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mMINaTaaTIa 1 3alinwamaas (vellow head virus) LU indirect immuno-
peroxidase sandwich ELISA ¥hlagldlululnawasuendvad v3-28 usz Y19 Sedumizee
gwvaslusaniiduasslsznavaaslaizuwie 135 uaz 22 kD $29RU rabbit anti mouse IgG
H and L horseradish peroxidase conjugate Wuarasiazay uazld rabbit anti YHV antibody
Hlueasulaialu microtiter plate 3fimansnlianullumiameseulndifinsivds RT-
pPCR lasfinnnuladninies 5-10 i uanmni‘fﬁommmlﬁﬁuﬁmmwnaaauﬁtﬁa
WanngaaTauuuie 9 ldu stiptest éw%’uqﬂﬂaﬁ'avlﬂ‘l’ﬁ”lﬁ@iavlﬂ

MRS cDNARINSEIL LT s ua 1 U sauinfandes L Salsawa
wias Mlasusnfin p135 l0eit RT-LCRYEILE cDNA Tig$asain, RNA 289 YHV n
template) WU lAHaNAA RT-PCR@U™Q.4200 bp UazanNAaInInagy DNA 1n9&% (1720
bp) VaIHANER RT-PCR EwuhilaaugoansasiuEwiget16 Ges YHY fnanulas
Jitrapakdee LLazatue (2003) PNANILERT p65 e p65F78 (p65 ﬁﬂi’lﬂﬁl’m
transmembrane region) loeA% RT-PCRWIAIdLAIDNAwMA 1708 bp L 1630 bp @1u
8§01 WANAMILFAIBANTIBRALAL]F PQE30-expression vestor WUl i seRunadSe

namnunensuluniakdniu p22 Taed5 RT-PCR Wi lduanaa RTIPCR 2w1a 750 bp

LAZ9INMIMIENGL DNA wdmeAlaiiopen reading frafe (ORF) UaaHaNa® RT-PCR it
wuinlid ORF Azanadasnulilsauwivan22 kD souusiae hast DNA fildinaziiin
§IUVDI 3’ untranslated region 283 YHY

mMINauanTIlaat 1raluguna 16 1la 3% multiplex PCR BIRNINATIFOL
Folata 3 Thanfentudiitiae Tiaauasaean hiaimaes wezlais HPV (hepato-
pancreatic parvo-like virus) uazfd ldWanIn1sastaravlasi3t multiplex RT-PCR 2841138712
\WBBIUaT GAV (gill associated virus) v lduannisaadaantsaans 9 l¢

mivalululasuaaueudvedida a3 HPV vinlasusnaia HPV anduvars
qmc»hﬁum: v‘iﬂﬁu‘%zgn’ﬁruazﬁﬁmﬂgﬂ}gﬁ@j’uﬁﬂwg muondalululaauaauauduad e
12 laau  lasnnlaauduivlusiuswa 97 Alaanadu uadslaldlaauiisuiulusfuaue
54 Alamasu Gezdasamlululaanssuendvadfiladalusn
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q@m%mmnm&rmrj\iqmﬁﬂ Penaeus monodon Lﬂuaw%wﬁﬁ'mﬁvlﬁgjﬂszmﬂ
Inedazwaoniingruum LL@i'Ltﬁ:U:ﬂé“dﬁﬂthﬂ’ﬁ&@L%aimvlﬁaﬁ'amﬁao (yellow head
virus : YHV) uazlsala$adauasais1na (white spot syndrome virus : WSSV) @aiulsnda
dafroustlenaliiiaanudamenaiassgiaadaun  laswodlull a.a.1995 nandars
nniszinalnoaassant a.a.1994 fsvlszunm 30,000 6u  lasfaiduyadinisdsen
3zu1m 9,600 8L (Flegel et al., 1997) uanmnﬁ%ﬁsnmmmiam%avh%'aﬁuﬂ fisi
mm;mww‘i'}vlﬁuﬁ monodon baculovirus (MBV) L8z hepatopancreatic parvo-like virus
(HPV) "fiavh*?ammf‘:ﬁaLL&T@:"L;iﬁﬂﬁ’fi’ammﬁﬂmnﬁuﬁ udfanaduaungrsliiiansain
wuladh uazfouaszunswlildvme  eneliiisamafamemaasugiasuauamena
\TuN% (Fegan et al. 1991; Flegel et al.;1992)
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Alesnsaaisasg 9 Tagnmidsnangsingveaiialia (histopathology) Uaza329981N13
284l3@ (symtomatic/diagnosis) éfaoanﬁmqﬂmnsﬁﬁmwm’?immzytﬂuﬁmw (Lightner and
Redman, 1998) IﬂﬂﬁL’lvlﬂLLﬁ?ﬂ’]ﬂﬂiOﬂﬁﬁ)WULﬁaijLLﬁﬂOE)’lﬂ’IS’IJE]GIEﬂLa&Iﬁ 1H: 2R
azm“?iﬁ'\mmmﬁﬂa;jluamwn,ﬁﬂmﬂ Lﬁaamﬂ"laivlﬁ%'umitﬁui"nmlunmﬁaumma:g‘n
RO ﬁnﬁommsmaﬂmﬁnﬁmmﬂﬁmﬁumsam%aumﬁL’%fsJLLa:L%aTﬂﬂﬂﬁaﬁuimagﬁm
" Bauflulgmi imaims i tman il s duiinledia
mitess WSSV ladnswamivafia-PER wayinsitd hybridization 1ha 14l
MRy miam%raasmn')"wm'xmxolurjoqm@‘h (Changet al. 41996 Lo et al.,, 1997) 119
@308 Penaeus 1iae149 9 (Chou étal., 1995,; Lo et.aly 1996) LLa:é'mfﬂajuﬂ%'amL%zmﬁu 9
fionuduwinzuaalsa wssv leun tha:rjwm §(Kanchanaphum et al., 1998 ;
Supamattaya et al., 1998) lufusadsanwlainTinaiinafiia RT-PCR ialdlums
Afesumfaa YHV ludanandn (Wongteerasupaya et al., 1997) G At IuwaBAL
m'm"hqn‘lumsmwmmsaﬂL%a"hi”a WS iiITad e lwiladesifesumaiedmamnn
Lﬁaaﬁnﬂﬁﬂ'ﬁﬁhﬂlumsm'zwiaé’hamadauﬂﬁ’wgaLLazmsmaaﬁaalﬁﬁaoﬂﬁﬁamma:qﬂﬂm
nfifianuimngiamsms
fwiunsdives HPV uaz MBY mvifadunandanlnarlasmsanaileds
aunszuInnIfandanuind (histopathology) uasiimavaminediants PCR iialdlums
mwmsﬁm%aﬁaLLﬂ’fﬁ’aﬁaVszLLa@oaﬁﬂws (Sukhumsirichart et al., 1999 : Belcher and Young,
1998)
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mumﬂaﬁmﬂﬁﬂmoqﬁﬁunmwmma’[%mm-WSSV uaz YHV %t ladnsnae

LawAdTuse WSSV uaz YRV ianiiflasslaslginaiia Western blot (Loh et al., 1997)
usagnslafiaunisldndlasnssuonadsuiiamadiesusfianulid ussbivunzauly
mMnkspaadsiwinen  HandfeeaunnaautaildiT dot blot (Nadala et al., 2000)
Lwimmvh‘lumsmwaauﬁﬁw‘ﬁag‘mﬂ

anudnIalunndalalulaaneausufivafida YHV (Sithigorngul et al., 2000)
f'fm‘hum:@ia"lnaiﬂiﬁsﬁuﬁﬂ'm’hl,ﬂuaaﬁﬂizﬂaumuﬁtﬂmﬂﬁaﬂﬁmaa YHV (Nadala et al.,
1997) sunsnlfasrana YHV lélu haemolymph uazitaiiosns 9 TaeAs dot blot, Western
blot W&z immunocytochemistry %ﬁ%mmi{mﬂu@jﬁaﬁaaﬁwluﬁmﬂﬁﬁami v9itdeld
nalwnIaTaas i Lm:mm"h’uaﬁ%maaﬁﬂ&iﬁoqmgoqﬂ Piududaswanunaiia
Bmsanaialildldng szan wazlaanalagasiald sandredvamnadialummdala
Tulrauaauaudvadda YHRa Rudain e tia A musulsiimasawdo el
athananedB uazehldsalalgeanin Sadmzainililunisgsame MBY waz HPV danitw
fw  natiwesmindalululaghosuenfivadde wssviua: YHV "lajvl@muaua‘lwgﬂimamsﬁ
Lﬁaaﬂwniﬂsanwsﬂ@f§unﬂiaﬁuatgumnguﬁv‘i’uqﬁmmmLLa:LwﬂIuIa‘EI%anwwLma*’ms’?ﬂwﬁao
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fmsulanwmstlosmsamaelasranuuamomniteldun Mg Nl uUse
FalaialaonislWiadin . saas s unsaniiasaulas Withachumaarnkul (unpublished)
;’fmlvﬁ YHV firdun1iae SiE Uy ﬁﬂlﬁﬁoLLa:'Enﬁw‘lﬁrjﬁm%amzméi’a (chaflenged) wuinris
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ALATUNNIAG YHV NHABNATan 8398 UV nat ﬁ"?ﬁ@\muua:é'@ﬂiamgoniwr}”ﬂumjumquﬁ
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1. maiamngaaifesdy hialsaa- msv’v“eum‘gmmw‘iﬁadﬂa%’ﬂmﬁamﬁaoluﬁﬁqm@‘hﬂﬁ
mﬁm’lur}”@qm@iﬂmlﬁmﬁﬂ mmvhLLazmmLLajuihgaTm%"ﬁ sandwich ELISA
niidunwinmn (39.05. Inea a&ndnna)

2. manawiaduwdaldlumstlasiu  nmIwd1eu cDNA vsdufiillusiadswsuaielysan

o J L s -1 9/ t r=} s ar =% v o

mm@L“navlnsaBﬂmmaaa‘luqa mmﬂaamlao"bsaisﬂmmaaﬂuqoqmm
nae (@3. Y3und Faians19ns)

3. mywamngaasitedlialuds a3293 %88 [ ialudanaenlasdT muttiplex

qawﬁﬂﬂ U'l‘&'mﬂﬁﬂa%‘?n%m
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1, msﬁ@um‘g@maaﬁﬁaiﬂh?ﬂmﬁmmﬁaa‘lu
fnadidanuhuazanuusing QGI@ 835
Sandwich ELISA

MINAR Ascites fluid 2a3lululaausauauniived
(MAb) V3-28B

NINAR Rabbit anti-YHV antiserum

MINAIUITAATIY Sandwich ELISA laals indirect
immunoperoxidase method

mMnagauaNULing anall anudiiwizvas

o o &
qﬂﬂm'«mwwmmu

2. MIWIAAL cDNA v9suiiuIsnadanIu
glisausrwdanvadhsalsnn unias
‘l,uq”aqm@‘h

matfuswinwaslss YHY

nana RNA 289la3wuaza3n9 cDNA library 289
YHV.

AAINIRIAL CDNA 198 %Uad YHV enveloped
protein LAZATIHUIUNAHRAIN cDNA a8
MAb 7i99Lmn3gia YHV ehveloped protein

3. miﬁwm’g@maﬁﬁaﬁﬂﬁ&lmjﬂqm@iﬁ Tat
25 Multiplex RT-PCR

N8N UL primer
nnIUuEMas Multiplex RT-PCR
MNINAWTNA T8N R UT931) Multiplex RT-PCR

4. nsnaw lululaanaslanavadinalslunig
a3 feae 158 HPV Lufanmdia

NNILLUARNG LaTe HPV
AINARMAD” dalii] HPV

al X ;
mIsasIIRauMIAaLe las immunocytochemistry







1. agﬂnamséhLﬁmmwmfﬂion'lﬁ{fﬂ 1

11 Goq msvﬁ”@uumﬂmaﬁﬁﬂ{fuvl,’;»%’aISﬂﬁ"Jmﬁaalurjoqm@‘hﬁﬁmﬁuvhu,a:m'mu,;ju,
f1g9las3T sandwich ELISA
1.2 Jaguszasdveslaninsidy
1. Lﬂ"aﬁ@umq@m’:a%ﬁﬂdy"h'{a*[mﬁ’:L%ﬁﬂﬂﬂﬁ% sandwich ELISA 718
anahuazanudinizgs
2. LﬁaLﬂuLLmﬂN'lumsvT@uu'r’gmmuﬁﬁ%ﬁﬂﬁaﬁﬂﬁ‘;mﬁaaﬁdﬂzl udinen
wsznengndmivlslumeasmadaly
1.3 Wamssiumsveslasemiidy

fAUIAHRAYAATIV indirect se ISA ﬁﬁmnmL&iuﬂﬁLLazﬁm'thga
lasltlululaanaauaniived va-2B

Jo i |JUTTH
™ A g
grwib'bd;b.ua: rabbit antiYHV 2

it.anti-mouse lg-horseradish

peroxidase conjugate Sip1t 1Tl capture

i . Qs )
antibody A lvaI74 m’fﬁﬂ)ﬁfﬂ?ﬂ&?‘ﬂ%tﬁmaaﬁiﬂ 80-88 f1atn3lu
1A - ‘ r 3 L. : _. ik
enlifin 1,000 e Y \ ‘
Q2 I‘o Hl] J
1.4 Tavsmisufidossuiiea
&, i

g
ATINTS

LanALaRUad

350,000 U
RAULNG

935'1ﬂaxL‘é‘aﬂ'lmmmmﬁuaugiﬂjaﬂﬂsamﬁ%’ﬂ 1
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2, a@wamsﬁuﬁmmwaafmamﬁé'fﬂ 2

2.1 383 MImE1au cDNA tsdmiidusirdwiusldsiusnalaenvadlaialse
- wundaslufinaidi
2.2 Jagiuasduaslanimaisy
1. 1aLe3u YHV cDNA library
2. tWausn cDNA vasniuiusvadmiuaii enveloped protein 184 YHV
2.3 wamIginniredlasemieg
sannlaandusaslusiinlasesineveshiSavuwa 135 uaz 67 kD lad3e
fnsulusdulassainivune 22 kD wan1339e iTavlajamylstﬁ%m:VLﬁ@‘hLﬁumsﬁmiaﬁuma'wi{

Winluiuafise E. coli Lﬁam:@'j’ulﬁﬁnml,am 188 A3INI6a LU

2.4 lassmtiundasdiiines

~ ; 'd' ol A :
laauuasig: i ;oﬁ"fﬂawumaﬁaﬁml AT 1a 22 kD
o = A 1. .
25 % aNURFUIIVAILATAT ..r-\:'_l | EJ"} .
L ‘ . \.. ’

90 %
26 qﬂaﬁﬂ'ﬁ‘%a
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3. ajlnamsdineuzatlasonsive 3
3.1 Bag mmamgaanaiiedyhisludinaidilasis mutiplex RT-PCR
3.2 Januizavdvedlaanisidy
1. Lﬁ'aﬁmmﬂgwnaaaﬂﬁaﬁmmmama TaSswundes s HPV waz
hiw MBY lagATufAsmngnlelndiuaisauuunan (multiplex RT-PCR)
2, w’fim‘h‘g@@mfﬂﬂauﬁﬁwm%ﬂﬂwmsnmﬂamw B A3 elure-ua)
Wufﬁq Wwaz@339§nMA3 naupli LﬁaLi‘Jumsﬁmﬁaﬂgmfjm%amwmmia@L%avlv%'a‘lummxﬁfja
fFaliugnia1nis usstianmsasremnwnzseadalaant 4 viia
3.3 wanmIauiiun1iweslasn1iise

"L@TV‘\T@M%T@@?’JWE}Uiﬁ@I@U? iplex RT-PCR uazlaUszguannudiialue

A‘ s A v A a o s
ﬂ’ﬁ@\i’lfﬂﬂﬂUL’ﬂE}vL'ﬁﬂ 3 TUANWIDUNUAE I TERUARRDIUG vl’liﬁ HPV

o J s 1
daalsaanlavaeg o
3.4 lassmiaed

37 ulszinmdila
255000 3
WANHAR

an gazB0a UM BN UATUFNYT
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4. a;ﬂﬂamiﬁﬂLﬁuamwaofﬂiamﬁ%’ﬂ 4
41 Bos maviawlululaauesuandvadiieltlumanaifieds s HPV lurds
i
42 Jaguszmdradlasimaide
1. Weshelululaanasuendvadfisinzde HPY
2. \falfinafia dot-ELISA uas immunchistochemistry lafadanuaudivad
fiflenusuwzaalads HPV |
3. L‘ﬁaLﬂuﬁugmlumiﬁ’wmaq@mwaau HPV lufsnandfiny szain 1a
1572 uazuaindrlulasanmisea’ly
4.3 wanmisaifiumivedlasaniise
l@vihmsusnana HPV NNAVBIN ﬁwlﬁu‘%qﬂ‘ﬁ‘ LLﬂzﬁ'\&l’la@lﬁﬂh&LﬁaNaﬂ
lululaausauauduadle 12 daaunnlaandtiniilséiviiung, 97kD Gauilylelseusuiasue
Tisunuldsfiuumne 54 KD e fienanis, taniulaiaimutsasuigasuaaiiadiaf
dadelimeutauasfiialiudns hypertrophied nucleilraIIANA VT UNIZFa HPV

o a [}

4.4 lasamATuadaseiings

a - X d M N { o '
NAMAD TR NIM Nl lduanduandatnizaa lisauauiars4 kD lulasinis

gald
45 % anuRaveslasinis
80 %
46 gusTIARIBLMaRyw
MINRDNTIN AR I HAHE AT Bhybridoma viaariWi Lilalaauuasuendved
fidaems myUsudsaisnnsudtym WeAE NI IREHAaAY hybridoma T¥iAwTu
47 Julsanmild
349,000 1Y
WANBLNG

@ﬁUa:L?J'sm'lmwmwmﬁ'nauyjsrﬁmaﬂmams"zaﬁ"ﬂ 4
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NI TanTI9 1 IElIAMmABd (vellow head virus) WUl indirect immuno-
peroxidase sandwich ELISA vihlaslslululnauaauoudived V3-28 usz Y19 3umzee
gwpaslusanfidnasddsznanvasliiauwa 135 waz 22 kD 324U rabbit anti mouse IgG
H and L horseradish peroxidase conjugate \Juaaas1asay uazld rabbit anti YHV antibody
Tueadua$ale microtiter plate 33Asnansaltanublumsenesaulndidseivids RT-
PCR lasdanuhdninfios 510 wh  wanamidimunsoldiugunmsanasauiifia
WA TIRuLLe 9 leur strip test e‘%mi“uqﬂﬂaﬁ"avlﬂlﬂﬁ@iavlﬂ




ABSTRACT

Yellow head virus (YHV) detection kit using indirect immunoperoxidase
sandwich ELISA was developed. Monoclonal antibodies V3-2B and Y19, specific

to 135 and 22 kD structural proteins of YHV, respectively and rabbit anti mouse 1gG
H and L horseradish peroxidase conjugate were used as detector antibodies. Rabbit anti
YHV antibody was used as captured antibody on the microtiter plate. The sensitivity of this
method is comparable to RT-PCR with 5-10 fold less sensitive. This method provides a

basis for further development of simple strip test for shrimp farmers in the upcoming project.
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fa YHV (Sithigorngul et al., 2000) B3l lulaauoauanivedflditanuiimesalsau
faulsznavues YHV ﬁﬁfmﬁﬂimaqaﬂizmm 135 kD Famaiirezilugiuvadlnale
Iﬂsﬁuﬁﬂmﬂﬁanﬁu (envelope) 184 YHV (Nadala et al., 1997) lululaauoauanauadis
anudnzdalisfiuuas YHV vislugnizdnd (native form) Lm:‘luaﬂn:ﬁgnﬁﬂﬁ’t%m
&N (denatured form) LLQ:WU’i’]LLauaUaaﬁqﬁl&iﬁ’]ﬁf]ﬁ%mﬁaLdﬂLﬁﬂﬂﬂﬂiﬂUﬂﬁ%ﬂﬂ%ﬁUL‘T;E]
YHV
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§ImszNausd § 289 YHV 2m1a 22, 67 waz 135 kD Rudxler (Sithigorngul et al., 2002)
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135, 67 U8z 22 kD ﬁalugﬁwaa native form w8389 denatured form Lazuauduofnandl
susnltlumsarammdaite YHV 1ag3% dotblot waz immunohistochemistry ‘léf

miltlululaausanandvadlasassdmiumdiedsmiaada YHV sansarh
lemans3TLeun immunohistochemistry, dot blot uaz Western blot Laluudazidiidadnauan
fnInwae
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\fiaiflauss haemocyte °uaqiqﬁam%mﬁmﬁﬂﬁaUiﬂaﬁr}'ﬂ 59 liuaasennsvaslsa
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@323930 section U 9 FAMNIAATIAGIALALILTIDUAT imsaeigestasaranyivl
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NTZUIUNNTV8Y indirect immunoperoidase method 39amaaiRitas luinsten lUsauuszdhe
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Uszu7tk 0.01 pg 189 YHV-RNA LLa:mwwuvh%'aluLﬁa@f’j’mﬁamﬂﬁﬂﬁwmsaﬁ@mn
m?anr’jaﬁﬁm%aév'mwi 6-12 113

