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1~vhmn~~~1'w')'W1')f~,r,)bVl~'fl~ (Yellow Head Virus; YHV) t~tJmJ'~~n~n~1~1 • • 
I 11 I II 

~')tJ haemolymph ~~~b~'fl YHV mJ'(1]J',)'"l~'flU haemolymph "lJ'fl~~~~~1~1~Qn~11~~~b~'fl 

t~tJ'iJfi dot-blot ~lit~ t 'W t~~'W'flmb'fl'W~U'fl~(;]'fl hJJ'~'W"lJ'W1~ 135 kD "lJ'fl~ YHV dJ'W(;]')(1]J',)'"l~'flU 
, " 

'V'/U(hiJ~,)1~~1bYn:::~~(;]'fln~~~~b~'fl mnbtJnh.lJ'~'Wtm~~~1~"lJ'fl~ YHV t~tJ'iJfi SDS-PAGE 
'IJ • 

'V'/u~11~h.lJ'~'W 3 bb(lU ~~uJ':::n'flU~')tJttJJ'~'W"lJ'W1~ 135 kD 67 kD bb~::: 22 kD mJ'Vl1~1~U 

nJ'~'fl:::m'W~U~1tJ N "lJ'fl~tUJ'~'W"lJ'W1~ 135 kD 'V'/u~1iJkl~udJ'W TILSGIPEKDKSVLMA 

~1V1fu~1~UnJ'~'fld1t'W~U~1tJ N "lJ'fl~tUJ'~'W"lJ'W1~ 67 kD 'V'/U~1iJ~1~udj'W LAPRQARVRG 

'"l1nmJ'(;]~tJ'fltJtUJ'~'W"lJ'W1~ 67 kD t~tJl-nb'fl'Wh~'Vi~'U6]'W 'V'/u~11~b'V'/ul'Vl~ 4 ~,)'W bb(;]~1~1J'(l 
, " , 

Vl1~1~U"lJ'fl~nJ'~'fl:::m'W~U~1tJ N "lJ'fl~b'V'/ul'Vl~bVl~1t!'W1~d~tJ~ 3 b'V'/ul'Vl~ t~tJb'V'/ul'Vl~Vl 1 iJ 

~1~U~U~1tJ N dJ'W GALFTQGT b'V'/ul'Vl~~ 3 iJ~1~U~U~1tJ N btl'W YDAPPG bb~::: b'V'/ul'Vl~ 
~ 4 iJ~1~U~U~1tJ N btl'W YLPLGAIVQK 



Abstract 

Yellow head virus (YHV) was prepared by injecting Penaeus monodon with YHV­

infected haemolymph. A highly specific detection of YHV in the haemolymph of 

experimentally infected shrimps was obtained with dot-blotting using monoclonal 

antibody raised against 135 kD protein of YHV (V3-2B) as a probe. The SDS-PAGE of 

partially purified YHV displayed three bands of structural proteins consisting of 135 kD 

(putative envelope) 67 kD (putative capsid) and 22 kD (putative matrix). Determination 

of amino acid sequence at the N-terminal of the 135 kD protein was revealed as 

TILSGIPEKDKSVLMA. The amino acid sequence at the N-terminal of 67 kD protein was 

also identified as LAPROARVRG. Tryptic digestion of the 67 kD protein was performed 

and four fragments of smaller peptides were obtained. However, only three peptides 

were able to be sequenced. The N-terminal amino acid sequences of those peptides 

are GALFTOGT, YDAPPG and YLPLGAIVO. 
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" 
8 

Mtlbb'tl::'flJitl:i'1Ue.J'tln1:i''Vl~'tl'fl':) 

10 

10 

10 

13 

16 

q 



" 1111,11 
, " , 

1 m11n1'l"'l~'elU haemolymph '1I'el-l~-lVi~(9)L~'el YHV b(9)u';Jfi dot-blotting Vit-if 

b:\.JbUb~~'W'el~LL'el'W~U'el~~'el btJ1~'W 135 kO '1I'el-l YHV (V 3-28) LU'W~'l1n1'l'"l~'elU 11 

2 Coomassie blue stained SOS-PAGE "1I'el\lbtJ1~'Wr.l1n1'lf~ YHV 

3 LL~(9)\lLtJ1~'W'1I'el-l YHV Uu Coomassie blue-stained SOS-PAGE ri'el'WmnilmVl 

~LLcJ'WL:\.J:\.JLU1'W PVOF 
'lJ 

11 

12 



Wl n~ tJ~ n~ mn ~'l1 'WtlJ'~L 'Vll"lt 'VltJ YlU~'l ~'l~'lJ'ClY]'l J''ltJ t~ L -if 'l~tlJ'~L 'Vll"lt~'flth~~'l n . . '" 
" " ~'ltJ 'flth~hnl?l'l~ 1'WJ'~tJ~'\-1i~1l WlJ'~I?lL~'flLJ''''1bf~,x'Jm~'fl~ (yellow head virus: YHV) LL~:: 

LJ''''1t'Jf~!?l'JLLI?l~I?l'J~"1l'l'J (white spot syndrome virus: WSSV) 1'W~~~~'l~'l (Boonyaratpalin 

et aI., 1993; Wongteerasupaya et aI., 1995) t~ri'fl1~\nl?l"'1'J'l~L~tJ'\-1'ltJ'Vl'l~LM'rJ'jn"'ldj'W 

mh~~'ln Ll?ltJYlU~'l1'Wu "'1.I"l. 1995 WlJ'CJ~l?ln~"'l'lntlJ'~L'Vll"lt'VltJ~I?l~~"'l'lnu "'1.I"l. 1994 ~~ • 

., ., , 
1997) ~~'l!'Wn'lJ'i1'fl~ n'WLL~::n'lJ'f)U"'l,rtJn'lJ'~1?l L~'flt'Jf~1 'Wn~ n~'l ~'l~~ LU'W~~~'1 LU'W • • 

LJ''''1t'Jf~,x'J L'\-1~'fl~ 1 'Wn~ n~'l ~'l LU'W LJ''''1~'lmLNLL~~Ln I?lWlJ'J'~u'l1?l1 'Wih"'lu'WLU'W'flth~~'ln • • • , ., 
'fl'l Wl J'"1l'fl~ n~Vl LU'W LJ''''111Ylu~'lu1'L 'J ru,x'J"1l'fl~ n~"'l ~ii~ L '\-1~'fl~rel'fl'W~ I?l"'l'l n n~tl n ~ u1'L'J ruL '\-1~'fl n • • • ., , 
U'l~ "'1f~"'l ~YlU~ 1"i'fl'W-if'l~ m~'fl~ n~Vl LU'W LJ''''1'''l~n'W'fl'l'\-1'lJ'U'fltJ~~ LL~~I?l'ltJfl'ltJ1 'WL'J~'l 2-3 tJ'W 1 'W • 

if I g" I g" I 

U'fl L~ tJ~Vl iiLJ''''1 J'~U'lI?lYlU~'l1 'Wt)'WLLJ'n n~'"I ~~'ltJU'l'fltJVl~'JU'l LL~ ~ mtJVl"1l'flUU'flL ~ L ~'WtlJ'~tlJ''ltJ . '" 
I I 9.1 I. 

