosphatase, 1:1500) UlJ~ 37°C L1:l'Unm 2 h ~1.:J 
" " L'Vl~I'l¢i'1tJ TBS 4 flf.:Ju~~ 0.5 mM MgCI2, 10 mM diethanolamine 1 flf.:J iri p-nitrophenyl 

phosphate !L~11I'lfilfl1'J~l9lfl~'ULLiH~ 405 nm 1I9ltJ'l,*Lfl~B.:J microplate reader (Molecular 

Devices) 

<dI jJ d ~_I.... , jJ


flfl'tJl't'l'Ul't1'\Jel.:j m1\T1'U PmLGBP 'Ufl11m~(i,)'U1~'lJ'lJ proPO 


'" d "I 'JI 0 ~ '1 'JI d "I 'JI 'l ''l d", 'JI
LI'l'JtJlJLlJI9lWBl9lfJ.:JfJmI9l1 tl9ltJfll'J 'lH'UlJ~I9lL~Bl9lfJ.:J rff 'U'I1~BI9l'U'Ull9l 1 mL'VllJffl'Jl'll'U 

fll'J!!~.:J1'11'IJB'lL~BI9l lhtu~'Um~tJ.:J~ 800g L1:l'UL1~1 10 min ~~nnHl~mtJri1'U'U'U.yf.:j tn'll 

",iJ'Uril.:J~ij hemocyte ~1.:J¢i'1mj''I'hvJB{ cacodylate (CAC) pH 7.0 uliu~'Um~tJ.:J~ 800g 11:l'U 
". " 

nm 10 min ~l9lffl'J~~mtJri1'U'U'UVl.:J Ln'Uri1'Uril'lYiij hemocyte iri'l1vJLvJB{ CAC ~flflf.:J vh 
'l 'JI d "I ~ i 'JIll] ~?t ~.% ~ ~ 0 II] _Ii-t d dmlJI9lLi:'lB~HLl'lfl tl9lf.Jfl1'J 'b'!lJ tmuL1JI'lI'l~I9l'U'Ui:'l.:J!!i:'l~1B'JL'Vlfl91 'Ul !uu'Um1tJ.:J'Vl 25,000g, 25 

'JI d ,d", 'l ''1 'l' ,,; 'l 'JI
min !!mLfl'Uffl'Ji:'l~mtJff1'U'U'U'VllJ hemocyte lysate supernatant) HLS) tff 'U'I1i:'lBI9l t'l1lJL'VlB!'b' 

ffflfll~Biu 
" . 

i'Ufll'J'VlI9li:'lB.:JU UU.:JLlJ'UffllJflrilJ i¢i'Uti flrilJYi 1 L1J'UflrilJfl1'UfllJ;iB irilu'J~'U 
q q q q 

PmLGBP !L~tlJ'lriI'11fl'J~~'U 
q 

flrilJ~ 2 iri PmLGBP !!i:'l~1'11m~~'U 
q 

A-glucan LW~flrilJ~ 3 iri 
q t-' q 

" . 
PmLGBP !!i:'l~1'11m~~'U LPS il9ltJ'Il'UU'JflUl HLS YiLI'l1tJlJi¢i' lJlll9l11~lJlWfl11lJL'Ii'lJ'1j''U'UB.:J

q 

" 111'J~'U il9lf.J1n'UB.:J Bradford 'iJlmr'Uiri HLS 250 Ilg !!i:'l~ PmLGBP 10 Ilg 'Ui'Ul'Jflfl~lJ 'lri 

l3-glucan 50 Ilg i'Ufl~lJ~ 2 '1ri LPS 50 Ilg i'Ufl~lJ~ 3 Y11fl1'Jml'iJUBflVll~'UB.:J PO il9lm~lJ 
" . 

cH'Umml'l65 ilL, 3 mg/mL 'UB.:J L-3,4-dihydroxyphenylalanine (L-DOPA) il1l'Jflfl~lJ Vl.:JHYi 

~W'I1.fJiJ 30 °c L~'Unm 30 min 11~I9lUBfi~tJ1¢i'1f.Jfll'JL~lJ 10% (v/v) mI9lLW~~fl U~lUliUl\9lfil 

'" OJ1.3 Ntl'\Jel'lfl111'ilfJ 

fIl'j"tl'IJ1~tl'IJw:::au1.Jii'flfJ~nU PmPPAE2 m,::: PmLGBP 

l'Ufll'Jffflfllfli.:Jci' i¢i'ffflfll~flflW~fflJ'I1~'UB.:jV'U PPAE ~Bil PmPPAE2 ~.:JLlJ'Uv'Ui'UflrilJ
q 

'" .J ~I '" ~ II] 'JIClip domain serine proteinase !!i:'l~tJ'U PmLGBP 91'lLu'UtJ'U'UB.:J pattern recognition protein t\9ltJ t\9l 

'I11~1~'UU1fl~iB t 'Vlf1'~fflJ'U'JtU'UB.:JV'U PmPPAE2 'Vl'Uilijfll1lJm1jBW1'UV'U PPAEI 'lJB.:JUlJi:'l.:J 
<u 

Manduca sexta (50% similarity) !!i:'l~'VlUil mature protein ijm\9lB~iJi'U 346 I'll U~~ signal 
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peptide ~l'Ul'U 25 1V111~tI mature protein tl'.i~flfl1J~lt1 clip domain ~tlmtl N tt~~ serine 

proteinase domian ~tlmtl c ('.itl~ 1.1)
'" 

(A) 

MHYRVPTISCAAAVTLLVLVTSGGATRDRRQARCSAGAPCVLVDSCPPVKALFLSPNAGDKHRAQQLICGREGRRL 
KVCCGSSNVTPTPRPIDVTPTSNPGGNGNGQLLPSNCGQTSNLNKIFGGEATGVGEFPWMAVLGYNSGSLDWECGG 
ALINDRYVLTAAHCGDPDFLFGSILTAIRLGEYDFSKSKDCNSAADFCLPPVQDFTPEQVVLHPSFNKRAPESDDI 
ALIRLNRRVQLNAGVHPICLPAAGLNVGSFLNGRDAIVIGWGHTERGTNTQVLQKVSLPFVDLGTCKRIHAGETLV 
NEQVCFGGRAGQDSCNGDSGGPLFLNAVPGTILGIVSKGGACGSPGVPAIYTDVASYRGWIVQNLKP 

(B) 

Shrimp P. monodon PPAE2 
LVS 

N C 371 aa 

l'U~h'W'Ufl'J£j'U PmLGBP 'W1Jl1lJ ORF 'U'Ul~ 1,101 bp trifltttlmMtlll~'~ltl'.i~'W~lJm~ 

fldn'U 366 l1'l-htl (~tl~ 1.2 A) lJflUn~ 1:1Jt~11~ 41.5 kDa lJt'Wtl''VI~fftytylW~tl'.i~flfl1J~lt1 

m~fl~iJl'U 17m.htl triflltfl'.il~..r~ltJhhumlJ SMART 'W1Jl11tl'.i~'U PmLGBP tl'.i~flfl1J~ltJ 
, 0 '" 	 .., d , di '" 

tll'Utllf1ty~'J'U tll'U glucanase-like domians 9f'JlJ integrin binding motifRGD fl~tlfl'J1J~nW 

('.iU~ 1.2)
'" 

• 
(A) 

MKGFVASVVLLACGALAADIVEPEDCTSFPCMIFEDNFDYLDNDIWEHEITMSGGGNWEFQAYVNNRSISYTRDST 
LFIKPDLTSNWKGEDFLSSGTLDLWGMNGRGDVCTGNSYYGCSRVGSSSNIINPVTSARLRTMSNFAFRYGRLEVR 
AKMPRGDWLWPAIWMLPRNWPYGLWPASGEIDILESRGNDDFGTLGNQYGGTTLHWGPFWPYNFFEKTHAEYSANT 
GS FADDFHVWRLDWTKDNMEFYVDDVLQLTVDPGTS FWD FAGMGPFFDN PWAAGAKMAP FDQKFYLILNVAVGGTN 
GFFPDGIASKPWSNLSPTAFLDFWNARDEWLPSWKAGEDRISEGAAMQVDYVRVWKMESTEQ 

(B) 

Shrimp P. monodon LGBP 

N _-------,0 -------- C 366 aa 

lU~ 1.2 	 ~f)lJru~fflJU~'lJeJ.:jV'U PmLGBP (A) ~l~'lJm~eJ~m'U'lJeJ.:j PmLGBP 'lJ~l1rulj'jU'Vl~ 
fftytylruVjmf~1f.Jfi1'Yf'U1U'(l~~~H~'Ui~ U'(l~'lJ~nru integrin binding motifRGD 2 ~lU'YfU.:j 

iif1l'jlU'U~1f.Jelf)lJ'jfi1'Yf'Ul (B) lflHffrl.:j l~llJ'U~j'j'lJlu PmLGBP 'lJeJ.:j~.:jflm';l 

7 
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4 9/4 -=1 i' 79/ '" 
tn'ifftl'tJ1H'Ulr1'11fJ.JfJ'U PmPPAE2 m'~ PmLGBP mfJ 'lUrlfl'Ufl RNA interference 

" 111flfll'JV1JV.:Jfll'JU'tHl'HHlfl'l.lO.:Jtj'W PmPPAE2 UCl~ PmLGBP l~tI~~ dsRNA 'I.I0.:Jtj'W 

~ ~ , IjJ f Q,I IjJ 

PmPPAE2 '11 'J 0 PmLGBP '11 'J 0 GFP (m'llJfl11J fill) L'1.11 Cl'1'l1fl.:J UCl ~ 111fl fll'J I'l n 1)Cl'01J
q q <u q 

" lh~-ff'VI1ifll'V'lfll'.iV1JV.:Jfll'.iUCl'~.:JOOfl'l.lO.:Jtj'W~1m'VIflUfl RT-PCR 'V'l1J",h dsRNA 'I.I0.:J PmPPAE2 

'I11f1 PmLGBP Cl'l111'JtlCl~fll'JUCl'~.:JOOfl '~m;H~lL'V'll~ ('.i1J~ 1.3).. 

(A) PhiPPAE2 GFP 150mM 
dsRNA dsRNA NaCI 

" , 

P1"PPAE2 

(B), P1ttLOB",J> 
dsRNA 

150 R1M: 
Nilel 

GFP 
dsRNA 

PlnLGBP 

PmPPAE2 dsRNA l1~eJ PmLGBP dsRNA l1~eJ GFP dsRNA (f1~lJm'IJfJlJ (l1~mnH'l~mtl 

NaCI (f1~lJm'IJfJlJ( ~~~.!l'IJ'Ul~tl".i~lJlru 3 g ?l1t1e1<P1".ilJ:h'U 5 Ilg dsRNA ~eJ~.:j I g 
" 

mi.!l1l1f1 24 h ~~'1il?l1t1 dsRNA tl~lJlrulvill~m'j~eJlJn'IJm~~'U?l1t1 LPS (50 Ilg) Il"'~ 
GI ~ QI QI d ~ iI 

laminarin (50 Ilg) l1MIl1f1'U'U 2 1'U (48 h ; A) Il"'~ 6 1'U (B) 1f1'IJIM~lJl<PI".i11)ffeJ'IJ~1t1 

RT-PCR l~tlluul9i"'~f1~lJ V11f11".i'V1~"'eJ.!l 3 ~1eJ£il.:j Hi''fh-J EF-Iu 1~'UV'U 

1'I1'IJfJlJflltli 'U 

it fj/ .J , 9J dd. fj/ d. 

LllOI'l'Jll1Cl'01J PO activity 'I.I0.:JfJ.:J'VI\]fl knockdown 'V'l1Jl1fJ.:J'VI1l~~ltJ dsRNA 'I.I0.:JtI'W . . . 
"" _I'" i d,9J d...::I " d.

PmPPAE2 11~1l PO activity Cl~Cl.:J 37% (lu'VI 1.4A) 'W'I.Itu~'VIfJ.:J'VI1l~~1t1 dsRNA 'I.I0.:JtI'W 

PmLGBP ~ PO activity 39% (lU~ l.4B) Lrlmu~V1JLVitl1Jn1Jfl~llfl11Jf'l1l (~.:J~~~~1t1 NaCl) 

i'W'I.Itu~~ PO activity 'I.I0.:Jfl~lJ~~~~1t1 GFP dsRNA 'li~fll111ul'lfll9il.:Jn'Wmh.:JihrtltY1TltyLrlo 
do Q.I r;J dd 'jI .... llIJ'JIt d. 

L'VItl1Jfl1JfJ.:J'VI1l~~1t1 NaCl (p < 0.05, ANOVA, Duncan's test) Cl'~u 1~11 tI'W PmPPAE2 UCl~ 

PmLGBP ~fll111L~tl1'1i'O'ln1J'J~1J1J proPO i'W~.:JfJCl1fl1 

. .. 
QJ V q tV V q 

fJVI 'i1tn'iVl1fJ'IIfJ.Jtl.JrI€I tlfJVfJ.Jtl1'im,rVl.J iJ fJ tl'llfJ .JfJ'U PmP P AE2 
q " 

~ 0 Q.I d ~ I • 'j/ Q.I.d 9J fjJ ~ 
L'V'lO'VI ~Cl'01J fl1111 Cl'1f1 ill '1.1 O'l tI'W 'VI 'l Cl'O.:J I'l f1f111110tl'J O~'I.I0.:J m '11 Cl'l 11 1fl'VI tl fl fl 'J ~ I'l 'W ~1 m'lfO u cu q cu q 

di ?t v i 11] V"" v v.... •0 

V. harveyi 639 CJf.:JLu'W pathogenic bacteria 'I.Io.:JfJ.:JfJm~l 'Wfll'J'VII'lClO'l 1~1l~fJ.:J~1t101'l'J1Cl'1'W 

2 ~g dsRNA 19io~'lmrfl 1 g l~tli~mj'l~.:JOflm~'Wfl~ll fl~llCl~U'J~mtu 10 ~10~H UCl~i'Wul9i 
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• • 

>I >I 	 • 

r1~OrllJfl11'V1fHHN l11fl11'V1flrleJ,n1'1i1lJfl 3 flf'l UU'ItrllJ 3 flrllJ flrllJ (1) n'll1Qfl~':ltI PmPPAE2 
q 	 II II <II 

I 9J d~ 'JI 	 I 9J d.c1 9J 
dsRNA fl"lJ (2) f1\I'VI'i!flWltl GFP dsRNA (control dsRNA) tm~fl"lJ (3) f1\I'VI'i!flWW 150 mM 

q q 	 q q 

NaCl (control) 

(A) 	 (B) 

u ..... 0,7 
i 

lO3'l1> 

0,$,j 	 {
'"' M 

0.., 

i• fl.' 	 ~j 
0.4 

~a. 
0,3' 0'"p.,!f 	 ... 

f M 	 1
0,2 

0,\ 

2 0.» 	 0,0, 
I'....c ..... _ 

"",0 C" 

ltJ~ 1.4 1I tJ nYii~ 'IJ tJ.:j phenoloxidase i Ul ~ fl ~ 'IJ fl.:j ~.:j fJ (11~ l~ \1 nuu g.:j f11'j 11 ff~.:j tJ fl n 'IJ fl.:J'ih.l 

PmPPAE2 (A) 11(1:; PmLGBP (B) ~dm'VIfliJfl RNAi ~~~.:J'lJU1~tJ'j:;lJltll 3 g ~dtJ 

~lI'jlridU 5 l!g dsRNA ~tJ~.:j I g mi.:J\lln 24 h ~~cil~1tJ dsRNA tJ~lJltlll'Vhl~hJ'Vl~mJ 
41 'JI 'j/ 	 • • QI ~ d c:!t 
num:;~umtJ LPS (50 l!g) 11(1:; lammann (50 l!g) M(1.:j\llnUU 48 h lnUl(1fl~lJl 

""""'" i '1 ~ ,~ ~I ' <V, i~'jd\lffflUllfln'VId~'IJtJ.:J PO Uf11'j'Vl~(1fl.:j ~llmfJ.:jtJflm1JU 3 n'llJ "l (1:;~nfltJl.:j 11(1~ U 
~ ~ . 