Loh et al. (1997) uaz Nadala et al. (1997) ldnaauanddsudaida YHV uazld
Western blot lun1sasiamsdaidia YHV 1wl Penaeus vanamei wuhueud@suaansn
arnulusiufiiiussdsenovmashSzuwa 170, 135, 67 uas 22 kDa uazenanIals
mwmsa@L"ﬁyavhi”aﬂé’amnﬁq’ﬂﬁ%’unﬁﬁ@h%’aﬁqu,@i 48 T lastwly)

Poulos et al. (1999) lanAalululaauasuendvadualndlaanaataniuaiiae
Taura syndrome virus (TSV) LazENNT0LTID dot blot Laz Western blot lumsamamia
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Nadala et al. (2000) ldflfinaita dot blotlunsaammsaaida YHv lus
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aﬁmi{mﬁarj’a“?i@ﬂl,%a"h%‘aﬁﬁamo 110" i G§teaa Thdoudhash

Sithigorngul et al®(@600) ldwanmlululnsitesuarfvafisata YHY Taoueuiivad
fanudnzde lduasiad3s kD Sesnansaldasaaimatiald Tasdanuluazany
Fuwzgaladls T dot biot, Western blot kaglimmunocytochemisty luliloifiasne q Y9479
nd1 J9eninzA% immunoytochemistry fun30aTANLMTAATE YHV "L@TLLiﬂuﬁ:qﬁ:Ta
liuaasaamsvaslanfiony

sithigorngul etial.(2002) lanaalululaanaatanduoaisimnzsaallsduuas YHYV
Rutduawe 22, 67 Lag 135 kD nnmIanniiduiunuangsTs YHV ﬁﬁ?lﬁﬂ%ﬁ!ﬂ%ﬂ’m
#7%37n haemolymph maoﬁaqmﬁ’lﬁvlﬁu'f;a YAV lagnasia_sursautialululaauaa
nouduadoaniili 4 ngusupnALsfnduuInMININTLAL native protein 183 YHV youzfian
3 ﬂajuﬁmﬁamuwmﬁwﬂﬁfﬁ’%mﬁﬂLm:m:m@iaiﬂsﬁuﬁﬁﬁmﬁfnimaqa 135, 67 WAz 22 kD
ﬁ%‘lugﬂmao native form LLﬂ:Eﬂ"uao denatured form LLaua‘Uaﬁﬁawu@mmml’ﬂummm%
winsaaite YHY 1ag3% dot-blot uaz immunohistochemistry a8 lsfiauuandiuadi
Fuwziazasdalisfuawia 22 kD azliuan13@nsd203% immunohistochemistry 6ﬁqﬂlu
WrasnNUTuLazANNTA lu TN

fniunsnumslilululasueauanduedlunsareitedilsaludefirslilunis
avalsn wssv ldurnmindalululaausauaufivadida VP28 protein 189 Wssv lagms
Uanafiduiunudis wssy u%ag'n‘ﬁr Idlululaauaauaudved 3 Taaufisnansaldnsiams
fonta wssv lwiloifadess immunohistochemistry (Poulos et al., 2001) &1WIUNITHA®
lululnanaaueudvadide wssv lagls recombinant VP28 sansandalululaanaauans-
vadld 3 laaudeausai ldwamndassindas biotin dwiuaTanisaaide wssv lng3s
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antigen capture ELISA wufianulalndifeeiy PCR (Lui et al., 2002) wananiiselinig
NamiwiuiﬂauaaLLauauaamn%%‘au‘%qﬂﬂﬁ 4 Tasudssnuntnihunlflunisasagaunséia
32 wssV 1ae3% dot blot (Anil et al., 2002)

Fonwnduldnlululnausauentivedide YAV Ssmunsandaldlukes fodne
°uammz;ﬁ%’m‘hmumnfsnmmﬁ'«a:ﬁ'wmvl,ﬂ;jmﬂfmulugﬂLLuuﬁﬁmmvbgum:mmm‘lﬁ
"Léquﬂﬂaﬁ"'J 91y msfnmediiReSudiuniswaw sandwich ELISA Fuiludsfifana
Vlagaiaua:nmaauﬁolugﬂ indirect Uz direct sandwich ELISA taiduuuwamslumswaimn

TAATIIUULIY fniunwasnidaly
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e &

1. @aImaass

k

fanandn Penaeus monodon %amnWﬁulﬂﬁLﬁmngomw Y YU16 20-30 NI

daudesluinziannuidy 10 ppt TMunsudenndamnineysn awia 15-30 niu 1
idgslwiIadniuiuieadelfilenafeadinaduaziiu negative control #3167
agnan lddnsfiade ldalsawundas

2. msasaalsalsaiamias (YHY)
ianaiin@asag haemolymph mﬂrja“?iﬁm%a"l,ﬁa YHV (383719 1 : 1000

Funamsaaidalszanm 2-3 Su L‘éaﬂrjaﬁLLammmsam%aﬁnmmnﬁaﬂwauﬁuﬁwmﬂao
Aunsudedvaaion (Rodriguez et al., 1995)liaGssI% 1: 1 nuonaznaswuaziradida
Lﬁa(ﬂaaﬂﬁ 3000 g 1 supernatant mmﬂ@:nauﬁ 33 % saturated ammonium sulfate 8zag
aznaudaelu 2x PBS  vialifuft 3000 g wENEIuYaIRsN A luazangeantawi liuen
1155l 100,000 g (Tlwdn 2 Talls d1988p 2X PBS 2-453 pacafiaznawiildeis 2X PBS
wilSunmliUsfulas3t Bradford et all (1976Y uiaudmgos 5 naoasz 0.1 Jaddas v
159 -70 °c mwaaummu‘%qw’ﬁ(mao"hi"a‘?ivlﬂ"lm SDS:PAGE L& Western blot

3. 151384 rabbit anti'YHV.antiserum

3.1 Wilade YHV T8 \dannda 2 HEuil complete Freufd's*adjuvant 1@
&% 1: 1 daldnsvengumn9masyiay (intraperitoneal|injection) wal@fiawild (intradermal
injection) 8n 2 uslua@sndszuate 5 Tadn3u/en ﬁﬂ%ﬁﬂﬂ 2 FUenwlagduauny
incomplete Freund's adjuvant 8n 3 fAaWaIIINAAATIT 4 L’«J']zLﬁE]ﬂﬁ]’]ﬂlU‘lgﬂi:@i’lﬂﬁdlﬁuﬁx‘l
d hatuwendsueandl 8000 § lwnan 3040

3.2 1633 haemolymph Waus an i daiéde fasuagiine (haemolymph-SRBC) 1
haemolymph annryfunyuuazanniana1ealng (RT-PCR negative) idsuderuiiniban
LeNLLNE (sheep red blood cell = SRBC) lanay haemolymph AU SRBC ludasnain 2 : 1
\@u PBS 3 viuazifiu paraformaldehyde Twiiln 4 % 71913 3 Faluadade PBS 5 e
$wm 5 adr mniwdonsdis PBS IWlF 2 % SRBC uazidu 0.01 % thimerosol (vl {7
4°c

3.3 mi@ﬂ‘ffu rabbit anti-YHV antiserum @ haemolymph-SRBC ludasdiu 1 :
5 fialfuszunm 8 aluedl 4 °c Tanwenlvidadanuaanszany  sluiiud 1500 g uan
supernatant 88N  NAFDUAMNUINUNIEVEY antiserum ﬁvl,ﬁ)[mle;% Western blot

34 ﬂ’liﬁ’llﬁn’%qﬂ%‘ rabbit anti-YHV antibody %1 serum ¥1enaznaweiy 40 %
saturated NH,SO, 71 4 °C 1Jufi 3,000 g usnaznaussnuazsilil dialyzed wazazanslu
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PBS mnffuﬁﬂﬂﬁﬂﬁu?qwﬁmlﬁ Protein A column NENWLaRATINAY binding buffer 11
8@3189% 1: 1 6% protein A column 819618 binding buffer uaztivuandvadlagld elution
buffer  a1nsiwiin dialyzed MgtinsuuazyilWidudusdan vacuum concentrator (Savant)
\Au 5X PBS ludandm 5: 1 amamuSumldsinlay Bradford reagent utaiiiugan
Aol -70°C

3.5 msemﬁ]aauwnuu’%'egﬂ%rua:mmﬁ”\waz'uao rabbit anti YHV antiserum
ﬂmﬁ]amm'nwu‘%qﬂ%fmaa rabbit anti YHV antiserum ﬁﬁ’llﬁh%ijﬂﬁﬂﬂ NH,SO, uaz protein
A column las SDS-PAGE ATIINDUANUIUNIZVB rabbit anti YHV antiserum lag
Western blot U84 haemolymph mnrj@ﬁﬁm"ﬁaua: YHV ﬁLLﬂﬂﬁnﬂ haemolymph Wisuifiny
1y monoclonal antibodies V3-2B, Y 18MAENL9 Feinimnzdanssisznavsn 9 vadlais

YHV la¢ immunohistochemistry

4. nmInAFouANMNIIZussaufidsun lalng3s Western blot ua

immunohistochemistry

%2 haemolymph mm‘jﬁi?mL%aLLa:ﬁ:oﬂﬂamwneT’sﬂnszmums SDS-PAGE
ayiTvevlaemmii (1970) ssnadnslmadsauniislidaid Coomassie Briliant Blue R-
250 agelilaadnarunitaialud plalsfiuasuuurinlulanaaglaalasld Transblot Cell
(BioRad) | aanuiuilu/ualu rabbit anti-YHV antiserum 1138990 1% 5 % blotto tHwiaan 3 47
Taaft 37°C dhalu 081% blotto 4 A%a 9a: 5wt hludiisiadn 8 9luslu goat anti
rabbit IgG heavy and light chain horseradish peroxidase conjugate (GAR-HRP-Biorad) oh
9719 1:1,000 (1146 % biotto, 40, %.haemolymph VoIIUNG) & HAIINAW 4 ass 9 8z 5 wIfl
il fiselusnsazdhe 0.039% didmifebenzidine, 0.006 % hydrogen peroxide (H,0,),
0.05 % cobalt chloride azadeli PESHIunan 5 1

dmiumsuszanmdumsigasianllsavuesia dlashuiuwlulanoaglas
inlutuiulululreuaauanduefisuwizee haemocyanin (PMVS-22) (Longyant et al.,
2000) uazldaTazanudusasniilad cobalt chioride

FIUNIATIINATOUANNIUNIT T IUaUATTT IeTae3T immunohistochemistry
lasiuiiafiafiadoulu paraffin section WAz EWITIAUBEN A P, (10 % calf
bovine serum 13891411 PBS) 1fluia81 10 wifl  9nsiuneadae P, rabbit anti-YHV
antiserum uazSandiy GAR-HRP faad1ee haematoxylin uas eosin udaviiualaganas



14

5. msiassalalnlaawaauanduad V3-2B, Y18 uaz Y19
11 hybridoma fiaouanfinadng 3 clone  wudesln RPMI L&Bu6an 10 % fetal
calf serum AWNTEHI culture media LA Iuwingas s luiluwen culture media panan
w88 areanuiwzvsdlululeauosuanivedilalay Western blot  utislululaaues

waudvedsaniduaiw g 1fiuf -70 °C

6. Indirect sandwich ELISA
6.1 nInaaaun1Ixme rabbit anti YHV antibody Az

¢34 rabbit anti YHV antibody a3 dudu 5 2 1 uaz 0.5 lulasnsw/ladaas
laasluusiaznquues microtiter plate Ysunas0 llfisaas vaulin 4 °c wam 12 $alus
AaETRTA18TAN 0.5 % blotto450slilaTAasL Ha s teNRBa s wAULATe binding site
fiiwda  \@u haemolymph maar’jaqms’hﬁam"’fj‘va YHV 138393010 § 628 5 % blotto 50
lulasdas ﬁuﬁqmwgﬁﬁauﬂunm 6. Ms " §19078-0.5 % blottoa33AA3 150 lulashas 4
a%1 9az 15wt dulalulnanagllondtldn v3-28 TRaL38979 4 - 25 738l 5 % blotto
Y3anas 50 vl,wimamﬂw‘?iqtuﬁgﬁﬁaaLflunm 62 i §19%28°0.5 % blotte1531@ 150
lulasdas 4 ﬂ%\‘i 98¢ 15 Wl L rabbit anti mouse IgG H+L minimal cross-reaction to
human serum proteins horseradish peroxidaserconjugates(RAM-HRP II-Pierce) 138979 1 :
2,000 Y3u1a5 50 lalaTaas ﬂuﬁqmmﬁﬁ’auﬂunm 6.1lus 9nIEIEIE 0.5 % blotto
4 o% 9 8z 15 w49 substratesdatsznaudas 1 Daansu/fiasies o*phenylenediamine
dihydrochloride (OPD) 10.006 %thydrogen peroxide (H,Oy) azaae1% 0. eMsodium citrate
buffer 15119 100 lulAsaas wiaas wafl woaUjise e N#H,S0, U3 100
lulasaas fﬂﬁﬂ@ﬂﬂﬁuum (OD.) ﬁ 590 ‘Am @28 microtiter plate reader = @329¢ titer OD.
gmqﬂﬁvlﬁua: background filiaem haemolymph 1A RGalA@ ™ ¥LTu"k rabbit anti
YHYV antibody ﬁmm:&m

6.2 NINAFDUNITRALAZAINNITNVDY anti-mouse IgG-HRP *ﬁ'mmzau
@34 rabbit anti YHV antibody anuiduty 1 lulasnsudiaddasldasluusas

wauTal microtiter plate  uaziinlUHUNTILIRIIEWEETUTe 6.1 Sendsnnansdae
0.5 % blotto a1 lululnausauaudved v3-2B snifuaanudd (& ant-mouse IgG-
HRP #iiad19 9 fo goat anti-mouse IgG H+L horseradish peroxidase conjugate (GAM-HRP-
Biorad) %38 rabbit anti-mouse IgG H+L horseradish peroxidase conjugate (RAM-HRP I-
Pierce) #38 RAM-HRP II 130971932606 &g 1: 1,000 1:2,000 %38 1: 3,000 USu1as
50 lulasdas ﬁmﬁqm%gﬁ NNERE U HAUTWRETUTD 6.1 waNIadgANAuLE



15

W87 A9 titer OD. qoq@ﬁvlﬁua: background #1tfia31n haemolymph VoInANdUNG
wirhauaztTanawes anti-mouse IgG-HRP fAnanzauinaldlunimasasdaly

6.3 NMSNAFaUNIAMNILNTUALKRNEN oI nlAwa AL BAL DA LG A

¥NMINAaad sandwich ELISA 1iwdeanuds 6.1 lasldlululaanes
wanfivadudazofiafio V328 wia Y18 wSa Y19 13evwluszdudy 9 wisuifiey ob. veq
wauaNuFenei 9 189 lululnausauenived v 3 wliafiledasiaslien op. R0
¥ 3.0

7. Direct sandwichyELISA
7.1 NISASBN ascitesfluid 203 lululpanaananivon v3-2B

e hybridoma cloné V3-2B 111 feclone Wonalganlaauiiaianenduad
sensLrasanidanI sz 50 uaas ﬁmmﬂmaﬁﬁﬂﬂﬁﬂlﬁ'ﬂwnﬁﬁﬂ pristane (0.5
fadanyen) drihetniias 2 Failuisuam 5 dwdas/safe Bz 10-15 Su
@7 EANATAT AU hybridoma Lﬁﬂﬂﬁ}éﬁﬁﬂ?iﬁﬁt‘gﬂaﬂ asdites tumor iiufianian: ascites
fluid 9 NTaINiBIaEN I TN LINNETETAROENTNS,000 g gwﬁuuau@uaﬁﬁvl@ﬂmﬁw
haemolymph-SRBC ¢onjugate (iniiaudia 3.3) ﬁ’ﬂ,ﬁuauauaﬁu’%qw%ﬁlmﬁwmmnﬂ:ﬂauﬁw
40 % saturated NH,SO, #i 4°C LLa:ﬁwmﬁﬂﬁu‘iqﬂ‘ﬁr@iahzm"m, Protein G column ((Wlaw
[ 3.4) mnﬁf’umwaaummaﬁwLm:mamauauaﬁﬁvlmm Western blot L8z immunohisto-

chemistry

7.2 N151@3831 V3:2B-HRP cohjugate (davois. 1999)

aza8 HRP luinanludansn 4 Deanswiaddas 16u 0.1 M sodium
periodate 133195 0.2 Jadaas 1oly 20 wift il dialyzed 1% 1 mM sodium acetate buffer
PH 44 2 a5y fethufin  naNuaudued V3-2B Aruduty 8 Nadniw/fiaddasazarsly
PBS pH 8 (10 mM potassium phosphate 50 mM NaCl) lussazans peroxidase WALGN 0.5
M sodium carbonate buffer pH'.9.5 Y3aas 40 lulasdas (USu pH Willn 9.5 Tasifiy buffer
Sndniton) fely 2 $9lua weaUffTenlasidia sodium borohydride (4 Sadnsu/Nadans)
151105 0.1 Daddasioly 2 9alus  91nsin dialyse Tu PBS 3 afuiunm 24 s wtle
{lugn 9 1ot lUnaseuyszamBnwAnuniAE indirect sandwich ELISA
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7.3 @39V T HADI V3-2B-HRP conjugate THHaNEHal
¥inMInaaed sandwich ELISA widenude 6.1 lasld v3-2B-HRP
conjugate NH V3-2B WAL anti-mouse IgG-HRP WSsuifisy OD. ﬁvlﬁﬁ’u indirect sandwich
ELISA

8. 115529 YHV 1% haemolymph @28 RT-PCR
111 haemolymph maorj’aqme‘hﬁ&m%a YHV sidaanszauds 9 lasld
haemolymph Ba4famunsaiuea dilvent hdatniianm 200 lulasiasunaianse
thadanvashialasldgaduiagd (Roche Molecular Biochemicals) insafaedsniilely
sm (GIBCO BRL) lagld lwsiwad
44R (AAGGTGTTATGTCG

11 RT-PCR laglt SuperScript one step R
YHV10F (CCGCTAATTTCAAAAA

AGGAAG) (Wongteerasup : 195'7)..:.-90 ioduct ?qu A none 2 %
-
agarose electrophoresis ﬂiﬂi'”l,mqo M“&l is-borate-EDTA
L]

(TBE) buffer uazHaNg? ttﬂ'dium,s%i Feazly
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1. maa3ealasa YHV
Aanadidszanm 120 a3y haemolymph 16 150 fs8das  wanusnlaia
Telszanm 3 BadnswAsddey Werhdediuuendis SDS-PAGE fauds Coomassie
blue wuunulysdundnuesliiad 135 67 uar 22 kD Tasfiunulusiusma 170 kD Falivin
Uity lululaaneausufived Usdwanidnisaauuignbuashidmunnt 9o % (307
4A)

2. N19L@384 rabbit anti YHV antiserum

31NM38a YHV Wnszdnasiuiu 4 da wuhnszdgnnaiimiaauausiuas
gauauAvadde YHV asunniudacdelysaudmamnss 67 uaz 22 kD s’fiqu}agwﬁ'uﬁm
haemolymph-SRBC conjugate ua2 Lsiwal cross reactivity ﬁuiﬂiﬁuﬁu 9 T haemolymph 37N
9Un&uaz haemolymph WNMNUNGLaE haemolymph mnrjaﬁ@m%a (g'ﬂﬁ 4B) uazila
nesaulagid immunohistochemistry W11 rabbit anti¥HV antiserum ﬁ"lﬁmmm oy
Lf:atﬁamaquw’%nmﬁam%a YHValg (gﬂ'ﬁ' 5) 83730, serdm zavnszdp layUszun o
100 ﬁaﬁamuazﬁﬂﬁuauauaﬁu’%@n'ﬁfﬂs:mm 4 fndnawdasanilasium 5 adans