1'Wt)'WVl 2 "'l::L~~~'l'W'J'W~'ln~'W'fltJ'l~J''JI?lL~'J LL~~L'WtJ'WVl3 'fl'l"'lmtJ'\-1~I?lU'flt~ 
., " 

1 'Wu"'l"'lu'Wll WlJ'f)U"'l,rtJWlJ'~I?lL~'flt'Jf~1'Wn~n~'l~'l ~'fl~l-ifL'Vl "'1U"'1'Vl'l~ PCR • • • 
" ., 

o 0 cv.c::::t..c:t, cv .c:9 .c:t.~ 0 CV.Q.c::::t, cv -=9 

(polymerase chain reaction) ~'l'\-1J'u'J'W"'l'tlm"1!'fl WSSV LL~:: 'In RT-PCR ~'l'\-1J'u'J'W"'l'tlm"1!'fl 

YHV 1'W~~~~'l~'l (Wongteerasupaya et aI., 1998 ; Lightner and Redman, 1998) ~~LL~~'1 
1-' iI iI iI I 

~~~'fl~ L 'Vl "'1U"'111"'l~ii "'1'J'l~t'J~~ 1 'WWlJ'I?lJ''J'''l'\-1'lWlJ'~1?l L~'flt'Jf~ LLmflL m'hllnii-if'fl~'ln I?l Lij'fl~'fl'l 
'" , 

.c::::t,.Q cv cv I 0 .c:9 I Q.c::::t, cv i.I A..c::I ~ I 2.f 

'J'W"'l'tltJ l?l'J'fltJ'l~ 1?l~'J"'l"'l'l'W'J'W~'ln L'W'fl~"'l'l n "'1'lI?lJ''J'''l'J'W'''l'tltJ l?l'Jmn'Vl'l~ PCR ~~'l m"'1'fl'W"1l'l~~~ 
'" " , , 

(tl~~~'lru 800 U'l'Vlr;i'fl!?l'J'fltJ'l~) 'W'fln'"l'lnll YHV LU'W RNA 1'Jf~ ~~ RNA iiL~ntJm'lYlI?I'l~'fl~ 

(;W.l"'l!?l'J'fltJ'l~~'WVl hJ"'1'Jnnu~ -80° C 'W'l'Wn~'l 12 i'JL~~ ~~'fl'l"'lri'fl1~LnI?lCJ~~ULVltJ~Ll?ltJmJ' 

1?lJ'~'"I~'JtJf)fl RT-PCR 1~ (Wongteerasupaya et aI., 1997) 
, ., ., 

o IV.c:::.d .c:9 I .c::::t, .c:9 .Q.Q 

~'l'v1J'U'Jnl?l~'J"'l'fl'W 1 L"1l'W mJ'I?lJ''J'''l'Vl'l~''1l'WL'W'flLL~~YltJ'ln'J'Vlm (histopathology) LL~~n'lJ' 

1?lJ''J'"I Ll?ltJmJ'~'fl'ln'lJ'"1l'fl~ LJ''''1 (symptomatic diagnosis) n~'fl~'fl'l ~m../"'1~'lm~ii"'1'J'l~L~tJ'J"1!'lC]J 
bU'W~bl"l'rJ' (Lightner and Redman, 1998) tl?ltJ,*'J1tlLL~'J!?l'J'fltJ'l~I?l~'J"'l~n'fltJ1'W~fl'lYlL~tJ'\-1'ltJ 

'" 
b ti'fl~"'l'l n hJ1~fu n'lnnufn'rJ''l'fltJ'l~Cl n ~'fl~ bb~~'fl'ln'l~"1l'fl~ LJ'l"1~ n'"l::iJ'fl'lmn~tJ'J-if'fl~nu m~~ I?l 

'" iI iI iI r I 

b~'fl bbU l"1Vl L1-tJ'fltJ ~'JtJ ~~'l!'W m~I?l~'J'"If) bl"1n~,x ~'JtJf)fhmhi1n'"l ~ hn ~ CJ~Vll.h b~'fl ~'fl1 'W'Vl'l~ .. 
~~U'l~f)'Vlm"1l'fl~b~'fl1'.l~~ YHV bL~~ WSSV 

b~'fl L!'J 1 ~1~iJnm'l'W~~m~CJ~I?lLYl~tl"1~'W'fl~LL'fl'W~6]~~ b~'fl1-ili.'WWl~f)U'"I,rtJm~~~L~'fl 
1'.l~~ YHV bb~::: wssv (Loh et aI., 1998) L~tJf)fl Western blot 'fltJ'l~hn(;]'l~m~HLYl~Ll"1~­

'W'flmb'fl'W~6]f~L~'fln'li1U'"l,rmr~iJ"'1'J'l~1'.l~'lLL~~f)fl Western Blot n1~L'\-1~'l~~~1'Wm~f)U"'l,rtJ 



2 

, , " 
.oS 'i' 'i' 'i' ... <01<01'1 2/<01<01 

(Sithigorngul et ai., 2000, Sithigorngul et ai., 2002) "l!'h~ b'Wbrl'll'W'El'llLL'El'W(;]lJ'ElL'l'Vl bL'l'W~rl'Jl~ 
, " 

~IL~I:;~'El LtJJ'~'W~'J'WtJJ':;n'EllJ"lJ'El\l YHV Yli:hht.nrnL~L'lln'lltJJ':;~lru 135 kD 67 kD LL'll:; 22 • 
kD ~\I rll L'I~l't,h~:;dj'W~'J'W"lJ'El\lln'll Lrl LtJJ'~'W~ LU'WLtJ~'Eln'IX~ (envelope) capsid LL'll:; matrix • 

" " 
"lJ'El\l YHV (Nadala et ai., 1997) 'W'Eln~lntl~\I~lJ~1 L~L'WLrl'll'W'El'llLL'El'W~lJ'El~tlilrl'Jl~~IL~I:; 

" , 
~'El LtJJ'~'W"lJ'El\l YHV Vl\lt 'W~fll'J:;tJmti (native form) LL'll:; L 'W~fll'J:;Ylt1n~lt 'lXL~t1~fll~ 

'lJ 

!I " I I !I 

(denatured form) LL'll:;~lJ~ILL'El'W~lJ'El~tlhlvhtJlJmm~'ElLil'ElLu'El~ln~\ltJn~~\lhjlc1illJL~'El 

YHV ~IL'IX~I~IJ't1HLL'El'W~lJ'El~t'WmJ'(;]J''J~l'l1bf~LJ'rli'JLVI~'El\ll~'W haemolymph LL'll:;t'W 
" , 

Lil'ElLU'El~I\11 LL'ltlt-ifL'VlrlUrl dot-blot, Western blot LL'll:; immunocytochemistry 
I I g., I I " " 

t'Wi1~~u'W~\lhlmfitL'lYl~I~IJ't1fn'jj'ln\lYl~L'lL~'El YHV lc1i' ~\lLJ'rlYlLnL'l~lm~'Ell'Jf~tl • • 
" ~1~1J't1vht~n\lVl\lVl~L'l1'WU'El(;]1t11c1i'fllt11'W 3t)'W fllt1V1~\lil'EllmJ' (Chantanachookin et ai., • 

" !I I I " I 

1993) !?l'\I'l!'Wr.ifirl'J'l.Jrl~ mJ'~L'I L~'Ell'Jf~L 'Wn\l n'llI~IYl~Yl~ L'I~'El mJ'U'El\ln'WmJ'~ L'I L~'El ~'I'Ell~ 
q q q q 

"" , 
m:;vh lc1i'LL'ltlmJ'~1 L~'Elt 'WU'El L~t1'1 n'l LL'ltlmJ' H rl'll'El~'WYlrl'Jl~ L-if~-if'WtJJ':;~lru 30 ppm LL'll:; • 

I I I iI 

mnll~L'I~'Iil~r.i(;]~'WYl'Ell~LU'W~IV1:;"lJ'El'lL~'El YHV L"J!'W P. mergviensis LL'll:; Palaemon 

styliferus (Flegel et al., 1997) 

" " ~1V1flJn'lJ'u'El'ln'WmJ'~L'lL~'El YHV LL'ltlmJ''WI?J-J'Wlt'WLL~"lJ'El'lt)rl~'W ~lJ~11c1i'ilntl'lI'Wi'W 

~'W LL'ltI Withyachumnarnkul (unpublished) ~'IH YHV ~th'WmJ''illt1f'l~ UV :aL'lL.jhltJ1'W~'I 
" " , 

LL'll:;vht~~'I'l!'W~L'lL~'El YHV t'Wfllt1V1~'I (challenged) eJ'llmJ''VlL'l'll'El'l~lJ~I~'IYllc1i'flJmJ':aL'l 
, "" 

YHV Yl ~1'WmJ''illt1f'l~ UV ri'El'l.,l'vh L 'IX~ C9l L~'El YHV L 'Wfllt1V1~'I'l!'Wil~r.i (;]'Wl'Wn~1 n'l 1 'Wn~~ rl'JlJ • • 