11~(1~n~lJ'Vl~M.:j 'tilf11'j'Vl~(1fl.:JYi'.:jMlJ~ 3 flr.:j n~lJYi I (Pm PPAE2 dsRNA [A] M!fl 

'JI d.:::l v 	 .4 • d 
PmLGBP [B]) fJ.:j'VlQ~mtJ PmPPAE2 dsRNA [A] l!'JtJ PmLGBP dsRNA [B] n'llJ'Vl 2 

'j/ ~d, 'JI 	 , d 'j/ d.::t 'JI 

(GFP dsRNA) fJ.:j'VlQ~~dtJ GFP dsRNA (control dsRNA) n'llJ'Vl 3 (NaCI) fJ.:j'VlQ~mtJ 150 

mM NaCI (control) 

, , >I 
I 'jJ' .a!.o::::t 'jJ do Q.I ~ ,ci 

r-W~ltlfl11'V1fl"eJ'IVlU11 O\lfl"lJ (1) 'VI'Hflfl1t1 PmPPAE2 dsRNA lJeJl'll1fl1HlltllVllJ'UlJ 

l~lJ 82.96% f11t11lJ 21lJmr\lfl11m~l'i'lJ~1t114eJ (nJ~ 1.5) ~'IUfl11lJUl'lflI9i1'leJ~l\lihrmhrltlHrleJ 
q '" 	 U 

Il1t1lJtlUn\lorl:JJfl1UfI:JJ lfltln\lflrl:JJfl1UfI:JJ~Qfl~1t1 GFP dsRNA (flrl:JJ 2) UB'l'Il1f1111'11tl 26.67%
q'll q 'II q q 	 q 

I dd 'j) , d QI 	 e:1'J1 d 
U"~0":JJfl1UfI:JJ'VI'i!flfl1t1 150 mM NaCl (O":JJ 3) :JJtJl'll1f1111'11tl 23.33% p-mf111'V1flmWlf l1t'l1lJ 

q q 	 q 

, 	 >I 

11 ~lJ PmPPAE2 Ufl11:JJ'thrlty!ntl1'1i'tJ\ltlUfl11I9itJl'i'llJ!~tJ v. harveyi 1lJ~'IfJmfl1 

• "'"'" 7J1 o.q. " 	 ~CVQJ 	 .cfJ/
iJm1U'IJf)~A'lIf) v. harveyi ufJ~fJi;1mmf1tlfJVmfJ11Ugr~-3f)f)tl'IJf).JfJU~1fJmflUfI RNAi 

1 iI 	 1 " 

dl eJI'I n 'il 'ffeJ U ~ 1lJ 1Ut~eJ V. harvey; 1 lJ ~ 'I fJ mfll 11 \]fl rJ1J rJ'I f111 U 'fffl 'I tJ eJ O'UeJ'ItilJ 
>I 	 >I 

QI.ct'jl ~ 	 ~ Cl.IO ~ '1 
PmPPAE2 'I1"\I'i!flfl1t11'lfeJ V. harvey; !t"~~fl!r1eJfllJllJ1J~llJ1lJt'lftJ V. harveyi ~fltl plate count 

• JI 	 'JI " 

-

method Vlu':hn\lorl:JJ11t1flrJ1JrJ'Ifl11 U'fffl'leJeJO'UeJ'I~lJ PmPPAE2 U~1'U1lJ~~eJ:JJlfl~lJ'Ih~lJ1tu 4. . '" 
~Yh ~'IUfl11:JJUl'lfll9il'ltJVl\lul1mi1fluHrlml1t1Utl1JorllJn'l~Qfl~1t1 GFP dsRNA (l1J~ 1.6) ~'IU 

u q q 	 'U 
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• • 

.. ." 
t '.:::::l cv 0 QJ ~ do Q.I 'V dd 'j/ . Q.I 

mllJU~fl~lH)tIlnJ'UtJffl'fltytlJtll'YItJUflUfHllJfl.:J'YI\!~~1tJ GFP dsRNA 1l1mH'lfl1'i'YI~(Hl.:Jml1lJ~ 

ffllJntl1tml~111~,-.h ~'U PmPPAE2 t1J'U~'U~t~tJ1'li't1.:JtiU'i~UU proPO U"~t1J'U~'U~t~tJ1'li't1.:JtiU 
~ fjI Q.I d 0 Q.I I • 'j/.d~ e: .J ?I 

'i~UUlJlJfJlJfl'U'YIffl'flty~t1fl1'itl~H)~'llV.:JfJ.:J'YI~~t"lftl V. harveyi 639 9f.:JtlJ'U pathogenic bacteria 

t'UO'.:Jflm~h 

100 

.-.. 
~ 80 
~ 

.€ 
-; 

601:: 
0 
S.. 
£i 40 
~ 
= 
S 
= U 20 

0 
0 2 3 4 5 

1 

Days post-injection 

-e-PmPPAE2dsRNA+V. harveyi --GFPdsRNA + V. harveyi -.lr-NaCl+V. harveyi 

111 ".:i OJ ~ .::t!V Y ~ J
ltJ~ 1.5 tim lfl1J~l(J'U tI ~ ~~'Vl ~ fl (J1J (J~ fll'.i U ff~~ tItI fl'UtI ~ (J'Uml ~m ~~'U~1(Jfll'.i II ~l 'lftl V. harveyi 


639 (2 x 105 CFU) i~(J~~~~'U'U1~'lI'.i~lJlru 10 g (ei~'.ilri1'U 2 flg dsRNA fitllrn11.rfl~~ 

