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Abstract

Project Code: PDF/52/2543

Project Title. Molecular cloning and expression of the 65 kDa Structural Protein of

Yellow Head Virus

Investigator: Dr. Sarawut Jitrapakdee

Department of Biochemistry, Faculty of Science, Mahidol University, Bangkok

Email Address: scsli@mahidol.ac.th

Project Period: July 1, 2000-June 30, 2002

Yellow head virus (YHV) is a major agent of disease in farmed penaeid shrimp.
YHV virions purified from infected shrimp contain 3 major structural proteins of M, 116
kDa (gp116), 64 kDa (gp64) and 20 kDa (p20). Two different staining methods
indicated that the p116 and p65 proteins are glycosylated. Nucleotide sequence
analysis of the ORF3 gene indicated that it encodes a polypeptide of 1,664 amino acids
with calculated M, of 185,713 kDa (pi = 6.68). Hydropathy analysis of the deduced
ORF3 protein sequence identified 6 transmembrane helices and 3 ectodomains
containing multiple sites for N-linked and O-linked glycosylation. N-terminal sequence
analysis of mature gp116 and gp64 proteins indicated that each was derived from
ORF3 by proteolytic cleavage of the polyprotein between residues Ala228 and Thrzzg,
and Alanz? and Leu1128 located at the C-terminal side of transmembrane helices 3 and
5, respectively. Comparison with the deduced ORF3 protein sequences of Australian
gill-associated virus (GAV) indicated 83% identity in gp64 and 71% identity in gp116
which featured 2 significant sequence deletions near the N-terminus. Database
searches revealed no significant homology with other proteins. Recombinant gp64 with
and without C-terminal transmembrane region expressed in E. coli was shown to react

with antibody raised against native gp64 purified from virions.

Keywords: Yellow head virus, yellow head disease, gp116, gp64, structural protein



Unaaga

SWALASINS: PDF/52/2543

%E)Tﬂ‘i\’iﬂ’lit m‘suﬂnua:ﬁnuﬂ ﬂ'l?llﬁﬂdﬂﬂﬂﬂadtﬂ‘iaurﬂ‘id 3%1'1\365 ﬁfam”naﬁuwaa

+ %) - ¥4 A
ol Sawuao9

Investigator: A3.A3770 IAINNA

MO NOE AuINOTIENs AMINUIRUNRAE

Email Address: scsji@mahidol. ac.th

seazalasinis: 1 NINgIAN 2543 - 30 Vnurau 2545
L%a%%’aﬁ"gmﬁamﬂumLmqﬁwﬁ@maaiiﬂﬁ’amﬁaa%awuluﬂﬁmwwngmﬁo
nae L"Eva"h%'aﬁ"amﬁaoﬁﬁ’lmmuﬂlﬁu‘%qﬂ‘ﬁrﬂs:nauﬁaUiﬂiﬁuiﬂsda'?ﬂawﬁn 3 ahia
fo gp116, gp64 wa: p20 Fiflvuie 116, 64 uas 20 AlamAELAINEITL lauwyi
gp116 W@z gpb4 wmfu?iﬁmn%‘xm%gmﬂuvlmmm nmsvaauiiaflainduas
ORF3 ¥l¥nsuinfuanandnansdlusiuvaosdiinseo=ilu 1.664 ¢ uaziiin
winluana 185 fAlasmadulasUszuim @61 pl vy 6.68) Lﬁﬂﬁ'}ﬂ’]‘iﬁtﬂ‘s:ﬁqum
gutanvanseasdlunuinlusdudinandsznavludiuginiiiu  transmembrane 6
U3 §ufiiilu ectodomain 3 USLIDL 5'1aJﬁv’mmuu‘%nmﬁmmmgmﬁwwgﬁ’lma%ﬁ’
nmMswdeuRtaodn N vasldsdiu gp116 uas gpss Aannannidelfaufisuiy
grdunsao=ilufinlavrndeuiiedlalnduns ORF3 virldmsuinluséu gp116 uas
gp64 gné’am'ﬁ:ﬁmmn precursor 1WsaiuandgInudsinwuuinmisaulaslaanissas

. = = A o e I~ ' 228 o 229 ' 1127 o
drodulailusdioadoaanwuna il indszying Ala™ AU Thr o WRZIZWIN Ala N

=]

Leu' " T@Uu%nmé’mm’sagﬁﬂmuﬁm C w84 transmembrane NABI7 3 uastnRuAf
AUEIEy  HevndduninazDlubes gp116 uas geed paunialiimiamdasluifieuny
freunsaoziluwas gpl116 uaz gp64 YpIlTD GAV Usngidenuadngafny 83%
waz 71% laglszanm anuuandsiaudedoly GAV wniinsifia deletion po3dTdU
nsaosdlufien N 8y 2 UM wanonigeswuindreulysdin gp 116 W8z gp64 184
Fahimnmaaslufanuasmoadsivlusdusaadalizdiu 9 lugudaua