~~~hl1c1i'flJmJ'~L'I YHV ~~I'WmJ''illt1f'l~ UV (Flegel et al., 1997) 

if I " I. 

!?l''I'!!'Wt) (;]t1tJJ':;~'I rlVl~ n t '1..1 brlJ''ImJ'r.i~t1 ~'El L il'El'ltl~'El mJ''W l?J-J'Wlt) rl~'W LYl'El Ht 'WnlJ'U'El'l ri'WnlJ'~ L'I • 
iI I I I 

L~'El YHV 1 'Wn'l n'lll ~1 ~'I~:;m:;.yh bL'ltltJl~'W'Vl~¥I'1~'J'WtJJ':;n'EllJ"lJ'El'l 1'Jf~1~1 'W~'W~IV1:;Yl rl'JlJ . . 
" , 

~~ nlnL~ L'I'I'El'f1 n"lJ'El'l btJJ'~'W (expression vector) ~ln'!!'Wn~ :;m:;~u1 'IX LLlJ rlYl b~t1V11'El~~ j;]YliJ~'W 
iI I I iI 

'Y'I1V1:;\leJ~ (;] btJJ'~'WVl ~'El'l mJ' 1 'Wm~1 ru~1 n L YJ'EltJl1tJ'Vl L'I~'EllJ fl'Jl~ LU'Wt) fl~'W~'El1tJ~lV1flJi'W 

(;]'El'WLLJ'n"1I'El'l bflJ',mlJ'1 uu\1~:;j~~lnm:i'~nC9l btJ:i'~'W~'J'WLtJ~'Eln~~ (envelope) "lJ'El'l YHV LLtl:; • 
" , 

n1:i'Vll~l!?l'lJ"lJ'f1'1mC9l'El:;m'WlJl'1~'J'W~1 n btJ:i'~'W\l LYJ'El H Lu'W-if'El~tl1um:i''f1'ElmblJlJ degenerate 

primers b~'El1-if1 'Wn1nbtJn~'W~~¥I'1 btJ:i'mu\1bC9ltlr.ifi RT -PCR ~'f11tJ 



3 

, ~ 

nm1'Wt'WJ'~tJ~LLm~m'hJn~ YHV ~1LtI'W~1L~I?l"ll'el~hf)~'JL~~'el~1'W11~n~n~1u'W l~n 
q q q 

J'1tJ~1'W91n Boonyaratpalin et aI., (1993) LLtl~ Chantanachookin et al., (1993) t~tJmh'J~1 

~1 YHV ~~'eltJt'Wmh.J"ll'el~ Baculoviridae LLtl~ L~'W'el~1 YHV nm'W~LtI'W DNA L~w·i 'eltJ1~hn 
~ q ~ 

1?l1~J'1tJ~1'W91n Wongteerasupaya et aI., (1995) 'VflJ~1 f)'J1~~mtJ1~t'WmmtJn DNA 
, ~ 

91n YHV hhtl'We.Jtl~1L~9 9~1~LtJ'Wf)'J1~~'W19hJ~ RNA LLtl~~U~1 YHV U'WmJt'W~LtI'W RNA 

L~'WL~mLti'el~91nm~U'Jf)~~n91n YHV 9~nmj'eltJ~tl1tJl~~'JtJ RNase-A 'W'eln91n,r'WtJ~~tJ 
~ 

t~tJ~ YHV 'el199~'el~t'Wn~~"ll'el~ Coronaviridae (plus-strand RNA) Rhabdoviridae (minus-

Cj 

strand RNA) ~J''el Paramyxoviridae (minus-strand RNA) 

mJ'~m~n~~ttlJ'~'W~'J'WtlJ'~n'eltJ"ll'el~ YHV t~ltJH' SDS-PAGE (Nadala et aI., 1997) 
, ~ 

~tJ~1 YHV nhh~'Wtf)J'~~~1~ (structural protein) 4 ~'J'W ih~n'eltJ~'JtJttlJ'~'W~n-W1~un 

t~Ltl~tl 175 kD 135 kD 67 kD LLtl~ 22 kD t~tJ~tJ~1hh~'W~ 135 kD LtI'Wlntltf)hh~'W 
I I I iI 

~~'l.h9:;LtI'W~'J'WLtl~'eln~~ (envelope) "lltl~l'Jf~ t'W"llru:;~ttlJ'~'W~n-W1~unt~Ltl~tl 170 kD 

tJ19:;LtI'W RNA transcriptase ttlJ'~'W~ 67 kD tJ19:;LtI'W~'J'W"1J'el~ nucleocapsid LLtl:; 
, ~ , 

ttlJ'~'W~ 22 kD tJ19:;LtI'W~'J'W"ll'el~ matrix 'W'eln91nt1tJ~~u~1 YHV LtI'W RNA L~'WL~m 