3. maassalululaananionauafVa2B Y48 uazs 19
wiulululdauBauewlivad v 3 clone nagouan s WILlaf5E Western blot
wuh lululaauaauanivod M8 Janusumzaefiensioanly Sithigerngul et al., 2002
(gﬂﬁ 4C, D uaz E)

4. Sandwich ELISA
4.1 U530k rabbit anti YHVsantibody filAanzaa

3INN13 M rabbit anti YHV antibody A99tu9% 5 2 1 uaz 0.5 lulasnfa
ﬁaﬁ&mw‘%@ﬁﬁqwmﬂ ELISA @31amaulagiF indirect sandwich ELISA WUA 5 2 uaz 1
TulasnSw/Aagaaslven ob geq@ua:@‘hqﬂﬁu haemolymph maarjaﬁm%a YRV laglslulu
laauaauaufvad va-28 ‘lnﬁﬁmﬁ'ma:q@ni’]ﬁ 0.5 lulasniu  uddmiunsdives 5 uss 2
lulasn3wisdaasl background staining gmﬂdw?i 1 lulasnSuAiadfasdsnisei 1 uasd]
1 lulasnswidaddns @1 OD. v89 haemolymph maorjaﬁ@m%a YHV 138919 1 : 10,000 1
anuUlTUTINEIN A 05 2 wae 5 lulasniw/liadaes FaiuAMUTE rabbit anti YHV
antibody fnanzawleun 1 lulasnsudedaas feeclflummasssdold
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4.2 ¥RAUAZAINNIANIWYDY anti-mouse IgG-HRP 3 %#a
RAM-HRP 1T finnududu 1 : 2,000 Twdn ob. gmdwﬁmmi&ﬁu 1:3,000
uazlauandneein 1: 1,000 udfiaududu 1: 1,000 1Wen OD. fu normal haemolymph
gann 3979 GAM-HRP uaz RAM-HRP I v oD, Aamuidutiu 1 £2,000 §nuasifia
background §9n+ (st 2) Fadlawneruidudunes background ezl op.
WANENITe  atiu RAM-HRP TI 'ﬁ’mﬁqmnnwaﬂ'ﬁmauauaﬁﬁg\a 2 ¥l msdnmasidaluie
1% RAM-HRP II

4.3 mamanududunimanzaazadlalnlaanoauanivotudaznia

nnmadaanlululaausamanivad v3-28 fiszeudns 9 lu sandwich ELISA
wuifiszeuigaaues cultureditid 1 - 800 Seadlvid ) OD. gagaanAnii 3.0 FInUAI TN
Canudensfimuasaalissains 1 400 i - eaidielF haemolymph maqr‘jaﬁm%a YHV #i
W& 1 % triton X=100 wiiinéOD. gegaaaauinies  dpsunativaslululasuas
uaudvad Y19 lda OD. TFALAWIENUA 1089, haemiolymph maar‘ja‘?‘iam%q YHV fingariy
1 % triton X-100 st lagshszaunnmdsne i sl sanm 1 :50 Y1 &I
haemolymph Ln&l¥dh 0D. dann | udmsdiveslululasudaueiiaied. y18 1vdn o, dra
N34 haemdlymph UnfusskaNnL.titon X-100. (3197113) deiwlululaanaauauivad
firnanvoldasweet YHY e ldun Va2 wensdluet vigeldamalaadadlsaade
HRURY triton X-100 AR SN W tiiton X-100 TWRfanisTLD89 V3-28 thadntasd
m’mm’fuﬁugaLL@i"lajﬁwaﬁﬂ'szﬁuﬁuéw fatwdssnunsalFluli laavaauanduad 1 va-28
uaz Y19 ranwld. nidieas Y18 TH30ny YHVs T Taskmuty Triton X-100 wie'laf
A

4.4 a1 112890157@529%1 YHV a8 indirect sandwich ELISA

INM5ITAT indirect sandwich ELISA laglHlululnauaauaniivad va-28
#3799 YHV 13 haemolymph mnr‘joqm@‘i’r?ia@L%aluanwwﬂnaﬁ?aNauﬁ'u triton X-100
1389796128 normal haemolymph °1Jaaﬁoﬁ’wmmmtfuwudwmmsm%aﬁm"l.ﬂ”ﬁo 1: 64,000 ¥
Tandislvd OD. unn background 0.2 wine (397 4)  wensdiweslululaaues
uwoudiuad Y19 mansaidaanale 1: 100,000 i ellsiamnzdadng haemolymph finay
triton X-100 wivin  FafleltluTulnavaauoniuad s 2 Tiadurudn titer 184
haemolymph mﬂrjaqm@‘hﬁﬁm%a YHV luamwinfivsonsuiiy triton X-10061 OD. AT
fUNINLE09 WG085 b 1 : 250,000 11N
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4.5 aala229n159579%1 YHV lae direct sandwich ELISA

3INN139329%) YHV 14 haemolymph mmj’aqm@‘hﬁ@m%aluamwﬂnﬁﬁ’ssJ
3% direct sandwich ELISA 1api3aans V3-2B-HRP conjugate fiszauans q sunuiniaide
319 V3-2B-HRP conjugate 1U5zanth 1 : 200 1111 161 OD. 0.294 &§961n315% indirect
sandwich ELISA 11 (15197 5)  mafenafiesmnanlululaaneauendvediilasinms
conjugate M HRP a1atdsanumusalumssviude YHY I @0iud% direct sandwich
ELISA fianaladn indirect sandwich ELISA snnifiasanliifinvensdygrmles
Loudvadeafigas

5. P150379 YHV ln haemolymph

RIMIUNITATIIN YH I@Uﬁ% RT-PCR Wy -

3ot ~ 1,000,000

§NITNATIINY YHV Lok |

haemolfhph !

'
gh.ﬂfu a.aaamu
L

SIS ﬂﬁmpﬂ

w1 (U7 6) lastiwie g
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E
h
3
a b ¢
Y19
a d s v a o
3U7 4 SDS-PAGE (A" ¢ YHV ﬁm’lﬂmqwﬁmn
[ ° A o
anane ) ﬂummgwu (A) Lafdau
L ]

Iﬂauaauauﬂuaﬂ V3-2B (C J) U8z Y19 (E) s = Iﬂiﬂummmu a=
haemolymph ma\‘m\mmmﬂﬂﬂ b = haemolymph ’ua\?mﬂa’lmﬂﬂm'ﬁa YHV c=
YHV wmlwmaﬂmwmmomu 1,2,3= Tﬂmu‘nmﬂﬂawm YHV numﬂun
Imaﬂa 135, 67 U8z 22 kD @Us9U h = haemocyanin Rabbit anti YHV antiserum
fanuduwizea YHY mmmmmﬂﬁlaaummﬁ Western blot lasuauddsuauisa
aauTﬂsmuwLﬂuaaﬂﬂsznaumm"himm@ 135 67 uaz 22 kD leilasil background
staining \antias |
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Eﬂﬁ 5 Immunohistochemistry mam.ifat?iafj’mmﬁﬂml‘ﬁ (1) rabbit anti YHV antiserum (g
Aulululasussuendived V3-2B (2) Y18 (3) uaz Y19 (4) %4 rabbit anti YHV

% a IA J a :’ s 1 a
antiserum MANIRgRNLTIMARALTE YHY (Gafiana) ldawdsnulululaaues
Laudvad
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317 6 RT-PCR (a) DNA marker (100 bp ladder)
haemolymph 284ranand1fidaiza YHV
13997932AUAN 9 628 haemolymph 283

2. Qs

gymansuln@fe (b) 1: 2.5 X 10" (c)
19X 10% (d)1:5%10° (e)1:1X
10" () 1225 X 10° (g) 1:5 X 10° ey
Ay Laz (h) haemolymph VDI
nyUn& PR product 7 135 bp 8A&
MUl NdB fiszeuBanne 1

1,000,000 L1 (anfy)
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397 1 Indirect sandwich ELISA Tagld rabbit anti-YHV antibody 138919526 U9 9 639

UARLLOIVBY microtiter plate Wazld V3-2B 139319 1 : 25 Uaz RAM-HRP II (389714
1: 2,000 (1% detection antibody (n = 8)

. y i1 OD.
ILAUANUIDINVDY —
Haemolymph 283n34NaaLsa Haemolymph
rabbit anti YHV “ v oo Background
YHV 138373 PaIMIUNALID
antibody (pg/ml) ! stain
1:20 1:10,000 4 1:20
5 ' 0.063 + 0.066 | 0.191 + 0.074
2 044 + 0.012 0.034 + 0.023
1 0.018 + 0.015
0.5

0.021 + 0.036
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a1719% 2 Indirect sandwich ELISA liNaaT19manuiduduiinunzauuas anti-mouse IgG-

HRP v 3 79@ lagld rabbit anti-YHV antibody @?GLL@ia:ﬂgmad microtiter plate

LUNTw 1 png/mi Siph captured antibody uazl v3-2B 138979 1: 25 (n=28)

_ ¢ OD.
TUA anti- o ¥
JTAUANY Haemolymph 983nNINaaLsa Haemoiymph
mouse IgG- L v Background
YHV 138374 284n3Und
HRP - stain
1:10,000 l3939749 1 : 20
0.196 + 0.018 | 0.260 + 0.042
GAM-HRP 0.059 | 0.152 + 0.031 | 0.229 + 0.083
.
8+0.01C 32 + 0.042 | 0.107 + 0.023
+ 0.025 | 0.328 +0.023
RAM-HRP ] 0.214 + 0.012
0.091 + 0.009
0.106 + 0.018
RAM-HRP 0.056 + 0.022

0.028 + 0.007
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N9 3 1iaNTEALAINNLTA9

@3 9 Tum3duriu YRV 1agld rabbit anti-YHV antibody @39udasnauuad microtiter plate

\iug% 1 pg/mi 1Tw captured antibody Haemolymph weafafifiaisie YHV anaidn@nTaney

1 % Triton X-100 uazld RAM-HRP II 1389749 1: 2,000 (K = 1000, ND = liildnanaq)

Haemolymph ~ ¢i7 OD. 184 MAb 13099 72ALd 9
A maqrjqﬁam’?;a
b YHV 138379 1:10 1:25 : 50 1:100 1:200 1:400 1:800 1:1.6K 1:3.2K 1:6.4K 1:128K
1:20
Native ND >3.000 ND >3.000 >3. 00 >3.000 2.889 2.356 1.716 1.291
8 +Triton X-100 ND ND ND ND ND ND ND ND ND
8 Native 0.531 ND ND, ‘OQOQ- ] ﬂ1ﬁ‘) _ _0.078 0.063 ND ND
+Triton X-100 0.511 ND '26! | #01015 ND ~ IND ND ND ND
. Native 1225 | ND “0.636 # % 0.409 m “Iy 0.255" 0.054 ND ND
+Triton X-100 | >3.000 ND 1.539 1.030 0.678
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d'n AY =y av ] U = '
289 haemolymph 7i@ai%o YHV 138919326069 9 laald rabbit anti-YHV antibody a3l

S:MaUVB microtiter plate LT 1 ug/mi 134 captured antibody uazlt RAM-HRP II 138

99 1:2,000 (K=1000,n =4)
a ' da & A o
TUE A1 OD. w89 haemolymph NEALTY YHV 13831352 @LAN 9
YHV
MAD 1:20 1:1K 1:2K 1:4K 1:8K 1:16K 1:32K 1: 64K 1:128K 1:25
2.717 1.718 1.090 0.658 0.366 0.211 0.119 0.06
Native >3.000 >3.000
V3-28 + 0.044 + 0.045 +0.035 +0.024 +0.027 +0.012 +0.010 + 0.0
1:400 +Triton 3.000 1.941 1.568 1.019 0.688 0.452 0.284 0.183 0.154 0.07
>3 g
X-100 +0.013 + 0,015 +0.023 + 0.042 +0.058 + 0.044 + 0.034 +0.084 + 0.0
Nati 0.884 0.488 0.408 0.327 0.265 0.203 0.176 0.155 0.129 0.11
ative
Y19 +0.015 + 0.009 + 0.005 + 0:024 + 0.025 ,0.006 + 0.003 +0.019 + 0.015 +0.0
1:50 +Triton 0 2.587 2.227 1.713 1.280 0.898 0.595 - 0.392 0.256 0.18
>3.00
X-100 +.0.002 +0.019 +0.022 +.0.018 +0.015 +0.017 +0.020 +0.009 +0.0
V3-2B 2.409 1.667 1.062 0.680 0.443 0.311 0.22
native >3.000 >3.000 >3.000
1:400 + 0.099 +0.032 + 0.015 +0.032 +0.020 +0.018 + 0.0
+Y19 +Triton 2.381 1.817 1.269 0.807 0.517 0.353 0.25
>3.000 >3.000 >3.000
1:50 X-100 + 0.033 + 0.035 +10.039 +0.012 +0.019 +0.011 + 0.0
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7197 5 MINAagaUANNFINNTAlUMIILad lululaauaauaufued-v3-2B HRP conjugate ATz
AMUTDINAN 9 lunTIUAY YHV (direct sandwich ELISA) lagl rabbit anti-YHV antibody
@39 LL@ia:wgm"uaa microtiter plate LT 1 pg/mi S captured antibody (K= 1000, n = 2)

- v da f1 OD. U84 MAb 383 TZAUAN
TUG Haemolymph 284731

MAb e YHV 138319 1 : 20

16K | 1:32K

V3-2B -
HRP

Native . 94" . 25351 0. 0.101 | 0.036

2Fun-
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ldvmsiaungaanaliia YHY 1audF indirect sandwich ELISA TagmInda rabbit
anti YHV antibody (r . YHV) 1618w capture antibody &1$usuida YHV lushagnilaseds
r o YHV sauumanausila 96 waulisumih  nemamilasladradeasivluusdazngu
v 4-6 F2lug drussld Tululaanasuandived vy 4-6 5alus sniudrouacld RAM-HRP
I 1indn 4-6 T2lag  §reussidin substrate LB UEAY control fiszeush @hﬁvl,ﬁﬁwganduﬂu
positive TunaulumIras diagram ~

Tululnaueausudvadiiltlumanasssnuti va-2B Adumnzaslusiuas YHY
219 135 kD IWnadiadamunsasuiu YHV Tu haemolymph maar’j\aﬁam%aﬁgﬂmmwﬂna
wazlunsdifinan haemolymph U triton X-100 164 srunsdivasluTulnavaateuduad
Y18 fidnuwizealusiuves YHV awia 67 kD hildmmiiosannueniuedarasudmiiin
hiding epitope  §1niulululaausauaufued Y19 $nmwazdalysduuas YHV aue 22 kD
v leuadosls haemolymph BRI 8, YHV wauriy triton X100 Lﬁal,‘ﬂumsamaagmﬂmaa
12557 1W epitope ﬁ’faag;m gl ndcleocapsid WanoanuiTly Y19%snsnaule dadluns
WY sensitivity 30 1 1117 (A13197) 4)

&% HRP conjugate Ab W39t GAM-HRP Uas. RAM-HRP'T 14 background stain i
g1 RAM-HRP II Fanunaanadnsasls HRP conjligate Ab A RAM-HRP I &l %uadfi
ae

innfRguAsvding lAlunsasan YHV 1 haemalymph maaﬁaﬁﬁm%a Wy
m3nTalesd? indireet sandwichiy ELISA lagllululdauasuanfvannsunizaalusausia
64 9 189 YHV fia V3-2B iaz Y19 s18230a 719Ny YHV sz uidaanstszanm 1 : 60,000
149 1 : 100,000 i1 usiialE Tululnatioauanalioar 2 Thdrsunwasi Rl lunn s
A3IINL YHV 139979 1 : 250,000 1vin 15iatfi A3 RT-PCR $9maiisnnsne YHY fida
919 ~ 1,000,000 i1 §aiw 3T indifect, sardwich ELISATAnaladanT RT-PCR ~10 11
dalflululnanesuandvedofiader udTIBVERB uaz Y19 fruiuasianaladind
RT-PCR ified ~ 4 th Seflanalndidsatiuannameiumsneanulumslsisade 9 nulu
wssv Faldlululasuasuanivadii capture uazlululnauaauandvaiiiavsaniu
alkaline phosphatase wuianullndifesiu PCR (Lui et al., 2002)

mimﬂLLwigj;ﬁ%’%@‘hLﬁumsﬂnamuwi”auﬁ'qunmmu strip test s’fioﬁwé’aaglu
FTERINNITAWWN aaﬁﬂixnawaaﬂgﬂmfammu sandwich ELISA Usznauaiadindiznauas
f':(mmm’l’ﬁmmﬁ'zasmvl,@i'ﬂszmm 80-88 ¢nat1y) 1Az 1,000 LN



>

© ©® N o o

10.
11.
12.

I G mMm m o O © »

da%ﬂsznauwaaqﬂmm

31

'y @ 1 v o o ' [y
a’]&l']iﬂsldﬁﬁs')%ﬁ?a ﬂqﬂlﬂﬂiﬂaz 80 a8y ﬂ‘igﬂaUﬂ')ﬂ

Rabbit anti YHV antibody 2%3@ 1 pg/ml 6.0 HadRAT
Negative control :
A () M. .rosenbergii haemolymph W& 1 % triton 1 : 20 0.3 HalAATI
Positive control :
P. monodon YHV infected haemolymph W&% 1 % triton 1389714
B. (+) 1: 100,000 uaz C. ( 5,000 atindas 0.3 §afaaT
: 6.0 UaRAAT
6.0 HadRAT
10.0 HadnI
0.1 Xaddasy
12.0 %asddas
120 UaRAAT
20.0 HaRAAY
100.0 §iaRaNT
1.0 e
10 11 12
- - (A)
- +(B)
80 Samples - +++(C)
- - (A)
- +(B)
- +++(C)




~ Sandwich ELISA

1. Rabbit anti YHV antibody

(50 ul/well) (12 = 321a9)

2. Sample (150 ul/well)
= ¥ s
A - Control LROAUBINIMAATIN
B + YHV 138319 1 : 100,000
C +++ YHV 132919 1 : 5,000

uazaatefinaIn13ns

3. 163 V3-2B uaz ¥19

4. 16 RAMHRP II

5. LAN substrate WAS H,S0,

aaa

naaljnsen
L]

A

YYY

YYYY

YYYY

.,‘";'..':.
40 Yo }AA .
4 v '8 vA

. v..‘,‘ K
R B )
vo Yo 2. 470
v A

Y ooy :hAg,
1e70 € Ouls

i b Y e

o ':nr:.‘. a

YXYY

OPD & OFD b_OPD
H,0, H,0, —'L>H20 HZOZ—-LP H,0
4%/ o0 e .
YYYYIYYYYIYYYY
- Control + Control +++ Control

N gﬂﬁ 7 LquQﬁ‘fJ'uﬂaunﬁmaﬁ]aau YHV la# indirect sandwich ELISA
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Naags

Tavinsueniu p135 Tag3% RT-PCR (3915 cDNA fig$199n RNA w83 YHV 1%
template) WU ldHaNEA RT-PCR 1W1@ 4200 bp UAzAINMIMIEAU DNA &%
(1720 bp) VaIHAKAA RT-PCR # wuihianuseandostuiu gp116 189 YHV fivsau
lay Jitrapakdee WazAte (2003) PINMIULNEH p65 WR p65F78 (p65 ﬁﬂi’]ﬂﬁnﬂ
transmembrane region) 1agA% RT-PCR wunléliou DNA 2@ 1708 bp 8z 1630 bp
UEGL uenamILEaIaanvasiinilanld pQE30 expression vector wunfisliyszau
nad s nenuwenselunsuendu p22 lasdt RT-PCR wuildwanda RT-PCR
2U10 750 bp WAZIINNIAIEGU DNA wazmIiianzi open reading frame (ORF) 183

Nanda RT-PCR & nwuliil ORF fisaandasiulisdunuuwe 22 kD a9nu3saai




Abstract

Isolation of p135 gene of YHV by RT-PCR using cDNA, synthesized from RNA
of YHV, as a template had been performed. The RT-PCR product of 4200 bp was
obtained and partial DNA sequence (1720 bp) of this RT-PCR product was elucidated.
The comparison of this partial DNA sequence with Genbank database revealed that the
partial DNA sequence was identical to gp116 of YHV sequence reported by Jitrapakdee
et al., (2003). Isolations of p65 and p65F78 (p65 without transmembrane region) genes
were performed by RT-PCR. The RT-PCR products of 1708 bp and 1630 bp were

obtained, respectively. Expressions of p6

and p65F78 genes in pQE30 expression
vector were not successful yet. isolation of p22 gene was employed.
The RT-PCR prod 50 b ﬂvé‘s obtained. Ih.e!