Tiséu gp64 fiffa5 transmembrane uazlfl transmembrane Qnﬁ’m’lﬁ'\‘jmﬁﬁ
I(ﬂHE‘J%YI’NWWEﬁﬂ’mS‘SSJIuL%aLL‘Uﬂ‘ﬁL%EJ E coli  lanwuinlusaudishsfumnlasstes
naeanIn Wl §ATonauIniy antibody fﬁawﬁmmm"h%’aﬁﬁﬂﬁ’u‘%qﬂﬁf

o b J a s = bl .
Alnuan: L"HEIVI.’J‘SaWJmﬂad, TsaﬂaLwﬁas, gp116, gp64, structural protein



UNHI
A" o as - - [ | 1 L =1 =] as o
ma”hmmmaawgﬂﬂmﬂuumﬂmaﬁnmzquﬂu (bullet shape) 39nNTAFIUKN
otflungu’la3@ Rhabdoviridae (Nadala et al, 1997) miviarzkanswugnssuluss
= | . 1 s = J @ [ =9 EII
a:mmﬂcﬂamwmﬂ'rsa"nu@u?ﬁmswuqnﬁmﬁwﬁu@ RNA ®lfitn (Wongteerasypaya
-1 [] L =y o~ - Jﬂ . v & .24 1 -
et al, 1995) Hvnwrwithisrdadoiuiianuyuesslunisialiifalsalufsnoiu
J’ o G e L3 J o 1 a ran' = '
aaniﬂmuagnumﬂwuqﬂjaomahm L’ﬁumﬂwuqﬂwuluﬂszmﬁ%wmmgmmmﬂm’u
- — - - ' . . . '
Anwvludssinaaariande (mgmmm’l gill associated virus, GAV) @MMULANATIUDI
mm‘guma‘ﬁﬁa'lﬁlﬁﬂiiﬂmfoLﬁaam%’mmm&TuLLUsmaﬁu‘qns'mﬁwulus%aﬁaaaamU
- o s td -
wutf (Spann et al., 1995; Spann et al., 1997; Cowley et al., 1999) & 193U GAV Faiilu
muﬁufﬁwuluﬂs:mﬂaamm’nﬁuﬁmsﬁugnﬁmﬂu RNA L&WaamwnwLazinmsiSed
Gr183BUE9 9 aduafenuiialungy coronavirus nd1afa nENBuALinITaIRUNIIE?
Lﬂi:’]ﬁl,ﬁu"lfnﬁﬁt,ﬁm?]’aaﬁ'ummumnﬂm‘hmumaomsﬁuqﬂ‘smﬁm&hagjmanmwm
Hluy wanaINRUaiueiw 3° vad ORFla wasUaiudy 5 289 ORF1b Taulnaaunis 1
s = v a - [ = ) ) '
wa dodunaliifianiniiaunsaunsdanasiliséiu (ribosomal frame shift) @uilans
é1 3 st lnuifoatetunisdsaTsdlusaulassatisraslia anudotarenisuss
poly(A) [Cowley et al., 2000].
vinmsitaszieumabiimimiadlasininmenaaffisnng anigowin wy
. % - [ P a a -
Grvsznavludrslusdulaseaine 4 shaSeiruie 170, 135, 67 war 22 Alasiaauiile
AazandF SDS-PAGE laudwlus@uuuia 135 filaanasulilu glycoprotein (Nadala
et al, 1997) adwlsienufanutaudivuevasldsdulaonguizimaldniuwui
Tusdulaseafiafies 3 a1 da 110 Alaaiasu 63 Alaoadu uaz 22 Nlaaaak (Wang
and Chang, 2000) d¢luiflufuitaininlyliarasmodustilasiadad i
(" - == d' a oo J o L7 n‘: A’ dll
Feolifomumsdnsinalnfiviiliiialsavangehiizlufinsiiiasineia
. . . oo e ¥ o ,
AT IWE WL EAIFASVBLTD 11 TRAINENT IﬂnmmmLih"lﬂﬂn’mmnmu
o Y q
- = L4 A‘ Q- ﬁ' o a r=9 = =] Ar 1 o
Faas=vldsaulasiateraadalaitasonaiduiinadlalneuasduainanaunsnn
TlFidueratuluszauluanaiiafiaaun route of infection saufanalnnisizu
- o oo a P RN VLU ° VL a I a ol rLy
squnvasTamolwmadnaada wananffuiuonlamaunsov ludalils@uine by

s = o  od - = Jn a = a &
wWealuLll ‘H.’Jﬂ‘ﬁu‘i'l3Jﬁ{]ﬂ’}‘iﬂ&G]LLE]'H@I‘UE]G]ET']%‘SUIﬂuﬂ’]'EﬁﬂH'\‘UU’J%ﬂ’]?LWM'ﬂﬂu’]u"ﬂB{IL"HQ

Tislugadladnaqs



Fsn1Tnaany

nﬂssm§9u¢§ala§a?ﬁ”u?qn§

‘r‘hnwsﬁmﬁa%%‘aﬁnﬁr}’aqmﬁﬁ Penaeus monodon lﬁﬂﬁﬁmﬁamuﬂﬁaamﬂﬁ 2
NRUANIRAY haemolymph mm’qmﬁa‘f?;ua;ﬂﬁ’uﬁ 3 L%’a"b%'ﬁgﬂﬁﬂlﬁu%qﬂ‘ﬁfmwﬁgu
aaw gradient ultracentrifugation CRFVF TN Wongterasupaya et al., 1995 L%ﬂ‘l'ﬁﬁﬁhlﬁﬁ’l