~1tJtlU (negative polarity) Ln'el~m~nt~tJ1-irJfimJ'i~Lf)n:;~1tlJ'~'Wt'W~tl'el~'Vl~tl'el~ (in vitro 
~ 

translation) t~tJ1-n RNA LtI'W~'WLLtJtJ (template) ~~u'W9~1~f)1~~1 YHV tJ19:;'el~1'Wn~~"lltl~ 
~ 

Rhabdovirus ~~n RNA LtI'W~1tJtltJ ~1~ftJ"ll'W1 ~"ll'el~ RNA m 'W~U'W ~U~1n"ll'W1~tlJ':;~1ru 

22 kb (Nadala et aI., 1997) 

ntJ~1'W1'WJ':;tJ:;~~~t~tJ Tang & Lightner (1999) ~~"v11mJ'~1~1~tJ"ll'el~ DNA U1~~'J'W 

~nf)'J1~m'J 1161 bp 91n cDNA ~~~1~91n RNA m'W~"lltl~ YHV ~U~1m'W~"ll'el~ YHV 

LtI'W RNA ~1tJtJ'Jn (positive sense RNA) Ln'el"v11mJ'~mnt~tJt-irJfi RT-PCR ~~n RNA"ll'el~ 
, ~ 

YHV LtI'W~'WLLtJtJ (template) LLtl:-;H primer ~~~1~~'Wt~tJ'el1"'tJ-if'el~tl91n~1~U"lltl~ cDNA 
~ 

11 iI iI I I 

U'W ~~u'W-if'el~tlt19~i~LLtr~ntJ-iftl~tl~J'1tJ~1'Wt~tJ Nadala et al., (1997) ~mh'J~1 m'W~"lltl'l 
~ ~ 

YHV btl'W RNA 'i;'llt1tlU 
g., I iI I 

.c:::j 0 Q/ QQ (V I ~ I .0::::1 

'Wtln91n'Wn1J'~ltlll?1tJ DNA 91n cDNA 'Vl~"1J'W1l?1 1161 bp 'W'W~U'Jl~~'J'W'Vl~l~lJ'n 

LLtltlJ'~~1~m'J~~l?1 (largest open reading frame) ~(;]lLmtJ~ 484 ~~ 1161 tl?1tJ~U~lttlJ'~'W 
~ , 
u'WtlJ':-;n'elU~'JtJ nJ'l?1'eldlt'W 226 ~'J LLtl:-;91nn1J'~tJ~'W1'lJl'il'W-if'el~tl"ll'el~ Genbank L-WtlWl 

J.9 ~ 

, ~ 

f)'Jl~L~iitl'W (homology) "lltl'l DNA ~nf1'Jl~m'J 1161 bp u'Wtl?1tJ1-nttlmnJ'~ Blast ~u~1hjn 
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"]j1'J~ hm~tI (Tang & Lightner, 1999) 

1'WJ':;tI:;!?l'tll.J11~iln'lJ'~m~'lti?ltl Cowley et al.(1999) ~'1~lJ~'l~'l~lJ DNA "lJ'tl'l~'W ORF 

1 b ~1'tl~'W replicase ~'1ilr-l'nl-JtI'l':llh:;~J'lru 7.8 kb "lJ'tl'l gill-associated virus (GAV) ilrl':l'll-J 

b~~'tl'WnlJ~'l~lJ DNA "lJ'tl'l YHV ~ilrl':l'll-JtI'l':l 135 bp ~1~IOl'lnm:;lJ':l'Wn'lJ' RT-PCR ti?ltll-D 

primer ~rln'tl'tlmblJlJ~'l~flJn'lJ'~bAn:;~1J'A1':lf~-X':lb~~'tl'l (Wongteerasupaya et aI., 1997) ., 

t~tlilA':l'll-Jm~'tl'Wl'WJ':;~lJ DNA lh:;l-J'lru 83% bb~:;l'WJ':;~lJmi?l'tldjt'Wlh:;l-J'lru 86.7% bb~:; 

~lJ~'ltJ'W ORF 1 b "lJ'tl'l GAV ilA':l'll-Jb~~'tl'WnlJ~'l~lJ DNA "lJ'tl'l YHV ~J''ltl'l'l'Wti?ltl Tang bb~:; 

Lightner (1999) ~'IilA':l'll-JtI'l':l 1068 bp ti?ltl~lJ~'lilA':l'll-Jb~~'tl'Wl'WJ':;~lJ DNA UJ':;l-J'lru 

80.9% bb~:;l'WJ':;~lJmi?l'tldjt'WuJ':;l-J'lru 86.5% 

'" 
!?l'tll-J'l Cowley bb~:;Aru:; (2000) 1~J''ltl'l'l'W~'l GAV 'tJ'WkhlOl:;dj'W1':lf~1 'Wn~l-J"lJ'tl'l 

" 
DNA bb~:; m~'tldJt'W (Cowley et aI., 1999) ~'I'tJ'W9'1bU'W1u1~~'l YHV thlOl:;~i?l'tl~l'Wn~l-J"lJ'tl'l 

arterivirus Vl1'tl coronavirus b'1l'Wn'W 
" , 

~'lVlflJn'lJ'~mnCi'l n'lJ'[~h'W'Vl'l'W YHV 1 'Wn'ln~'l!?l'l'tJ'W Gl-JIGj'l n~lJ-if'tl~'I bn ~~'l1 'Wvhfl-J • • 
9/ i I it 

b~tI'I n'l"lJ'tl'luJ':;b'VlP!1'VltllJ'l'l bb1A'I iln'lVlbb~i?l'l~Il'l':l:;Vl~tln~'l acquired tolerance !?l'tlmJ'~i?lb~'tl 
q • 

" , 
YHV t~tI~lJ~'l YHV 'tJ'W~'Iiln'ln~l-J~'l'W':l'W (active replication) l'W!?i':ln'lbb!?lhJri'tll~bni?l • 

, " 
~'W~J''ltl!?l'tl~'Ibb!?l'tlrh'll~ (innocuous infection) ~'I~Il'l':l:; acquired tolerance nlGj:;bb~n!?l'l'l 

~1l'l':l:;~ ~tI n~'l acqui red resistance 1 'W~ ~rfil nJ':;~n~'WVI~'I ~'I b~m-if'tl'lnlJulJmtl'lJ':;VI~'l'l 
" bb'tl'W~blOl'W bb~:; bb'tl'W~lJ'tl~ bb~:;~m:::iln'lJ'rh~i?lb~'tll~Vll-Ji?l1ulOl'lnh'ln'lti (Pasharawipas et 

aI., 1997 ; Flegel & Pasharawipas, 1998) 

~'I,r'W Pasharawipas et aI., (1997) 1~b~'W'tl~'l ~'Itl'llGj:;iln~1nn'lJ'IOli?l~'l (recognition 
I i.I!1I iI 

mechanism) ~'IIOl:::~'l'W'Vl'l'W (tolerance) !?l'tln'lJ'~~b~'tl1':lf~1~ ti?ltln~1nn'tl'lIOlIOl:::bn~~'Wl'W 
" '" J':::VI~'l'ln'lJ'Yr[?J.J'W'l"lJ'tl'lJ':::tI::: larva t~tl1~~tlnn~1nn~'l tolerance hypothesis ~l-J~~~'l'Wn 