of this RT-PCR cid" dn a rot€| 0
Af‘a Eﬂk'} J4
3' ~

RT-PCR prod ated re 'aUT-R C

Therefore, the 750 bp

(HV genome.




a3y

—

Uni
LANENTUAZINWITE NI TaN

AFMINeaaas

o

. ' o o & w £
ATUNUITUD uvl’liaLLa < 571’111&1J§ﬁ1’1ﬁ

b

I8N RNA 910 138

A13¥1 PCR (Nauenih p65 uas pe5F78

3
7
8
8
AN3839 cDNA 2189 YHV 8
8
M3 PCR iawsniu p135 (p 9
M3t RT-PCR e 9
MINATIEAA] 9
ANIURAIDANYE 9

HRNINARS

ﬂgﬂuazaﬁﬂsww

LANENITANIDY




U

A9

2ol

4

gﬂﬁ

1. UFAIGIUVUIUDY primer 67499
ﬁl’ﬂumnwﬂﬁumaq YHYV structural proteins (putatively)

2. PCR product 238 p65 LLae p65F78

3. HaM3¥ PCR Liawanfin p135 (putative)

4. 161 DNA 1N982%189 PCR product Aldanmsueniiy p135 uas
NAINNILUAINE

5. naM I RT-PCR Liawanfin p22 (putative)

6. 8191 DNA 2839 PCR prod IUENEW p22 (putative)
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ﬂm‘gmﬁ:\aqaw‘iﬂuﬂs:mﬂhzl wuhmansammelddhgdsanaldadisnnang
atnslsfianu Tuszendsil nsdadalsalaiaiimias (yellow head virus: YHV) uas 134
"I::%’aéhummmm (white spot syndrome virus: WSSV) luﬁ'mm@i”n (Boonyaratpalin et
al., 1993 ; Wongteerasupaya et al., 1995) Vl,eﬁ“n'alﬁl,ﬁ@mﬁm?mmUmammgﬁmi‘]uasm
wn lagwohlul ae 1995 nndadanndszinalnoanasnt ae 1994 &
Uszanos 30,000 an I@ﬂﬁmﬂugammsmaaﬂﬂs:mm 9600 §1UUN (Flegel et al.,
1997) ﬁofumsﬁaoﬁ'uuazmﬁﬁa@?snﬁa@L%avb%'alufjoqmﬁﬁaL"ﬂuﬁldaﬁwLﬂu

Liabhiimiumdadludinmdndulinfounuszifianisszualulgiuduedng
3N mmsmaaf‘j\aﬁLﬂuisﬂﬁwudwu%Lamﬁamaof‘jw:ﬁﬁmﬁaoéauﬁwmmj&ﬂna UIIm
wlanuanssssnuAdaudinanaos ﬁoﬁLﬂuISﬂa:ﬁuawuﬂsiaUmua:mymmlunm 2-3
o1t 'l,uu'aL&rmﬁiﬂsm:mmwudﬂui'umﬂfj’aﬁ]:dﬁUﬁwagﬁﬁaﬁma:muﬁmauﬁalﬁl,ﬁu
Usztse luiuft 2 sxiadinuntinasn g iiselnsud 3 svemenuavald

luﬂaqﬁuf: mﬁﬁaﬁumsa@1L%a"l,ﬁaluﬁaqm@i']ﬁao‘l‘ﬁmaﬁﬂmo PCR
(polymerase chain reaction) S MSUIRadeTa WSSV a5 RT-PCR dmiAftadunda
YHV luri'oqmﬁﬂ (Wongteerasupaya et al., 1998% Lightner and Redman, 1998) fauain
vasaanaiaiiaianu’s galumsmwmmﬁmL"T;a"h%'a A RAAR A Tl ada
Afesndhagh a8 uInu s Eesanea 3193 hea8e et PCR fisendaudrog
(3= 8004 NNA 0873 NI VAV RNA 1h35 F9 RNA Higdosnwen

Fasnsrvmasasn. llersiiuf =802 C winndT 12 5219 deanafe Wi Aanasuiis
lasn a6 8RS RT-PCR |6 (Wongteerasupayaet al;,1997)

fms1ABa e n 9 L% MAIAT2INIEL LB AL T EN (histopathology) Uaz
mMInTlaun1ageanTizalinc. (symptomaticsdiagnosis) ﬁﬁaqmé’mqﬂmmﬁﬁmm
Formauiufiae (Lightnét .and Redman, 1998) TﬂyﬁavlﬂLtﬁaé"nas_i’mmwﬁ’ﬂag'lu
amwLﬁnmﬂLﬁaomﬂvlaivlﬁ%'umnﬁu%'nmamagné]’aaLLa:mms’uaﬂsai‘l‘n%:ﬁmms
Lﬁm'ﬁaaﬁumiaﬂL“‘B‘val,mﬂﬁﬁaagé’m Gotn NIsasTieTeReedtmanineslilvus
frindefialunusuieingandalads YHV uaz Wssv

das 9 dldinsnudimandalnilasvsawenddsuialtlun1ifisdonéa
1Bla%® YHV uar WSSV (Loh et al., 1998) lag 3% Western blot agnslsfiananislsIng
Tos-uoauanddsumiamadfeaniidanuliduadt western Blot filaianzanluns
ABIRA2ENATIVIIWIBUN

ata b ldtinonuiinaguialunsudalalulaaseatanfivadide YHYV
(Sithigorngul et al., 2000, Sithigorngul et al., 2002) Falululaanosuandvedfilail
anudumzdaldsfudintsznauves YHV ?‘iﬁﬁmﬁn‘[maqaﬁs:mm 135 kD 67 kD
uaz 22 kD %ommmwuﬂumumaﬂnaiﬂiﬂiauﬁtﬂmﬂﬁanﬁm (envelope) capsid



e
A

W8z matrix184 YHV (Nadala et al., 1997) uwananidiwuin lululeausauauduedid

e

awimnzanllsdiuuas YHY waluanizdsnd (native form) uas luama:‘?igﬂﬁﬂ%
\FUENIW (denatured form) LLazwudﬁLLauauaﬁﬁﬂlﬁﬁﬂﬂﬁﬁ‘%m@imffm?iamm‘jaﬂﬂﬁ%a
WlesudayHv Flvaansolfuandivedlunsesiamhialsawumiaslely
haemolymph uazlwitaiadng 9 lagldinafia dot-blot, Western blot uaz
immunocytochemistry

luﬂaqﬂuﬁﬂﬁﬁ%ﬂﬂﬁmm‘m’%’nwﬁaﬁamfga vHv I¢ SslsafiRaanidelasil
mmmﬁﬂlﬁﬁaﬁg@m@luﬂama“[éfmylu 37 Menaslanns (Chantanachookin et al.,
1993) é’oﬁf’uﬁ‘ﬁmuqumsa@L%ﬂﬁﬁlﬁjﬁgﬂﬂ@‘hﬁﬁﬁq@ﬁa matlostiunisaada d9ena
m:ﬁﬂ@ﬂmam*mhL%aluﬂaémfjﬂ@amﬂ’ﬁﬂaa%uﬁmwmﬁuﬁuﬂs:mm 30 ppm WAz
mIfnsasiFAnduRienailunneraataYEV W% Punergviensis was Palaemon
styliferus (Flegel et al., 1997)

gmumstlasiudnsaaios YHY Tasnaswamn luitogindn w1 et
"f]‘:uﬁu lag Withyachumnarnkul (unpublished) ‘%dl"ﬁ' YRV ﬁuhumsmy'fa% uv aeun
Tl LLa:ﬁﬂﬁiﬁfuaﬂL%a YHY lusfenad (challenged) Nﬂﬂ'}iﬂmaaqwudwrjdﬁvl,ﬁ%'u
mM3aa YHV firwndsaldsid UV davinlwGeaite YAV ‘Lunmﬁé’ofuﬁ%%u'mﬂdﬁﬂu
mjmmquﬁvlaj"lﬁ%“urmﬁﬂ YHV Frnisaagiad Uy (Flegel ot al., 1997)

a:Lﬁu"lG'ﬁ'\mﬂﬁi‘ﬂfﬁuLﬁamsilaoﬁ'ums@m%avb%'alur’jafu azinnandlulyle

@
@ s A

mum@qﬁizaa@T‘mﬁnluimmwﬁ%mial,ﬁmﬁﬁa AITAMWIINTYS LNaLTlbNITHaIn WY

a dy k. ] A o ] i | ) ar D o tﬂl
faLne YHV IMQ\‘]QS"I@]’I ‘Hdﬁlzﬂiz'}’lﬂiﬂﬂ mﬁuﬁamomuﬂi:ﬂawao"hsa’taiuwwm:ﬂ
&

auauMILEaaanuaIlLlsfiu(expression, vector) Mnsinatnazg uliuuaiavSobad
AlfumrsinaalysaungainaslutSuiamnn Wwarnlunssatina i duwiaduda lu -

lnEsuazwIdafingisas

manuluszozusning il YHV j’nﬂummqmaﬂmﬁqmﬁaa’[ur}”&qms‘hﬁ?u i
ENIUIN Boonyaratpalin et al., (1993) ez Chantanachookin et al., (1993) launan
i YHY deaglunguues Baculoviidae sz tawah YHV  fifllusiilu DNA idug
ot lsi@ue9IwINn Wongteerasupaya et al., (1995) wuin anawgngnylunis
usn DNA 911 YHV Liifusadnise 3eldivnenuanleluf RNA uazwudn YHV 10
flumiln RNA dwidsuilaseinniafineddnen YHY ﬂzgﬂﬂaﬂaawvl,@i’ﬁw RNase-
A UBNMINUUSINL YHY Tawnetlszanm 150-170 X 40-50 nm  uasifwlaafis
Lﬂﬁanﬁu (enveloped virus) I@Uﬁ YHV m%:a%ﬂumjmm Coronaviridae (plus-strand
RNA) Rhabdoviridae {(minus-strand RNA) %30 Paramyxoviridae (minus-strand RNA)



asanwdelusAusiutsznevves YHV laolt SDS-PAGE (Nadala et al., 1997)
wui YHY flds@ulaseaine (structural protein) 4 Usznoudslusauiifimin
luiana 175 kD 135 kD 67 kD Waz 22 kD Taowulusdufi 135 kD (flwlnala
Iﬂsﬁufﬁqmﬂnﬂummﬂﬁaﬂﬁm (envelope) vavlaia lumm:ﬁiﬂsﬁuﬁﬁﬁqwﬁnTwLaqa
170 kD #1911 RNA transcriptase Tdsduft 67 kD shanduginves nucleocapsid
uaz TUSauA 22 kD ez fndines matrix wenaniidawud YHV Ju RNA 1du
@81 §8RY (negative polarity) adnmlaslidinmidnamzlusdulunasanasas (in
vitro translation) Tagld RNA 1Huduuuy (template) daiwialdanatn YHY azaglu
nauad Rhabdovirus #97 RNA Tumpay dmivawiazes RNA Fluariu wuind
Iwalszanme 22 kb (Nadala et al.,1997)

unluszoznaslay  Tang & Lightner (1999) Fa¥nsmEneuTas DNA
YEIMATAN NI 46MBP 91N.cONA figs1999MIRNA B lusvas YHVWU 1 Blunves
YHV (i RNA &80 (positive sense RNA) Fornmafininlas193% RT-PCR $43
RNAT8Y YHV i@y dtemplate) uasld primer ﬁa%ai‘fuiﬂUmﬁa'ﬁ’ayjamﬂa"wﬁu

]
-

289 cDNA | 3t ﬁaﬁuﬂ’agaﬁ%qﬁmﬂ’aﬁuiﬂgaﬁﬁmmT,QU Nadala et al., (1997) %
n&in BldaaaYHY L% RNA seau

wananEn1smns ey DNAS @0 " cDNA Aflie 1161 bph dunuihfidamd
mmmuﬂmﬁa‘lﬁm'zﬁqﬂ (lArgest Open"reading frame) fisumiid 484 fa 1161 Tan
wuhluseuulssneudasnnozit | 226 —n wazanpIRUARlugTayaues
Genbank Wawatiniian -thomology)-ves DNA fianffets 1161 bp rulasld
Tusunsu Blastwudhidanutilando DNA#Salthawn 1R laSamSoansaidiadlad
NI:QnaUnas (invertebrate) Tialniae (Tang &Lightner, 1999)

Tuszozdantleiing sdnw Lay Cowley et al.(1999). 49WUFNs1GU DNA Bo9fiu ORF
b Wiafin replicase TInPAANEIILTEU104 Z80KD T4 gill-associated virus (GAV) 1
anunilauiuded DNA 989 YHV. fllaTus1n 135 bp ldannszuauns RT-PCR
Taold primer V"ignaaﬂLLuuﬁ'm%'um'ﬁLﬂﬁ:ﬂiﬂ"b%‘aﬁamﬁaa (Wongteerasupaya et
al., 1997) lasfanumilanluizdt DNA Uszanm 83% uasluszdunsaasziiludszanm
86.7% WaTWUINTW ORF 1b 289 GAV Hamuiwilaufud e DNA 188 YHV fimeanu
Tag Tang use Lightner (1999) Gsfianuena 1068 bp laswuidanunianluszey
DNA Uszunms 80.9% uazluszauniaasludszanm 86.5%

faun Cowley WazAmz (2000) l@snBwil GAV fuﬂwuﬁuvh%'aluﬂajmao
arterivirus 1138 coronavirus uaziilessn YHV uaz GAV famwedruafetuwannviolu
5261 DNA uaz n3aa:ilu (Cowley et al., 1999) aarmandwlyld Y iazdneglu

ﬂ&j&l‘ﬂad arterivirus ®3a coronavirus LTWAK



v
o o~ a

o o 2 2 [ v . e ' (3
FIRILNITENIDINITAUNIY YHY IRQGQSWQWN% Li&J%’lﬂWU‘UaﬁdLﬂ@’J’]l%W’W&J

L?}ymrjwaoﬂizmﬂ"lﬂzmmm'a ﬁﬁoﬁua@mm'szﬁﬁmdﬂ acquired tolerance §an1IA®
da YHV laswud YHV  siudafinisiinsiuan (active replication) Tudarfoudlal
ﬁa‘lﬁlﬁﬂauum’]UGiEin’GLLGiaﬂN‘L@] (innocuous infection) Femnmz acquired tolerance it
FUANFNENTEAISEN acquired resistance ludailnizanaundy Fafedasiu
UM3enTendne woudlan sz Lauduad wazimfimyindagelinualinniane
(Pasharawipas et al., 1997 ; Flege! & Pasharawipas, 1998)

i Pasharawipas et al,, (1997) léiauain fahazlinalnmzandn (recognition
mechanism)  &99sdunn (tolerance) semiaadalaild Tasnalnilaanfindulu
swhamaiawvessze: larva lagldSonnalnilin tolerance hypothesis munfigiuil
nam msdwmwbhimiwinefnadaeiunstuneshisluiuen  (iniial  viral
binding) LLa:a:ﬁwvlﬂgjﬂ'mm‘hﬁa‘j’lLW'}: (speifie. memory) MssEing s Iudomywamn
Aenfumsaadefilididauaselsdinowdy (anecuous infettion) msimssuvadlais
Tududwinez o799 (inddpendent) "iumituaashisfazaeliiamsieds (viral
infection) uazanafindulalunsfifidsadinnisiaga (absence®of infection) (Flegel &
Pasharawipas, 1998)

ﬁm‘{uswmmﬁaﬁuaguauuagmﬁ NN s HNLAT T Se e YHV Tudanandn

Tuszpzunaznabitinanadosogisin laasiteisluse: larva  M&uAE
(exposed) NU YHV.| #ieadl wdgamworilurgseary larva @saglimsuon’le
I self WAz nonself) az@'ﬁva (refractory) damsﬁm‘ga YHV Twanewas G‘fio
Unngmsaiivheni gl duinasivssleafineliiienisns watdiamnnmsange
ualinalwiiaduase (innecueus’ infection) (ialésy YHYV “lunTunl (Flegel et al.,
1997)  Satumsdunan B (lerance) “aal 5w o esiReadostiunisdiuea
(accommodation) Lﬁan’mﬁwﬁwmmaavlﬁaiﬂU‘l&iﬂ'alﬁLﬁ@é‘umm@iaﬁ:m@iasha'lﬂ
(Flegel & Pasharawipas, 1998) ﬁ"umnauuaﬁmffgﬂﬁaa mMyRamaEsfiGen tolerines
Waltlusneufanuiumivanindu fazlamnudulfldags  (Flegel &
Pasharawipas, 1998)

nnauadgmeanadeds mildlsdugmdanuen (envelope) va4limita
mawamnilu tolerines fvasianwaniduiaduld Tasldsdusmdenuaninin
gu SFl5UAY (binding) unse3y (receptor) ﬁagumﬁmﬁaﬁo wazmslfldsdugnd
Wawlu tolerines  saznalWiAamsasifiswne Lﬁaﬁﬂﬂ;jnwﬁwmnwsﬁmmu@ia
mdada YRV lumenasle

PNNTIBNUVEY Jitrapakdee wazAm (2001) Aldvnmsugniuiiaelusau pes
kD w09 YHV 1¢f wazenailusdnitonaaziiindinuns spike protein AifuoaNN YHV



Wlasani@Iuuad transmembrane helix ali qanw 115@u pes Hareflusunusnulase

uiu aoudiduiandudayaind1du DNA w89 pes Hanldlumseanuuy primer

dousniuposlUsfin 135 kD waz 22 kD (putative) lasaadin YHV ihazfimsSuad

2893 luuAMBRU GAV (Cowley et al., 2002) sauaadlugdnassis

orfla

orflb

Structural Protein

orf1b

022

pB5R

MTp65






A' o % 3 v a A:f
1. mafiadwanliSauazmailiuians

ifinand1ame 25-30 niu 1w 60 49 andady haemolymph 90

L3 o

d‘n dy ke a dv L4 e =) v d‘n 43’ o
NINRINNNAALTE YHV a\‘im@lﬂﬁmvnamaqqqﬂi:mm 2-4 % Lﬁ@ﬂq&ﬂﬂﬂrﬁﬂ%ﬁ&l%%’l:

9

o

(2
& L °

Beanauiuihiasiumaudiivsadesludandm 11 Tuksnaznausazigasiie
Basaendl 3000 g vhmsaseseuhsa YRV lu haemolymph 67835 dot-blot laald
uanfuafsia enveloped protein U89 YHV 1fuaiasiagay niwhdnlafthen
AznouLaslTasiiaianaanudInNanaznoudan 33% (NH,),SO, shaznawanazatsln
2xPBS uaztiliiud 3000 g tausnaznondnd lszsaen wazildtuuen’aiad
100 000 g 1w 2 Falus feshe 2xPBS 2 ady azmpaznauiildde 2xpBs 1Ay

7 ~70°C

2. n5ana RNA 301155

ilsandnaznanlduansn RNAdagls RNeasy kit (QIAGEN) lagiin
mMinasaseaNsiiavasisy

3. M38319 cDNA 2a9 YHV
11 RNA 283 YHV #5139 cDNA Tasldianlomireverse transcriptase
(Superscript™"1l RNase H  ; Invitrogen) laevin| RNA 1szdined g anWauny oligo dT
primer Way 10 MM dNTP mnﬁuﬁﬂﬂﬁuﬁqmﬂgﬁ 65°Guilunad 5 Wit 9rnsiwin lug
Twiuds nawbiafirstStrand buffersDTithzionlarifreverse transcriptase Waziily
Unflgangf 42°Chiwnan 5051 wq@ﬂﬁﬁ%ﬂﬂﬂaﬁﬂﬂﬂuﬁqmmﬁ 70°C 1fwam
15 17 Nt aRAIEIRNA panan DNARNA hybiid laeltiaulas £ coli RNase H

ﬁﬂ"[ﬂﬂuﬂqmﬁqﬁ 37°C 11lwa7 20 Wi

4. M3711 PCR titauanfn p65 uaz pesF78 |
11 cDNA fiafratumanlfiiln template Tumsusndin p65 Uz pB5F78
(065 AL signal sequence) §n3UNNIY PCR 218384 p65 1T primer p65F
(CGGGATCCATGCTCGGTCGAACTTTCTTC) UWaz primer p65R
(TCCCCCCGGGCTAGGATCGTTTGGCTTT) laslfiawlnsf Tag polymerase (Gibco
BRL) lun3vih PCR 35 sau lasfl condition 3% initial denaturation : 94°C 4 wh#l
denaturation: 94°C 30 3w annealing: 55°C 30 3wfl extension: 72°C 2 Wi uae

final extension: 72°C 20 w1#l



§1%5UN13v PCR 2098w pe5F78 1T primer p65F78
(CGBGATCCCTCGCTCCACGACAGGCACG) Uas primer p65R
(TCCCCCCGGGCTAGGATCGTTTGGCTTT) Idlawlasl Tag polymerase (Gibco BRL)