TuiAiiln stock lasurudafn —80°C

nsuanldsauaie3s SDS-PAGE naznismiaraunsaaziiniidaradin N

draglisfuanaumealaia (10 pg lasdszinm) pnihanfeszdlasds sps-
PAGE (Laemmii et al., 1970) WUL recucing LauuuniIn 7.5% w3a 15% lusdufiuon’ls
Qﬂﬁﬁﬂ%uuuutiu polyvinylidene diflucride (PVDF) laulfia3as semidry biotting wutiw
Wosdfidmysznauaas 10 mM CAPS/10% methanol 1iluiian 4-2 $2lus  wouls@iu
unleiy PVDF pniinldiauein 0.3 %Coomassie blue R250 INTURINITFAL
Tuséuaonainueu PYDF o lwiseufidanssiu N lag3% Edman degradation

ANTILATIzRaINaI e MU B USNISTIA T guﬁﬁufﬁmmmua:mﬂIuIaﬁ"Tnmw

n15HA® polyclonal antibody @aly¥6i1 gp116 uaz gp6d 91nKYy

nnsuunlusdu gp116 waz gp64 Uiuno 500 pg Uw SDS-PAGE niiude
Tusaudulyun nitrocellulose 62835 Western blot 91n%4 6@ band U%Ia 116 kDa
(gp116) uax 64 kDa (gp64) aanan membrane uaualtilunsazBoalululasiawnan
nuazaslunaainaiwiwes (140mM NaCl, 4mM KCI, 2mM  KH.PO, 8mM
Na,HPO,, pH 7.4) 0.5 ml anuuuaul¥id1iu 0.5 mi complete Freund's Adjuvant
(Sigma) U&IRAKHIWTEIYIDY (intraperitoneal injection) Y831L mice BALB/C 2 63 #9151
m‘ﬁmffmnffuﬁwiﬂsﬁuﬁansiﬂn‘s:@j’wf'i”] 2 a¥ovinaiu 1 avfied AFUSum antigen 100
microgram ¢iaN13NTzew 1 a$9) ﬁ’lm‘na’]uﬁamuwﬁ‘mﬁu serum @WMIUNaFaUUATYN

n1enTdunu (immunological reaction) fy 1U38%pu19 64 kDa Nuons1835 SDS-PAGE
uJ 9

N1931@31zHA3835 Western immunoblot

Tusanfinonniu SDS-PAGE Qﬂﬂ’mﬂfuummu nitrocellulose HAwIiWiWaY 0.25
M glycine, 0.4% SDS, 25 mM Tris pH 8.3 Laz 20% methanol I@mm%ad semidry blotter
WAITINUWEINIS block membrane Mwa1Iazaty 3% bovine serum albumin, 0.05%
Tween 20 luansazary woaatwied iwaan 3 Talus INTHUFIIUAY nitrocellulose
Tuasasaanaanarmnasaindnafas 5 w3 a3 aniuiuky nitrocellulose wg

Tuwaudvadfienududn @19 9 (fesazasvaadatmnasiiium diute Tud3unas



10 mi) 1flwasn 1 F2lu3 amiudraudn nitrocellulose davasazaoWamWawinafads
az 5 Wil 3 Ay S IniuuTLEL nitrocellulose TuansazansWamWatWINES 10 ml uaz 1
ul goat anti-mouse polyclonal antibody Wuaan 1 fﬁiuo 'il’mlfué'”m secondary antibody
sandoaazapWanaiwned 2 afiawhluuslussazany 35 mg/ml NBT ue:

75 mg/ml BCIP lu#ifinauysnguouuss immunoreactive

n1s8oM glycoprotein

‘Y’i’m’liﬂ'auIﬂsﬁuIﬂUl‘ﬁ"gﬂﬁ’lﬁﬁJEﬂ ECL glycoprotein  detection  system
(Amersham Pharmacia) lsaufidhoduuuusiv PVDF ans i fAsenduasazane
10 mM sodium metaperiodate Tursazany acetate buffer pH 5.5 \lwiaan 20 wih an
ﬁ?uﬁﬁvlﬂﬁﬁﬂf]ﬁmﬁu R1385818 0.35 MM biotin hydrazide lUa"38za1Y acetate buffer
pH 55 iuar 1 alus  amitud Ui lduslussazane steptavidin-alkaline
phosphatase naurUfAe1AL NBT uas BCIP wananiigalddau glycoprotein lanld
Thymot staining #137359189 Racusen et al. 1979

n1supnfinlasnis reverse transcriptase polymerase chain reaction (RT-
PCR) n1slaan uasviaiauinaalo ine