", " 
mh':l~'l n'lJ'af'l'W'Vl'l'W1 ':lf~'tJ'Wtl'llGj:;bflm-if'El'l nlJ n'lJ'~lJ"lJ'tl'l1':lf~ 1 'W"n'Waf'W (initial vi ral bindi ng) 

bb~:;IGj:;tJl hJ~ n'lJ'IOl~~'l~~'l b~'l:; (specific memory) ~'I bU'W~'1~'l bU'W!?l'tln'lJ'Yr [?J.J'W'l b~m nlJn'lJ' ., 
11 I it i.I 

~ ~ b ~'ElVlhJ dJ'W~'W~J''ltil 'W1l'ltl~~'1 (i nnocuous infection) ~ '1 VI flJ n'lJ'~lJ"lJ'El'l bf~l 'Wi'Waf'W'tJ'W 
, ," 

lGj:::hj bfltl':l-if'El'l (independent) nlJn'lJ'~lJ"lJ'El'l1'Jf~VlIOl:;ri'Ell ~bni?ln'lJ'~~b~'tl (viral infection) 
" , " 

bb~:::'El'llGjbn~~'W1~'Wnnl1VlunP!IGj'lnn'lJ'~~b~'El (absence of infection) (Flegel & 

Pasharawipas, 1998) 
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I "I " 

~ lV1funtJ~ltJVl~'lJU~tJtJ~~~ ~~ltJi1 ~1~lnn1J'Vi~u~In1J'~ ~lL~'el YHV 1 tJn~n~1 ~11 tJ 
q ~ q q 

J'~tJ~bbm~~ri'elb~btl~fPl'Jl~b~tJVlltJ'elrJl~~ln t~m')~i1~n~ltJJ'~tJ~ larva ~i~er~ (exposed) • 
~ , 

nu YHV i1~,)tJ bb(;)(;)'el~I~U~I~~1tJJ'~tJ~ early larva (~~th~~ijn1mtJnl~J'~VI~I~ self bb~~ 
!I " I '" 

nonself) ~~~'el (refractory) (;)'eln1J'~~b~'el YHV 1tJJlltJVI~~ ~~uJ'1n~n1nwi1't.h~~bnm-if'el~nu 
, ~ 

n1J'~U"1l'el~ 1 ')f~Vl ri'elb ~ btl ~n1J'~ ~~1 bb~~l~~ OO-ltJln1J'~ ~L~'el bb(;)hl ri'ell ~Ltl ~t5tJlYlJ'ltJ 
, ~ 

(innocuous infection) b~'ell~fu YHV btJJlltJVI~~ (Flegel et aI., 1997) ~~'lJtJn1J'~htJvl1tJ 

(tolerance) (;)'ell')f~ 'l11~~b~tJ')-if'el~nun1J'ufu~') (accommodation) b~'eln1n~~~1tJ')tJ"1l'el~1') 

f~t~tJhJri'el1~ln~t5'W1YlJ'1tJ(;)'el~~bb(;)'elrJl~1~ (Flegel & Pasharawipas, 1998) tl1V11n~~~~~1'W 

~~n ~'el~ n1J'~ OO-ltJ1~1J'~ ~tJn~1 tolerines b ~'el1-iil 'W~mj'ru~b~mntJnu n1J'~ OO-ltJl.r fl~tJ n~~ij 
'lJ 

fI,)l~butJlul~~~ (Flegel & Pasharawipas, 1998) 

~ln~~~~~I'W~~mh')-ifI~~'W n1J'bmUJ'~'W~,)'WbU~'eln'W'eln (envelope) "1l'el~l')f~b~'eln1J' 
J.9 

~ , 
~OO-ltJl bUtJ tolerines n'l11~ ~tJl~1~ 00-l'W1 bUtJ.r fl~'Wl~ t~tJ tUJ'~'W~,)'WbU~'eln'W'elni1djtJ~')'WVl 

I "I " I 

l')f~H~unu (binding) bbm~~fu (receptor) Vi'elrJUtJbn'elb~'eln~ bb~~n1J'1muJ'~tJ~')'Wi1bY1'elbUtJ 
'lJ • 

, , ~ 

tolerines 'l11~~ri'el1~btl~mJ'~~~IVl~lbYlI~ bY1'eloWI1U~n1J'~OO-ltJ1n1J'~ltJVl1tJ(;)'eln1J'~~b~'el 
'lJ 
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" " 
neJum :i'~1 L UUm:i''Vl (?Wl'fl'l L(?)t/:i'') ~"lJ'fl'l m:i'';J9' tlt1n ~'1 t1 

1. L~~91U')u1')f~ YHV L(?)tlm:i'~(?)L~~91u')ulun'ln~1~11iil1mruv'i1m:i'~n(?)1')f~ 
q q 

2. LLtlnhJ:i'~u"lJ'fl'lbf~ YHV tJ)')tl SDS-PAGE LL~~!hm'Vlhh~u"lJ'fl'l1')f~ YHV 'fl'fln 

1iil1mliil~~LLeJUL~~LU:i'U PVDF L(?)tlHfn:i'~LL~hHh 
'" 

" 

7 

U1 n'l n~1 ~1"lJU1 (?) 25-30 nf~ ~1 L~tl'lfl1tl1~'flruVlfl~LL~~"J!,)'1 LL~'1Dn~"l!1 ~1 uel'l1 'W LU'fl; 
q q q ~ 

" " n~1~"lJU1(?) 300 ~(;1:i' L(?)tltJfUl"1,)1~L~~"lJ'fl'lU11~nfoi11.l:i'~~1ru 10 ppt 1iil1mrUU1~'1~1~(?)tJ)')tl 

~1:i'~~~1tl1')f~ YHV ~L(;11tl~"'I1n haemolymph "lJ'fl'l~'1~~1~1~~(?)L~'fl YHV (L~'fl YHV 1tJ)fu 
, 

tr .c::::t. <i' 0 .:::J 11.0::::1 
m1~'fl~Ll"1:i'1~VlIiil1n Prof. Dr. Tim Flegel ~. ~VI(?)~) b(?)tl'Vl1m:i''U(?)L"lJ1'Vl arthrodial membrane 

I 11 I iI I 

"" ,,,j % ""... " • I <V l' ""j""... ... ~ " "lJ'fl'l"lJ1L(?)Ul"1'Vl 2 '6'l'lLn(;1m:i'(;1(?)L"l!'fl"lJ'fl'ln'lu:i'~~1ru 2-4 ')U b(?)tln'l'Vl(;1(?)L"l!'flIiil~Lfl~'flU bVl,)"l!1~'1LL~~ 
'" q q 