1g) i~(JUti~~~l~'U 4 mjlJ '1 ~~ 10 fi1t1lj,.:J u~~'¥ilfl1'.i'Vl~~tI~';~l1lJ~ 3 f1f~ fl~lJ 1(0) 

~~~~~~1(J PmPPAE2 dsRNA fl~lJ 2 (.) ~~~~~ GFP dsRNA (control dsRNA) 

• ... iI..,dq " 
fl'llJ 3 (_) ~~'Vlll~~1(J 150 ruM NaCI (control) 

JI '" <:f '" ~_I <:f <:f 
fl1'ii11NUfj:;f-Ifj(1l1RB:JJ'l.JU'U'Un'V1(11'UlIB~tJ'U PmLGBP 

Idv.:J'il1fl~'U PmLGBP lil'U~'U~v~1'Ufl~lJ'lltl.:J Pattern Recognition Protein (PRP) ~ 
... 1 y,.d. 0 .:!t ,d Q.I d ~ 
lJ'i~flVU~1tJff1'U'YI'U11l~lJ'fI11lJffl'flty'YI1.:J"lf1mVl 'fit! glucanase-like domain 9f.:JfI1~11 

3!ev Q.I 01 d "1 cp • Q.I tI ~ cv ~ ~ lit 'j/Q.I 

ffllJl'itl t"lfllUflUH'U.:Jt9f""'lltl.:J~""lfVl t~ t"lf'U i3-glucan 1l1flH'U.:JI9f""'llV.:JI"lfV'il ~.:J'U'U 1l.:J t~ 

111flU fffNU"~H~~ 1tJ'i~'U~'fI t1mj1t'U 'U l'i'1~t1mffml1l1,r1~'YI1.:J;1fl1Vl H"1l1flfll'iH~~ 
-I .,..,. '" <I ,.,. "'I ' d ~ 0 'I 'JI 11lJ'i~'U'i'fltllJUU'U'U'YIVlU11lJfl1)uff~.:Jt!VflV~ t'Uff1'U'YIIU'U inclusion body 'YIl tl1"~"ltJ ~tJ 

'I 'JI 'I 'JI '" d'JI '" <I 0 "I_I 'I 
t"lf 8 M urea IWfl mU'iff'YI1i~1tJ'fItI"lJ'U Ni-NTA Im~'Ul tlJ refold t'U 20 mM Tris-HCI• 
pH8.0 Irlmh1tJ1Iml~M~1tJ SOS-PAGE VlUUtlU 1tJ'i~'U'll'Ul~lh~mw 40 kDa (~tJ~ 1.7) 
.J .,. 'I 'JI'" '" d 0 "I 'JI "'1 'I 'JI c:l , '" 
9f.:JlJ'IJ'Ul~ tfl"I'fItJ.:JflU 40.8 kDa 'YIm'U1W t~1l1flm~V~lJ 'U Itff~.:J tl1!11'U11 ffllJntlH"~ 

U"~I!tJfl1tJ'i~'U~'fItllJUu'U'Ul'i't,rU1ff'YIi1~ ~.:J ffllJl'itlUl1 tJ1 ~ffflEl1l1,r1~'YIN;1mVll'itl1tJ. 

10 



.:::I 
Co 15000 
e a,.e. 
0 12500e.. 

.:::I 
Co 10000e.-.. ,-,-
-;;..§ 
c;::l 7500. ~ 
~u.. --,Q 5000e = c 
<U 2500.;:....... 
<U 0Q:l 

PmPPAE2 dsRNA GFPdsRNA 

v • v 
a ~ ~ 91 d QI QI Q1

11 lU1'1HH).:jL'lffl V harveyi 639 (CFU/ml) 'UH'1flf)'lJfl.:jfl.:j'VlfJmJ'tHJ.:jfll'HLfff).:jflflfl'IJfl.:j£)'U 

PmPPAE2 (PmPPAE2 dsRNA) ~f)~.:j'IJ'Ulm.h~lJ1tU 3 g (fl1r:i1L1-JU 2 Ilg dsRNA ~fl 
v v 

Ul'l1Ufl~.:j 1 g) 'I1ft.:j1l1fl 24 h ~f)9il${1£) dsRNA tJ~:JJltULlh~:JJ'Vi~fl:JJn'IJ~f)m~~U${1£) v 
5 ~ d~ , QI 0 ~ 

harveyi 639 (2 x 10 CFU) 1JlflUU 6 h Lfl'IJL~flf)lJ1U'lJ1J1'U1t.u'lffl V harveyi if)V plate 

count method If)vu·l.hfll'j'Vlf)~fl.:jL~U 3 fl~:JJ '1 ~~ 3 ~1fltiH tW~Vilfl1~'Vlf)~fl.:j~.:j'l1lJf) 3 
•W " I d 'jI 

rn~ fJ~fl'llJm'IJfJlJuf)f)1£) GFP dsRNA (control dsRNA) 

M 

PmLGBP" 
(41 kDa) 

kDa 
-70 
-55 
-45 

35 
-. 25 

ltJ~ 1.7 fl111Lrl~1~,.rltJ~~U~rlfl:JJiJU'UUVJ' PmLGBP ~~lUfl1~Vi11'11''IJ~,,!'VliU'''1 ${1tH'VlrlUrl 

SDS-PAGE 

.Jt..:::S ~ d' . & d , ~ tjJ dIU QJ Q,I 0' 
tlHNUlfltl'U PmLGBP IlJ'UtI'U '1. 'UmllJ'IHl\l PRP 9f\llJ1'1t1\11'Ut:l\lYi'U l'Vl1llJfllJr:-.I'U\lI9f~Hl'IHl\l 

.. 1IJ jI d/ 1IJ jI 0 d/ jI d.. 'it! .... ~ "''i 0

1lf1'lfYl L~ 1l\l L~'Vllfl1H1fl1J111'Ul'Vl'Vl1\1'lflf11l'1'IHl\l L 1'1'l'UHHllJU!!'U'U'Vl L~tlfln'Vll binding assay • 
1l1flfl11'fffl'infl11'']U'\J'tJ\I hh~'U PmLGBP tluril'U'lh~flf)U'lJf)\lr:-.I,:r\lI9ff1~ flf) p-glucan, LPS !!f1~ 

PGN 1'l11J'tl1,rU 1~tI't~I'Vl~i1~ ELISA l'IU11 hh~'U PmLGBP '(1'l1J11't:l']UtlU p-glucan !!f1~ LPS 
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, 'JI 	 I 'JI 

,~ 1~vf11:i:ijmvhJ~'W19l1lJtl~lJlW,\Hl-:J hh~'WVilJlfl~'W t!~hj:ij1Jf11J PGN t!~111l~ii'tl~lJlW'\Jfl-:J 

hh~'W PmLGBP lJlflf1-:J 200 f!g/mL (~tl~ 1.8) ~~tl'~11 1 tl:i~'W PmLGBP lJfll1lJ~llJl:itl:ijU 
tlU l3-glucan t!el~ LPS ,~~ !!~'li~lm:itl:ijUtlu PGN ,~ 

" i: ~I '" 7 d <'!I" ." 'i_I 4fl1')f)')~"J'U')~VV8'tV')fV'UfJiJfJfJf)llJfm~ 'UtuPl6iJfJPlf}.Jf}iJ1AlPl1f18V')V1'U PmLGBP 

1l1f1f11:i'YI~el~N~~1'WlJl 'Y'Iu111tl:i~'W PmLGBP ~llJl:itl:ijUtl1J gluucan !!el~ LPS 1'Wf11:i 
v 	 • 

d,4=i1jl ~ d jJ 	 QJd. 

'YI~elfl-:J'W 1l-:Jl9lfl-:JflU'YI:i11JtI-:Jfl11lJtfWl'\Jfl-:J'\Jfl-:J l3-glucan !!el~ LPS flUVlJ PmLGBP !!el~f11:i 

YV '1 • <!I .... '1_1 "" q ~ <!I YV 
m~I'.!'W:i~UU proPO t~V'YI~elfl-:J'Wl glucan l1:ifl LPS lJlUlJflU tu:iI9l'W t'WtlJ'flH'lfl~ (HLS) '\Jfl-:JfJ-:J 

flm~l Uel~triltl:i~'W PmLGBP U~ltVivmmtlumilJ~'li'~tril9i'lm~~'W !!~1'fl!!flflYl1~'\Jfl-:J PO 
q 	 q q 'U 

'Y'IU11 milJ~ 1 (:itl~ 1.9A) ~-:J'lit~lJl9i'lm~~'W (HLS+PmLGBP) lJfh!!flflYl1~'\Jfl-:J PO 1'W. .. 	 . 
• 	 • v 

I9i'lfldl-:JVi1ritu'Y'll~ HLS tViV1JtlUl9i'lfldNVi1ri~-:J HLS !!el~ PmLGBP 'li!!l9lfl~l-:Jtl'Wfldl-:JlJ 

umhfl'qJ (p < 0.05) !!~t'WfI~lJ~ 2 (~tl~ 1.9B) trlfliri l3-glucan t!el~ ltl:i~'W PmLGBP i'W HLS 
I 'JI 	 'I I 

'Y'IU11lJ PO activity tVllJ~'W 72% ttel~i'WfI~lJVi 3 (~tlVi 1.9C) dJfliri LPS ttel~ltl:i~'W PmLGBP 
," It' 

i'W HLS 'Y'IU11lJ PO activity tVl]J~'W 88% tiJfl1ViVUtlUfI~lJVi'liiril9i'lm~~'Wtm~ ltl:i~'W (~tlVi 1.9 

_Ill]j)' dI?t • _I ",,,,:
A) lI1f1Helf11:i'YI'flelfl-:J~~U t'fll1 l3-glucan U~~ LPS CU":)t1J'W~l'Wu:i~flflU'\Jfl":)H'WW]j'el~'\JflWlffl:il 

!!el~!!ufiVit'1vttmlJelU ll~tl fI:ijU~lV1tl:i~'W PmLGBP u~Td..:) Helm ~~'WflU'Vll":)l'W'\Jfl":):i~UU
.. 	 q 

v

i YV '" ~ 


proPO mfl~'\J'W 

1.20 

1.00 

0.80 

___LPSor. 
<:> 0.60• 
~ ......B-glucan 

0.40 -+-PGN 

0.20 

0.00 
0 25 50 75 100 125 150 175 200 225 

[LGBP] p.tgIml 

ltJ~ 1.8 	 m';j.ij1Jn'W'IIB.:j1tJ';j~h.!1fHJl.J'iJm.J.'Wv1 PmLGBP n1J l3-g1ucan) e), LPS (_) ml~ PNG (+) 

~llJ~lfi1J 
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• • 

ltl~ 1.9 	 l!eJrlYii9i'IJeJ.:J phenoloxidase "Ul~~H~eJ~ (HLS) 'lJeJ.:J~.:Jfl'Cllf11~tilJn'U rPmLGBP i'Uf11'J 

'¥1~'CleJ.:Jl!ti.:JeJeJm1J'U 3 rl~lJ '1 'Cl::: 3 ~leJtil.:J l!'Cl:::i'UU\9i'Cl:::rl~lJ'¥1~M.:J Vilf11'J'¥1~'CleJ.:J..f.:Jl1lJ~ 
3 flf.:J tieJ rl~lJ~ 1 (A) 'hh~lJ~1m:::~'U (HLS+PmLGBP) rl~lJ~ 2 (B) l~lJ p-glucan l1J'U 

~1f1'j:::~'U (HLS+p-glucan+PmLGBP) rl~lJVi 3 (C) l~lJ LPS l1J'U~1m:::~'U 

(HLS+LPS+PmLGBP) 

" " , I 

tl11ffm111~fJflf.:jil 1~ffm:l1VlJYitnfJ'l~eJ\ln1JfHl1fltl11iJeJ\lnlJ hfl hW1~1J1J hdWlJeJ" 
v 	 v 

eJeJfl9ftflff 1f1V\lllJ1~villi'lJVl1JVlJ clip domain serine proteinase 'lfUfI hnj~eJ PmPPAE2 1t"~VlJ 
~ '?t dt::t Q.Id 0

lipopolysaccharide U~~ P-l ,3-glucan binding protein (PmLGBP) C)f\lVl1J11tUlJVlJl'IlJfl11lJfflflty 

, 1 ~I "" di ". ..... 'I ,'j/,%, 1 '1 'j/ e/ 
llm~1J1J 	 Vl1Y'1lJeJ~eJeJflC)ftflff C)f\llJfl11lJfflfltu llJflUlleJmlJt'lfeJfleJ 1flllJfl\l ~lfltl11ft'flEll 

u 	 • 

t1flEltu~fflJ,j~'iJeJ\lVlJ PmPPAE2 llJn\lfl~l~l ~\lVl1Jl1iifl11lJtl1ijeJlJn1JVlJ PPAE h!!tlJ~\I trleJ 

t11'1 V1Jt YiV1Jn1J VlJ PmPPAE 1 ~ \ItlIlJVlJ ~fl rllH~'1 ~vli'lJ Vl1J ti eJlJ '\114'lci' It~ :::iifl11lJ t~V1~eJ \I n1J. '" 
" 	 l.t:::i ~ Q.l3/ I11:::1J1J proPO lJfJ\I (Charoensapsri U~:::fltu::: 2009) Vl1J11lJfl11lJtl1lJeJlJfl1JfJ\I crayfish mflfl11 

v 

llJttlJ~.:j 	 mh.:jh~1l1lJt1flEltu:::fflJ,j~'UeJ\ll1\1VlJ PmPPAEl It~::: PmPPAE2111:::flmJ~1V clip . 	 .."'11 	 "'~ I 1 '" ""& 	 ,domain 1'1 mv N tw::: serine proteinse domain l'lumv C lJ'iJtu~l'Itl11ft'flEl1VlJ PmLGBP Vl1J11 

.ct ~ ~?I ~ ~ 0 C1I ~ I Q.I Q.I Q.I d' 
lJ1J1 t1tu glucanase-like domain C)f\ltulJ 1J1 t1tu 1'1 fflflty C)f \lfllfl11fflmHl ~1Jfl1Jf'.IlJ \ltC)f~~'iJeJ.:j~ ~ 

Q lIJ 9J I Q.I tI J 4!:l I ~ .J 
'lfVllfll'lflJ p-glucan ~lflf'.llJ\ltC)f~~'iJeJ\lI'lfeJ11 U~:::lJ integrin binding motifRGD eJ~ffeJ\l1J<H1tu C)f\l 

fllfll1tlllJ d1lJ~ffl'lJl1\1 ~1Jn1J receptor 1JlJ ~1'iJeJ\lt~fltiieJfl 1~ trleJt11'1V1JtYiv1Jih~1JmfleJ:::iJ1lJ 
". 'j/.... e/ 

~~lJfl11lJflmVfl1J LGBP 'iJeJ\I crayfish Pacifastacus leniusculus \1\1 76% (Sritunyalucksana It~::: 

fltu::: 2002) 
~ ,r::g 31 d .:9 d 'jI Q.I 'jJ 

tlJeJft'flEll'\1lJll'l'iJeJ\I PmPPAE2 1t~~PmLGBP \I\lfl11lJtflV1'iJeJ\lfl1J1:::1J1J proPO fl1V 
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, I , , jI 

'Vi Lhl'ity.yhntl1,j'V'Itl1J'j~1J1J proPO 11.,1 ~'I !ijmU1t11J!'VitlWHlfll'j iJ1JiJ'Iflntt'fffl'lVVfl"llV'Ir;'U 

PmPPAEI ~'Iii PO activity (lfl(l'l37% (Charoensapsri tt(l~flW~ 2009) ~'IhJiifl111ltt\91flIPiH 
V~l'lii-Utlt'hl'ity!rimU1 tl1J! 'Vi tl1Jtl1Jfln silencing "llV'Ir;'U PmPPAE2 ~'I!! 'fffl '11"vnl'U'h ~'I 

~ '" d I 'I 'jI
PmPPAEI !!(l~ PmPPAE2 !lJ'UtI'U'YIV~ serine proteinase cascade !'U'j~1J1J proPO "llV'IfJ'I 

flnffflfn£i'U PPAE l'Uttll(l'l Maduca sexta 'W1J PPAE f1'1 3 ')fWfl (PAPI, PAP2 !!(l~ 
0d 9J d ... I':::s q ~ d 0 Q.I 

PAP3) 'YI'YI1l1'U1'YI!lJ(ltl'U inactive proPO !'I1!ll'U active PO ifltl'YI1'l1'U'j111fl1J cofactor (M. sexta 

" SPH-l !!(l~ SPH-2) (Lee tt(l~flW~ I998a,b !!(l~ Jiang tt(l~ Kanost,2000) WJmnfl-U'U fll'jffflfn 

r;'Ui'Ufl~lI clip domain serine proteinase !'If'Ul'U!!lI(l'l Holotrichia diomphalia 'W1Jr;'U clip domain 

serine proteinase 3 r;'U (PPAF-I, -II, and -III) (Kwon tt(l~flW~ 2000) Im~'W1Ji1 fl(l 1fll'U fln 

m~~'U proPO (I !!(l~II) l"vvdl'UlU active PO ifltlfllnl1l1U1~"llV'I£i'U PPAF-I i111tl1J PPAF-II 
. " . 

('Yi1l1U1'Vi!~'U cofactor) ifltll'Um~1J1'Uflnu r;'U PPAF-III ~~v11l'fU1'Vil91fl PPAF-II hl'v~i'U'ju'" .. 
active form ~'Iv11l1U1~!~'U cofactor "llV'I PPAF-I (Lee tt(l~flW~ I998a,b) l'U~'Iii~l\91fl~lIf1f'ff•" ..ct Q.I ad. do j) .::::to .c:::l .::1.c1 e!l j) d. 

!\91IC)W'U 1.J 1.J lI!'WtI'IfJ'I crayfish Pacifastacus leniusculus 'If'Ufl!fltl1'Y1l1fll'j'W1Jtt(l~ft'fl1l1'YI m'YI "llV'I 

'" 'i I 'i_I"''''" 'jI '1'j1='1 ll]'jI
tI'U PPAE !fltl'W1J11 !lJ'jl'ltJ'U'ff11ll'jtlm~I9.!'U proPO t'Yl!lJ'U active PO tfl (Cerenius !!?I~ 

S6derhiill, 2004; Liu tt(l~flW~ 2007) 
" . . 

'U Vfl~lfl-U'U!ijVfffl1l1f111mhl'itu"lleJ'Ir;1.J PmPPAE2IPieJfl111lV~'jVfl"llV'In'l'YI ~'I ~lfl'Vi
" '". 

" , $I I " 

~'I~fI!~V V. harveyi 639 'W1Ji1 ~'I'Vi\)fliJ1JiJ'Ifll'jtt'fffl'lVVfliiflm1fllHi1t1!'Wll~'I;jtH~'U 83% 