ana RNA ’ﬂﬁﬂvL?'}'ﬁﬁLLUﬂvlmmﬂl'ﬁ"qmaﬁ'@] RNA Trizol Reagent (Invitrogen) %1
RNA fiaraldunazaisluwinase RNAase ansiuinnisusniulasnisvin RT-PCR lag
1‘1‘1"12615"1’“‘%%31] Superscript one-step RT-PCR system (Invitrogen) TulSues 25 pl “f‘io
ssnaunay 1X reaction buffer (1.4 mM of each dNTP, 2.4 mM MgS04), 0.5 ul
SuperScript Il RT/Taq mix, 0.3 pl RNase Inhibitor, 2 pul 5 mM MgSO4, 0.75 ul
Elongase, 0.4 mM forward primer (5'-gatcggggtacctaagcttatgctatcgaccta-3') ‘fmaammu
ndgeuianalalndfivaodu 3 ey ORF1b gene, oligo d(T) primer (5-
tctagaggatccceggtace(t)-3) WAz RNA 1 pg lapdjispiasnanviznaudiunisasng
F8 cDNA 71 50°C 30 wifi enueiay 94°C 2 mﬁmnﬁfmﬂ'ﬂﬁumau PCR @18n13
denaturation 'ﬁ 94°C, 30 sec; annealing ﬁ 52°C, 30 sec LRz extension ‘ﬁ 68°C 8 min
{Wudman 35 300 NNBERaNE® PCR 1n3nTelaudT agarose electrophoresis 310
wudaUDL DNA uazana agarose panleuldzaduazyl Qiaquick Gel Extraction kit
(Qiagen) DNA 1"1'ﬁﬁ‘cﬂ'l,ﬁr‘]mi’l'lﬂmﬁ']ﬁuﬁaﬂﬁia'lmﬂﬂuma‘[ﬂn'lﬁ"qmmﬁwﬁu BIG Dye "
reagent (ABI, U.S.A) dauflaadlotndfsnldluudazsauvasmasmarduezgnlioen

o . - o [ V- = r-‘i
wouulnnuafaalnimanidrauiiindlalnanivue

A1TUARIBBNDDI gp6d TnuuaIa E. coli



Winislaaubuaim cDNA &wiulydsdu gped @835 PCr lasaenuuuinsiwes

1128_V1 135 (YHV-D7

nfiaadlendfiasaiy L
5’-gcctetagacatatgetcgcetccacgacaggceacgtgtt-3°, introduce initiation methionine I.ﬁaﬁ:u
translation initiation WR=N&IOL Ndel restriction site ﬁﬂa'lﬂﬁ'lu 5 LﬁammﬂintﬂauLﬁ'ﬁ
pET17b expression vector) uazlwnuas YHV-D8 (5'-
cattgtgqatcctcactagtgatgatgatgatgatgatgggatcgtttggctttcgttctcatggacgt-37) %aaammumn
197 5" gnudiae stop codon: NEMRNIIUIUTIDIE PCR Feovindululiunas 25 mi
Usznauaae 1x PCR buffer (10 mM Tris-HCI, pH8.3), 50 mM KCI, 1.5 mM MgCl;, 0.1%
Triton X-100), 0.2 mM dNTP, 1 ng oligo primed cDNA, 0.25 mM each primer L8z 2 U
Taqg polymerase U{N381 PCR Usznaudis denaturation i 94°C 30 Swf |
annealing/extension i 68°C 2 w# AWML final extension 7 72°C 10 w1 HAams PCR
ﬁ"l@'fgnmmﬁﬂﬁ’w Ndel U EcoRl Uazdaidniy pET17b Aaadoduladadoanu
gmiunmslaaufudin cDNA 289 gp64 G518 transmembrane s 9iulasis
PCR 1unu laoltlnsiwad YHV-D7 uas reverse primer 37N residues F - -D' 20 (YHV-
D14, 5'-gaattctcactaatcccatgtcttgccgecgaa-3') WaNA® PCR ﬁ"lﬁgniaam‘fﬁ pDrive
vector (Qiagen) uasy¥nnsasieaaudduiitndlondriaudadie Ndel uas EcoRl e
Iﬂaut'ﬂ”t@ pET17b expression vector
Expression construct ﬁﬂ%”lﬂﬁgﬂﬁ’m}"l@mﬂﬁﬁﬂ E. coli BL21(DE3) [Novagen]
N i WuuefiGuahlusdu gpss Taanisidosluamiados LB
ampicillin (TuTw 100 pg/mt ILFAN Age LYITNL 0.5 F3vinmisidn 1IPTG I laanududn
garnedu 1 mMm BoanuafiFodaluiduaa 6 HrlusdeimafivuuefiZoiRadieszd