" ," .Q cv..::!i 11 ~CIt. .c:!:I 

VI~(?)mmU'fl1V11:i' "'I1nUUL~'fln~'1'Vl(;1(?)L"l!'fl~1L"'I1~ haemolymph "'I1n arthrodial membrane 
, ," 

"lJ'fl'l"lJ1L~U~Vl4 'L(?)tlH'L~~"lJU1(?) 22 G U1 haemolymph Vl1tJ)~1eJ~~nUU1mi1'fl'lnUmnL~'1~,) 

"lJ'fl'lL~'fl(?) (modified Alsever solution; Rodriguez et aI., 1995) 1 U,g(;1:i'1~,)U 1: 1 DULLtln 

(;1~n'flULL~~L"l!~~Lij(?)L~'fl(?)'fl'fln~ 3000 9 v'i1n1:i'(;1:i',)"'I~'flu1')f~ YHV 1u haemolymph tJ)')tl';Jfi 
. " 

dot-blot L(?)tll.jfLL'flU~U'fl~~'fl enveloped protein "lJ'fl'l YHV (V 3-2B) LtlU~')(;1:i',)"'I~'flU 1iil1nuu 

U1~,)U 1~~DULLtl n (;1~n'flULL~~L"l!~~Lij (?) L~'fl(?)'fl'fl mL~,)~1 (;1n (;1~n'flutJ)')tl 33% (N H4)2S0 4 LL~~U1 
I I iI I I 

1tJUUVl3000 9 LtlUL,)~115 U1Vl U1(;1~n'flU~1~~~1tllu 2XPBS 1iil1mrUU11tJuULLtln1')f~Vl 
I 2J I I 

100,000 9 L1JUL,)~1 2 ..n') L~'1 ~1'1tJ),)tl 2XPBS 2 flf'l ~~~1tl(;1~n'fluVj1tJ)tJ)')tl 2XPBS uiuHVj 

-70oe 

2. Dot-blotting 

U1 haemolymph "lJ'fl'l~'1~fl1(?)~1Ln(?)n1:i'~(?)L~'fl~1(;1:i'')r.:t(?)tlVltl(?) haemolymph (1 ul 

~'fl"'l(?)) ~'1UULLeJUL~~LU:i'U nitrocellulose u11tJ'flU~ 60
0 e L1JUL'J~1 10 U1Vl "'I1mrUU11tJu~ 

q 

nULL'fl'W~U'fl~~91L'V'I1~~'fl~'J'W envelope "lJ'fl'l YHV (V3-2B) (Sithigorngul et aI., 2000) ~L9'fl 
" 

"'I1'11'W 5% Blotto (5% nonfat drymilk 0.1% Triton-X-100 1'W PBS) 1iil1mr'Wv'i1m:i'~1'1L~~LU 

:i''Wl'W 0.5% Blotto U1L~~LU:i''W1tJu~:i''J~nu horseradish peroxidase labelled goat anti­

mouse IgG (GAM-HRP; BioRad) ~L9'fl1iil1'1 1: 1 000 L1J'WL'J~1 8 -r') t~'1 ~1'1 L~~ LU:i''Wl'W 0.5% 



0.03% diaminobenzidine (DAB) 0.006% hydrogen peroxide bb~~ 0.05% cobalt chloride 

L'W PBS 

3. n11bb!Jn 'hJ1~'W"lI'f)-!ll'J~~~'J!J SDS-PAGE bb~~n11~1m'VI btl1~'lJ~ mi'lJb3J3Jb 'lJ1'lJ 

PVDF 

8 

U 11'J f~~ eJl'Wm::;'lJ'J'Wn1~vh L ~1J1~V1'ibb~'J~lmJ n t1J~~'W~'J'W[9]1'11 ~'JtJn~~bb~ 1 vHh Ll?ltJ 
, ," 

':Jfi SDS-PAGE (Laemmli, 1970) ~'1H'm::;bb~1vHh 30 b'J~r1 dJ'Wb'J~1 6 -D'J b~'1 r.;l1mr'W~In1J' 

dlmVlhh~'Wr.;nm9~ (13JeJl'Wn1~tJ'fl~~) ~bbeJ'Wb~~b1J~'W PVDF bl?ltJH'uoi'4'fl'l Transblot 
'" 

(BioRad) 

4. n11~1~1~'lJn1~'f)~~b'lJ 

UlbbeJ'Wb~~b1J~'W PVDF ~~l?l~lb'U~I~bb[9]~~~'J'W"lI'fl'lbth~'W ~'1hJ~I~I~1JnJ'l?l'fl::;m'W~ 
" , 

Ll~ltJ N ~'1ri'fl'Wbb~::;~~'1n1~~l?l~'fltJ~'JtJ trypsin VI Biotechnology Resource Laboratory, 

Medical University of South Carolina, USA ~'Jmf)i'fl-.:J Applied Biosystems Procise 

Sequencers bl?ltJLmfi Edman degradation 
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Dot-blotting 

JlltJ~~'1n1J'b~a.J91'W')'Wb~~1'W~'1~~1~lbb~:;.yhn1J'briu haemolymph '"lln~" 
, 0-

~fl1tn~l~tnb~'fl YHV 1~.yhn1~m,)'"l~'flub~~ YHV L'W haemolymph ~,)tJ~fi dot-blot ttntJb-if 
, 0-

bb'fl'W~1J'fl~r;l'fl enveloped protein "lI'fl'l YHV (V 3-28) bU'WL'l,)I?l~,)'"l~'flU '"l:;y.jU~ln'l-n~tnb~'fl'"l:; • 

1tre.J~1J')nttntJy.j1J'"ltn~~lbntn~'W 1'W"lIru:;~n'lun~'"l:;hJ1tr~ (~U~ 1) 
• , '1.1 

SOS-PAGE 'lI'fl-:ll'J~~ YHV 

JlltJ~~'1 n1 ~Vil1')~~1 tr1J1~V1jf 1~Ull?l:;n'fl'W1')~~~1~a.Jl bbtJn tu~~'W~,)'WuJ':;n'flur;l1'11 
0-

~,)tJ~fi SOS-PAGE y.jU~1~1a.J1J'mbtJn tU~~'W"lI'fl'lb~~1~Ulwwn ta.Jb~~~r;l1'11n'W~'fl 135 kD 
, 0-

67 kD bb~:; 22 kO (J'U~ 2) '"llmr'W1~Viln1J'bbtJn tU~~'W"lI'fl'l YHV ttntJ~fi SOS-PAGE bU'W 
'1.1 

91'W,)'W~~ltJ"1l'fl'l (~U~ 3) bb~:;nlmVl~bbeJ'Wba.Ja.JbU~'W PVOF Viln1J'L'ltnbbt1UtUJ'~'W~"lI'Wltn 135 
'1.1 '1.1 

kO bb~:; 67 kO bb~:;Ul~'11u~1~1~1Jm(?)'fld~t'W 

'6hvl'Un'iI?l'fl~ijt-tJ'lI'fl-:lb'l1'i~'IJ 135 kD bb~~ 67 kO 

'"llnn1~~l~l~1Jm(?)'fl:;m'W~U~ltJ N "lI'fl'ltu~~'W 135 kD y.jU~ln~l~udJ'W T-I-L-S-
0-