I jI" " 

mtli 1.J 11.J'Vi 2 tt?l~'W 1J i1ii ~1'U 11.J!~V1'U!~Vfllllfl;j'UU'j ~lIlW 4 !'vh J:-l?l ~lflfll'j'YIfl ?lV'I iJ1J iJ'Ifll'j 

dI' " " 
PmPPAE I 9f'l!ljVtlfliJ1JiJ'Ifllm'fffl'l VVfl!!?I~1'l'j1~'ffV1J ~nn'U!~eJtt1JfI'Vi!1 til'UI~Vfl 'W1Ji1 ii.. 
o Jj,J dI 'jId II '" 

~1'U 1'U! 'lfVlIlfl"ll1.J U 'j~ mw 4 !'YI1 (Charoensapsri !!?I ~flW~ 2009) 9f'l!! 'fffl'll 'YI! 'YI1.J 11 tI'U 

d d. dd jJ Q.I J'd ~gJ Q../ d 
PmPPAE I tt?l~ PmPPAE2 11l1.J tl1.J 'YI!fltl1"llV'Ifl1J'j~1J1J proPO tt?l~'j~1J1J'U!ll'U 'j~1J1JiJlIf.lll fl'U 'YI 

o Q.I I , 'jJ 4:1.::::.. ~ " 
'ff1flty\91VflnV~'jVfl"llV'IfJ'I'YI\91fl!'lfV v. harveyi 639 

" .
1.JVfl~lfl-U'U ~lflflnfffl1l1'YIU1Yi'YI1'l~lfl1'W"llV'Iiu'j~'U PmLGBP ifltlfll'j'ff~l'l 

iU'j~'U1f1VlIiitt1.J'Uvl 'W1Ji1iu'j~1.J PmLGBP 'ff11lntl~1Jtl1J p-glucan tt(l~ LPS 1~ !!1Pi111 

'ff11lntl~1Jtl1J PGN tt?l~'W1Ji1iu'j~1.J'ff11lntlm~~'U'j~1J1J proPO 1~lriV!flflfln~1Jtl'U"llV'I 
Q.I ~ ~ d I dad.Q.I"':

PmLGBP fl1J glucan lnv LPS 9f'l!1l'U 'ff1'UU'j~flV1J"lleJ'I J:-l'U 'I!9f?l?l "lleJ'II'lfV'j1!!?I~tt1Jfl'YI!'j tJ!!mll 

?l1J ifltl~lm1tl'l11.Jflnfffl1l1i1.J crayfish 'W1Ji1 iu'j~1.J LGBP 'ff11lntl~1Jtl1JLh1.Ju'j~flV1J"llV'I 
tV tI,,!f " do d. ~ 0 QI ,lit, tV Q.I It) 'JI 

J:-l1.J'I!9f"?I"llV'I!'lfm1!!?I~tt1Jfl'YII'jtl flV p-glucan tt?l~ LPS \9111lr:l1fl1J ttl'l tll'ff1m'jtl~1Jfl1J PGN !fl 
'JI " , , 

(Lee !!?I~flW~ 2000) flnfffl1l1flf'lU'ff1U1~i1 r;1.J PmLGBP !~'Ur;'ULhfity Yiii'YIU1Yifllnh'l11.J 

d jJ Q.I j) 0 'jJGt3lo ') Q.lQ.I 

!fltl1"llV'Ifl1J'j~1J1J proPO "llV'IfJ'IfJr:I1fl1 tt?l~\)flm~I9.!1.J! 'YI'YIl'l1'U tfltlfln~1Jfl1J glucan ml~ LPS 
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'i t ~ !11 .el Q.I " d " ... Ii iI • fJ} cS. ..::! 
U~ lJbYllJ1'jtlm~~'U~lt1 PGN HCHllfim'jf\'fi1:JlflH'UbY'jll ~11 tnYl'jlU'\1'Ul'Yl'lltl\ltl'U PmPPAE2 q q 

!~'UV'U clip-domain serine proteinase Uil~ PmLGBP !~'UV'U pattern recognition protein nih 

mrl~~UHU\I!C)fil~~il;$'Yl 'h~'UV'U~!~tll'1i'tI\ltiU'j~uu proPO lwj'\I 

" " 
l'Ufinfffi1:Jlfli'\lu i~f1'U'\11Uil~fffi1:Jl~fi1:JW~bYlJ'I1~'lltl\lv'U PPAE Uil~V'U LGBP 'illfi 

'lltl\lV'U PmPPAE2 Uil~ PmLGBP ij PO activity il~il\l tlvl\Iijumhfity Uil~!rltlfffi1:Jlfl11mhfity 
d "'JJ Q.I d 9191 ~ ~~~. 

'lltl\ltl'U PmPPAE2 ~tlfll1lJtI~'jtl~'lltl\lfl\l'\1il\l'illfi'Yl\1fim~I9.!'U~lm'lftl v. harveyi C)f\l!lJ'U!'lftlfitl 

~ '1" • j}..d ~ doG) 919J Q.I ~ JQ.I e:S 

t'jfl t'Ufl\l 'YlUl1fl\l'Yl\1fitlUtI\lmmbY~\ltltlfi'lltl\ltl'U PmPPAE2 'Yll t'\1fl\llJtlmlm'j~lm'YllJ~\I'll'U 
"sJ" ,

Uil~ij~l'Ul'U!:)ftllJ1fi;j'U 'Utlfi'illfiU'U 'illfifinfffi1:Jl'\1U In'Yll\l;$lfll'Yl'lltl\ll tl 'j~'U PmLGBP 'YlU':h 

ltl'j~'UbYllJ1'jtl~Utiu J3-g1ucan Uil~ LPS i~ ul>ii,jbYllJ1'jtl~utiu PGN Uil~'YluilbYllJ1'jtlm~~'U 

'j~UU l'Yl'jw'UtliltltlficM!~bY'~ Hil'illfim'jflfi1:J1UbY~\Ih1'!li'Uil V'U PmPPAE2 !til~ PmLGBP !~'U 
• t ", . 

V'U n!tltll'1i'tI\ltiU'j~uu1'Yl'jw'Utlil tltIficM!~ bY !til ~ 'j ~U'lJU!~'U 'j ~'IJ'IJ nilfllJ ti'U n ~lfiUJI>i tim 'j tI V'j tI~ 
~ q u ~ 
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. 	 . " i '.c::I v.et. iI 0 q , ~ ~ 11 
Ifl1'ifl11t1f1t1't1 2: tl11f1'l!'l'ilt1'l!Q'iQ(;11m't1Y1f1'1.HY'l!MYlfli,filn~Y1vH'lfflYl1t1 eDNA microarray 

2.1 ftl'lh 
" " " i1'il~,j'Utllll~V'i~-:Jlh~bl'ui1t1Jln !lm~U1~'illm~tl~tl!Hll'il'i"1 'l'U~'i !~m'Q~l~'illm~tl 

" . . 
111bl'1lr:1~llUflfii1V l~tl111bl'fi~tl hflfhhfit1J'l'U~-:J1t{ll~ WSSV (l9il11~-:J~l-:J'\Jl1), YHV(l11 

.::!t I 	 .c:::t. ~ I " l11r:1tl-:J), TSV ('VItlll) 11r:1~ HPV (Flegel llr:1~f1W::: 2004; Flegel, 2006; Flegel, 2007) tllll'l~!'lHH1tl 

" !lfl'\Jtl-:J~-:J~tl 'l..rln~ fin bl'ttll ffV '1 'U tll'lbl'll'l mnJ fin l~l:::I~V-:J~-:J tl~l'ilJlf) f)nfff)fJ 11~tll'I11~ 
q 'U u q 	 q 

" 	 .
ihml'Uf)ll~~I~tl'IJ'e:J-:J~-:J ~'ilrJ'U -:Jl'U 1 ~vfhhvr:1~f111lJ~t1J1 ffV'Vll-:J !f1'JfJ~n'il'\J tlnh:::1'VIfl'1 'VI V II 'Ul 

'VIl-:Jf)ll 11 tl-:J ti'U f) 11 In~!lf1t1mrJ 'U V'VI1ifl'lbl'1'l {~'fflfittl '1 'U f) n~WJ'U ltll'l bl'll'l m llJ f) 11 tiV-:J~-:J'\Jtl-:J 
q u q 	 q 

i-vw 
" fill I~l i 'il f) 11 11 l-:Jl'U'\J tl-:J l:::U Uf1lJ -lllJ ti'U '1 'U fill 11 tl-:Jti'U fill ~tl!l f1'\Jtl-:J1 ~tl 1 11bl'llfl::: 

<u q 

llUflfit'1 V 'il:::1 rJ'U ril'U 11 i!-:J~ 'il:::'lhv'lMbl'llJlHl f11UfllJtlll; ~Ul~'\J tl'i !lfl '1 'U tll'lffl11 mllJf)ll 
". 	

q . q 

'" 91 191 "" 131 Q.I ~ 31C1.c!' '1 -=>91 <Vl'Vn:::lflV'ifJ-:J ~ 11 V-:Jl'U 'VI Hl'U lJl ~ll bl'~-:Jr:1 f)fJW~llfl ~fl'f)fJll'I'U l'VI'\Jtl'iV'U I'l N"1 'U 'J:::UU.QlJfjlJf)'U 

91.& ,q .doC!'.".Q ~ .d, Q.I .& 9J.c!. d 

'Utl'lfJ-:J 'jllJ mf)lll'ltlUff'U tl-:J'\J tl-:JV'U 'VIlJ I'l tl f)lll'l ~ I'll'tl lJ fill IIff~ 'I fl f)fJ W::: II r:1 ~ fl'f)fJ ll'I 'U 1'VI 'U tl-:J V'U 

h.Jf)~lJ pattern recognition proteins (Sun 11r:1:::f1W::: 2008a, b; Zhao llfl:::f1W::: 2009), antimicrobial 

peptides (Tassanakajon llfl:::fItU::: 2010), phenol oxidase (PO) system (Amparyup Im:::f1W::: 2009; 

Ai llr:1:::f1W::: 2009), proteinase inhibitors (Somprasong llr:1:::f1W::: 2006; Wang llfl:::f1W::: 2009; 

Rimphanitchayakit IW::: Tassanakajon, 2010) llr:1:::fi'Uf)~lJ apoptosis (Phongdara llr:1:::f1W::: 2006; 
. " 

Leu llr:1:::f1W::: 	 2008) 1~'U\9i''W 'ffll'l1Uf)llfff)fJn11!!uuf)lmbl'~-:Jtltlf)'Utl-:Jfi'Wl}jtl~-:J~~I~tl~tlhfl 
<u q 

1 'J/ 'J/ 31 I ,, '1 91 91 '1 .<:::\ g) Q.I q & 1 <v & .d , l.cit:::! do. 0 91.cS. 
'il::: 'll'1t1 l'I! 'U 1 	 'ill::: U U f11JfllJ f) 'WI 'V'IlJ lJl f) 'U 'WI 'll''W f) 'W tlll fl'f) fJ 1'W 'il::: 'll'1 VU -:J 'll' tI'W 'VI 'W 1'il::: 'Vlll'l 'W 1'VI 

<u q 

tV ~~ 9J.J .Q 	 cl qc! ~ tI 
I'ltll'll'W f)lll'l m	'll'tl '1 'U fJ'I G)f-:J! 'VIfI 'W fI DNA microarray 11I'UI'VIfI'U fI 'VI ffllJlltlllf111::: 11 ~ 11 IIUUf)ll 

'" '1 '" <v.:J1 .,g'l'JJ9I -=>91 <V0

llbl'~-:J tltlf)'U tl-:JV'W 'U!1ml~ til f)'WI u'W 'ill'W 1'W lJl f) G)f-:J l'I 'UtllJ r:1tllll'l tlU bl''W tl-:J 'Utl-:J 1::: UUf1lJfllJf)'W
<u 	 <u q 

, I 	 r I 

• .r::i do I £:It. jJ 191'" '1 j} Q 	 ~ Q.I Q.I .cI d. 

1'l1-:J"1'V1lJl'ltlff-:Jm:::I'l'W ~lJf)ll 'll'1'VIfI'WfI DNA micro array l~tll~l:::~Uf)llllff~-:Jtltlf)'Utl-:JV'W'VI 

. q 

" 	


111~v'W1l11fl-:J'l'U-ffl'llUl!f11fJ~n'ill'lmV"1'll'iJ~ 1'lf'W 11mllG)ffllJtl'U (J0rgensen !lfl:::f1W::: 2008), 11m 

91 '" 	 <V

~f) (Peatman !!r:1:::f1W::: 2008), m'il'W (Fenneropenaeus chinensis) (Wang llr:1:::f1W::: 2008) !!(;l::: 11 
q 	 q 

, , 1 d & .1 	 '" '1 91 91
(Glass llr:1:::f1W::: 2007) 1ll'ltlVl-:J If)l'lllJf)llfl'f)fJl~u!!UUtlll!!ff~-:Jtltlf)'Utl-:JV'W 'UfJ-:J~lV DNA 

microarray ~ltil'l~fi'W~l'Wl'WhjlJlm:rf) ~tlhhn'W 3,500 fi'W (Dhar Im:::f1W::: 2003; Wongpanya 

Im:::f1W::: 2007; Pongsomboon !!fl:::f1W::: 2008; Wang !!(;l:::f1W::: 2008) 

"'1" 91'l'j) 	 .. 
& Q ..:9 j} .d,.<:::1C! 	 •'1 'Wf)llfl'f)fJl'U I'l 'll'1'VIfI'WfI cDNA microarray !~tlfl'Wl'I1V'U'VIlJf)lmbl'~-:Jtltlf)l'ltlUff'Wtl-:Jl'ltl 

" I~tl~tl hfl'l'W~-:J;jtl 111bl' WSSV, ~h1bl' YHV llfl::: llUflfil~V Vibrio !I'lV cDNA microarray chip 
q 

.d i j}& .. t 9J.d !V 0 d 1 Q.I 0 d d 191 '" '1
'VI 'll'fl'f)EllUl:::f)tlUl'llVtI'W'\Jtl'lfJ-:JfJi:1WI1'Vl!11'lf)1'l1-:Jf)'W'ill'Wl'W 9,990 V'W 'VIllUlllJ l'l'illf)V'W 'W 

.& ~ d 'J} dd 
il'W ~m.dr:1 EST 'U tl-:J~-:JfJfllI9l1 (http://pmonodon.biotec.or.th) tlll fl'f)fJ 1'W 'il:::I'V'IlJ'Utl1qJ fl'VII 1I'W 

1h::: !V'll'ul'itll:::UUf1lJ-lllJti'W'Utl-:J~-:J<u q 	 q 
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. .. 

UU\lfi'\lflm~l'J~tI~ 3-4 L~e)'W Viii1:1''tI.flll'l~ tl111irfl\9l11h~lJlW 20 fl1ll LrJ'W 2 flcill ;jeJ flcill 

q q q q q 

I , d "d ..:::! gJ ~ 11] QJ ~ .c!.c! I d
'YI~~eJ'iU~~fl~llflTlJflll fl~ II 'YI~ ~eJ'iLll'Wfl.:.\'YIfi flll ~~lm'lfeJ t1'J 1:1''11 'JeJLLlJfI'YIL'W fl~llfl1lJflllLll'W 

q q q q'U q q 

'jI d ..:t 'jJ dGJ 'jI a ~ 0 d d..:!.i ". • 
fl.:,j'YIfi flll ~~1tl1:1'n~~~1tI'YI t'lfL 11 eJ 111'i L'lfeJ 'YI 1fll'JLfllJ Lll ~ L~ tl~ 'tI tl'i fl'i fl ~ ll'YI ~~ eJ 'i LL ~~ fl ~ llfl1lJfill 

q 'U q q q q 

... ",.Jd ... d<!l vv
11~'i111flll~!'lfeJLll'Wn~1 6, 24 U~~ 48 h 1:1'fl~ total RNA 111mll~meJ~fl'iWJtl TRI REAGENTs • 

o ... v 
(Molecular Research Center, USA) U~~flll1~ DNA ~ltl DNase I (Promega, USA) 

I.f "'I.f " '" " fH'i UI'U'i WICJf eDNA mieroarray slide UiJ:t:fH11lf1'il:t:'I1 expression profile 

" . 0 Q

1:1''J1'i1:1'1t1 cDNA 111fl total RNA 10 flg 'YI1fll'J\91~llmfl cDNA UlJlJ indirect labeling 'tIeJ'i 

amino-ally-dUTP ~ltl dye Cy3 'I1jeJ Cy5 l~tI'~ Labelstar Array kit (QIAGEN) -d1'111lJlglJn~ 

25% 20x SSC, 8% 50x Denhardt's solution U~~ 0.5% SDS U~:::11t1~~\llJ'W1:1'1~~.. micro array 'YI '" 
lh~fleJlJ~ltlV'W'tIeJ'in'ifl~1~1~U\9lflI9i1\1~1'W1'W 9,990 V'W v'hflnlglJn~9f'~ 42 DC 'W1'W 16 h 

~ 0 " ~ a' I lfI cfd, 1I).t::lItq cI 'j/ ~ a' 
111fl'U'W 'YI1fll'J~1'i1:1' t~~ microarray eJl'WH~1:1' L~~'YIH1'Wfll'J WlJ'J L~9f~ltl scanner U~~1!m1~11 

,jmJ~~lt1 GenePix Pro (Amersham Biosciences) !W~ MIDAS (http://www.tigr.org/software) V'W 

d d. , " 1 t '" Ie:::! ... 1
'YIllf11 ratio 'tIeJ'i median 'tIeJ'i fluorescent signal 'tItl'ifJ'ifl~lJ'YI~~eJ'iU~~fl~llflllJf.jll!U~tI'WUu~'i 

'JI v ,t 

\9l\lul9i 2 !vh~'W1tI ~eJ'hrJ'Wv'W Viiifll'HtI~tI'WUtl~'i'J~~lJfll'JU1:1'~'ieJeJfl 

Au dllJtJ v0 

tJUtJUP/iJ't1 AVI1J mtn'i111 mieroarray vrJtJ real time RT-PCR 

1:1'~N1:1'lt1 cDNA 111fl total RNA 1 flg l~tli~ Revert Aid First Strand cDNA Synthesis Kit 