Tun13v PCR 35 38U lasdl condition 1wilaununsvih PCR 289 p65

5. n19711 PCR tiaugniin p135 (putative)

W1 cDNA fiafratuanliiin template Tumsueniu p135 Tauld primer 1bYHV
(GATCGGGGTACCTAAGCTTATGCTATCGACCTA) WAz primer 1bp65
(CGTCTGGAACGCCAAGAGAGTATGGTCC) laaldiawlml Elongase (Gibco BRL) 1u
A13¥ PCR 35 s81 el condition ﬁdi{ initial denaturaﬁon : 94°C 30 Jwfl
denaturation: 94°C 30 w1l annealing: 59°C 30 Amfinextension: 68°C 5 w1l Uaz
final extension: 68°C 20 #1i

THANE® PCRIALG §3A a1 DNA ﬁquﬁﬁmﬁmniiuLLazmﬂTuTa?JLLm"m?l

6. n19¥11 RT-PGR \iidfandiu p22 (putative)
%1 RNA 289 YHV 37%1 ofie step RT-PCRAGET primer MTp65
(TCCCACTTATGCACGTCCATGAGAACG) LA primer poly TYHV
(TCTAGAGGATCCCCGGTACCTTTTTTITITTTEITIIITTTT) uazld R¥/Taq polymerase

enzyme mix (Gibco BRE) la#iflscondition lun138319 cDNA 1 42°C15 wfl 94°C 5
WA 4°C 5u171 uasnas¥i PCR 355au lauld denaturation: 94°Cs30 U7

annealing: 55°C 30 AWl extensiont 72°C 50 N1l uasfinal extension: 72°C 20
wifi

4

hHanAa PCR 71ld LanuiTdipGEM T-easy vectorREFIMATU DNA figu
ﬁ'ug%mmmua:ma‘[uiaﬁLm\imﬁ '

7. MIILATIZRa1AL DNA

WRAVBINIWEIGL DNA 1Aeseht lasldlusunsy DNASIS MAX (Hitachi
Genetic systems) waziiFauifinuiugudoyalu Genbank laglflisunsy BLAST

8. MIUAAIDaNVDIHW p65 WAz p65F78
#1 PCR product U898 p65 uas p65F78 Iﬂam"ﬁ’]:j pQE30 expression vector -
fidumibs BamHI waz Xmal uaz transform 1ng E. coli auug M15 (pPREP4) 9101

nizguntuaasaanvaldsdulasld 1 mM IPTG vmuiaioy lysate vasuuafiltolagld



lysis buffer 1] 8M urea ¥ lysate Alaluduuen pellet LAz supernatant 88nNINNU

NHu pellet Uaz supernatant 71la lUFa e ldsdu Taon13vin SDS-PAGE anuss
284 Laemmli (1970)
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1. nswasealasa YHV
Manaindwan 60 @1 huuAy haemolymph ¢ 70 D888 1o
AT9§0UNE monoclonal antibody AW zaa YHY 1083F dot-blot wudnlduauinuas
Warhanuenhss wudlalsdszunm 1.5 fsdnsu/Aadaag

2. 1138N® RNA 9111258 YHV

nuTinahis YHY Al Wiahanana RNA wudild RNA Uszunm 5 ug Wie
Jiearevilasld msi’ﬂmi@j@ﬂﬁmmﬁﬂ’zmsmaﬁu 260 nm.

3. nMsugndn p65 uay p6SF78
a st ' v 4 a
INNTRLNEWIPES taz p65F78 dag It PCRswLIN leuay DNA dallawa
1708 bp uaz 1630 bp dsey Tanailgasiiurwianad DNAT danald (31U 2)

4. nAsuaniw p135 (putative)
9NN237¥7 PCR LA allBnBwp135 (putative) 1an1d cDNA 189 YHV Lilu
template Wi31la PCR product AIAWIATITZIN T 4200 bp (gﬂﬁ 3) o PCR product
i lvnaeinl DNA U-983n (1720 bp) 1835% p135 wirinlddndy DNA é’ouam"lﬂugﬂ'ﬁ
4 \Savhdeuonat b udasve Taol3lusunss DNASIS. L L open reading frame
@T@mevl.ﬁ'lugﬂﬁ ATUA

5. N1SLa NS P22 (putative)
31NN1391 RT-PCR laglsRNAa9YHY 1T template wuin'le PCR product
Uz 750 bp (gﬂﬁ 5) 15811 PCR product i lUmsdu DNA wuinlddey
DNA @Tauamvlﬂugﬂﬁ 6 118U DNA tl3ia e open reading frame 1 6 frame
TasltlUsunsn DNASIS wudﬂvlﬁwmmmvli’lugﬂﬁ 6 Fanuinlaid open reading frame 7
ﬂﬂﬂ:LﬂuIﬂsﬁuﬁﬁﬁwwﬁn“[maqa 22 kD

7. MSLERIDDNLDIEW p65 UAz p65F78
NN3¥ SDS-PAGE °uaa‘[ﬂsé’luﬁvl,@i”wmwmzsjuﬂmmmaanmaoﬁu p65
uaz p65F78 luwuindinnsuaataanuedlus@n p65 uaz pesF78 WouwSsufisuiuuny
Tsfiwves E coii Alufifuil £ coil Aifiawnz pQE30) (3171 7)



1708 bp
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311 3 wanasvia PCRARausnTp 136, (pulative)
Lanes MusiHi-ko' . DNA Markef
Lane 1-3 :Ip135 PCR product
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partial cDNA YHV

partial cDNA YHV

partial cDNA YHV

partial cDNA YHV

partial cDNA YHV

partial cDNA YHV

partial cDNA YHV

partial cDNA YHV |

partial cDNA YHV

partial cDNA YHV

partial cDNA YHV

partial cDNA YHV

partial cDNA YHV

partial cDNA YHV

partial cDNA YHV

partial cDNA YHV

- Sequence
H
‘Translate

- Sequence
‘Translate

- Sequence
Translate

- Sequence
‘ Translate

Sequence

- Translate

Sequence !
Translate -

Sequence

Translate

Sequence

Sequence

%Translate

Sequence

Translate |

Sequence
Translate

Sequence

- Translate

- Sequence

Translate

- Sequence
Translate

Translate *
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10 20 30 40 50 ©

b gl g b B R gl e gaoed woga gy o et o gies ya ea el iR FUSRRL

ATGAATGCAA TCCTAACTAC TGAGCAATTT GAAGAAATGT CTTTAGATGA AGCAAGATAC
M N AT L T T BEQF B EMS LB E ARY

0 30 90 100 110 120

o () IO W O N S U N T 151 S Y 0 S 17 8 181} | G W 1 0 L | | I O U T I R A S = B P T S e 1

TCTGACATTG TATCTTTATA CCGAATCAAT AACATAACAT CAGTCCCTGG CTGTATGTAC
E 51 Y 5 LY BRI N NI TFS ¥MPGE €MY

' 130 140 150 160 170 180
iR s e 3 S8 gl e esraed _preiacasal ywrwgoangey | TS AR T S

'AATCCAGTAT CATACTATCT CCATGGCGAC TCTGTTCCTG TTACTTGTCC ATCAACACCA
N P YS ¥YL HEP S8V PNV TOCPF 5 TP

190 200 210 220 230 240

nnnnn P o T ] T L (N VI ) LSS OO T I R VB 1 M0 3 [ WO O 0 S I W N M W o L VW |

AGATCTTTCG GTACAACCTA CAATCATCAA ATCAGTAGTC AAATTTTGTA TAATCACAAA
RSFGTTYNHCISSOILYNHK

LSO 260 270 280 290 300

| e | 20 U vl A IR O £ 000 1 SN0 I S O A 0 NSO I 0 W 10 0 I O S I 00 0 AL 0 OO o TR0 1 15 1 28

ATGGTAAATG TTACAGTAGA TCAACGTTGC AAAACACATT CTGATAACTG TTGGGCTTAT
MV NV TVD GRC KTHS DNC ¥ AY

340 350 360

U T I O 1 ) D O ol I W 108 S 5 W VA

[ CATC CCAGCTATGC TCAGAAGTAT

TAAA ACATGACGC AGTTAAACTC
K L HB A ¥ K L

760 770 780

..... it g a va i PR IR ST VI W O G W A I 3 I 0 I A O W 10

CCATGGGAAA GCGTTCAATA TACCGATATA GAGGACATTC (T GCCGGI TT CCGTGATCCC
P ¥ E &8 ¥YVEQ@QY T D EpE P AGF RDP

0 800 810 EZ() 830 840

T O ) Sy O 1 T U S0 O [ N S 1 T Ry S A R S VS S U ! In PR ) N ) AT T O 1 1

TATGACTTCT CCGT! CGATAC TCCATCT GGG CCTGTAACTA TCAGTGTTCT GGAAGAGT AT

¥ DF & ¥VDPT P S & P Y TI 5 ¥ L & E ¥
. 850 860 57 830 890 200
I B S W TS U M S T 1 O | SR . 1 I R T T T 1 O W NV 0 T ) OSSO T  l  § S O ) |

CATGACGGAG ATTCCATACA GGAGACGGCT CCTAAGCGTT TCTTCATCTA CTATCGGATA
H OG0 81 €@ ETA PKRF FLY A RI

910 920 930 940 950 960

7O I T A 1 1 (N (N 0 S O il ko A 1 PITVE T e 00 U R (T 1 M o O | | I e g

ATGACAGCCC GTCTTACACC CTCACAAGTC GAACATCTT A ATCTATCTAC ACACGCCACA
¥ T AR LT P §E8Y EHLN LST HAT




partial .cDNA YHV

partial cDNA YHV

partial cDNA YHV

partial cDNA YHV

partial cDNA YHV

partial DNA YHV

partial DNA YHV

partial DNA YHV

partial cDNA

partial cDNA YHV |

partial DNA YHV
partial cDNA YHV

partial cDNA YHV

51
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‘Sequence
‘Translate

:Sequence

‘Translate .

‘Sequence
Translate

‘Sequence

- Translate

-Sequence

Translate

.;%*quenct:‘E T ‘7 A {, ¥ -

ﬁ“‘ﬂl E : S G Y P
Ll i 0 - . ’ -~
e 555 T o

: Sequen GA

ranslate ;

Translate

Sequence
Translate

‘Sequence
‘Translate
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970 980 990 l.(?OO 1010 1.020

| R T 0 T R A T M S 1 O S S e B L eg i aia g b g g P p i gh | £ T I, O T O O () S O I A R L

Sequence T

AGTTCCTGGG CAGCTGAAAA TTACATAAGT AACTGTTACG TTGTTAGACA GCAATTCGTC
5 5 A A& EN ¥ I &8 N€ YV VR G QF ¥

1,030 1.040 1,050 1,060 1,070 1.080

T S e i SRR I T TN T O (IR 5 8 0 G R S (T (SN (3 0 S R R s 0 N [ I ST 7 O U S G A (U Y O Y () T

3AGAAACACT C ACCCATTTTC ATTTGCTCTT TCTTACATTG ACTACAATGT AACAGCTGGT

R NTH P PS FAL SYI B ¥HY TAMAGE

1,090 1,100 L11o 1120 1,130 1,140
1

| Tow B S S e T SO A 1 i Y (N SN L (o S U S ) R 1V O T 1 (S T O A s U sadir g vy o

AGTGTTGTTC GATGCAACGA ATTCAACATA CAAATGGATC TTCTTCTTGC AACCTTTGGT
s ¥ ¥R € NE FHN I g 8MBL L LA T F®G

1150 1,160 L170 1,180 1,190 1,200

g vars ga el sy yerdpepd frd i i gl FESTIRITS T Sl e Pl Jra it il

ACAGCAACAC GTACGTGGGC GGCTGAGTAT CGTCATCTGC CACATTTTCT CACCAAGCGC
A TR Fwm A AEY RAEP HEIE TKR

1210 1.220 l 230 1,240 1,250 1,260

e s Al i g g TR ) T T e ey T T U DT T S [N T T T T T O ] S 1 O R S O |

GGI TTCTATC CCCTCGAACC TGTTACCGGT TCTGCAATAG ATTACTTGAT AGTCGAATAC
¢ F Y P L B P ¥ W E § AI B ¥Y LI VMEYX

l.29() 1,300 1,310 1320

Ly TR0 G W U T T A O LN U W T =0T R T W T 1 O 10 0 I Wy O 5 |

AG GCAACTT ACC ATCAATTTGG ACATCCAGTT
Y H @ F 6 H P ¥

1,370 1,380

7S (1 O ] O U VI O 0 ) ) (I 08 VI B 3 e VI W

GTTCCATACG CTATCAAGGT
s 1 R ¥ © @

1,130 l,4l4(l
A CCT ATTAG CGGTTATCCT
I 8§ &% P

TTAG CGGTTATCCT

ACTATTA TAGATTCAAA
BY ¥ R F K

1,510 : - ¥ 3 ¥ 1,5:50 l,SlG(l
W GGTTC AACGGTCT ATA ' ETRIGIG CTGCTGCTTC TATCGGCACT
ii‘ AAS I GT

1,600 1,610 1,620

TR ) T T B A W VI S L] N B M R R A < 3

. ,A;l'ACC ATGATCACGG TATTAATACT
5 P Y H P H G I N T
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ABSTRACT

The polymerase chain reaction (PCR) applied in diagnosis has the very useful
advantages of sensitivity and specificity. We have developed a method for the simultaneous
detection of both genomic RNA and DNA for two different species of shrimp viruses, yellow —
head virus (YHV) white — spot syndrome virus (WSSV) and hepatopancreatic parvovirus (HPV),
which are currently the cause of very serious and widespread losses in the shrimp industry in
Thailand and in Asia. We describe a method which allows rapid diagnosis by performing a single
step of extraction for both RNA and DNA.using CTAB. The co — extract was then used for
successful nucleic acid amplification’in a multiplex RTE.— PCR reaction employing the Super
Script One multiplex RT = PCR process with primer 10F — 144R for ¥HV , primer nVPSO0F -
nVP500R for WSSV and HPV305E-HPV305R for HPV . This multiplex RT — PCR assay system
is convenient and should besuseful tos§hrimp aquaculturists for simultaneou‘s detection of YHV
and WSSV in pest — larvae and broodstock of P.-monedon and in other asymptomatic carriers

A ‘multiplex RT-nested_PCRuis also described to co-deteet and differentiate the
closely related prawn okaviruses, gill-associated virus (GAV) from eastern; Australia and yellow
head virus (YHV) from. Thailand. RT-PCR using primersto conserved sequences in the ORF1b
éene amplified a1794,bp tegion ofiboth GAV and YHV. The usefulness of the test was examined
using RNA isolated from healthy and diseased Penaéus monoden infected with GAV and from
diseased YHV-infected P. “monodon“collected .at different locations in eastern Australia and

Thailand.
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Summary

A multiplex RT-nested PCR is described to co-detect and differentiate the closely related
prawn okaviruses, gill-associated virus (GAV) from eastern Australia and yellow head
virus (YHV) from Thailand. RT-PCR using primers to conserved sequences in the ORF1b
gene amplified a 794 bp region of both GAV and YHV. Separate nested PCRs using a
generic sense primer and antisense primers targeting a sequence divergent between GAV
and YHV differentially amplified a 277 bp region of the primary PCR product. By
multiplexing the YHV antisense primer withsone complementary to GAV that targeted an
alternative divergent sequence, thewirtises were distinguished'in,a single nested PCR. The
nested PCRs enhanced detection sensitivity ~1000-fold and“could deteect GAV or YHV
RNA in ~10 fg lymphoid organ total RNA. The RT-PCR/multiplex-nested PCR was also
able to distinguish YHV and GAV*RNA mixed over a wide range of concentrations to
simulate potential dual-infection states. The usefulness of the test was eXamined using
RNA isolated from healthy and diseased Penaeus monodon infected with GAV and from
diseased YHV-infected P. monodon collected at different locations in,eastéfn Australia and
Thailand, respectively, betwe€er 11994 and 1998. The multiplex nested PCR differentially
ai;lpliﬁed either GAV (406 bp) or, YHV (277 bp) products as predicted ‘and, in the case of
YHYV, this included 5 RNA samplées in-which primaryRT-PCR, products were not detected.
Although sequencing of GAV and YHV PCR amplicons identified minor variations in the
regions targeted by the differential antisenseprimers, none critically affected the PCR.

Keywords:  yellow head virus, gill-associated virus, RT-PCR, differential detection,

Penaeus monodon, penaeid shrimp, prawn



1. Introduction

Yellow head virus (YHV) from Thailand and gill-associated virus (GAV) from Australia
are morphologically indistinguishable rod-shaped, enveloped viruses that can be highly
pathogenic for Penaeus monodon (black tiger prawns) (Boonyaratpalin et al., 1993,
Chantanachookin et al., 1993, Lu et al., 1995, Spann et al., 1997). GAV and YHV cause
similar histopathology in diseased prawns and in sifu hybridisation (ISH) and transmission
electron microscopy (TEM) have detected the viruses throughout the lymphoid organ, gills,
haemocytes, cuticular epithelium and in connective tissues of head organs and abdominal
muscle and in the eyes (Boonyaratpalifi €t'als; 1993, Chantanachookin et al., 1993, Lu et al.,
1995, Spann et al., 1997, Fang and Lightner, 1999, Tang et al., 2002, Smith, 2000).
Asymptomatic ogehronic infectionsstates in which GAV,, originally described as lymphoid
organ virus (LOV), is exclusively observed by ISH.and TEM within foci of hypertrophied
cells or sphergids_in theylymphoid organ are also‘ highly prevalent in healthy wild and
farmed P. monodon in the northeast region 0f Queensland, Atistralia (Spann et al., 1995,
2002, Cowley et al., 2000a, Walkeretal., 2001).

Penaeid species*from Hawaii and the Western hemisphete; including P. stylirostris, P.
’;ztecus, P. dugrarum; P. setiferus and P. vannamei, are susceptible to experimental YHV
infection (Lu et al.,»1994, Lightner-et.al;«1998),swhile speciés farmed commercially in
Australia, includings P. sesculéntusy P. ymerguiensis, andd P. japonicus, are similarly
susceptible to GAV'(Spann_et"ak,,2000)., With either virus, however, there are some
age/size and species-related differencesiin the development of disease. Histopathology
consistent with YHV infection has been reported in P. japonicus in Taiwan (Wang et al.,
1996) that also displayed typical signs of severe white spot syndrome virus disease. In
Australia, RT-nested PCR has detected GAV in low levels in healthy P. esculentus co-
cultivated with P. monodon (Walker et al., 2001). However, other than these reports,
natural infection of penaeid species other than P. monodon appears to be uncommon.
Nevertheless, the ability to generate acute infection states experimentally suggests YHV

and GAV represent significant threats to cultivated prawn species other than P. monodon.

YHV contains a >22 kb single-stranded RNA genome (Wongteerasupaya et al., 1995,
Nadala et al., 1997) and of likely (+) polarity (Tang and Lightner, 1999) and three major



structural proteins of 110-135 kDa, 63-67 kDa and 20-22 kDa (Nadala et al.,, 1997, Wang
& Chang, 2000). The 2 larger YHV proteins are glycosylated and likely form the virion
envelope spikes (Jitrapakdee ef al., submitted). The gene organisation of the complete 26.2
kb RNA genome of GAV has recently been reported (Cowley et al., 2000b, 2001, Cowley
and Walker, 2002). The 5’-terminal 20 kb of the GAV genome comprises a single gene
encoding two long overlapping open reading frames (ORFla-1b), the second of which is
translated by a -1 ribosomal frameshift mechanism, that contain functional motifs related to
those also found in the pplab replicase polyproteins of vertebrate viruses in the
Coronaviridae and Arteriviridae (Cowley et al., 2000b). GAV also transcribes 3°-
coterminal subgenomic RNAs that do not possess 5 -leader sequences in contrast to
coronaviruses and arterivirusesg(€owley et alk, 2002) and together with the genetically
related YHV (Cowley et al.,-1999sSitidilOKratana et-al., 2002) has been classified as the
type species of a new genus, Okayirus, of a_new, family, Reniviridae, within the Order

Nidovirales (De Vries etalg 1997, Cowley et al., 2000b, 2001, Cowley and Walker, 2002).