wInMsuaadaanvaIllsau gps4a



HAaN1INA/DI
ns@nsramandaniaadvaslysdulaseasne gp 64
ﬁ’mﬁamL%a"b%'aﬁ”zmﬁamﬂ’ﬂﬂluﬁ’aqmﬁma:ﬁﬂﬁ 2-3 *Ymﬁalﬁr}”mammms
nMsdeidia IMWAINaLAY hemolymp uaztiuusnla$alands ultracentrifugation lae
HueInas urografiin 1l fafianalduiandersiwrmauazitvinseslysdulase
§I190183T SDS-PAGE (12% separating geli4% stacking gel) ﬁmamlugﬂﬁ 1A WU
Tusaulaseaiedrionua 3 sfiadsilvua 116, 64 uas 22 kDa lanvszunadanlwiaqin
gp116, gp64 uaz p20 a1udeu uazilovinisuenlusdnlasessluaniiz reducing
wunuwulusdu 3 pueswdy uaadliininlusaulaseaiions 3 sliailaldine
Aoanueay disulfide bond lévinmamigiaunsassilufidarodin N lagd3% Edman
degradation 203lUsAUIUIA 116 kDa Was TUIA 64 kDa wWuinideufa T-1-L-S-G-I-P-
E-K-D- az L-A-P-R-Q-A-R-V-R-G- eMuUd1aU
mnffuﬁwmswmaaumnau‘mgﬁqmwamﬂsﬁuﬁmmﬂ@ml"ﬁ"qmmmaau ECL
glycoprotein detction system (Amersham) WU31 gp116 uax gp64 ﬁﬂﬂ‘a‘@mug&ﬂw}aﬁa
gﬂﬁ 1B uwanonigldiudunanisnaaaslasldds Thymol staining Gewuinlnaizu
WG %aﬂwﬁwgﬂwﬂﬂmmﬂluiﬂsﬁu gp116 LAz gpb4 (gﬂﬁ 1C) wuiiduamauid

fafiarnszduliiinisadng antibody Tu Junaudal

n138&0 polyclonal antibody solUsiwlaseasms gp64

virnis@alusdulassaine gpes winldlununni 2 61 uazlanzifaaiiu serum an
ﬁwmi*ﬂ@aaumagi‘;ﬁuﬁuﬁuiﬂsau gp116 uaz gp64 nanennlasa

Namiﬂﬂaamamlugﬂﬁ 2 na1fa serum ﬁ]’m‘l«‘\h&“{i‘lﬁﬂdﬁ’)ﬁ’]ﬂﬁﬁ%ﬂﬂﬁ’uiﬂiau
PUNA 65 kDa 'lumm"l’;ﬁganm'aﬁa ‘ﬁ dilution 1:25,000 U3 serum PVaIBU ﬁu'aaaaﬁ'aﬁw
UAAFoAulUsiu gpea luszduuluniy Winatanunarlivindfaseniulusdw gp116
atindlsReuwun serum a’mwﬁé’aﬁ 2 'Lﬁmmvbgiandwhﬁaﬁ 1 laparunsaiiy serum
1eviamua 0.5 ml dany 1 a7

polyclonal  antibody 1‘71'L@f%ﬂu"lﬁmﬂm'i‘maaalufuﬁfﬁ):gnlﬂumsmaamms
LEGIBONVIDNAIATIZW TN gp64 F1MTUNTI¥IN Recombinant Expression Tudunan
@l

gruitaailalndyasli/san gp64
= a ' . ar = o & ar A & = a '
JwlildanegefiudaamenlusiulassairovaandelfanivioszFosmag
Uy
fulanod u 37 padfluumwdsnuradlaiy GAV a9 nETIEIRIIMIIIEEINT 09

= o [ % . o 1 =y Gr 1 A :l' o x =5 s 5
ORF1b nam'm'%'mmag‘l.umt,muoLcﬂmﬂumunu (QIU7N 3) aanuddlapanuuulnswad



mnUasdu 3 w89 ORF1b LazUa1aeu poly(A) tail tdalfiRuswiniulasss RT-
PCR 31NM13naaadfiniaiRuniana PCR 11 e 6.0 kb devuwialndidsenufieiaiaian
ATSgaavalng

msmdrduiinadlalndwisurnsulagidunseasdlnrast waIudanaiuaans
Wiuin ORF ﬁlmgﬁfgﬂ'[ﬂﬂ'l.ﬁ%a'h ORF3 Usznaudipfiaailalndriovun 4908 dade
uilalddaunseaziiludiuin 1,666 61 mIanzdaeuiiedlanld 200 danaunt
intitiation codon lawligrudaua TRSEARCH usz Sigscan liwudédy TATA daflu
SNGLLRWITAIT8Y eukaryotic promoter agnslsienuwudeUTiadnadeiy TATA @e
TATA-like (TAAAT) AR —29/-24 UBNIINTHINY inverted CAAT box AGWMAUI —
49/-37 ﬁﬁﬁuﬁaﬂﬁ‘[aiwﬁw%’auﬁ%ﬂma:ﬁluﬁgﬂuﬂagnuamvlﬂumwﬁ 4 ORF3 uia
salvlusdudsznaualtunsaazilusuiu 1,666 a7 f‘fjaﬁﬁwfm‘[maqa 185,713 @Naah
wasdn ph LYinny 6.68 Hafsudduniaa:TlufiUatudiu N 289 gp116 uas gp6d o9
1&1laus% Edman degradation nudieunsaasdlufindsndeuiiinalalnavinlémsu
1lusdu gp116 uaz gp64 ONEIIIAIN precursor MIIAUINUHIUTUIUNTT proteolysis GR
azdalysin precursor 33ming A iy T wazgendne AT Au U unaldleTusén
3 shafe gp116 %aﬁﬁmﬁn‘[maqaﬂs:mm 101 kDa gp64 %aﬁﬁmﬁn‘[maqmmﬁu 58
kDa uazlusaudndmiedesslinsnuminifouwe 254 kDa suialisaudduinled
Tasianwiz gp116 uaz gp64 ﬁmm@lﬂﬁtﬁmﬁ’uﬁwulumgmﬂvl.ﬁa ABUANENIVDINA
%ﬁfﬂiuLaQav’na:mmnmuaum‘nﬁum{}mﬂﬂmmw (glycosylation)  LTunaldfoua
Tnoidu

mMslleeilansaivesdrduniaazfluiiutan ORF3 MR GRS

http://www.sosui.proteome.bio.taut.ac.|p wlinmuinldsauaondadu
transmembrane protein Uszneauerouiinaiiiluinie a-helices 6 USiimwlas wu 3

a A a % . , 25 47 138 _155 208 230 = 1027
LNAYINUILIMWY A6 N (@I L -L Y -F F -l ) 2 imnagiaianand (G -