(Fermentas) 1~'J~~lJfllm1:1'~'ieJeJfl'IJeJ'iV'W~ltl iCycler iQTM Real-Time Detection system l~tl 

i v "''I V'l ... <!I... D
'If SYBR Green Supermix (Bio-Rad, USA) 1:1'.flll~'YI L'lf L'Wfll'Jl~'J~~lJfll'JU1:1'~'ieJeJfl fleJ 95 C . . 

.c::S. 0 Qd 0 0 <II 

8 min, 40 'JeJlJ'YI 95 C 20 sec, QWl1tJll'VH'I1lJl~1:1'll annealing 25 sec, U~~ 72 C 30 sec ~l~lJ 

iJlf1~leJi'YI~'tIeJ\lll'1 'HlleJ{ U~~ QWl1tJiJ'tIeJ'i annealing ULYfl'i''W\9ln1'i~ 1 ~lfll'J!tl1tllJLVitllJ 
'" '" '1 '1 V -LlLlcT ?I '" _I'" '" ...0

'J~~lJfll'JULY~'ieJeJfl'tleJ'itl'Wf1l'W1W tfltl t'lf 2 U~~ p-actin !u'Wtl'WflllJf.jll Lu'JtllJ!'YItllJ'J~~lJ 
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.
Highest homology GenBank accession Primer sequence S' - 3' Annealing (0C) 

AGAPOO0432-PA DW042937 FCGTCCTTCAGTGCGCTTCCATA 60 

R ACAGCGACTCCAAGGTCT ACGA 

Mitochondrial 2-oxoglutarate/malate GW996584 FGGCAGTCTTAGGCATGACAG 50 

carrier protein RCTTGTAGTTGCGCCTCTCAG 

Cathepsin L ES609112 FATCAGGGCTACGTTAAGATGG 65 

RCAAGGTCTAGTGCTCAGAAT 

Unknown HOO04745 FCACTCTGATCGCCAGTGA 50 

RCATACAGCCTTCGTTGTC 

Penaeidin 5 GH717907 FAGTGGCTGGACGACTGATT 55 

R GGCGGTT ACACAGGTTCA T 

Hemocyte kaza\-type proteinase 81018075 FATGCAACCACGTCTGTACTG .55 

inhibitor (Pm2) RCTGCAAGGTTCCACATCT 

p-actin HOl13015 FGAACCTCTCGTTGCCGATGGTG 60 

RGAAGCTGTGCTACGTGGCTCTG 

.. " '1 31 ~ ~" ~ dd, I ~ f 

1l1f1fll'J 'JH'VIfI'U fI eDNA mieroarray !l'HJfI 'U '111 tJ'U 'VIlJ fll'J U 'ff~ 'H)'OfllPl '01J 'ff'U '0-:) IPl 'O!'IHlfl'O 

" .
'1 '1 ')I '" '" It) '" "" "" '1 "" l'JfI 'UfJ-:) fiB !']j''O 11'J'ff WSSV, YHV U~g::!!'UfI'VI!'JtJ V. harveyi l~tJ eDNA mieroarray chip 'VI 

ll'Jg::fI'O'U~';wv'U'IJ'O-:)n-:)fI~l~l~UlPlfl~l-:)ti'U ~1'U1'U 9,990 V'U ~-:)'J1'UnlJ 1l1f1V'U '1'U'in'U,r'OlJ~
q q <d 'U 

" 0 ~ cI'1 d~ jld
EST 'IJ'O-:)fJ-:)fJm~l (http://pmonodon.biotee.or.th)fYfI£j1fll'JU'ff~-:)'O'OfI'IJ'O-:)tJ'U'U!lJ~m'O~fJ-:)'VI 

'JI , I • 

!1~1 6, 24 U~~ 48 h l1cl-:)fll'J~~!tjf'O v'UViihg::~'Uf11'JU'ff~-:)'O'Omll~tJ'Uull~-:);]'O v'UViih~~'UfI1'J 
I iI iI iI I j.I 

U'ff~-:)'O'Om~lJ~'Ul1~'O~~~-:)I'i-:)U~ 2 L'Yh~'U111 !ijmmtJ'U!VitJ1J'J~l1'j1-:)flrilJ~ ~!~mmg::flrilJfI1'UfllJ 
. " 

~1'U1'UV'UViIPl'O'U'ff'U'O-:)~'Ofl1'J~~!tjf'O ~h1'ff WSSV, YHV u~g::u'UflVi!~ tJ V. harveyi ii~1'U1'U 
.::t 0 QI ~ 0 .ci d 1 ~.: de! 'jJ d 

1954, 1136 u~~ 420 tJ'U mlJm~'U 9f-:)1l1'U1'UtJ'U'YIIPl'O'U'ff'U'O-:)IPl'Ofll'JIPl~!']j''OU'UfI'VI!'JtJ'W'U'U'OtJ'VI~~ 
I , " • 'j) I iI 

u'UyjmY~-:)'O'Omll~tJ'U!!ll~-:) 11ll1-:)!~lJ~'UU~~~~~-:) '1 'U 111'ff fl'U'ff .. -:)yj 48 h l1cl-:)fI1'J~~!~eJ ff1l11'U 

~ J d.d d d.::t A ,1 d d dd 
fl1)IPl~!']j'eJ!!'UfI'VI!'J tJ tJ'U'YIlJfI1m'ff~-:)eJeJm'WlJ'IJ'Ufl'U'ff -:)'VI 6 h u~ ~tJ'U'VIlJ fllm 'ff~ -:)eJeJfI~~ ~-:)fl'U'ff-:).. .. 

• , , 'jI I I ", 
d ... 1t:1 'JI..::::td jI t:!ttqCVdCV d QI 'jIdA~.::t

'YI24 h ('Ju'VI 2.1) m'VI'il~~1m']j'eJ n'J'fflJ'OIPl'J1f11'J1Pl1tJ'ff-:)'ff~'VI 48 h ~fI£jW~'IJ'O-:)fI-:)'VIIPl~!']j'eJ'VI 48 h cu q cu q q 

I 

\I] I.o:::::t. \t) I ~ lit 
1l~ llJfI'Um111m~~ llJ!fI~'O'U l111 

I 'JI 
0 QI fjJ dd,".c!i d, d 

'ff1l1'J'UfJ-:)'YI'il~~1tJt']j'eJU'UfI'VI!'JtJ 
, 

" do

V. harveyi ll~fl'UfJ-:)mtJ'VI 
", iI II 

l1cl'l1l1f1 6 ~-:) 24 h l1cl-:)1l1f1~~!~'O v'UVi!!'ff~-:)'O'OfI~~~-:)l1'l"un-:)~~~1tJt~'0111'ff11~m!'UflViI~tJ• . . " 
ff111 1 'Uu'U Vi U'ff~ -:) eJeJm~lJ ~ 'U '1 'U 111'fffl'U'ff -:) 'ff~ '1 'U .. . 
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. " 
'" '" '" rnJ ~Wlt'lH) 

I • " ,11( 91Q1 f f d d.:::t .c::::rt. .c::i !V d d ~ 

!~H)flU1J'lmllJ{J'W'VIlJfl1'mfffl..:jtHlfH'VnJ'IJ'W\PlllJ'I1'Wl'V1'IJtN{J'W rH) 1) defense & homeostasis . 
2) gene expression, regulation & protein synthesis 3) signaling & communication 4) energy & 

metabolism 5) cell cyclelDNA synthesis, repair & replication 6) transport 7) structural & 

cytoskeleton related protein 8) miscellaneous 11Cl~ 9) hypothetical & unknown V'W~Ufffl..:jtltlfl .~~~Id.d jld ~dQlI ... 1.cS. d d
l'VllJ'IJ'WllJ'W{J'W'VI'VIll1J'I1'W1'V1 (known gene) flfllll'Wffflff1'W 15-25% (~lJ'VI 2.2) 11{J~~W{Jfl'IJtl..:j{J'W 
, , ,.,,, , 

l1Ufffl..:jtltlfH~lJ~'W1'Wu~~~l~tlfltl hflllfffl..:j~..:j\Pll1 Nl1 2 

1000 


800 

owssv~ 

~ 600 .YHV 

400 I) V. harveyi 

200 

o 
6 24 48 6 24 48 

Up-regulated genes Down-regulated genes 

ltl~ 2.1 ~1"u1"U1h'\~~()'U""\.HJ.:j~e:lf11'j~f114e:lh1ff WSSV, '111ff YHV 1Il:l:;II'UflViI~fJ V. harveyi 11,\ 

1I~l:l:;11l:l1Vi'¥hf11'j'YIf1ff()'U 
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fl 

Cell cyclelONA 
synthesis, repair 

replication 
0.9% 

- __ 

1.5% 

Signaling & 

Miscellaneous functions 
1.8% 

",,,,,,;y& melaboUsm 

3.8% 

Defense & homeostasis 
3.9% 

'II 
Cell cyclelONA synthesis. repair & 

2.8% 

replication 

exp~.s8ion, regulation ,Structural & cytoskeleton 
protein synt~esi.~proteins 

0.5% 
__---'""'57 & metabolism 

3.6% 

--...._u,:rcnse & . homoostasis 
4.8% 

'-.loiis<:cllane.ous function 
6.5% 

fI 

Signaling & 

Gene expression. 
& homeostasis 

synthesis 4.3% 

0.7% 
Miscellaneous functions 

16.3% 

regulation & protein 

Energy & metabolism 
2.5% 

ltl~ 2.2 fl1':im~'i11vI9i1'11Cl.:J~tJ~iifl1'mnfl'H)Clmvill~tJ9111111U'1~ (n) 'hfn wssv ('II) i1i'n YHV LL(l~ 
(f1) LL1JflYii~v V harveyi 
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co d d ~ J 1 'JJ.Q ~ OJ .e.to<::1 

Illl'H3'Y1 2. f)'U'YIUi;Yf1'1fHlf1tVUJ'tJ'U 'UfJ.:Illf1L'lfCl"h'ji;Y WSSV, YHV LHl::;U1Jfl'YI1'jf) Vibrio 

Putative gene' Accession Pathogenb Putative gene' Accession Pathogenb 

metallothionein family GW996531 Y 

Defense & homeostasis protein 

Antimicrobial peptide 
anti-lipopolysaccharide 
factor 

GW996558 WYV 

Clotting protein 
coagulation factor VIIJ-
associated protein 

GW996609 Y 

anti-lipopolysaccharide HOOOOl26 Y transglutaminase GW996627 WY 

factor like protein 
crustin Pm4 
crustin Pm4 
penaeidin 3 
penaeidin 5 
penaeidin 3b 
penaeidin 3b 
single whey acidic protein 
domain-containing protein 
isoform 2 

GW996591 
GW996598 
GW996597 
GH717907 
GW996568 
81018080 
GW996553 

WY 
WY 
WYV 
WY 
WYV 
WYV 
W 

Others 
chitinase precursor 
gamma-interferon
inducible-lysosomal thiol 
reductase 
hemomucin 
laccase I 
thrombospondin 
thymosin beta isoform 2 

GW996663 
GW996670 

EE662888 
GW996564 
GE615735 
GW996672 

WY 
WV 

WY 
WYV 
WY 
WY 

Pattern recognition protein 
chitin-binding lectin GW996655 WYV 

Cell cyclelDNA synthesis, repair & replication 

C-type lectin receptor EE663427 WY Apoptosis & their inhibitors 

ficolin I-like GW996661 WY baculoviral lAP repeat GW996673 W 

minus agglutinin GW996503 WY containing protein 4 

PMAV GW996665 WV rbm25 protein GW996509 W 

vesicular mannose-binding 
lectin 

GW996525 W 
Cell differentiation 
GRN protein GW996620 WY 

Proteinase & their inhibitors protein VPRBP GW996618 WY 

cathepsin L ES609112 WY tankyrase, TRF 1 C0408912 WY 

hemocyte kazal-type GW996550 WY interacting ankyrin-related 

proteinase inhibitor (Pm2) ADP-ribose polymerase, 

hemocyte kazal-type DW6778 13 WY isoform CRA_a 

proteinase inhibitor (Pm5) tumor suppressor pHyde GW996650 W 

papain family cysteine 
protease containing protein 
protease inhibitor 
protease m I zinc 
metalloprotease 
serine proteinase inhibitor 

GW996573 

GW996574 
HOOOOl24 

GW996560 

WY 

WY 
WV 

WY 

Others 
DNA double-strand break 
repair Rad50 ATPase 
structural maintenance of 
chromosomes 1 A 
structural maintenance of 

DW042682 

DW0427 1 1 

GW996594 

WY 

W 

WY 
tick legumain GW996656 WY chromosomes smc2 

Prophenol oxidase system 
alpha-2-macroglobulin GW99655I WY Signaling & communication 

masquerade-like serine 
proteinase-like protein 2 
prophenoloxidase

GW996570 

GW996626 

WYV 

WYV 

Protein kinase 
cdklO/ll EE66337I WYV 

activating enzyme 
prophenoloxidase
activating enzyme 2 
prophenoloxidase 
activating factor 

GW996495 

GW996586 

WY 

WY 

Gprotein signal cascade 
adenylate cyclase 
arfaptin-2 
brain adenylate cyclase 8 
camp and camp-inhibited 

GW99667I 
HOOOOl41 
GW996527 
HOOOOl29 

W 
WY 
W 
WY 

Chaperone 
dnaK protein 
heat shock protein70 kD 
heat shock protein 70 kD 
heat shock protein 90 kD 

GW996545 
GW996541 
GW996589 
GW996577 

W 
WY 
WY 
WY 

cgmp 3,5-cyclic 
phosphodiesterase 
cyclic AMP-regulated 
protein like protein 
G protein-coupled receptor 
112 

GW996601 

HOOOO139 

WY 

WY 

Detoxification ran gtpase-activating HOOOOl25 Y 
copperlzinc superoxide GW996530 WY protein 
dismutase 
glutathione S-transferase 
mu 

GW996506 WYV Calcium related genes 
calmodulin GW996610 WY 
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Putative gene" Accession Pathogenb Putative gene" Accession Pathogenb 

calpain B GW996547 WY hypothetical protein EE662983 WYV 
EF hand family protein GW996538 W Os[_023 128 (polyubiquitin 

Others 
ankyrin repeat domain 
protein 
Dolichyldiphosphatase 
fasciculation and 
elongation protein zeta 
Paxillin 
signal recognition particle 
54 kDa protein 
signal sequence receptor 
beta 

GW996596 

GW996669 
GW996521 

GW996561 
GW996556 

GW996563 

W Y 

WY 
W 

WY 
WV 

W 

2) 
L-kynurenine/alpha
aminoadipate 
aminotransferase 
L-kynurenine hydrolase 
proteasome alpha 4 subunit 