Sensitive molecular methods|such as RT-PCR (Wongteerasupaya et al.,.1997, Tang and
Lightner, 1999, Cowley et ak, 1999, 2000a), ISH (Tang and Lightner, 1999, Tang et al.,
2002) and real-time RT-PCR (Dhar et al., 2062) have|been used to detect YHV or GAV in
élinical samples. In this paper, weshave exploited variations'in the Thai YHV and
Australian GAV genome sequencessto develop a*multipleXx-RT-nested PCR to co-detect

and distinguishes these viruses:

2. Materials and Methods

2.1.  Prawn samples

Healthy Penaeus monodon infected asymptomatically with GAV (Spann et al., 1995) and
moribund prawns displaying characteristic clinical symptoms, histopathology and TEM
evidence of acute GAV infection (Spann et al., 1997) were obtained from hatcheries and
farms in northeast and southeast Queensland between February 1996 and March 1998.
Experimental infections with a prototype GAV isolate originating from a farm disease
episode in north-east Queensland in 1996, were conducted as described previously (Spann
et al., 1997) and prawn tissues were collected at 5-7 days post infection when cumulative
mortalities had reached ~40%. P. monodon were also infected experimentally with a

prototype YHV isolate by injecting the tail muscle with haemolymph containing YHV



(Wongteerasupaya et al., 1995, 1997). Lymphoid organs and haemolymph were collected
from YHV-infected prawns 3-5 days post infection. Prawns from farm outbreaks of yellow
head disease were collected from different locations in Thailand between 1994 and 1998.
The origins of prawns representing the sourcés of GAV and YHV RNA samples are listed
in Table 1.

2.2.  RNA isolation

For RNA isolation, whole head homogenates (Spann et al., 1997), haemolymph, gill or
lymphoid organ tissue were collected using sterilised instruments and either processed
immediately or snap frozen on drygice and stored in liquid nitrogen until used. Lymphoid
organ or gill tissue wasthomogenised#in TRIzol-LS™ (Invitrogen) using a pellet pestle.
Haemolymph and 0.2 pm filtered -head homogenatesswere dissolved directly in TRIzol-
LS™ and RNA was#isolatedvaccordingsto, the mattufacturer’s instructions. RNA was
resuspended in' DEPC-water, heated at 55°C for 5.min, quantified by spectrophotometry
(Az60nm) andistored at~70°C. All reagents and tissue'samples were handled in a separate
laboratory/using‘a laminar flow cabinet and aerosol-resistant barrier pipette tips to prevent

contamination with® PCR products.

2r3 Primers

The sequences of primers used,for.,generic RT-PCR-amplification of GAV and YHV (GY)
and specific nested PCR.amplification of either GAV(G) or YHV (Y) are listed; GY1 (5’-
GACATCACTCCAGACAACATCTG-3"), " GY244(5-CATCTGTCCAGAAGGCGTCT
ATGA-3’), G3 (5’-GCGTTCCTTTGTGAGCATAAATGA-3’), Y3 (5-ACGCTCTGTGA
CAAGCATGAAGTT-3’), GY4 (5-GTGAAGTCCATGTGTGTGAGACG-3%), GYS (5°-
GAGCTGGAATTCAGTGAGAGAACA-3’) and G6 (5-GTAGTAGAGACGAGTGAC
ACCTAT-3"). Lengths (23-24 nt) and melting temperatures (T, £ 4°C) of ail primers were
closely matched. The‘ generic GY2 nested PCR primer Was designed with a slightly higher
Tm to compensate for a single base mismatch with the prototype GAV sequence (Cowley et
al., 2000b). All oligonucleotides were synthesised using an Oligo-1000 DNA Synthesiser
(Beckman). RT-PCR with primer pair GY1-GY4 was expected to amplify a 794 bp
product. Nested PCRs were designed to amplify products of 277 bp with primer pairs
GY2-G3 and GY2-Y3, 293 bp with primer pairs GY1-G3 and GY1-Y3 and 406 bp with
the primer pair GY2-G6.



24. RT-PCR

Total RNA (100 ng) and 35 pmol primer GY5 were incubated at 70°C for 10 min in 6 ul
DEPC-water and chilled on ice. ¢DNA was synthesised by adding 2 ul Superscript II
buffer x 5 (Invitrogen), 1 ul 100 mM DTT and 0.5 pl 10 mM dNTP mix and incubation at
42°C for 2 min prior to adding 0.5 pl 200 U/ul Superscript II reverse transcriptase
(Invitrogen) and further incubation at 42°C for 1 h. Reverse transcriptase was inactivated
at 70°C for 15 min and the reaction quenching on ice. For RT-PCR, 1 pl cDNA reaction
was amplified in 50 pl containing 1 x Taq buffer (10 mM Tris-HCI pH 9.0, 50 mM KCl,
0.1% Triton X-100), 1.5 mM MgCl,, 35 pmiol each primer GY1 and GY4, 200 pM each
dNTP and 2.5 U Taq polymerase{Promega). , Thereaction mixture.was overlaid with 50 pl
liquid paraffin and heated'at 85°C for 3 min prior to adding ¢eDNA (Chou et al., 1992).
DNA was amplified by 35 eyeles of95°C/30 sec, 66°C/30 sec,72°C/45 sec followed by
72°C/7 min final extensiom using 'eithér a FTS-960 (Corbett Research) or PCR Sprint
(Hybaid) thermal cycler. All PCRs utilised 0.5 ml thin-walled tubes., PCR products (10 pl)
were resolved in 2% agarose-TAE gels Containing 0.5 ug/ml ethidium bromide (Sambrook

et al., 1989).

25, Differential nested PCRs

An aliquot (fypically 0.5 pl) of the RT-PCR was*amplified by nested PCR using a 50 ul
reaction volume and primer sets GY2-G3, GY2-Y3 or GY2-Y3/G6. Semi-nested PCR
reactions utilising the primer pairs GY.1-G3 or GYi-¥ 3 were.also evaluated. Nested PCR
conditions were as for the RT-PCR except that the extension time was reduced to 20 sec
and number of cycles reduced to 25. In cases where the nested PCR was negative, the
amplification was repeated with up to 10 ul of the RT-PCR to increase sensitivity.

Aliquots (10 pl) of the nested PCR were resolved in 2% agarose-TAE gels as above.

To determine the detection sensitivity of the RT-nested PCR, serial 10-fold dilutions of
GAV or YHV lymphoid organ total RNA were prepared in DEPC-water containing 10
ng/pl lymphoid organ total RNA from an uninfected Penéeus Japonicus as a carrier and to
maintain a constant amount of RNA in the cDNA synthesis reaction. Aliquots (1 pl) of
diluted RNA were reverse transcribed using primer GY5 and amplified by PCR (primer
pair GY1-GY4) and nested PCR using various primer sets (ie. GY1-G3, GY1-Y3, GY2-
G3, GY2-Y3 or GY2-Y3/G6). To simulate dual GAV/YHYV infections, 10-fold dilutions



of one virus RNA were prepared using a diluent comprising either 100 ng/ul or 1 ng/ul of
lymphoid organ total RNA from prawns infected with the other virus. To avoid cross-
contamination, all PCR mixes were prepared in a laminar flow cabinet using aerosol-

resistant tips and in a different laboratory to that used to analyse PCR products.

2.6. Sequencing

Sequences in the G3/Y3 and G6 differential primer regions were determined for RT-PCR
products amplified from all 10 GAV and the 9 YHV field RNA samples. PCR products
(794 bp) amplified with primer pair GY1-GY4 were purified using QIAquick™ columns
(Qiagen). Both DNA strands of GAWV aiid, YHV PCR products were sequenced using
primers GY1, GY4, Y3 or.@6, Big Dyc' ™ reagent (Applied Biosystems Inc., ABI) and
automated ABI Model-377, apparatus (ABI) at the Australian Genome Research Facility,
University of Queensland. .The sequence in“the,GY4 and GYS primer regions of some
YHV RNA samples was'determined similarly usiﬁg RT-PCR "amplicons generated with
other primers (R,A.J. Hodgson et al!, unpubl’). Nucleotide sequence. chromatograms were

analysed and aligned using SeqEd:3:1 (ABT).

3. Results

.; 1. Selection of generic and specific GAV and YHV primers

The sequences of the ORF1b_gene‘region.of*GA Vsand"YHV have recently been reported
(Tang and Lightner, 1999,Cowley etal 5 1999; Sitidilokratana et al., 2002). The nucleotide
(nt) sequence in this gene displays 19.5%s overallddivergence with the majority of
differences occuring in codon “wobble’'positions not altering the ORF1b amino acid (aa)
sequence. However, disproportionately higher numbers of mismatches occur in some
regions, two of which were used as targets for virus-specific PCR primers. The relative
locations of the generic and unique GAV and YHV primers used in the differential
multiplex RT-nested PCR are shown in Fig. 1. The region targeted by cDNA primer GY5
was conserved in 3 independent YHV sequences (Wongteérasupaya et al., 1997, Tang and
Lightner, 1999, Sitidilokratana et al., 2002) and GAV (Cowley et al., 1999). The virus-
specific primers G3 and Y3 used in the differential nested PCR were designed to mismatch
at 12/24 nt positions, thus significantly reducing their ability to anneal to the non-
homologous DNA template. The nucleotide variations in this primer region were

associated with 3 aa changes, including one at the primer 3’-end that was divergent at all 3



codon positions. The GAV-specific primer G6 was designed to a sequence that was
divergent at 10/24 nt positions, of which 3 occurred at the primer 3’-end and were
associated with an amino acid change. The virus-specific primers were designed to
mismatch at their 3’ terminus, as 2 or more mismatches at this position will prevent DNA

amplification by PCR (Kwok et al., 1990).

3.2.  RT-PCR for detecting both GAV and YHV

cDNA used in the RT-PCR was synthesised from antisense primer GY5 designed to a
region 229 nt downstream of PCR primer GY4 that was conserved in the published
prototype Australian GAV and Thai YHV isolates. PER with generic primers GY1 and
GY4 amplified the expected. 794 bp product from'cDNA derived from.either GAV or YHV
(Fig. 2a). PCR using 3 differentsannealing temperatures.(ie. 642C, 66°C and 68°C) gave
comparable results énd 66°C was" sclected “forwsubsequent” amplifications as this
temperature generated slightly more jproduct than 68°C and was"free of spurious minor
products seen at 64°C when higher viral RNA 'temiplate levels were amplified (data not

shown).

3.3.  Nested PCRs to differentiate GAV and YHV

initially, separate differential nested PCRs were testedsthatised a generic sense primer
(GY2), which overlapped GY1,, in"conjlifiction with either of 2, Virus-specific antisénse
primers (ie G3 or Y3) targeting the Same divergent region betweed GAV and YHV. Each
primer pair GY2-G3 and GY2-Y3 specifically amplified@277 bp fragment of the 794 bp
GAV and YHV RT-PCR products, respectively (Fig. 2). An alternative GAV-specific
nested PCR was also tested that employed an antisense primer (G6) targeting a different
region than primer G3 and which amplified a 406 bp fragment of GAV only. As shown in
Fig. 2b, nested PCRs with these primer combinations only yielded products of the expected
size when the antisense primer corresponded to the virus amplified in the generic RT-PCR.
However, in nested PCRs employing the opposite antisense primer, elevated levels of the
794 bp GY1-GY4 product were detected, presumably amplified by residual primers
carried-over from the RT-PCR. A ~400 bp DNA was also detected in the nested PCRs in
which virus-specific amplification could not proceed due to the use of the non-homologous
antisense primer. However, this DNA was readily distinguishable from the 277 bp virus-

specific products amplified by either primer pair GY2-G3 or GY2-Y3. Moreover, it is



unlikely that this DNA would occur in multiplex nested PCRs incorporating both YHV-
(Y3) and GAV-specific (G6) antisense primers (see below) as RT-PCR products derived
from either virus would be amplified preferentially and thus quench the generation of this

presumed non-specific product.

Semi-nested PCRs in which generic primer GY1 was substituted for GY2 gave comparable
results to those shown in Fig. 2 except that the viral DNA fragment (293 bp) amplified was
slightly larger (data not shown). A larger (~450 bp) non-specific DNA comparable to the
400 bp DNA detected in the semi-nested PCRs utilising primer GY1 in place of GY2 only

in reactions employing the non-homologous antisense primer (data not shown).

A multiplex nested PCR wsing primer ‘GY¥2 in conjunction with both GAV- (G6) and
YHV-specific (Y3) antisense primers was tested for its, ability to differentiate the viruses in
a single reaction. DNAsproducts of|a size expected for GAV (406 bp) and YHV (277 bp)
were amplified only from /RT-PCR|products derived;from GAV ‘and YHV, respectively

(Fig. 2¢). 'Thereswas no evidence of cross-reactivity of the antisense/primers.

3.4.  Sensitivity. of the RT-nested PCR

'i'he sensitivity limits ofithe RT-PCR and nested PCR was examined using serial 10-fold
dilutions of lymphoid ergan RNA from"GAV- or YHV-infected P. monodon (Fig. 3). The
794 bp RT-PCR product was readily detected using 10pg RNA with either GAV or YHV
and products amplified fromil,pg RNA*were visiblejin low quantities. Nested PCR using
primer pairs GY2-G3 or GY2-G6 for GAV and GY2-Y3 for YHV extended the detection
limit ~1000-fold (ie. 10 fg RNA). Semi-nested PCRs employing GY1 in place of GY2

increased sensitivity to the same extent (data not shown).

To determine whether the presence of the two virus-specific antisense primers (Y3 and G6)
might affect the detection sensitivity of the multiplex nested PCR, PCR products amplified
from the GAV and YHV RNA dilution series were mixed 1:1 and amplified with the
primer set GY2-Y3/G6 (Fig. 3). In this PCR, YHV (277 bp) and GAV (406 bp) PCR
products were co-amplified to the same detection limit (10 fg RNA) obtained in the nested
PCRs employing primer pair GY2-Y3 or GY2-G6.
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3.5.  RT-nested PCR differentiation of GAV and YHV field samples

Five RNA samples from healthy P. monodon broodstock infected subclinically with GAV,
4 from moribund farmed prawns acutely infected with GAV and 8 from moribund farmed
prawns acutely infected with YHV were tested in the multiplex RT-nested PCR (Fig. 4).
The RNA originated from tissues of individuals or pooled from a small number of prawns
collected at different locations in Australia or Thailand between 1994 and 1998 (Table 1).
For GAV, slightly less 794 bp product was amplified in the primary RT-PCR using RNA
derived from the 2 cephalothorax homogenates than from the lymphoid organ samplesv
(Fig. 4a). In contrast, a high yield of the 794 bp RT-PCR product was only detected in
RNA sample YHV-1 and no product was detécted in'5/8 other RNA samples derived from
haemolymph, gill or cephalothoraxstissues.. Multiplex nestedsRCR using the primer set
GY2-Y3/G6 readily amplified a 406 bp product-from all 10' GAV. samples and a 277 bp
product from all but one YHV sample (Fig. 4b).. Moreoverzcomparable yields of 277 bp
product were amplified from 8/9 YHV samples irfespective of Wwhether ot not a primary
PCR product was detected. For the 5 YHV samples.(ie. 3, 5,6, 7,18) in Which little or no
primary PCR product was detected, the'PCR was repeated using 2 plinstead of 1. ul cDNA.
Increasing the input eDNA only enhanced PCR product yield with sample YHV-6 (data not
shown). However, 277 bp*nested PCR product yields were visibly enhanced with most
’gamples and a product'was detected with the previously negative YI V8 sample (Fig 4c).
The amount of product detected for XHV-8 inereased furthérswhen &ither 5 pl or 10 ul of
the primary PCR was amplified in‘the nested PCR.

3.6.  Potential detection of mixed GAV and YHV infections

To simulate mixed GAV and YHV infections at various viral loads, a 10-fold dilution
series of the prototype YHV RNA was prepared in a diluent containing 100 ng/ul of the
prototype GAV RNA. A reciprocal GAV RNA dilution series was prepared similarly in a
diluent containing YHV RNA. All dilutions contained at least 100 ng/ul RNA for either
virus and comparable amounts of 794 bp product were amplified in the primary PCR using
cDNA prepared using primer GYS5 and the primer pair GY1-GY4 (data not shown). GAV
(406 bp) and YHV (277 bp) specific products were detected in multiplex nested PCRs with
the primer set GY2-Y3/G6 to a limit in the simulated GAV/YHV co-infections equal to a
minor:major viral RNA template ratio of 1:100 (Fig. 5a). This represented a 10*-fold

reduction in the detection limit of either minor virus RNA species compared to that
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obtained when either virus RNA was diluted in uninfected P. japonicus RNA (see Fig. 3).
The multiplex RT-nested PCR was repeated using RNA dilutions prepared as above but
using a diluent containing 1 ng/pl rather than 100 ng/pl of either YHV or GAV RNA. Just
detectable but comparable amounts of the 794 bp RT-PCR product was amplified in all
samples (data not show). However, compared to the previous test, detection limit of the
‘minor RNA in the nested PCR increased to include dilutions containing a minor:major
RNA species ratio of 1:10° for GAV and 1:10° for YHV (Fig. 5b). These detection limits
were equivalent to 100 fg GAV RNA and 10 fg YHV RNA and approached those obtained

when either virus RNA was amplified in the absence of competing viral RNA.

3.7.  Sequence differences among GAV and YHV RN#Asamples

Primary RT-PCR! products® amplified “fromgall 10 GAV (including the prototype) RNA
samples using the primer pairiGY1-GY4uwere sequenced to identify nucleotide variations
in the virus-specific nested-PCR primer regions; i the 682 nt region immediately
downstreamJof primer GY1, a maximum of 1.8% (12/682 nt)divergence was detected
among the different isolates. Sequences spanning primers GY4 and GY5 were determined
for 7/8 YHV RNAwsamples using 4 0.7 kb PCR ampliconsgenerated with other primers
(R.AJ. Hodgson et aljiunpubl.). Sequences in the differential G3/Y3 and G6 primer
';egions were determinedifor all.8 YHV RNA samples using semi-nested PCR amplicons
generated using the primer pair GY2-GY4. The sequence of the prototype (Cowley et al.,
1999, 2000b, Tang and. L'ightner;*1998, Sitidilokratana' et.al., 2002) and field isolates of
GAV and YHYV in regionstargeted by the Viftis-specific primers G3/Y3 and G6 is shown in
Fig. 6. All GAV field samples varied from the prototype at a silent position 6 nt from the
3’-end of primer G3 (U > C) and a position 15 nt from the 3’-end of primer G6 (U > C).
Six GAV isolates also varied at a silent position 12 nt from the end of G6 (U>C). Sample
GAV4 varied at a position 1 nt from the 3’-end of primer G6 that resulted in a amino acid
shift (U > C). Sequencing of the GY1-GY4 products also afforded information in the GY2
primer downstream of the region that overlapped GY1. Six of the GAV samples varied at
a silent position 15 nt from the 3’-end of GY2 (A > G) (data not shown). Minor (<1.5%)
variations'to the prototype YHV sequence were evident in a 0.7 kb amplicon spanning the
GY4 and GYS primer regions in 7 field samples for which PCR products were obtained
(data not shown). However, none occurred in sequences targeted by primers GY4 or GYS.

Little (<1.8%) variation was also detected in GY2-GY4 PCR amplicons generated from the
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8 YHV field RNA samples. In this and the YHV amplicon spanning the GY4-GYS primer
regions, some variations were due to 2 nucleotides (most commonly U/C =Y or A/G = R)
being amplified in relative equal amounts at a particular position. Four of the 9 YHV RNA
samples displayed such variations at single codon wobble positions in sequences targeted

by either primer G3/Y3 or G6 (Fig. 6).
4. Discussion

GAV from Australia and YHV from Thailand are significant pathogens of Penaeus
monodon that threaten the sustainability of the cultiited prawn industries in countries that
predominantly farm this species. Theflevel (81.5%) of nueléotide sequence conservation in
the ORF1b gene of GAV and YHV' (Cowley. et al., 1999¥ Sitidilokratana et al., 2002)
indicates that they can be eonsideredias geograplﬁc topotypes, but ‘has‘allowed their cross-
detection by RT-PCR (Cowley etial., 1999) and in situ hybridisation (Tang et al., 2002).
Moreover, the viruses are morphologically indistinguishable, induce similar pathology
(Boonyaratpalin et al., 1993,/ Chantanachookin et al., 1993, Spann’et al., 1997) and have
similar tissue tropism as determined by ISH| (Tang and Lightner, 1999, Tang et al., 2002,
Spann et al., in press). Clinical,disparities pertaining|to the apparently faster rate at which
/ﬁlortalities accumulate in ‘prawns infected experimentally with YHV or to cephalothorax
yellowing with YHV or whéle body.reddening-with*GA Vohave beén reported in acutely
infected P. monodon. However, these are Subjective; inConsistent and would be uﬁreliable

in distinguishing between these viruses.