N'%%) uaz 1 infafidaisdiu C (KL

myharzdaraunseaziiulasltlysunsy TMHMM (Krogh et al, 2001) &350
drwrnlaivasein N vaslusaniut i lwoadiiundon helix SUUSN aNGIBEI
Ainsantuiin ectodomain dawldulasUanndu ¢ Bundudhunluoad ﬁogﬂﬁ 5

AT TERE W eigansniie  O-linked glycosylation wunssoia lad
threonine dLWT 255, 414, 569, 807, 828, 1585 LazH serine GIUWUIT 70, 232, 413,
417, 576 uaz 832 wanaNissd 12 USmAaunsnifia N-linked glycosylation (ggﬁﬁ 5)
msduaLed e st ussdgunnasiluaslUsauiairsein orRF3 riwhinuany
adunderulysiudns 9 lugiudaya GenBank/EMBL, SWISS-PROT Uz PIR iilasum

solUsunsy FASTA, TFASTA, BLAST atelftenudeunseaziiluiiulssin ORF3



wvasl¥awinissuaasnnuasuadonullsfuaudonunueslnis GAV @a gp116 va9
&~ A [ - e A =4

Tisiamfasiauaduafinuuss GAV 71% tmzh gpsd wavliawndasiinny
v A a Y FEnY [ oo a a a X

ARLARINUTDY GAV 83% anuadsndenuzaldsdunigasdiaintisa 2 sfafiuaas

141 Lﬁu'lugﬂﬁ 6

nsuandaanzaslysan gp64 luuuaiise E. coli

Zusm cDNA Fareilusaulasests gpsa gna%"m‘ifuimm‘éumn L™ aw
B9 v " it PCR mmfu'[ﬂaurfhfj PET17b ¥ lWl&¥ plasmid 8731 pET17b-gp6arian
transform 9§ E. coli BL21(DE3) Amswisnhliuoeddosellsauudddie s
#1897 SDS-PAGE @T\:me'lﬁ’g‘lugﬂﬁ 7A daviamsdaulisdude Coomassie blue 'Lii
wuiuuafSufiiwaada pET17b-gp64 Lm:gnmﬂmﬂ'\ﬁw IPTG finvsasalusdn
wu@ 58 kDa usad1slstudasmitsnduiuem 7 52lus agnelsfanuidiainmsvlan
3% Western immunoblot lagld polyclonal antibody 'ﬁL@?U;J'l@'fa’mmiwm'lmmmuaa
Winuouluséupune 58 kDa AVMUARTUAAU antibody danann uananfitowuituny
TUsenpue 58 kDa sandniiviinaweaddonaidmwliviunit 1 2lue ugasin
Tusausanaliedos vuwrevasldsfudinandswessandasnufidiwimanmsuls
grduiihedlanauaiivuwaidinniruwelusduiianaldaintaa (58 kDa vs 64 kDa) 158
AAAALANFIITIUNTE NI YLIUNTS glycosylation Fslinulu E. coli

n1sAlUsRu gp64 mmmmmﬁunfiagnwﬁm%ﬂu E. coli Viaiminazdmunann
transmembrane Taudu C Lﬂuﬁfﬁu’iﬂﬂ‘iauﬁtﬂu transmembrane WWONETZLL
endoplasmic reticulumn  fozalusAuwlufifeuimed  dosuydguiisldrmade

1627 1666 o d a9 X
-5 )Tﬂﬂﬂ’l'iﬂ’l PCR G317 reverse primer @734

transmembrane Ha1tdn C #a (Y
U F1620-D1626 vinlwanunsnrindatanudu C Feliduwas transmembrane a4
aﬂnfufﬂau%uddutﬂﬁgi pET170 vinlwldwanaiia pET17b-gp16 A TMriuws g E. coli
BL21(DE3) \TulAtInn

adyrnimiis i lwnseieldstunuiuuafiGofifinaalio  pET16b-gp16 A
™ faslinaalusdun gped  Fawwuwiotemzidin  SDS-PAGE  envlsfimnnie
Sia51=1d78 Western immunoblot wuunulUséiuauia 55 kba  (fuwiaianasiiason
gufildu transmembrane wip'lll) vUfA3enniu polyclonal antibody atnITaLIulas
auduvaaullsin 55 kDa Hanaduuinnuoulyséiutuia 58 kDa findan
wanalla pET17b-gp64 vinlWayllddinsindadiu transmembrane region ganIndiu