proteasome-associated 
protein ECM29 
proteasome/cyclosome 
repeat family protein 
proteasome delta 
small ubiquitin-like 

GW996501 

GW996508 
GW996607 
GW996542 

GW996536 

GW99657I 
GW996576 

WY 

WY 
WY 
W 

WY 

W 
WY 

serine/threonine-protein GW996666 W modifier 1 
phosphatase PP-V trypsin GW996658 Y 

ubiquitin-conjugating C0576855 Y 

Gene expression, regulation & protein synthesis enzyme E2-230k 
ubiquitin-conjugating GW996493 W 

Transcription enzyme H5b 
CCR4-NOT transcription 
complex, subunit 10 
CDl51 antigen 
enhancer of yellow 2 
transcription factor 
Ets protein 
novel KRAB box and zinc 

GW996492 

GW996502 
GW996628 

H0000130 
GW996602 

W 

WY 
Y 

WY 
Y 

Glucose & carbohydrate metabolism 
beta-I,4-mannanase GW99665I 
fructose 1,6-bisphosphate GW996515 
aldolase 
glyceraldehyde-3
phosphate dehydrogenase 

GW996516 

WY 
W 

W 

finger, C2H2 type domain 
containing protein 
transcription elongation GW996490 Y 

LReO_3 
oligosaccharyl transferase 
phosphoglucose isomerase 

CK991473 
GW996557 
GW996634 

WY 
W 
W 

regulator 1 (cal 50) phosphopyruvate hydratase GW996617 Y 
transcription factor HOOOOl27 WYV short-chain alcohol EE662595 WV 
transcription Initiation GW996559 Y dehydrogenase 
factor IIF subunit beta stylicine 2 GW996588 WY 
isoform I triosephosphate isomerase GW996643 W 

RNA polymerase 
elongation factor ELL2 

II GW996562 WY 
Fatty acid metabolism 
phytanoyl-CoA GW996496 Y 

Translation dioxygenase 
eukaryotic translation 
initiation factor 2 gamma 
subunit 

GW9966 I 5 WY 
Electron transport 
arginase, type 2 DW042869 WYV 

coenzyme Q5 homolog, GW996497 W 
RNA processing methyl transferase 
23S rRNA 5-methyluridine CK991463 W cytochrome c oxidase CK991535 W 
methyltransferase cytochrome c oxidase GW996555 WY 
ATP-dependent RNA HOOOOl28 WY subunit II 
helicase cytochrome c oxidase HOOOO1l9 WY 
A TP-dependent RNA C0777310 WY subunit Vic 
helicase DDX54 cytochrome c oxidase, GW996504 WY 
DNA dependent ATPase GW996488 WV subunit VilA 
and helicase NADH dehydrogenase EB409358 W 
heterogeneous nuclear GW996489 W'( isoform 1 
ribonucleoprotein r NADH-ubiquinone GW996585 W 
pre-mRNA splicing factor HOOOOl21 WY oxidoreductase Fe-S 
ribosome biogenesis GW996639 WY protein 7 
protein NSA2 succinate dehydrogenase, GW996579 WY 
splicing factor, GW996636 WY cytochrome b subunit 
arginine/serine-rich II 

ATP synthesis 

Energy & metabolism 
A TP lipid-binding protein 
like protein 

DW042557 WY 

Nucleic acid metabolism 
adenosine deaminase GW996621 WY 

A TP synthase a chain 
A TP synthase subunit 

DW404925 
GW996590 

W 
WV 

gamma 
Protein metabolism 
26S protease regulatory 
subunit 8 
chymotrypsin BI 
cystathionine beta-lyase 
dmgdh protein 

GW996635 

GW996664 
GW996543 
GW996653 

Y 

Y 
WV 
WY 

Others 
acyl-CoA-binding protein 
charged multivesicular 
body protein 2a 
Dyak\GE2I 870-PA 

GW996583 
H0000131 

EB409247 

YV 
WY 

WY 
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Putative gene' Accession Pathogenb Putative gene" Accession Pathogenb 

methylmalonate
semialdehyde 
dehydrogenase family 
protein 
mitochondrial 2
oxoglutarate/malate carrier 
protein 

GW996540 

GW996584 

W 

WYV 

cuticle protein 
cytochrome P450 enzyme 
DNA binding protein with 
his-thr domain 
DUF788 membrane 
protein 
glycolipid transfer protein 

EE663326 
GW996500 
GW996533 

GW996554 

H0000135 

WYV 

W 

V 

YV 

Y 

Transport 
domain containing I 
GPI-anchored cell surface GW996581 YV 

Cation transport 
high-affinity potassium 
transporter 
Na+/K +-A TPase alpha 
subunit 

GW996513 

GW996498 

WY 

W 

glycoprotein (flocculin) 
histone h 1.1 
integral membrane 
regulatory protein 
kelch domain-containing 

GW996633 
GW996599 

GW996548 

W 

YV 

WV 
prolyl-tRNA synthetase 
V-type ATPase subunit D 

EE661921 
GW99664I 

W 
W 

protein 
lamin CG6944-PA H0000133 YV 

Protein transport 
AP-3 complex subunit 
beta-I 
c1athrin coat assembly 
protein ap 17 
sodium-dependent nutrient 
amino acid transporter 

GW996569 

GW996604 

GW996512 

WY 

Y 

W 

lim domain binding protein 
male-specific lethal 3-like 
I 
mammalian NucleoSTemin 
membrane-associated 
DHHC5 zinc finger protein 
mitochondrial ribosomal 
protein, L40 

EE662826 
GW996523 

E8409271 
EB389185 

GW996605 

YV 
Y 

Y 
YV 

WY 

Others niemann-Pick Type C-2 GW996629 WYV 
metal ion transporter GW996578 WY nuclear respiratory factor-2 GW996587 YV 
mfs transporter GW996494 W subunit alpha 

solute carrier 
member9 

family 6, GW996505 W nucleic acid binding 
p 15-2a protein 

GW996532 
GW996575 

YV 
YV 

PDZ domain-containing GW996514 WV 

Structural & cytoskeleton related proteins 
Actin GW996592 W 

protein 
phd finger protein E8389144 V 

actin-binding protein ipp HOOOOl34 WY plasminogen activator sPA GW996510 Y 
alpha-tubulin GW996580 W pollen coat oleosin-glycine GW996552 Y 
dynein heavy chain DW678139 W rich protein 
keratin associated protein GW996657 WY pol polyprotein DW404885 YV 
4-11 isoform 3 pol polyprotein HOOOO II 7 Y 
kinesin-Iike boursin 
Trichohyalin 
tubulin beta-I chain 

GW996624 
GW996614 
GW996499 

W 
WY 
WY 

pol-like protein 

pol-like protein 

DW4051J6 

DW405439 
YV 

W 

pol-like protein CK99 1467 WY 

Miscellaneous functions 
pol-like protein DW405466 W 

2-keto-3-deoxygalactonate 
kinase 

HOOOOl16 WY polyADP
ribosyltransferase 

GW996608 Y 

77 kDa echinoderm HOOOOl20 YV reductase-related protein GW996600 YV 

microtubule-associated response regulator GW996522 YV 
protein aspartate phosphatase 
alkaline phosphatase DW405385 W ribosomal protein L8 GW996640 Y 
domain-containing protein ribosomal protein Lli GW996534 WV 
antistasin GW996622 YV ribosomal protein Lli GW996619 YV 
axoneme-associated DW404975 W ribosomal protein L32 GW996667 YV 
protein mstl 0 I 
bifunctional endo-l, 4-beta
xylanase xylA precursor 
bromodomain-containing 
protein 
cement precursor protein 

DW042590 

DW042838 

GW996572 

V 

WY 

Y 

ribosomal protein P2 

ribosomal protein S20 

RNA binding motif protein 
25 
RWD domain containing I 

GW996654 

GW996487 

GW996546 

GW996616 

YV 

WYV 

YV 

Y 

38 variant 3 salivary gland secretion 3 HOOOOl23 Y 
chup I (chloroplast unusual GW99649I YV CGll720-PA 
positioning I) salivary gland secretion I EE66292I YV 
coatomer subunit beta H0000136 W CG3047-PA 

coiled-coil domain GW996582 YV serine/arginine repetitive GW996507 YV 

containing 55 
collagen-like 
SclZ.12 

protein HOOOOI22 YV 

matrix I isoform 2 
sperm-specific protein 
PHI-28protein PHI-3 

GW99663I Y 

CTD-binding 
protein rA9 

SR-like GW9966 I I YV structure-speci fic 
recognition protein 

GW996638 Y 
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Putative gene" 

TMEM9 domain family 
member B 
translocation protein 
protein 
transmembrane protein 
86A 
truncated magnesium or 
manganese-dependent 
protein phosphatase 
vegetative cell wall protein 
vitelline membrane outer 
layer protein I-like protein 

... d''''-4
BlastX lnll BI.sIN llfl11HlVf111 E 

Accession 

GW996526 

GW996606 

EE663050 

GW996652 

GW996549 
EB409350 

Pathogenb 

Y 

YV 

WYV 

YV 

WYV 
V 

Putative gene" Accession 

Wolf-Hirschhorn HOOOOl40 
syndrome candidate 
protein isoform 1 
zinc finger protein DW40555I 
zinc finger protein CK991529 
zinc finger protein GW996659 
zinc finger, CCHC domain GW996593 
containing 24 
zinc finger protein CCCH GW996603 
domain-containing protein 
zinc finger protein EE662652 
ZF(C3H)-5 
ZNF180 protein GW996642 

6W, WSSV; Y, YHV; V, Vibrio harveyi 

Pathogenb 

W 

WV 
V 
V 
YV 

YV 

V 

Y 
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4cv ~IfJl v0 

tJUtJUNiJfI 6A1Jlf)tn'JfI1 eDNA mieroarray wJtJ real time RT-PCR 

o ~ cv .di~ ~ i ...0

'YIlf11ltl'WtltHH'l'YI mllflf11l'Yll cDNA microarray ~1t1 real time RT-PCR ~tI\9ll1~""tlUl~~Uf11l 

dod ~ 

!!""~.:Jtltlfl'\Jtl.:JtI'W~1'W1'W 6 tI'Wfltl mitochondrial 2-oxoglutarate/malate carrier protein, cathepsin L, 

penaeidin 5, hemocyte kazal-type proteinase inhibitor (Prn2), AGAP000432-PA UJ:l~ f.h..l~t~'W unknown 1 

d .k i .:, i .d~ ~ 0 91 ... .d
fl'W 9f.:J ~tI'YI1 tJHJ:l'YI1~~lflf11lm real time PCR 'fftl~flJ:ltl.:JflUHJ:l'\Jtl.:j micro array (\9l1l1.:J'YI 3) 

.e( ~ Q.I o. V . 
1i11'n:n13. fJlWUfHIOl'n'11 mIcro array f11fJ real tIme RT-PCR 

GenBank Microarray QRT-PCR 

Accession Pathogen (fold change) (fold change) 

6 hpi 24 hpi 48 hpi 6 hpi 24 hpi 48 hpi 

DW042937 WSSV 1.28 4.41 2.33 I.S9 ± 0.13 111.4 ± 0.0 4.37 ± 1.13 

(AGAPOO0432-PA) YHV 0.97 1.47 2.00 0.46 ± 0.03 1.70 ± 0.07 15.37 ± 2.54 

V harveyi 1.06 0.77 0.99 1.45 ± 0.25 1.31 ±O.IO 0.40 ± 0.10 

GW996584 WSSV 1.18 2.18 1.01 0.72 ± 0.13 1.97 ± 0.26 1.00 ± 0.21 

(Mitochondrial 2 YHV 0.93 1.18 2.18 l.53±0.IS 1.25 ± 0.06 1.85± 0.11 

oxoglutarate/malate V harveyi 1.63 1.88 2.00 1.19 ± 0.24 1.86 ± 0.11 1.48±0.14 

carrier protein) 

EF213I1S WSSV 0.77 3.75 3.55 0.47±0.14 9.35 ± 0.27 3.77 ± 0.40 

(Cathepsin L) YHV 0.77 2.69 1.68 0.42 ±0.09 3.91 ± 0.47 1.80 ± 0.10 

V harvey; 1.02 1.32 1.39 0.S4 ±0.08 1.47 ± 0.02 1.82 ± 0.08 

HOO0474S WSSV 5.83 0.21 0.75 4.65 ± 0.50 0.22±0.03 1.21 ±0.17 

(Unknown) YHV 4.16 0.97 1.37 2.27 ±0.23 1.18 ±0.03 1.20 ± 0.24 