G-I-P-E-K-O-K-S-V-L -M-A-(H, P)-H ~,)'We.J~ n1~~l~l~1J"lI'fl'l hJ~~'W~JlltJ~~'1 mJ'L'l tnti'fltJ ~')tJ 

trypsin y.j1J~1 hJ~la.Jl~bl'eh'We.J~ 1~ 

'"llnm~~l~l~1Jmtn'fldn'W~U~ltJ N 'lJ'fl"hJ~~'W 67 kD y.j1J~ln~l~UbU'IJ L-A-P-R-
0-

Q-A-R-V-R-G-?-V-?-T -F-K-Q-E ~,)'We.J~mJ'~l~l~1J"lI'fl'ltU~~'W~JlltJ~~'1n1~L'ltntl'fltJ~')tJ 

trypsin y.j1J~11~by.ju1V1~dJ'W 4 ~,)'Wbbr;l~la.Jl~mbU~e.J~'"llnm~))fl~l~1Jm(?)'fl:;m'W~U~ltJ N 1~ 

'"llmy.ju1V1~b~tJ'I 3 ~,)'W t(?)my.ju1V1~~,)'W~ 1 n~l~1Jm(?)'fldJt'W~U~ltJ N bU'W G-A-L-F-T-Q­

G-T-?-H-P-K by.j'u1V1~~,)'W~ 2 hJ~1a.Jl~mbU~e.J~1~ by.ju1V1~~,)'W~ 3 n~l~1Jmtn'fl:;m'IJ~ 

U~ltJ N dJ'W Y-O-A-P-P-G-(S,F)-F-F-?-Y-Q-Y? bb~:;by.ju1V1~~,)'W~ 4 n~l~Uml?l'fl:;m'W~U~ltJ 

N b1J'W Y-L-P-L-G?-A-I-V-Q,K? 
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3- 2B 

I I i.I I 

'acl.JoVi 1 n1~I?l~':ltGJ'M)U haemolymph ']J'el 'lll'l~~(?1b~ 'el YHV t(?1tJ~fi dot-blot ~Hb:wt'Wtr1'tj'W'el'tj 
~ q 

116 
97.4 

66 

45 

29 

M 1 

'aucV1 2 Coomassie blue stained SDS-PAGE ']J'el'lhh~'WtGJln1':lf~ YHV 
~ 

lane M: molecular weight marker 
I I i.I I iI 

lane 1 : hh~'WtGJln YHV ~'1u~~n'elU~':ltJ tu~~'W~~.wl'V1,rn t:w b'tj n'tj 135 kD (1 )tu~~'W~~.wl'V1,rn 
q 

, " 
t:Wb'tj~'tj 67 kD (2) tu~~'W~~.wl'V1,rnt:Wb'tj~'tj 22 kD (3) bb'tj~ haemolymph (h) 



-
__ ~ Wlh 

.. - --- ..... >* 

~ ,."""t"''=' 
67kD ~~i. 

,"$= == ... .,.. 

22kD ~ _ __ - ~ 

12 

'iuvl 3 bb~(?)~hh~'W"lJ'el~ YHV 'IJ'W Coomassie blue-stained SDS-PAGE ri'el'Wn1~~'m b'Vl'C1bb~'W 
~ ~ 

b:W~H'IJ~'W PVDF 
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, " , 
fonnmJ'!?lJ'')'"l~'flU haemolymph 6JJ'fl-:l~-:lVl~VlL"li'fl YHV LL'lrJ'rlfi dot-blot Vl1.jfllJL'WLfl~ 

" , 
'W'flmL'fl'W~U'fl~~'fl hh~'W 135 kD 6JJ'fl-:l YHV (V 3-28) LtI'W~'J!?lJ',)'"l~'fluir'W 'V'IU~lt:.J~Vll~iJfl,)llJ 

I I i.- t 

~lL'V'Il:;~-:I Ltl'fl-:l'"llnl~t:.J~u')m'fl'V'l1:;1'Wfl-:lVl~L'lL"li'fl1'W6JJru:;Vln--1tln~'"l:;1~t:.J~~u " ,q 

mJ'vll1')¥~1~ul~'Vl~tvmmJ'!?ln!?l:;n'fl'W~')mL'fllJblJLiltJlJsn~LyJ!?l bb~:; ~11tl~'WbLtJn~,)rJ 
q 

" ~fi ultracentrifugation 'V'IU~11~t:.J~~'V'I'fl~lJfl,)J' LL'ltJ'V'I'lJ~liJ haemolymph tl'WbiJ'fl'WlJlb.wtJ-:lb~n 

U'fltJ ~-:lhJiJt:.J~~'flmJ'~l~l(?)UmL'l'fl:;m'W6JJ'fl-:lLtlJ'~'W'"llnl')¥~ 

'"llnt:.J~mJ'~l~l(?)UmL'l'fl:;m'W~tl~lrJ N 6JJ'fl--1LtlJ'~'W 135 kD 6JJ'fl--1 YHV 'V'IU~liJ~l(?)U 
, 

:1 ~ I~ 11 tV ~ 
bu'W T -I-L -S-G-I-P-E-K-D-K-S-V-L -M-A-{H,P)-H "lI-:I'V'IU,)llJmllJ~'flL'lfl~'fl-:lnUJ'ltJ-:ll'W6JJ'fl-:l P1rJ 

, " 
lJir~ bb~:; Ml,)~ (2000) ~-:lJ'ltJ--11'W~liJ~1(?)Ubtl'W T -I-L -S-G-I-P bL'ltJL 'WJ'ltJ-:ll'Wir'Wl~J':;U~l 

q q 

11 I I I 

btlJ'~'WiliJ6JJ'W1L'ltlJ':;lJlru 116 kD ~-:lb~'fl~lbtl'WLtlJ'~'WVlU-:lhle,h'Wm:;u')'WmJ' glycosylation ~-:I 
" Yh1~iJul~irnLlJb~n~U'fltJn~1135 kD 

q 

, 
.::! I ~ 11 0;' ~ cv 

R-Q-A-R-V-R-G-?-V-?-T -F-K-Q-E "lI-:I'V'IU,)llJfl,)llJ~'flL'lfl~'fl-:lnUJ'lml'W6JJ'fl-:l P1l"1lJ'W~ bb~:;Ml-

')~ (2000) ~-:lJ'ltJ-:ll'W~liJ~l(?)'lJbtl'W L -A-P-R-Q-A-R ~'fllJl1~iJJ'ltJ-:ll'Wb~mrl'lJU'W~~~1-:1 , 

btlJ'~'W 65 kD "ll'fl-:l YHV (Jitrapakdee et aI., 2001) bb~:;'V'I'lJ~liJmL'l'fl:;m'W~l~'"llnmnbtl~J'~~ 

(deduced amino acids) dJ'W L-A-P-R-Q-A-R-V-R-G-S-P-G-T-F-K-Q-E ~-:I'"l:;Li~'Wl~~liJfl,)llJ 
I 11 11 11 2J I 