Here we have exploited sequence differences to develop an RT-nested PCR to co-detect
and distinguish GAV and YHV. The RT-PCR utilises primers to conserved ORF1b gene
sequences to amplify RNA of both viruses followed by a nested PCR using multiplexed
virus-specific primers to different divergent sequences to distinguish the viruses. The
virus-specific primers incorporated 10-12/24 mismatches, including 3 at their 3’-terminus
associated with amino acids shifts, to prevent amplification of the non-homologous
sequence. Two or more mismatches at the 3’-end of a primer have been shown previously
to dramatically inhibit PCR (Sommer and Tautz, 1989, Kwok et al., 1990). Otherwise, all
of the 23-24 mer primers were matched to a PCR annealing temperature that would ensure

specificity but accommodate mutations expected among different isolates of YHV or GAV.
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Such mutations will occur as GAV (Cowley et al., 2000b, Cowley and Walker, 2002) and
YHV (Wongteerasupaya et al., 1995, Nadala et al., 1997, Sitidilokratana et al., 2002), like
the related coronaviruses and arteriviruses, are likely to possess an RNA-dependent RNA
polymerase lack proofreading abilities that will cause relatively high rates of genetic drift

and the establishment of virus quasispecies populations (see reviews Steinhauer and

Holland, 1987, Holland et al., 1992).

The specificity of the RT-nested PCR was initially evaluated using RNA to prototype GAV
and YHV isolates, generic RT (GY5) and primary PCR primers GY1-GY4 and separate
nested PCRs using a generic sense primef(GY2) with either a GAV- (G3) or YHV-specific
(Y3) antisense primer. The prithary RT-PCR amplified both viral RNAs while each nested
PCR amplified only GAV o YHV.- The nested PGR extended. the detection limit of the
RT-PCR ~1000-fold and, although we are unable fo_quantify this to template copies, viral
RNA was deteetable in]10 fgitotal RNA isolatéd from the lymphoid organ from P.
monodon infeeted experimentally with GAVior YHV. This détection limit is consistent
with an RT-nested PCR targeting a-dewnstream region of the GAV,ORF1b gene (Cowley
et al., 2000a). The additional sensitivity afforded by nested PCR is extremely important as
prawns can'oftenspossess subclinical infections in which vital RNA levels are insufficient

to be detected by lsstep RT-PCR (Cowley et al., 2000a, Walkeret al., 2001).

To distinguish the GAV and YHV in a single fiested PCR,4a GAV-specific primer (G6)
targeting an alternative divergent sequence to that targeted by primer G3 was multiplexed
with the YHV-specific primer Y3. Nésteéd'PCR using the multiplexed primer set (ie. GY2-
Y3/G6) generated different sized products for GAV (406 bp) and YHV (277 bp). The
multiplex nested PCR also extended the detection limit ~1000-fold for both viruses.
Moreover, 1:1 mixtures of YHV and GAV PCR products amplified from separate RNA
dilution series co-detected both viruses to the same limit, indicated that the nested PCR
conditions did not favour either primer pair (ie. GY2-Y3 or GY2-G6) when comparable

amounts of either virus DNA template were present.

The multiplex RT-nested PCR was tested using GAV and YHV RNA mixed at various
ratios to simulate different co-infection states. This was examined as chronic GAV

infection is highly prevalent in wild and farmed P. monodon in eastern Australia (Spann et
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al., 1995, Cowley et al, 2000a, Walker et al., 2001) and any potential incursion of YHV
into this region would likely involve superinfection of GAV-infected prawns. When GAV
RNA was diluted in 100 ng RNA from prawns infected with YHV and vise versa, RT-
nested PCR detection of the minor viral RNA species was quenched beyond a minor:major
RNA ratio of 1:100. This equated to a ~10*fold decrease in detection sensitivity compared
to when the RT-nested PCR was used in the absence of competing viral RNA. We have
not determined whether amplification of the minor RNA species was quenched during the
reverse transcription or PCR steps or both. However, amplification was dependent on the
amount of competing RNA, as when 1 ng rather than 100 ng of competing viral RNA was
used as a diluent, the nested PCR detectiondimits of the minor viral RNAs (ie. 10-100 fg
lymphoid organ total RNA) appreached those obtained in itsvabsence. Thus, although it
may be somewhat dependent on thedevel of ifection,.the multiplex RT-nested PCR should
be able to co-detect and distinguish GAV"and YHV in co-infected prawns where the ratio
of minor to major viral RNA is in the ratige of 1:1/to between 1:#00 and.1:100000.

The multiplex RT/nested PCR accuratély‘identified and distinguished GAV and YHV in
RNA samples from prawns_collected from different locations in Australia and Thailand,
respectively, over 210 4 yedr periods. In the case of (GAY, this in¢luded RNA from both
I{ealthy and diseased P, wionodon. Insthe case of YHV, all RNAsarfiples were derived
from prawns sourced from. farm'disease episodes:* While’whole Head homogenates or
lymphoid organs of GA V-infeeted*prawns conitained Sufficient virallRNA to be amplified
by RT-PCR, YHV was only detected. in 4 of the 9 pooled.prawn haemolymph, gill or
cephalothorax RNA samples tested. Nevertheless, the multiplex nested PCR was able to
amplify GAV- or YHV-specific products in all cases, including those YHV samples in
which no RT-PCR product was detected. Previous testing of lymphoid organ RNA from
individual GAV-infected prawns using a published RT-nested PCR method has identified
animals with infections not detectable without the use of nested PCR (Cowley et al., 2000a
and unpubl, Walker et al., 2001). Moreover, with GAV, such testing has also provided
some evidence that RNA from lymphoid organ and gill tissue provides increased detection
sensitivity compared to RNA from haemocytes collected from haemolymph (Cowley et al.,
2000a). Unfortunately we were unable to determine whether this is also the case in the
YHV-infected prawns as lymphoid organ or separate gill RNA matching the YHV

haemolymph or whole cephalothorax RNA samples were not available for testing.
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RT-PCR amplicons from the GAV and YHV RNA samples were sequenced to determine
whether significant genomic variability might occur particularly in the regions targeted by
the differential G3/Y3 and G6 nested PCR primers. Analysis of amplicons from GAV- and

YHV-infected prawns collected at different locations over a 2-4 year time period identified |
minor (<1.8%) nucleotide variations, primarily at codon wobble positions, compared to the
genome sequences of the prototype viruses (Cowley et al., 1999, 2000b, Sitidilokratana et
al., 2002). Previous data that single primer:template mismatches (other than A:G, G:A,
C:C or A:A at the 3’ terminal nucleotide of the primer) will not adversely effect PCR
product yields (Sommer and Tautz, 1989, Kwok et al., 1990) was substantiated here.
Among the GAV samples, 1 tos3 nt changes océurred in regions targeted by the nested
PCR primers, including one in which there was an A:C mismateh 1 nt in from the 3’-end of
primer G6. However, none of‘the sequence. variations identified appeared to adversely
affect nested PCR' performance. #Among thesYHV samples, M0 variation occurred in
sequences targetedsby RT-PCR -primers-G¥4-and G¥5 While in 4 samples, 2 nucleotides
occurred in relatively  equal amounts-at single positions in-the regions targeted by the
nested PCR primers Y3 or'G6.—Asithese YHV samples originated from tissues pooled from
several prawms, it istlikely that-minor genotypic—variantsypresent in different prawns
contributed to this situation. Tn all;-the-absenee-of substantial variations in the ORF1b gene
region of Australian GAV isolatés.from eithersthe healthy or diseased prawns and Thai
YHV isolates from discased prawns:suggests that:the multiplex RT-nested PCR described

here should prove to be quite robust in differentiating these genotypes.

Potential mechanisms for the inadvertent introduction of the major viral pathogens, YHV
and white spot syndrome virus (WSSV), of Asia into prawn aquaculture industries in other
regions of the world are well documented (Lightner et al., 1997, Nunan et al., 1998). Of
primary concern is the importation and processing of live or frozen uncooked P. monodon.
The sequence divergence between Thai YHV and Australian GAV isolates suggests any
incursion of these or related viruses may be distinguishable from the virus population
indigenous to a particular region and traceable to the origin of the incursion. We are
currently sourcing yellow head-complex viruses from different regions in Australia, South-
easf Asia, India, Central America and elsewhere to determine the extent of genetic diversity

among virus populations. Such sequence comparisons should help establish whether these
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viruses are endemic to or recently introduced into a particular location. Furthermore, such
data should prove to be extremely useful in monitoring any spread of YHV-complex
viruses associated with movements of broodstock, postlarvae and frozen commodity
shrimp, particularly P. monodon, between these regions. The multiplex RT-nested PCR
described here provides a rapid and sensitive tool for detecting and differentiating the
currently recognised YHV genotype associated with disease episodes in Thailand and GAV
genotype ubiquitous among wild and farmed P. monodon in Australian. It is recognised,
however, that this or similar multiplexed RT-PCR tests could be streamlined further to
minimise sample manipulations and modified to accommodate new virus genotypes as they

are identified.
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Figure Captions

Fig. 1. Relative positions of primers used in RT-PCR and differential nested PCR
amplification of GAV and YHV. The nucleotide and deduced amino acid sequences of
regions of the GAV ORF1b gene are shown with YHV variations shown below and above,
respectively. The sequences targeted by primers are indicated with arrows. Numbering
was taken from the GAV-YHV sequence comparison reported previously (Cowley et al.,

1999).

Fig. 2. Detection of GAV and YHV RNAfby RT-PCR followed by nested PCR with
different primer combinations._(a)P€R amplification (primeripaiz GY1-GY4) of a 794 bp
cDNA synthesised from lymphoid ergan RNA .of L. monodon infected with the prototype
GAV (lane 1) and YHV (lane 2) RNA"samples_using jprimer GYS5. (b) Nested PCR
amplification of RT-PCR productsiderived from GAV (lanes 1#3) or,YHV (lanes 4 - 6)
using primer pair GY2-Y3 (lanes Ljand 4), GY2-G3_(lanes 2"and 5) or GY2:G6 (lanes 3
and 6). (c) Nested PCR amplification éfi€ither a 406 bp GAV product (lane 1) or 277 bp
YHYV product (lane 2) using the multiplexed primer set GY2-Y3/G6. PCR products (10 pl)
were resolved in a 2% agarose-TAE gel containing 0.5/ pg/ml ethidium brémide. M =1 Kb
ISNA ladder (Invitrogen).

Fig. 3. Detection limits'of the RT-PCRJarid differént nested*PCRs using titrations of
lymphoid organ total RNA from P. menodon infected experimentally Wwith prototype GAV
or YHV isolates. c¢cDNA synthesised from serial 10-fold RNA dilutions (100 ng/ul to 1
fg/pl, lanes 1-9, respectively) with primer GY5 was amplified by PCR with primer pair
GY1-GY4. RNA was diluted in 10 ng/ul P. japonicus lymphoid organ RNA which was
also used as a negative control (lane 10). Nested PCRs were performed with primer pairs
GY2-G3 or GY2-G6 for GAV and GY2-Y3 for YHV. A nesfed PCR was also performed
~on 1:1 mixtures of GAV and YHV RT-PCR.products using the multiplex primer set GY2-
Y3/G6. PCR products (10 pl) were resolved as in Fig. 2. M =1 Kb DNA ladder.

Fig. 4. Detection of different GAV and YHV RNA samples using multiplex RT-nested
PCR. The origin of P. monodon from which RNA was isolated is described in Table 1.
Isolates GAV1 to GAV10 correspond to GAV lanes 1 to 10 and isolates YHV1 to YHV9
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correspond to YHV lanes 1 to 9. (a) cDNA synthesised from 100 ng RNA using primer
GY5 was amplified by PCR using the primer pair GY1-GY4. GAV lane 11 and YHV lane
10 were negative controls comprising lymphoid organ RNA from uninfected P. japonicus.
(b) RT-PCR products were amplified by nested PCR using the multiplex primer set GY2-
Y3/G6. (c) For selected YHV isolates [ie. 3 (lane 1), 5 (lane 2), 6 (lane 3), 7 (lane 4) and 8
(lanes 5 - 7)] which produced little or no detectable RT-PCR product, 0.5 pl of primary
PCRs performed using 2 pl instead of 1 pl of cDNA were amplified in the multiplex nested
PCR. ¢DNA from P. japonicus RNA was used as a negative control (lane 8). For isolate
YHVS, 5 ul (lane 6) and 10 pl (lane 7) of the primary PCR was amplified in the nested
PCR. PCR products (10 pl) were resolved asiin Fig. 2. M =1 Kb or 1 Kb PLUS DNA
ladder (Invitrogen).

Fig. 5. Multiplex RT-nested RBCR amplification of GAV and YHV RNA mixed at various
ratios to simulate dual-infeetions. GAV and YHV*lymphoid organ RNA was mixed 1:1 at
concentrations ofieither (a)/100 ng/ul (lane 5) or (b)4l ng/pl (lane 6) and serial 10-fold
dilutions of virus RNA were ‘prepared in a diluent of re¢iprocal virus RNA at these
concentrations., (a) YHV RNA dilutions 10™ to 10" (lanes 1=4), GAV. RNA dilutions 10"
to 10* (lanes 6-9) andwP. japonicus negative control RNA (lane 10). (b) YHV RNA
dilutions 10° to 10% (lanes 1-5).and GAV RNA dilutions{10"' t6 10° (lanes 7-11). In both
experiments, cDNA, synthesised with “primier GY 35, was amplified by PCR (primer pair
GY2-GY4) followed by. nested PCR 'with'ithe multipléx _primer set GY2-Y3/G6. PCR
products (10 ul) were resolvedias inFig 2. #M =1 KbDNA ladder.

Fig. 6. Genomic RNA sequences targeted by the G3/Y3 and G6 primer regions in the 9
GAV and 8 YHYV field samples compared to the prototype isolates (ie. GAV6 and YHV1).
Nucleotide variations are indicated below the sequence of the prototype GAYV isolate (Y =
C/U). The deduced amino acid sequence is shown above the GAV nucleotide sequence

and only variant amino acids are shown above the prototype YHV sequence.
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Table 1
Origin of Penaeus monodon infected with GAV or YHV tested in the multiplex RT-nested PCR

No: Date Location Source Description® Tissue?
GAV1 14-10-97 Jacobs Well, SEQ Cairns H,I,B,N lo

GAV2 13-10-97 Jacobs Well, SEQ Innisfail H,I,B,N 1o

GAV3 25-09-97 Cleveland, SEQ Innisfail R,I,B,N lo

GAV4 05-03-98 Innisfail, NQ Innisfail W,I,B,N lo

GAV5 27-03-98 Cardwell, NQ Townsville F,B,I,N lo

GAV6© 12-02-96  Mourilyan, NQ NK* F,P,M lo

GAV7 06-03-97 Bundaberg, SEQ® NK F,P,M lo

GAVS8 18-03-97 Jacobs Well, SEQ NK F,P,M lo

GAV9 17-04-96 Jacobs Well, SEQ NK F,P,M ceph
GAV10 16-04-96 Jacobs Well, SEQ NK F,P,M ceph
YHV® NA-96 NK, Thai 1o

YHV1 #100 NA-94 NK, Thadi CP R, F,P,M hae

YHV2 #101 NA-96 NK,#Thai CP F,P,M hae

YHV3 #102 13-10-95 Rayong, Thal AAHRT R,E, P, M gill/hae
YHV4 #103 01-02-95 Surattanee, Thali NK R,F,I,M gill/hae
YHVS5 #104 18-12-95 Surattanee/.Thai NK H,P ceph
YHV6 #105 29-10-94 Surattanee; Thad CP R,F,P gill/hae
YHV7 #106 18-01-96 Chachuengsao,/ Thai AAHRI R,F,P,M gill/hae
YHV8 #107 NA-97 Bangpakong,! Thai el R, F,P,M gill/hae
YHV9 #108 16-12-97 NK, Thai CP F,I1,M hae
YHV1O #109 17-03-98 Banpo, Thai Cp H,P ceph
YHVI1 #110 17-03-98 Klongsuan, Thai Ccp H, P ceph

* All GAV-infected prawns were growi'from postlarvae derived from wild broodstock"¢aught at Innisfail, Cairns or
Townsville in North Queensland, Australia

b Description code : F = farm stoek, H'= hatehery broodstock sourced!from the wild, W = wild prawn sourced
direetly from a trawler, R = prawn séurced from research facility, B = broodstock,J"= individual, P = pooled from
2-10 prawns, M = stock experienging mortalities, N =ho obvious disease Symptoms

° prototype isolate GAV6

4NQ = North Queensland

¢ SEQ = South-east Queensland

*NK = not known

® Tissues used were gill, lymphoid organ (10), haemelymph (hae) and whole:¢éphalothorax (ceph)

CP = Shrimp Culture Research Centre of Charoen Pokphand €6 Litd!, Thailand

AAHRI = The Aquatic Animal Health Research Institute, Thailand
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Abstract

Hepatopancreatic parvovirus (HPV) can cause stunted growth in several
penaeid shrimp including Penaeus monodon which reduced production for shrimp
farmer and cause economic losses. In this study specific monoclonal antibody for
detection of HPV infection was developed. The viral particle was isolated from
hepatopancreas of Penause monodon by urografin gradient ultracentrifugation.
Fractions 30% and 35% containing highgameunt of viral particles were analyzed for
structural protein by SDS-PAGE#  The viral particle was injected into Swiss mouse
for production of monoclonalantibodies. The moneclonal antibodies obtained were
characterized using Western #blot ' hybridization, dot' blot hybridization and
immunohistochemistry.