V harveyi 2.00 0.30 2.90 8.09 ± 0.44 0.44±0.10 6.92 ± 0.85 

GH7 I 7907 WSSV 2.60 0.33 0.90 2.78 ± 0.23 0.09 ±0.01 1.04 ± 0.05 

(Penaeidin 5) YHV 3.83 0.81 0.96 3.88 ± 0.04 1.31 ± 0.00 1.10 ± 0.07 

V harveyi 0.89 0.30 1.33 l.54±0.15 0.48 ± O.OS 0.84 ± 0.14 

BI018075 WSSV 2.1 0.24 0.30 3.09 ±0.08 0.06±0.00 0.05 ± 0.00 

(Hemocyte kazal-type YHV 2.35 0.45 0.59 6.47 ± 0.06 0.26 ±0.01 0.29 ±0.01 

proteinase inhibitor V harvey; 0.75 0.89 0.84 1.30 ± 0.18 0.81 ± 0.08 0.83 ± 0.06 

(Pm2» 

I " I JJo 4:Sd 'Cl~ 0 dd. f ~~ 

microarray 'V'IU~l'Wl'WfJ'W'YI\9lVU'ffUtl.:j\9lVf11l\9l~H'lftl WSSV ~.:j~~ UJ:l~~lU1UtlU'YI\9lVU'ffUtl.:J\9ltlf11l\9l~H'lfV 

dd 9I.d ~ 11]91 ... 
l!Ufl'YItlfJ V. harveyi 'V'IUUVfJ'YI~~ fll'if1fl'I:Jl'\Jtl.:J Wang !!J:l~fltu~ (2008) 1~\9ll1~'ffVUl~~Uf11lU""~.:JVtlfl 

d .d ... Id ... 1 q rJJ d .Q ~ odd .o:k 0 d dCi 
'\Jtl.:)tlU'YltlJJ:lfJ'Wl!lJJ:l':) ltH.l.:j~U \9l~t'lfV WSSV UJ:l~ UUfl'YItltl V. anguilarum 9fH1U1UtI'W'YIlJf11'i 

. ." 
u""~.:JtlvmtJ~tI'Wl!tJJ:l.:JitJdjtl~.:)~~t~V WSSV ~.:Jfll1 V. anguilarum 1.7 t'vh ~lflflnfffl'I:Jl'\Jtl.:Jfl~lJl~tI 

tll trlmmtlUtVitlU~lU1UVU~!!'ff~':)eJvmtJ~tlu!!tJJ:l.:JitJl~ldl.:J~':)~~ WSSV UJ:l~ YHV 'V'IU11~lU1UVU 
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• • 

'" """" 11 'Hm1J fI 'YH ':it.! Vibrio 
o
'" 1 0 1 ,~.:::t t:::I


!lH).:JlJl'il1f1m1lJ~'WUH 'Wf11mfl 'jfl~fl.:J wssv L.!.:Jf111 YHV l1'jfl U1JflYU1t1 Vibrio (Lightner, 1993; 

Flegel, 2006; Flegel, 2007) v'W~mY~.:Jflflf1l~lJ~'WU~~~~~.:Ji'Wfl.:J~~H4fll1'r'ff'V'l1J'ff.:J'ff~ 1mYm1~~fl.:Jli 
II <u II II 

5~'j1f11'j\911fJL.! .:JLl~ i 'W'\JW~~V'W~ lif11'j U 'ff~.:Jflflf1l~lJ~'W1'W~.:J~~L4mL1JflViL~ tI Vibrio 'V'l1JL.! .:JLrlfl~.:JL~lJ~~ 
~ ~.:::t d ~ ~ 1 3J..e::t. ,d d d.1d. 0 Q.I I c::.. 'JI QI 'J} C! ad. 

L 'lffl U 'ff~.:J tl.:J tI'W 'YI U'ff~.:J fl fl f1l 'V'llJ '\J 'W 'W f1.:J ~~ Vibrio 'W 1'il ~L11 'W tI'W 'YIlJ fl11lJ 'ff1 fI OJ ~ fl.f1lJ fllJ f1'W '\J fl.:J f1.:J tI'W 'YI 
II u cu II q 

LL'ff~.:Jflflf1lvilJ~'W1'Wfl.:J~~L4fl ~h1'ffbhm1ci.:J L'lf'WV'W ~LL'ff~.:Jflflf1lvilJ~'Wm 'V'l1~~ 48 h ml.:Jf1UU~L4fl~.:Jfl.:J. . 
fl~i 'W 'ff.f111~ i f1~~1t1 (moribund stage) ell 'ilff1JL~ fl.:J lJl 'illf1 ~h1'ff1 ,*lh~ lt1'1ftJ'\Jfl.:JV'WL'I1 ci 1rl'i 'W f11'jtlfl 11 fI 

(Wang U~~flW~ 2006; Pongsomboon U~~f1W~ 2008; Prapavorarat U~~flW~ 2010) U~~'V'l1J'hi'W 
.:::!'jJClQI do.c:::t~.:::l .:::S .J d!.Q 

'j ~ fJ~ L1~ 1'Y1 fl.:J lJ fl~ 'j 1f11 'j~ 1t1L.!.:J Ll~ 'il ~ lJ 'ill 'W 1'W tI'W 'YIlJ f11'j U'ff~.:J fl fl f1 ~~ ~.:J lJl f1'Y1 Ll~ C)j'.:J fll 'il Lf1~ L'W fl.:J 'ill f1 

, 11'fftlfl 11flf1~f11'jVi1.:J1'W '\Jfl.:J'j~ 1J1J.f1iJlllJtl'W'\Jfl.:J host L~flLvilJ1glJlWU~~tlfl11 fl V'W ~ LLbY~.:J flflf1~~~.:J 
OJ • 

o >I 0 


~ j.I Cl ~ ..:!t ..:!t ..::::!to jI 0 1 11) '" 

LlJflfl.:J~~L'lffl'ff1JL'Wfl.:J'il1f1'V'lfJ1'1i'ffm'V'l'\Jfl.:Jfl.:JLfl.:J LL~~'il1f1f11m~f11'j'YI1.:J1'W ~tI L1'j'ff (Wang U~~flW~ 2006; 

Kash LL~~f1W~ 2006) 

• • IV 

"" , • .of ... 4 
fJUfI€,JU defense & homeostaslS nUl!VJ~fJfJm'tYmm 

" I , V """11d..o::i .Q.dl1 Y .Q..:!tli]QI..:!t dt::Sli]31 1 

tI'W 'W f1~ lJ'W 'YIU 'ff~.:J flflf1l 'V'llJ~ 'W 'W f1.:J~~ L 'lffl L1'j 'ffL!~ ~ 11 'j flU1Jfl 'YI L'j tI !~Uf1 antimicrobial pep tides 

(AMPs) (penaeidins, ALF, ALF-like, crustin LW~ single whey acidic protein), pattern recognition proteins 

(PRPs) (vesicular mannose-binding lectin, chitin-binding lectin, C-type lectin receptor, ficolin I-like, 

PmA V U~~ minus agglutinin), protease & their inhibitors (papain family cysteine protease containing 

protein, protease ml zinc metalloprotease, protease inhibitor, hemocytes kazal-type protease inhibItors, 

legumain, serine protease inhibitor U~~ cathepsin L), prophenoloxidase (proPO) system 

(prophenoloxidase-activating enzymes, prophenoloxidase-activating factor, masquerade-like serine 

protease-like protein 2 U~~ alpha-2-macroglobulin), chaperones (heat shock protein70, heat shock 

protein90 U~~ dnaK protein), detoxification proteins (copper/zinc superoxide dismutase, glutathione S

transferase mu U~~ metallothionein family protein) U~~ clotting proteins (transglutaminase tm~ 

"" '"o 1 ' ,coagulation factor VIII-associated protein) fJW.l'W"l 'Wf1'llJ defense & homeostasis t'lf'W hemomucin, y

"" , 1 ''''
o 

interferon inducible-lysosomal thiol reductase, laccase 1, thrombospondin, thymosin tI'W'ff1'W l1ty'YI 

L'lf'W PRPs 1~ tI~1 hIVi 111 U'1~ 'il~ ~1 ~.:J 

utll:lf1tl~fllJu~~m~~'W'j~1J1J.f1iJlllJtl'W (Medzhitov U~~ Janeway, 1997; Koizumi U~~flW~ 1999; Yu U~~. .,. 
'1 ~ .,g "" '" ~ '" 11) ... 11) ~ 

flW~ 1999) !'Wfl.:J PmAV C)j'.:JlJ C-type lectin-like domain 'ff1lJUtltl1JtI.:Jf1UL'il'jty'\Jfl.:J nnY !~ (Luo U~~ 
, • lfJ d CI d d ;: 0 & III Id .d 'j) 'j/Q.I 

flW~ 2003) U~fltl1.:J !'jf1~llJtI'W 'YILt 'ff~.:Jflflf1l'V'llJ'\J'W 'il1'W 1'W 11'W.:J !lJlJ'j1t1.:J1'W fl11lJtf1t11'\Jfl.:Jf11Jf11'j~1'W'YI1'W 
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• • 

•• 

iJ , 31 !J.I jI
q.:9GiV' , do Q~Q.l9vat,~ 

fll'J\PI~!·IH) ~'WfJ\llJ1flfl'W !'If'W fico lin I-like protein llfll'Jtt'ff~\lflflm'\"lll'lJ'W'Vl\l t'WfJ\I\PI~!'lffl WSSV tti:l~ YHV 

'I 0 !II d !II 
~'WfI'W ficolins 'Vlll1'W1'Vlm~~'W classical complement pathway tti:l~ lectin pathway (Runza tti:l~flW~ 

. " " 
2008) Gamma-interferon-inducible-lysosomal thiol reductase (GILT) iifll'JU'ff~\lflflm~ll~'W'I1\1i'Wfi'\I~~• 
~ " , Q.I ~ d., , CO) 

!'lffl WSSV tti:l~ YHV !'If'Wfl'W 111flfll'H'I'fl£ll'Vl~1'W1J1 t'W disk abalone (Haliotis discus discus) Ui:l~ orange
, " 

spotted grouper (Epinephe!us coioides) ~'W GILT 'I1~fl GILT-like ijfll'Jtt'ff~\lflflm~ll~'Wmr\l111fl{i~ LPS 

(De Zoysa tti:l~ Lee, 2007; Dan tti:l~flW~ 2007) ij'J1t1\11'W GILT vhmhYiwJUflllfll'Jl11\11'W'lJfl\l T-cell• 
v I - I " 

activation (Barjaktarevic tti:l~ flW~ 2006) l11 i:l1tIL'lfflfi fl h fltt~~IC]fi:l rl'!'iYflllffm'\"lViI~'W ~i:l111flfll'J~~I'lffl 
I • jI 'JI 

(Lackman tti:l~ Cresswell, 2006) V'Wi'Wflcill defense & homeostasis VimY~\lflflm~ll~'W!'\1cillJ 11111~ijri1'W• 
" ~111 i 'W fll'J ~fll9i'l'W fll'J ~~I 'lffl'lJ fl\l fi'\I• 

, , .. 
q , • • ...c:f .q 4 
£I'Uf)'}U cell cycle/DNA synthesIS, repair & rep!tcation nUf!VI-3BBftl'tYU'tJ'U 

" ,dGJ 'd.,~ I. ~ .cld 

tI'W ~'Wfl~ll'Wtt'lJ\lI1J'W 3 fl~lltlfltlflfl apoptosis, cell differentiation tt~~ DNA repair mechanisms tI'W'Vl 

tt'ff~\lflflmiill~'W i 'W fi'\I~~14fl i 1 fff 111 !'11 ~fl\l'Vlfll'l 1 (5 v'W) 11 ~ijfll'JUff~ \lfl fl miill~'W i 'W fi'\I~~14fl i 1f'ff1'l1 .. . 

v, I V 'JI , , 

tt~\I~1\1'lJ11 (9 v'W) !!i:l~ iii'\"luv'W i 'W flcilllJ Vitt 'ff~ \I flflm~ll~'W i 'W fi'\I ~~I'lfflUUfI Vi!~ tI Vibrio V'W Vi In tI 1 'li'fl \I 

. " " 
num~U1'Wfll'J apoptosis fl~l\1!'lf'W rbm25 ijfll'JU'ff~\lflflm~1l~'Wi'W~\I~~I'lffli1f'ff1'l1tt~\I~1\1'lJ11 rbm25 

l11'\1Ul~WJUf,Jllfll'J splicing 'lJfl\l apoptotic factors (Zhou tti:l~flW~ 2008) 1~tI..r1,um~u1'Wfll'J 

apoptosis l11'11Ul~fh1i'~!C]fi:lrl'~\PI1t1uti'1Ui:l~l11'11 U 1~!~tl1nU'J~UU.fJiJ~lln'W (Sahtout tt~~flW~ 2001; 

Khanobdee tti:l~flW~ 2002) 
, , , 

Cldo 910:::1-=1 fjJ cv , 

tI'W'Vl'V11'11'W1'Vl!fltl1'lJfl\lflU cell differentiation !']j''W tankyrase, growth factor progranulin (GRN) 

protein, pHyde tumor suppressor gene tt~~ protein VPRBP (HIV-1 Vpr-binding protein) ijfll'JU'ff~\lflflfl 
I " " ,

!~ll~'W'ff\li'Wfi'\I~~I'lffl WSSV U~~'I1~fl YHV fl~l\1 hnmlli1lll1,j'WJ\I iii'Vl'J1U'I1U lVi'lJfl\lV'Wi'Wflcill cell cu q II II 

, " dd I ~ ~ 91 
differentiation 'VllJ\PI fl fll'J \PI flU ff'W fl\l fll 'J \PI~!']j'fl'lJ fl\l fl•\I 

, "I I" I , 
d. ~ GJ • dd. Q & ~ d d d. Q.I 

tI'Wfl'W"l ~'Wfl~ll'W'V1t!ff~\lflflm'\"llJ'lJ'Wfifl tI'W'Vl!fltl1flU DNA repair mechanisms (double-strand break 

~, &" d. • dG)," 9J 
repair Rad50 ATPase, structural maintenance of chromosomes) fll'J!!'ff~\lflflm'\"llJ'lJ'W'lJfl\ltl'Wfl~ll'W ~'WfJ\I 

:ea ~ .di ~ ~ 0' I ~ ~ GJ gJ QI Q.I I 

\91~ !'lffl'ff1'W 'I1'W \I 'ffU I'W fl\l111flfll'J 'Jfl£llf111lJ 'ffll\! 'J W'lJ fl\l DNA !'If'W fll'J\91~!'lffl 'ff \I ~~ ~ 'I1!fl~ reactive oxygen 

species (ROS) ~\lYilmti DNA (Darbinyan !1i:l~flW~ 2007; Chung Ui:l~flW~ 2010) 

, , .. 
4 , ~ Q 4 

£I'Uf)'}U signaling & communication nUf!VI-3BBftl'tYU'tJ'U 
" I "I 

fl11lJ bY1f1ill'lJ fl\lV'W i 'W fl ci lJlJ Vi ij~ fl fll1 \91 flU 'ff'W fl\l fl1'J ~~ !'lffli 'W fi' \I fi \I iii!~ 'W Vi'Vll1U U 11 ~~ i 'Wu. . 
," jI" 

flllfffl£l1'lJfl\l!'J1 cdks 1 0/11 ijfll'JUff~\lflflm-Wll~'W 'ff \111\1 i 'W fi'\I~~!'lffl'1f'ffl1~~ttUfi Vi!~tI 111mlt1\11'W Vi 
I 

~,h'W 
OJ • 

, , , 
o Y-==t '0 $ldd. 9J Q.I • 

lJ1 cdk10 'Vlll1'Wl'Vlfl1Uf,JlJ cell cycle 'ff1'W cdk11 'Vl1'11'Wl'Vllfltl1'lJfl\lflU transcnptlOn Ui:l~ RNA-processmg 
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'JJ " I 
., JC:t.c::t. d Q 'jJ QJ d d..::::l d 

(Guo U~~ Stiller, 2004; Perez-Martin, 2009) ,\.H)mllf1lHJ'WVllf1t11'UtI~f1'lJUfl'HCJftllll1mtl"l tI'W U~~tI'WVI 

d y IV ~ ~Ji 'jJ~ A'lIJQI
1f1t11'UeJ'If11J G protein signal cascade llf1THlfffl'ltltlf1l'Vlll'U'W 'Wf:)'Il'Iflt'lftllTl"ff ~'LlII1J'Uf11mfffl'leJeJf1'UeJ'I 

, I , " 

'" I i fa..:::l 9J QJ ..::::l.q, dl i ~ "" 
tI'Wff1'W l1qJVllf1Vl'UtI'If11J G protein signal cascade 'iI~llf11'itlfffl~tltlf1l'Vlll'U'W 'W1"~tI~~flmtl'UtI'If111"l'Ifl 