Unas@ninwnsusesaany BIEUAINEILU E. coli
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FITkHamMINaaay

Tﬂiﬁtﬂmam”lwaat%ra‘lﬁﬁ'lunsju Nidovirus 7 infect é’mt'z"{mgnd"zuuu i
iigadasiunsimzdeveshisfuess  msduoad asaaawAsaanuy fATenma
piduin luhiimusriialds@ulassaiifiunumadyivanamussasisa ainalsh
muﬁﬂ’aa‘{aﬁ'aumnLﬁuaﬁuunu1ﬂmaaTﬂ1€1uTﬂsaﬁ'\waa‘h%’a'lungiu Nidovirus i infect
ﬁ’ﬂ’ﬂ&iﬁm:ﬂnﬁuﬂéﬂﬂumm:ﬁ infect 19 'l.u‘[mamsﬁ"le'fﬁwmiﬁnmmaarhv%"ﬁﬂm
'1|aamiﬁvﬂﬂwﬁ%’ﬂwmL"Bra"h%’aﬁ’amﬁaoﬁaTm'lurj’aqmﬁ'] laswuinlyséulasaade
wanUsznauaulys@iu 3 62 fa gp116, gp64 war p20 %agné’om‘ﬂ:ﬁmn ORF3 gene
mmfugnﬁmuﬂaﬂﬂummumi proteolysis

Nadata uazamzlavinmsdnunlusdulassadovashiammianiuaiiusnuas
wuiilds@udanaindiag 4 dadafivuna 200 kDa, 135 kDa, 62 kDa sz 20 kDa laowy
7 lUs@usUIe 135 kDa trinviuiifin glycoprotein #1937 Wang uaz Chang (2000) a7y
o’m‘[ﬂsﬁuTmoa‘s”*uwaot%a'lﬁaﬁ’dmﬁaamaﬁuﬁjﬂﬁzmﬂ‘lﬁwi’ijﬁq‘hmu 3 67 Upwin
110 kDa. 63 kDa uaz 20 kDa Namiﬂmaaamﬂiﬂ‘sommﬁ'ui‘fﬁmm'l.nﬁtﬁmr'fum“aga?i
16In Wang us: Chang uananfigidodlduansliidwinanzlusdusmalngivia
'quﬁﬁm's glycosylation

nmsirdduniaarilufivarodu N 209l1Us8u gp116 sz gps4 Aianaanidaln
SawanBasunfsutudreuninasdlufindasndduiiiedloinduas ORF3 gene il
Fwsominsaun1senulusdiu (open reading frame) NBusInalauyuging e
oRF3 wlamialilysdudedsenaudioniaazfilu 1,666 67 wuiavasluseudelsznay
dronteariludtuiumnnisuiinuly vertebrate coronavirus LTwAw AU avain infectious
bronchitis virus (niﬂa:ﬁTu 1,660 #7) [Binns et al., 1985], feline infectious peritonitis
virus (ﬂiﬂa:mu 1,452 GT’J) [de Groot et al.,, 1987], murine hepatitis virus (ﬂiﬂa:ﬁiu
1,376 GT“.I) [Spann et al., 1988], porcine epidemic diarrhea virus (ﬂ‘a‘ﬂazmu 1,383 GT’J)
[Duarte and Laude, 1994] W38 human respiratory coronavirus (ﬂi‘@la:ﬁ‘[u 1,353 @)
[Mounir and Talbot, 1993) atlsAamannnisviwslassadisvesldsfiulaseadnlie
wndaniudanuasusudauinnnit  dedsznavluiududiiin  transmembrane 6
U3m @ ufiflu ectodomain 3 U3ne uasdaniiiu intra-virion 2 LS Fafiafiou
ﬁ’u'[ﬂiﬁuiﬂi\?ﬁfﬂ“uao coronavirus ’«]:WU’i’ld’mﬁLﬂu transmembrane ‘Ii:ufJLﬁm 1
u"’snmtmmfu%oagﬁﬂmud’m C

Tﬂsﬁmﬂﬁanﬁwaq coronavirus &9 infect vertebrate wuusznavliding
glycoprotein 1u U=y 180 kDa (S) Tmuwuiﬂ‘[ﬂiﬁuﬁdﬁvhﬁuﬁgnﬁﬂhﬂ protease v
lisdu 2 vuelndlfoaiude S1 uas S2 FafadanudIu non-covalent interaction

(Sturman et al., 1985; Cavanagh, 1995; Snijder and Horzinek, 1995) aan ¢ nuluséiu
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'uao'ln%‘aﬁ"zmﬁaeﬁagna%‘w'lugﬂwaﬂﬂiﬁm{faﬁwmﬂ ~185 kDa %ogn@i’ﬂd’m protease
wldTséin 2 dhda gp116 uar gped deudlisdursasdieziinseazilu cysteine
Furmunuailsiléiie interdisuifide bond Wuwldlédin gp116 uaz gpéd aradiariuaie
non-covalent bond ilaunu S1 a: S2 subunit U84 coronavirus laslu cornonavirus
tiu 52 flansshaflumuiuaanlyan membrane vouzdi S1 form lasemrediuiinas
Tﬂ?ﬁu‘nmu“ﬁo interact 1y receptor U8 host cell

n1I7 oligo(dT) FunsaimeAvtamaosin 3 1098luy waasindaudin 3 vag
YHV fidnwuziilu poly(A) Fednwasdinsiiudnymeuas RNA 'La%a%aﬁmsﬁuqmm
Jwduuan n1If ORF3 3ueddiu 3 °uaonqiaJE'lu.'?'iLr’im'ﬁaaﬁ'umnﬁuﬁﬂmuﬁlﬂu
snwuzdndszmsvashiizlungu nidovirus (Sithidilokratana et al., 2002)