There were® several protéin-bands-after-SDS-PAGE analysis. The major
protein band was ‘appeared at 54 kD _Twelve clones of hybridomas, ebtained after
the injection of purified vial particlerintosmice; gavespositive results based on dot blot
hybridization and immunohistochemiétry screening. These 12 clones bind to both
native and denatured protéin‘at molecular weight of 97 kD ‘Which was not the major
protein of viral structural proteins. These monoclonal antibodies reacted with
hypertrophied nuclei‘in hepatopancreatic cell of shrimp showing the specifically for
HPV detection. However, they also 'bind to some" nuelel without hypertrophied
nuclei as well. It is possible thatythese antibodies'may bind to protein at the early
stage of infection. Most of the antibodies were IgM subtype only one was IgG. Thus,
the development of monoclonal antibody need to be further study in order to develop

a fast, specific and cheap diagnostic kit.
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A e Y [ g ' o 3 1 a a
Loh,2000) dwhldmsasramiansaesdionnzsiasiu down sa. as. Ineha nsns
e Y o a =t 1 @
N8 uazAME (Sithikornkul et al., 2000) 1awannTuTulnausauoudued (MAbs) Ae'lsa
as @ o d
Wandeemeug Ingladuse

Y o 22 1

= 5’ dy v o Y o o [
Tunsfnyadeiiamedsdtaaiumsvaninsg el lulaauieuduede lafa

A o a ad Yo v w A o A 4
HPV (Werhweudueail 1 1¥d miuWamsiimsnsianalasmesid Mi1e azan 59A13)

1o & o q.9 A A uyn & 0o §q ¥
LLIJUEJ1LL'C1$§'\ﬂ”IQﬂ “Nilzﬂﬂﬂlﬂ‘lelG]iﬂiﬁ'lll'Iiﬂﬂi’ﬁlﬁﬂﬂﬂ’li@lﬂﬁiﬂ"lﬂﬂilﬂﬂluuﬁz‘ﬂﬂ‘ﬂﬂ'li

::y Y al o a‘ 42‘
wammQwﬂizﬁmmwmnﬂwu

a d’d' L7 Vv 8] @ av t:i °
m3IsuineYe sz AdwARIIUIIHMITENI
4
Tuilagtiumisasaitsionmsdadiol Salunenmiduinildmansialaeld
maiia PCR osnniinnm uaddmnseasan luvaedthinens1d  ualidedinluGes
A A s ya Y Y 12 wa dy Yo T v & aa
veunseailofldiinmune uazdosmsdufinauildsumsiindueied  duiuisdianu
- @ ad a a & o i < o 3
wefiszianisnasemeduinTu duhldhe simds aimgn uazannsailyly
Tumsasremaaun1dlasiinswaunind Inausauoudveduas TuluTaaueauoudved

¢ ¥
worh 119l umsasieitanonsaade 15aa199 1A1A Taura syndrome virus (Poulos et al.,

1999) wanAsauaz 1TadunIn19v17 (Sithikornkul ef al., 2000, Nadala et al., 1997, 1998,
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g 3 o

2000 1Az Loh ez al., 1998) lasfluTulnaueausudusdnwaunvuainsathlyisnsoe

=

a ay Iy 9 o a dy v o 2 a 4? 9 ;l =1
msmﬂwa"hsa‘luqa ‘Vlllﬂ']iﬂﬂL%E)izﬂ‘UG]'Ii]ﬂﬂ\iﬂ']i@lﬂl‘lf@éulliﬂnlﬂﬂm HIYNA

(Y] d a
ﬂqﬂizﬂdﬂﬂlﬂﬁﬂﬁ’m{l

1. weadnwlululnausausuiusaniumess lia HPV

. A o oA a ada
munocytochemistry INDAAADNLBUAVDANY

2. waldmatia do

NANANNY dzAIN
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- ada v
SIUyUIBIVY
g Y
MIPUAIBYI
at

g o ' 9 1 day 1 a dy [ ey @ @ 4
Lﬂ‘iJGI’JE]EI‘Nf}diﬂﬂ‘u?J‘V]llf}mﬂizLLﬂZﬂ"Iﬂ’JW\ﬂL‘BEJll’Ji’deJ‘BW’J NNWNIAT FAYIUAS IS

a [ o Y ] o oA 5’ o w 9 d' 1
Fana Yszua 700 2 wsnidudesnuildlululaswumaniui intiuhdudanuy

-4

] b
TuluTnsmad lfuludidu -70°c  ieldlumsasauentada  wenvniivinmsfudude

¥ v
15217 20-50 AUABLID 1% 1 Davidse to1i1111¥as19q0umaiione

Pre-denaturation 94°C, 5 W1¥ $1U3 ' ifation 1 94°C, 30 3T, Annealing 71 52
°c Wlurat 30 53U uaz Extension 1 72 °C flurat 30 U §1u9U 40 501 1 PCR

product 1UTnzHawezm Isanadidnlnsneide (0.8% gel)
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msana a0 1niug
wmsadaw1 e HPV eonindufelaedB  urografin gradient ultracentrifuga-tion
act A A v an o e " W Y
asamelinsnunwdlae A qynmmAuazane (1999) A LisdufIeanI
¥
azmuhudadraduidazdealumsazaetiiies NTE (0.2 M NaCl, 0.02 M Tris, pH 7.4,
v
0.02 M EDTA) 1511915 40 ua.se 80 AU 1as1d hand homogenizer 11ntiuTmsusnisuad
y o ° P o ' a o v A o
990 laemsdumded 3147U.2 381 NANIE2 7,000 LA 13,000 SOUADUIN AR 7 4°C
b4
Y o ]
AT9ag 15 win (Sorvall RC 5 C-Plus, ss 34 rotor) iUTIIALA(supernatant) lalunaea quick-
seal (Sorvall tub® No:03987) 1ialuliluie140,000xg150 46,000 soUdBL N 4°C 1Wuan 1
F11ug unznovanazawluiwimes NTE Jswas 200 Yulasdas msazawazneu
3 A 9y 2 a a
aaeansA luvoudy A3sNaIIaZAIBUR urografin LErAY UM 1N 1

ANTNA T LARSLFHaR718e urografin wastWad NTERlunasisein 20%-40% urografin

gradient
ALV Urdgrafin (76%) Wivles NTE
urografin ua. ua.
40% 3.158 2.842
35% 2.763 3.237
30% 2.369 3.631
25% 1.974 4.026
20% 1.580 4.420
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9
19343 urografin gradient AUA 20%-40% 1UMADA Sorvall Ultra Pro 80 lagusazAu

E 4 [l
L4

E4
] ) 1 a < .
sl urografin urazanududy Usunes 1.6 va. dassial3ludeudunaenisiu o
Y a 3 o o =
T¥ife continuous gradient NMIMThasazawhiadsuies Usznm 1 wa. mgeauw
° y . . 4 =]
gradient udih 1y Tnely swinging rotor (Sorvall TH 641 rotor) N5 140,000xg YEL)
34,000 sousewd 11 4°C iuran 2 ¥1lue 45 wH wonewAag fraction eonuwdaldaly
t Y 4 o y 3 1 < 1t A
yaeA Ultra Pro 80 1wl (Sov1sdoiiifles NTE ilyiudnassianus widy duna 3

o Ay =3 Qs (4
#2134 oA 19e 1502818 urografift 9on4RLAZNDUIAZ Ml UTINIMBI TE

o &y g o/
msanamoweves e
° L = ~ o 9 4
hasazain hausinas oo lulasaas saianone lnslstoulaml Protenase K
(] v 9
anududy 100 14T7n5unelylasaas ithlqui 37 °C dundd'n $2188 simiudums
azaw 1%sDS udanTlugusen 37°¢ Munn 1 fali iiedesTsampenindigue 1n
v
iadam lUshuesninensazais lao 19 aas agaionan sz nae_Phenol-Chloroform-isoamyl
o y d' 1 = a0 o o :‘l o
alcohol (24:1:1) 111 11ilu# 10,000 ToURBMITLL MRS 1NN MMsaRas U 2 ae thas
azateuInnaznouaue Tasdy 1 Ty 10 vesa15aza1s 3 M NaOAc, pH 5.2 uag 2 Usung
° y { ' =1 <3
989 absolute ethanol 1111131u# 10,000 soUABMR W1 10 wiH drnzneuRduedIy
o v - v =3 ]
70% ethanol 111 11/5uf 10,000 saUABWIR Wura 5 wiH uazneuuazlaeslviuie azane

o o’/ = a =1
aznoudtihndulsings 30 Tulasdas uazdu13ludiou 4°
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myimnzillsauing SDS-PAGE

vhasazawhiatSues 100 lulasdesllimssafiafemuanududuves
T¥auag Tshu azatonzaeudioiniings 7 lnsaas lalumsazat protein buffer 7
lulnsdns Lﬁaﬁ1'1ﬁ’gcmﬁumﬂua:ﬁflﬁﬂs?mﬁﬂizmi‘luau 391/52n0UAI0 50 mM Tris-HCI,

pH 8.8, 10 mM EDTA, 2% SDS, 1% P-mercaptoethanol

1ASMITAU Uszana 0.5

b4 F4

v
NAIVINNUDAT 3 A9

L) d o
1 dUainaseInns

M3KaA hybridom:
MY 1azuen spleen cell 1N MABUT A myeloma cell Taeld polyethelene glycol
14
nIzURAe9NIaI1u 96 well microculture plate $1%3U 40 plate/fusion 1191 hybridoma
4 v ' dd  w A o 2 H o, -
clone 319 MAb /19 HPV (5aangNAaAadn 11U reclone 9NTDINTI JEVES limiting dilution

method



19

M3AAL@en hybridoma
] b4
MMsAaAen hybridoma clone Na319 MAb $uwizdo HPV Jumouusnlay dot
3 o v A t ad .y . . .
blotting assay INUIIAARDNAD 1a875 Western blot hybridization 1@ immunohisto-

chemistry

Dot blotting

14 viral particle fignini¥iduanmdan sDs ae B-mercaptoethanal Wnnmeauy
N3zAY nitrocellulose Uszu gl WL oA aiifs02c im0 7t sunvulurhendes
(593910 hybridomasluusiaz gl (30919 1: 20 1u'5 % blotto = 5 % non fat,dry milk 0.1 %
triton X 100 aga 1y PBS) 1ihiannd e Mangananiiud 980 0.5 % blotto vty
horseradish peroxidase labélled goat anti-mouse IgG heavy and light chain specific antibody
(GAM—HRP; Biorad)t 999191 15001iluman 4- 8 sau 2 1E 1 055 % blotto Azl T
A150aY substrate YsENBUAW 0.03% diathindberzidine (DAB),0.006% hydrogen peroxide,
0.05 % cobalt chloride azatelu PBS Mifien hybridoma clone ﬁuamﬂﬁﬁ?mda viral particle
ﬂl@&f’;l'\iﬁaﬂ!,“l!:@ HndadenAo 1ag35 Westen blot 1A% immunohistochemistry Aou1i1 1)

reclone LI01¥ cryopreservetion dmsums ﬁﬂ‘H Tﬁﬂ'lﬂ

SDS-PAGE #1az Western blot hybridization
11 HPV particle inaufiy dye udamuenlu 10 % SDS-PAGE 10354049 Laemmli

o a Qg { M é ] o
1970) Taovhdidnlnsvlesaadn 30 v iflunar 6 vu. diwumilweanarihundouTusiude
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coomassie brillant blue R-250 dnduina1e 1Usanan gel mzjhizmu nitrocellulose 1AY
Y ) o ° q’a’ o J
1% Transblot apparatus (Biorad) 113U Western blot  91AUUU1 nitrocellulose membrane Ju
T4 5 % blotto 1Huran 5 ¥ uontulu MAb usasyiialde1a 1 : 500 Tu 5 % blotto Him
4 ¥.4. UAZAIUATEUIUMS indirect immunoperoxidase IFUIABINUNTMYDY dot-blot (WO

dumisreslsauninljnsofuneuaven

Immunohistochemistry

Y sld'

v v
1IAUNNAAES HPY usluDavidson’s fikative Wuma 24 4. i luliu

q

. . @ dy A Qy a Jd o ]
ATCUINNIT paraffin Sectioning mmuawm"ﬁuwmmﬁm 8 Hm Arvualan s
. . O ad g o . aads o L dy
A58UAUNTS immunohistochemistry 19833 indirect immunoperoxidase 335151 lagganail
s & v A A g 1>
rehydrate Wowalasang paraffin 99AINIUDIYDAIY xylene D1RUUANIN A butanol (100 %) 95
¥ ]
%-70 % ethylfiol uaz¥1 1Bly MAb Fiiam1a.q 9en19tszanaud : 50 Funan 6 v, 7137°C
814 section @20PBSs LN 11 GMP-HRR 130979 1 : 1000 1luamn 6 .. uaztivlumsazaiy
v 9 ﬂ 2y oW
substrate U52noUAY 0.031%:DAB, 0.006 % H30', avaiwlu PBS lunan 5 i geudnay

9/

haematocyalin L% eosin Y (H & E) 911878 ethyl alcohol 11/e315uAA14 < butanol 118 e

-

‘ ] b a P dy Y
14 xylene YU slide 9175 1A 14 permount (Sithigorngul et al., 1999) uSIuhAAFal a9z

14
Usingfludtheia
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Infected hepatopancreas

Urografin gradient

ultracentrifugation

Viral particle

|

Viral protein

Characterization of

Western blot hybridization,

Subtyping

Selected MAb

< < o s _a
it 4 uemstumeumsiannTuTulnausaueudvuod
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NANISIAE

minsIvaeuMsAAedInfufwAszlay PCR
1 @ { g ] 1 [ @ =
nAnsguinduvesdaasznuNYede ndanianays vays uag
a = a dy [ =) 1 a 9!
ALFUNTT WIATARUNINMIAMTD 15d HPV wsell Tasmaiia PCR wazld lns
I o 1 v 1 3 a JY a 1
wesnsumzas 15d HPV im1nly wan1s3ns1z1ae PCR uaaslugiin s dsingmn

%

Yy ad 1 1 = a g{ @ [
vRsinuInUea g linIsaaEelas s HPV Tudns 55-80%

Pr_1® 0 =8 4 5 6 /i 8 11 12

156'bp

~ a dy [ Ay v 9 ag [ @ =
E‘]J‘Vl 5 miﬂi?ﬁ]miﬂﬂl‘]ﬁ)"hiﬁtﬂ‘lfW’Jiﬂﬂﬁ‘Uf]Q“ﬂlﬂUil1ﬂi]3143ﬂ51‘]5‘143 Iﬂﬂ

matA PCR

wpdi M AR
uoah 1 Negative control
unIN 2-11 Crude lysate MATONIINAVAY

(e M 12 Positive control
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d
msafaaduevedl i HPV tazmsanaey
-] [
msnsnaevAdueveslia
a =03 {
Sz ueiinion1a lng Agarose gel electrophoresis
dehmsadaeymalifa HPV eenunanduds 1Ay urografin

— 3 ;
gradient ultracentrifugation HAZIAUSAZAW urografin NNANMTUTUVES

' . a 4 a @ o
urografin 1UHN 30%¢ DiFnszdmdnahia Tasims

e '-'a‘y'-. aa 9 1 3
af ﬁﬂmﬂmmﬂﬂazﬂﬂiﬁs 15WeSFaudmunla

. L
Dagicn
NN fraction YUUDI urografin N




M1 2 34 5 6

(o))
o))

{ a da g YR S, o ad
5101 6-Msmszraonie S aRang Rvindugeedalagesm lsawadian lns-
WoTaa

une M= AsHind Bl BNA
P a g ) q’: ~

40N 12=RUID YD LsaaInT 30% urografin (¥00AN 1 Lag2)
= adg o :/‘ P

10N 3-4 = Aduevee 1S a9 NI 35% urografin (MaeAd 1 LAz 2)

{ ad @ { o : ~
UM 5-6 = APUEVDY TANANANYU 40% urografin (iaeafl 1 uag 2)

a d ' 9 adg a A
Nﬁfﬂ5'3Lﬂ5'13‘H‘]Ji'lﬂﬂ')’\llﬂlmﬂﬂmulﬂﬂlu‘]ﬂ 6.6 LIz 4.2 ﬂIaL‘Uﬂ “]N!ﬂﬂ
@ a g nl o v ul 3 = ¥ ad & v
ANYUZVDIADUIBYDY 1ITT HPV LAY 'iﬂmuumsﬂmﬂaumaumauq Y

FunnnauouABuBYIA 23.1 Uag 2.2 Alawd
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msasaeuenana 1alaamainngers (PCR)

o a dy [ a g A a Yy a

fmsasiemsaawelise HPV  nnanueiws oy laalemaia
pcR latld  Inswesisunizaelasa HPV Ao Inswes 156F (5°...GCA
CTT ATC ACT GTC TCT AC ...3") wag 276R (5’...GTG AAC TTT GTA

AAT ACC TTG...3’) iothwawan PCR 1 I 11 Snserdsezn lsanad

@nlasnesTaudanls 3@ PCR 19 156 1@ Nsuwizan 1sa
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156

517117 “TSAATTEH PCR product i1 1AM aisaeoySinaaduiiada 18
ghlsanadianlaswosHa.@% gel)
oI M +1uADWeIA5 311 (100bp ladder DNA)
a7 1 PCR product g MBI 1931911 30% urografin
LLO’J‘?i 2 PCR product maaﬁ;ﬁum"h%"ﬁmm?u 35% urografin
1921 3 PCR product 1INABUIOVLIA 4.2 kb

119991 4 PCR product 3MNADUIBYLIA 6.0 kb
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msaanzrldsaulassadia vealrTa Iy SDS-PAGE
a o 2 = [ {
1M 3A5zH 1U5AuTnsea31e (capsid protein) ¥0aloyninlisan

a a o 4 g 1A
wiowld las SDS-PAGE wamsansieviugln 8 uamldmuniuoy

TusAunaeuoy ua ldsdundnves 19e HPV Jvunadseuin 54 kDa

317 8 msnszd Inssadraveslsa HPV Taw SDS-PAGE
14899 1 = Molecular mass markers
1099 2 = T1/sAuves HPV 910 fraction 30% urografin

1079 3 = la/sAuved HPV 910 fraction 35% urografin
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minaaavinalnaneaueufvedne 25a HPV

[ [ @ o d o u’;'
rasnndaeynia iada Wl lunyu 4§ 9o 9 2 ddansd $1uam 4 a%s

'
v

wauzeudeoanendsy udnhlinaaeumsasuausimsadiaoudued (Ab) aolisa
HPV 1835 Western blot hybridization 131ng3meuAveddmsotuny lusAunlvuia 97,

54 uaz 52 dlamsau (Kd) mwdwy  Teoueudved fadramanydii 4 musodudy

Talseuved1sa vina 54

J v A
ﬂi\‘lllﬁ'Jl.ﬂ'lzlﬁJ']m‘ﬂﬂlh]

MNANA Immunohisto-

i
=3

Kd 11nfiga gndiaiien

Voou 1917 P3X myeloma
& o LY = g
Fevunu 1sAuvesveslhsa
v o ' ' . . a
ey 18 luanmassuy [Miduan 1w Tao Dot blotting assay (317 10)
a o ) a U y v W
1NN1TUATIEH 1A8 Western blot hybridization WU LoUAVBAMAHA1NITAdUNY
é 1 1 L 4
mwz Tsauvna 97 kb FalailyTusAuman (319 11) 91015 subtype voeTuTulnausa-

a  a ' a a A A a 4 ~ S0 ol
UBUAUBA ﬁﬁuiﬂﬂglﬂuﬂmﬂ IgM ulWUQ%uﬂlﬂU’]ﬂlﬂu IgG2a (Gni’n‘ﬂ 2) TﬂﬂuﬂuﬂUﬂﬂﬂ\i

v v
vuAIUAL TUsAuYLIA 97 kD iy (317 12)
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M1 v M 1 2 3 4
Kd Kd I
16 == 126 —| |
97 — 102 —=| || e o7
gi sW“M: <+ 54
agnInagoa

(fraction 35%) INTINIAFALYT (1D ANZITUNTT (10N 2 110 3)

a

B) vamsnaaeu Ind Inausaueudvedfinga lAnINMYAIN 1, 2, 3 taz 4 Tasmaila

Western blot hybridization 1a8%1015:90919LOUAVDA 117U 1 : 5,000
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M15197 2 1A Subtype 09 11 TulnausauouALDA ¥iAA1I NWaA 1A
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svia TuTulnavoausuaued

Subtyping

HPV1

© HPV 2032

IgM
IgM
IgM
IgM
IgM
IgM
IgM
IgM
IgM
IgM
IgM

IgG2a
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HPV] LagnAd®udAnINALe Western blot

= [ a g [ v o oa &Y 2 o
fifludnyazvesmsanio i HPV Ue MunsaduRUTInAsaveuraaAUAI¥ s
] [ v LY J Aa 9 a dy
T3iierAIEnYAULIBY hyper-trophied nuclei 1WuFA  madieailuszeziGuAuveImsAnFe

e HPV (314 14)
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Clone 9|7

HPV 763-1

HPV 763-2

HPV 763-3
> MAb 1:5

HPV 1675-3

300 11 msasreaenlululnaueaueudvefainInauag iwdnldeinny 3 Taomaila

Western blot hybridization



33

-§ -9 -10 -11 -12 -13

(I
h eyl :
. ® ? e -
F= |
i/
% ) th'- . 1 3

717 12 m3nsaaeuTuTuTnausauouAveaviiadieg Taumaila Western blot hybridization
Woai1:  Polyclonal antibody; dilution 1 : 10,000
umﬁ 2-13 : Monoclone No. 1, 52, 320, 425, 546, 613, 620, 763, 857, 957, 1675, iia¥
2032; dilution 1:5
A: 19 msavareT1s@uen HPV 10 uliwell

B : Ie1sazats Ts@uan HPV 5 ul/well
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51l 13 udAHAYDY SDS-PAGE Hag HAYDI Western blot hybridization ¥4 T1/sAuTasaadha
Y09 HPV filin11nAenaidn
(1) Coomassie blue-stained gel w94 1UsAU U7 s = Molecular weight marker;
101 a = purified HPV
(2) Western blot voel1s Aulassarseves HPY lovuslagnuy (A) mouse anti-HPV

antiserum; (B) monoclonal antibody HPV
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monoclonal
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qnAs | ulnaupals "
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ajduazeninena
nnmsshie 1Tdsauvedhia HPV ﬁﬂh’l’ﬂﬂﬂluwﬂn udgaienssulunadey
A umnzde 1sulassadvedhfa BV UsinghdauiiduIng Tnaveausuived
amnsadusuTusiuesietios 3 uou Faflvuta 97, 54 uae 52 Alamddu  udede s

Tululnausaueuavuefiiuiy 12 Iaaunwas ldemuisaduduldsauvuia 97 Alamsau

2 16 1 @ . " 3 § o { o 4 1 q’:‘
Fa T 1y Tusaunanveslals aovluilebedudenaagenud felndlaa

4 wﬂsmuﬁ"lﬁ"lﬂﬁmﬂl’h'lﬂ“lwy, iWonszAw

q

Y a =) 1 a y |1a = o é
msaieuAved madnzmunsondalululnauea ldlSmannuazlianuiunzgs &

v
o lUdszgnd 15 lugansaeddesonisaaiie lh3a BPV Tueuina
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