~'flL'l'"1~'fl-:lrlumL'l'fldn'WVll~'"llnmJ'~9tJfl¥-:lil 'W'fln'"llnilL'WJ'ltJ-:ll'Wir'Wl~n~h,)~lmL'l'fl:;m'WVl 
" " tl~lrJ N "ll'fl-:lbtlJ'~'W 65 kD ilbnL'l~'W~~-:I'"llniJn1J'~L'l leader sequence 'fl'flnltlbb~,) 

~')'Wt:.J~mJ'~l~l(?)U"ll'fl-:lbtlJ'~'W 67 kD 11ltJ~~-:ln1J'!?lL'ltJ'fltJ~')tJ trypsin 'V'IU~11~b'V'ltl 

1'Vl(?) 4 ~,)'Wbb~~llJln1bbtl~t:.J~'"llnmJ'~l~l(?)'lJnJ'L'l'fl:;m'Wl~'"llm'V'ltll'Vl(?)b.wtJ--1 3 ~,)'W LL'lm'V'ltl 
, , 

1 ~ ,J "" "" 0 IV ""~ "" I .?"J _ F.:' 
'Vl L'l'6'I,)'W'Vl 1 lJ~lL'lUnJ'L'l'fl:;lJ b'W'VlU~ltJ N bu'W G-A-L -F-T -Q-G-T -?-H-P-K bb~:;'"llnmnuJ'tJu 

, 
"" IV d! 

b'VltJ'lJn'lJnml'W6JJ'fl-:l Jitrapakdee bb~:;'"1ru:; (2001) "lI-:lJ'ltJ-:ll'W deduced amino acids 
, 

o . .<::::iI.?I Cjj~i.JI.Q 11 cv Q 

!?llbb~Wl'Vl 257-268 bu'W G-A-L-F-T-Q-G-T-T-H-P-K '"l:::m'WbL'l,),llJ'"1,)llJ~'flL'l'"1~'fl-:ln'lJmL'l'fl:;lJ 
I if 2J • I 

b 'WVll~'"llnmJ'~9tJ'"1¥-:lilA'fl'W"ih-:l~-:I ~ l~f'lJb'V'ltll 'Vl C9il 'W~,)'WVl 2 hJ~l~,J1n1bbtl~t:.J~mJ'~l~l(?)'lJ 
'" 

, 

F-F-?-Y -Q-Y? bb~:::'"ll nmnmrJ'lJbVltJ'lJrl'lJJ'lml'W6JJ'fl'l Jitrapakdee bb~:::flru~ (2001) ~'lJ'ltJ 

'l1'W deduced amino acids ~lbb~i..l'l~ 278-289 bU'W Y-D-A-P-P-G-S-F-F-S-Y-Q '"l~b~'Wl~~liJ 
I iI 'V I 

'"1,)I:W~'flL'l '"1~'fl'l n'lJnJ'L'l'fl~m'WVll~'"llnmJ'~9rJ'"1f'lil ~1~¥'lJbYitll 'Vl L'l''W~,)'WVl 4 'V'I'lJ~liJ~1 (?)'lJ 

mL'l'fl:::m'WVltl~ltJ N dJ'W Y-L-P-L-G?-A-I-V-Q,K? bW:::'"llnmnmtJUbVltJUrl'lJJ'ltJ'll'W"ll'fl'l 

Jitrapakdee bb~~'"1ru~ (2001) ~-:lJ'ltJ'll'W deduced amino acids ~lbmi..l'l~ 338-346 bU'W Y-
, " " 

D-P-L-G-A-I-V-Q '"l:;b~'W~liJfl,)1:W~'flL'lfl~'fl-:ln'lJmL'l'fl:;m'WVll~'"llnmJ'~9tJflf-:lnb"1l'Wf1'W 
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, '" 
Lil'f)\I~lne.J~mJ'Vll~I~1Jn~~'f):;m'W"lI'f)\lLlh~'W 135 kD ,r'W~1J~11~e.J"H~tWrl'd\lU~ltJ N 

" "lI'f)\lLUJ'~'Wri'f)'WmJ'~~El'f)tJ~'dtJ trypsin L'Vh,r'W'nl1mJJ~Il.J1J'Cl'f)'f)mL1J1J degenerate primer 2 

~'d'WL~'f)'I11l.J1H1.'WmJ'l11 RT-PCR 1'WmJ'lLtJnU'W1Jl\1~'d'W1~ 'f)Ell\1hnlPlll.J~lne.J~mJ'VlI~I~1J 
'" '" m~'f)djL'W"lI'f)\lLUJ'~'W 67 kD ,r'W~1J~11~e.J~~\I~lnri'f)'WLL~:;VI~\lmJ'~~El'f)tJ~'dtJ trypsin ~\ll11 

1~~1l.J1J'Cl'f)'f)mL1J1J degenerate primers L~'f)1fl.'WmJ'l11 RT-PCR 1~~tJ~~tJ1~'f)'f)mL1J1J 

degenerate primer 67F ~ln~I~1J"lI'f)\lm~'f)dlL'W~U~ltJ N ri'f)'WmJ'~~El'f)tJ~'dtJ trypsin (L -A­

P-R-Q-A-P) LfJ'W CTI GCI CCI CGI CA(NG) GCI CC LL~:;1~'f)'f)mL1J1J degenerate primer 

67R1 ~ln~I~1J"lI'f)\lm~'f):;m'W~lm~u1'Vl~~'d'W~ 3 (Y-D-A-P-P-G) dJ'W A ICC IGG IGG IGC 

(G/A)TC (G/A)TA LL~:;'f)'f)mL1J1J degenerate primer 67R2 ~ln~I~1J"lI'f)\lm~'f)dn'W~lm~u-

1'Vl~~'d'W~ 4 (Y-L-P-L-G-A-I) LtJ'W AT IGC ICC lAG IGG lAG (G/A)TA LL~:;1~.jf primers 
'" , 

LVI~ltll11 RT-PCR LYl'f)LLtJnU'W1Jl\1~'d'W"lI'f)\I 67 kD LL~:;W)~tJ1~l11mJ'Lfl~'W RT-PCR 
'IJ 

" '" 
products Vl1~L-ifl~ cloning vector LYl'f)tJl1uVll~I~1J DNA LLI?l'f)Ell\1hnlPlll.J1'W"lIru:;,r'W1~iJJ'ltJ 

, '" 
\ll'WLnmn1JU'W"lI'f)\lLUJ'~'W 67 kD "lI'f)\I YHV (Jitrapakdee et aI., 2001) ~\I,r'W~~tJ~\l1JJ1~vh 

" , 
m J'Vll~1 ~1JU'W 67 kD ,r'WLL~:;91 LtJ'W~'f)\luf1J LU~tJ'W~fim J'~~tJ t~tJ'eJ1 ~tJ.jJ'f)l.J~~1 nntJ\ll'W"lI'f)\I 

'IJ 
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