'JJ , , I 

l~tlfieJVi 48 h G protein signal cascade 11:l'Wm~1J1'Wf111"VifflrlqJlllV1tl1Jf111"ri~ffqJqJ1Wi'WICJf~cl ffll1i'1J 
, , , ", 

fl1111 fflrltu'U eJ~V'WVi III tI ltl1JllfI ~ I~VllVili~ tlf111" ~fll~tI 1fl V1111'Llllfl~ I~V11 li fl1111 fflrltu~ tI f111" 1'1 eJ1J ff'U tI~ u u 

'UtI'I1"~1J1JfJiJ~ll tl'U'UtI'I host 1l~llfl~I~Vll~lifl11lJ fflrlqJtl1Jf111"riti 11 fl'UtI~11i'ffl'lf'W tl'W (Cheshenko U~~ 

flW~ 2003) 

fi'Uf)~'u gene expression, regulation & protein synthesis dUi1~.JfJfJmdu1f'U 
I I 'JI 'JI 

.I!:!..::::l ~..::!li9J~~ ~ 
V'UVlllfffl'ltleJf1l'Vlll'U'W 'Wf:)'Il'Im'lfti Vibrio fltI transcription factor llC'l~ DNA dependent ATPase and 

o '" i 9J ~ ~ \II QJ d dd Y -QI d ~ ~ ~ 
helicase ff1l11"1J 'Wf:)~l'Ifll'lfti l11"ff V'WVllf1Vl'UtI'If11J transcription Vlllfffl'ltltlf1l'Vill'U'WfltI transcription 

, I I t 
. . d dd 'j/ QI ~ d do d QI

factor U~~ transcnphon regulator V'U'Vllf1t11'UtI~f11J RNA processing fltI V'W'Vlm~1'Wtf1V1f11J spicing (6 .. 
V'U) V'WVilllV1tl1J RNA modification enzyme (23S rRNA 5-methyluridine methyl-transferase) U~~ 

ribosome biogenesis (ribosome biogenesis protein NSA2) V'W~I~V1tl1Jf111" translationl~llri y subunits 
~.::9. " .:=:! I 

'UeJ'I eukaryotic translation initiation factor 2 f111"llffl'l'ltltlf1l'Vlll'U'W'UtI~V'Wf1~ll gene expression, regulation 

& protein synthesis tIl'ilil1Jlci tI'I 'illf1f111" ff'Ilfl 1" l~11'1'Ll1"~'W ~ ~111:l'W ~tJ'j::;1J 1JfJiJ~lltl'W eJ~l'lI'lf'W Ets protein 

.k~ '" 6..Ji~""JlIJ'" $I"'''
CJf~I1J'U transcription factor llf11mfffl'leJeJf1l'V'lll'U'W 'Wf:)'Il'Ifll'lfti n1"ff Ets protein fll1JfJlll1'W1Vl'UtlWlf~~ 

l1mV"leJ~N ~leJ~NI'lf'W growth, apoptosis, development, differentiation U~::; oncogenic transformation 

.k~1 o"'i =J $I(Oikawa U~::;flW::; 2003) CJf'llu'W m::;1J1'Wf111"fflflqJ 'W f111"l'Itl1Jff'W eJ'If111" I'Ifll'lftl'U eJ~f:)'I 

. . '" 
q , q "" 4 
fJ'Uf)~U energy & metabolism 'fImr~.JfJfJf)mu'IJ'U 

, , 'JI " t , 

V'U ri1'U i 11 qjVi lif11 1" II fffl~ eJtlf1lYlll ~'W i 'W ~'I ~fll~tI1li'ffl 1:1 'UV'W VitII V1'1i'eJ~tl1J protein metabolism, 

glucose & carbohydrate metabolism U~::; electron transport v'Wi'Wf1~lJ'UtI'I protein metabolism ri1'Uhyqj 
'JI t , , 

~ f G) 'j/~ ~ d cS.a QJ d 

11J'Wf1~1l proteasomes ll~::; ubiquitin &'Wf:)'Il'Ifll'lfti Vibrio tI'WVllf1V1f11J proteasomes ll~::; ubiquitin VI 
. " . 

Ufffl'ltltlf1l~ll~'WiJ 1 v'Wfiti polyubiquitin 2 m!lVi'UtI~ proteasomes l!~::; ubiquitin i'W eukaryote 

d 3JQI rI I •• 

1f1t11'UtI'If11Jm~1Jl'Wf111"'UtI~ICJf~~l1mV"l m::;1J1'Wf111" 1'lf'W fl11JfJlJ cell cycle, signal transduchon, 

transcriptional regulation, DNA repair, inflammatory response U~~ antigen presentation (Glickman U~~ 
iI I , t 

d 0 'jI do <)_1 d d d ~ 

Ciechanover, 2002; Quesada 1l~~flW::; 2004) 'Wtlf1'i11f1'W Vlll1'W1Vlmmv &u1"I'I'WVllffVfffl1'VlI'WtI~'illf1f111" 

"" J I 1IJ d '" i$l ') 1IJ '" .k
I'Ifll'lfeJ (Wilkinson, 1999) tlVN &1"f11'1111mlV~1'W'Vl1Jf111" 'If m::;1Jl'Wf111" ubiquitin 'UeJ'I host &flV n1"ff CJf'l 

i wi''I WSSV249 ffllllHl ~1Jtl1J Litopenaeus vannamei ubiquitin-conjugating enzyme !l~::;11:l'W ~~ i'l1'lnfl• 
• 'JI I I' 

0:::1 QI QJ dd d.c:S. <V 

ubiquitination VI RING-H2 motif (Wang 1l~::;flW::; 2005) fl'l'W'Wf111"'Vltl'W'Vllf1t11f11Jm::;1J1'Wf111" ubiquitin 
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• • 

• • • 

• • 

• • • 

, 'JI I 'JI I " 
'jI ..:::::. & .dt 'jI ~ .et ll] I I <v.::9 ~ I ~ Q, ~ gJ.a Ci] 'jI 

'II tl \I fWI1:Yfl \I tl tl fH'V'llJ 'II 'W IlJ tl fl\l ~fl I'lftl ~lJ 'VI 'j 1'I.HI'W 'lffl1:Y1H'W tl \l1l1fl fll'j ~ tl~ 1'W fll'j ~ fl I'lftl'IJ tl \I fl\Il1 'j tlfll 'j ~ 'If.. . 
" ,

lh~ lV'lfU'lJtl\lV'W!11 ,hu'lJtl\l 11 i'mVimi tl hfl 
, r 'JI " 

.c::i' t:::t 4&G}<JJ4..:!tll)<v 'JI<d.i I

'Wtlfl1l1flV'WflillJ protein metabolism 'VI!!1:Yfl\ltltlfH'VllJ'IJ'W ~'WfJ\I~fll'lftl t1'j1:Y!!~1 V'W 'WflillJ electron 

transport U~~ glucose & carbohydrate metabolism 11'J'Wvw;,h'Wlmy~iJfll'j!!1:Yfl\ltltlfH~lJ~'W!'If'Wtl'W 1'W~\I 
'JJ I , " 

~ .a do I d. ~ & 

~fll'lftl Vibrio V'WflillJ electron transport U~~ glucose & carbohydrate metabolism'VIU1:Yfl\ltltlfH'VllJ'IJ'W 
" , ,

l~Ufi arginase, type 2 U~~ short-chain alcohol dehydrogenase ~llJiil~U 1'W~\I~fll:jftl11i'1:Y v'W.yhiitJ1~tl\l 

flUm~U1'Wfll'j glycolysis 11'J'Wv'Wi'Wfl~lJ glucose & carbohydrate metabolism ~'VlU~\I'lfl fll)!!1:Yfl\ltltlfl 

l~lJ~'W'lJtl\lV'W fl~1Jrl''lf1m~1J'Vl~\I\ll'W1i1'flUIC}fmi'~~flI4tl 'j lV\ll'W~Hl'WlJl i 'W~\I~flI4tl WSSV 1l1flfll'j 
1 , ,'JJ 

'" "I <L I '" '" .1"'.1 "1.1 "I 91 "" <!I 91 "I I 

~'j11l1:Ym.W'W11'jtl ~lJ'j~'W'VIU1:Yfl\ltltlfHlJ~V'WUlJ~\I ~lJIlJtlfJ\I~fll'lftlWJV micro array l1'jtl proteomic 'Vl1l1l 

V'W i 'Wm~1l1'W fll'j glycolytic pathway II~~ electron transport 1'If'W phosphopyruvate hydratase, fructose 

1,6-bisphosphate aldolase, glyceraldehydes-3-phosphate dehydrogenase, cytochrome c oxidase subunits I 
, " 

'" "" d/U~~ cytochrome c oxidase subunits IV lJfll)!!1:Yfl\ltltlfH'VllJ'IJ'W (Leu !!n~ml!~ 2007; Wang !!~~fltU~ 2007) 

'W tlfllllflifv'W ~1~V1~tl\l flllfll'j if\I Ifl 'j l~ 11' ATP I1'J'W ~flfl ci 1..1 11i1\I~iJfll'j 111:Yfl \ltltlfl 1~1J~'W1'Wf1\1~fl 
Jb'JCl.I ~ ctd. &~ ~cv 

l'lftl n'j1:YU~~l1'jtl!!llfl'VInV C}f\lfltl ATP synthase gamma subunit !!~~ ATP synthase a chain ~m\ll'W11lV 

'jI Q.J & d 
'IJtl\ll'jl1:Ytlflfl~tl\lflllfllH1'flfJ1'IJtl\l Wang lW~flru~ (2007) 'VI'Vl1l mitochondrial ATP synthase proteins 

, "" I 'JI I 1 

U1:Yfl\ltltlfH~lJ~'W1'W f1\1~fl I~tl11i'1:Y wssv fll'j!! 1:Yfl\ltltlm~lJ ~'W 'II tl \lV'W .yhiiV1~tl\l flll fll'j f!-.Iil~'Vl ~\I\ll'W• 
'lf1mr\I 11:YjlJ flln11\1l'W 'II tl\l 'j ~ 1111 fl iJfi'lJ fl'W 1'W 'IJru~I~V1tl'W I1'J 'W fll 'j l~lJ'Vl ~\I\Il'Wl~tl'lf1V11i'1:Y1 'W fll'jl ~1..1'" . 
o 'jJ' Q,I 

lll'W1'Wfl1V!'If'Wfl'W 

• I .. 
q , .c:t ~ 4 

fl'Uf)9:JJ structural & cytoskeleton related protein nUi1V1.:Jf}f}f)ftY:JJ"lJU 
"1 1 'JI i1 " 

V'W i'W flcilJUYi!!1:Yfl\I tltlfH~lJ~'W'Vl'lJm 'Vll~ i 'W f1\1~fll:jftl l1f1:Y ltl'Vlu i 'W f1\1~fll~ml11 flYi !1V Vibrio lllfl 

4:9 d , 1.1) Q.I i ~ I J 'jI ~ i d/ •
fll'jf1'flfJl'V1f!-.1l'Wm t1'j1:Y1:YlmHl 'lfV'Wfl~lJ'W l'lJltltlmC}f~~'IJtl\l host 'Wfll'jf1'flfJl'IJtl\ll'jl actms, tubulins,• 

I 'JI 'JI " 
'" ""d/i9J~.:!t"1Q.1t:::t let Cit:!

dynein heavy chain !!~~ kinesin-like boursin lJfl1'jU1:Yfl\ltltlfH'VllJ'IJ'W 'WfJ\I~fll'lftl t1'j1:Y V'W!11m'W'V.!flV'WlJ 

'jlV\ll'W'lhvl1f1:Yllmfl host (Liu !!~~flru~ 1999; Wilk !!~~flru~ 1999; Dohner !!n~ Sodeik, 2004; Jolly 

IW~flru~ 2007) 

. . .. 
q, q .,. 4 

fl'Uf)9:JJ transport nUi1V1.:Jf}f}f)ftY:JJ"IJ'U 

" I , " " " 

V'W i 'W fl ci 1..1 UYi II 1:Yfl \I tl fJ m ~1J~ 'W 'Vl1l111 'Vll~ i 'W fi\I~fll~fJ l1f1:Y! 'If'W tl'W ltll'l U i 'W fi\l~ fl1 ~m11l fl Yil1 V 

~J .c::i I ddt I'jI~': g} 

Vibrio fll'j!!1:Yfl\l tltl m'VllJ'IJ'W 'IJtl\lV'W fl~lJ transport 11J'W f!-.Im 'W tl \llllflfl1'j~ fJ~ 1'W fl1'j~fll'1ftl'IJtl\lfJ\lU~~fll'j 
, ' " 

1~1J~1'W1'W'lJtl\l11f1:Y ~1mh\lI'1f'W sodium-dependent nutrient amino acid transporter U1:Yfl\ltltlfH~lJ~'Wi'W 
'iJ "" ~ "1 '" "", 0 ~I i '" 0',.1 '" .ok ~I .:: 'iJ i '" 0'
fl\I~fll'lftl ~1'j1:Y WSSV mfltl~lJ ~'W1l1IlJ'W 'Wfl1'j1:Y\llml~l1 ~lJ'j~'W C}f\lllJ'W1:Yl'j~\I~'W 'Wfl1'j1:Y\llml~l1. 
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bioactive molecules 'Hmtl'1'lfiJ~Hl(l~rr'lt1J'U!!'H~'1'W~'N1'U (Hames 11(l~f1W~ 1997) ti'U~I~tl1<UU'In1J 

clathrin-mediated transport 1'li'U clathrin coat assembly protein ap17 !!(I~ AP-3 complex subunit beta-l ij 
, "iI Iii, I 
"''''ll'J.I'''<!iiQ..l ~& .c:Id~!V cv

f1THl (I'~ 'I U Unl'tUI 'U 'U 'U fJ'Il'l ~ I'lfU T'j (I' f1THl (I'~ 'I U U f1l vnJ 'U'U 'U U'I tl 'U 'Vll f1tl 1'U U'I f11J clathrin-mediated 
, '" f I 

transport m~iY'UI'UU'I ~1f1f11'j 1.w'U l'H ~Ttl!~Ul<Ul~Ic)H'l rl'Q'I'U U'I i 11(l' 1~ tl111 i tJ endocytosis 'U U'I 111(1' 

(l'llJl'jtli~ clathrin (Gao !!(I~f1W~ 2005; Kirchhausen, 2009) V-type H+ ATPase (V-ATPase) .yh'H'lj'l~ 
QI ,c{d. 0 9J d. d 91 Q,I Cl 'j} Q.I •• Q.I 

'jf1fl1(1'lJfJ(lf)'j ~ f11'1 lC)f(l (I'YI'Vl1'H'U 1'YIlfW1'U U'I f11J 'j~1J1JlJlJfJ lJf1'U l'lfh\ macrophages V-ATPase 'If1 tl'U 1J 

f)'j f1UU f1l ~U(l~ f111lJ 11] 'U f1 'jfl'll U'IlGJf(l rl' ~'1 f1 n 1 f1fJ 1 (l'lJ fI (I f1 'jfl ~ 1'1 ij f111lJ'tYl fiUJ i 'U f11'j 'V11'11'U 'U U'I 
• u 

macrophages (De Vito It(l~f1ru~ 2006) 

2.5 ~qt1fm'Uij-3fl1'jl.uu 

~lf1f11'jfff1fl1 'W1Jti'U~1'U1'U'Hrl'l~il1~~I~tl1<UU'In1Jf11'jl'iuI'i'1'U f11'j~f114u i 11(1' WSSV, 111(1' YHV 

'UU'Iti''1 V'U~il1~~ijfl11lHhfiUJI'iUfliJli"JJfi''U'UU'In'l 1'li'U ti'Ui'Uf1~lJ defense & homeostasis, f1(l.'lJ cell 
q u q,r q q q 

J/ J/ • 
• ~ d I l.d~ d. do 

cyclelDNA synthesis, repair & replication !!(I::;f1'llJ energy & metabolism f11'jflf1fJ1'U'lf1tl1J'I'lftl'ltl'U'YI 

l-h~~'Wli tJfff1fl1l'iU I~U1Ml<Ul i ~ i 'Um~1J1'Uf11'j1'i'1'U i 11(1''H~UlI1JfI-vllj tl 'j11l.tf'lf11'j'W1 i tJtJ'j::;~f1l'1'i~i'U 
f11'jllU'In'Uf11'j~f114u'Uu'In'lI'li'U f11'jtJ'j~tlf1l'1'i~tJ'j::; ltl'lftJ~lf1ti'U l~mn1JfllJf11'j~f114u i 'Un'l f11'jfifl(l'ltl 

q q q q 

... 0''J.I 'J.I dj 'J.I ~ ~ 0' , .: 'J/
'Vl'U liI'l1'U'YI1'U llfl'UeJ'If1'1 l'U'U 1'l'U C)f'l~~ltl'UtJ'j~ ltl'lf'Ul'luul'l (l'1'H f)'j'j1lf11'j 1'W1~mtl'lf1'l 

q q q q 
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