TU1AYDI gp116 waz gp4 A wIneldennisutaswaiinedle indivwaldning
wunaumalaiw AMULANAIT D N ez InILIRsduan U lawesa
(glycosylation) wvadlUsduusdardlr DudnaTzi  gpea gnﬁw'wial,if”lﬁuwmaﬁmﬁa
nagauMIuEaIaaniu £ coli lagwuitvieniusinanmuisnuaaseanlu £ coli lagy
WAuld NN polycional antibody sialus@iu gpea aursnvinufAsosulysdunune
58 kDa fiWAAIN E. coli faudiszdunsuaadoanazen  ailsiauszdunisuaasaan
w83 gp64 munsnuiRuduldifavinmssasuiiiu transmembrane AU BeU C Mol

Tuawaaszuumsuaasaanlauld insect expression system w38 Bas Doflszuy
endoplasmic reticulumn W38 glycosylation Wrazgrsldinausondalys@uldludSunm

oo o
wm'umm:umsmuugmﬂﬂamm
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3U7 4 uaassrauitiadlalnduardataunsaasilunudasin ORF3 gene nsaaziluninu
@ o= . e A @ o E e A

andar1614 N las35 Edman degradation Laadlaoans1a1da USIndatdwla

=1 1 i = =y = . < = o ¥

AadINNLTln transmembrane ¥i7atnag helix U‘il'mb‘naﬂ&l’ﬁﬂQﬂt@l&mgﬂ‘lﬁuiam‘iﬂ

. . = n: e Lo L= L™
N-linked glycosylation gnuamlﬂu box U511 mNgnenee protease uamﬂmw@nm
|

U310k TATA LLas CAAT gnmefﬁlmﬁwﬁ'\uuuua:ém
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GATCCTTOO TTSACATAGA
TACRAICTARST YT AR TTTCOTAALAAASCAGGCUTAGST

vu&TTAT.TL.JALCLLLLTLTTATLTACTTTRLTLTC GGT

AAGTATTCAATTTCAAGAGATACGGTAAAATCGUCATCACC TATC TTAATUCCRACGATOICAT
GAACCTAGCTGAAGGTATCCACGCAATGAGCC TTGAAGACGAUCAACCUATOGARACACAATCA
ATGCAATGTTCCCGATCATTCACCATGCACT T TCATCC T T TCGL TCUCAGUTATTTTLATE
M ¢ ¢ 5 R 8 F T M H F & 3 F R 3 ¢ P v ¢

TCTGGGGTTCATGGCTTCTTOC TACAATT TG TAC TECC TCALAT TCTE TS LACGIAGGL

S G v H & F L L ¢ F A T ® 5 H S5 L I A o N T|T1 B T I X

GAATCTTGTCATCTAAGTTCGC T TAAG T TGAGG T TCC TUC T T TTACGAT vARCAUATTUATSALLLIT T AATTGOTTITTGITTAULU T

E S C H L s 5 L K 5 E v s b L E H L H n I 1 &) ¥ OA Y L [

ACAGATTATGAATCTAAAGAAGGATATCCTCLCGCTAACAL COTCCAAGATACTTCCTTACTATTT

T Db Y E C K E G ¥ P P A N T V¥V O ¥ vF_ 4 A :

ATCGCTARMATCCTTCATCTCTTCATGUTTTCAAACTGAATATATCATGOAAMALU GATU CAARC TGARAAAGY CATGATAGACATAAGCTCACAUCAACAASTTEC
K [P P T 3 b

I A K &S F ¥ S 5 < F ¢ T E ¥ i MF T I F T t [ R R W .'\ H T 2 H
CATTCTATTCTCAACTCUACTTTCAATCTTCTAGTTAT TGGATGT TTGATATTTCTA TG :

HS[LFNLLVJ_G"—';E
GTCCTCATGOCTCCCCACGTACTTTT TGAGGCUGGECARLCARL T :
V LM AP H VYV L F E A & 02 F T
CACGTTCAAACTCTTTGTUC TCARALS TGTAS o
H V Q¢ T L < P Q T [
CAGGACGATGCCGOT TG TTACAGCTATCTTAAT iAU TA

¢ O D A G C 7 5 Y L ¥ L ¥ o F & K B i oA L e H T T 3 = TR N T 2 H M N A M

—

ACTACTGAGCAATT TGAAGAAATGTU T TTAGATHARGUAS

T T E 9 F E E M 3 L [ g v : ; 13

TATCTCCATGGCGAC TCTGTTCCTUTTACTTG TULATUARL AL RAGATU T IT GG TA AATCATUARATCACTAC TCAAAT TTTGTATAAT CACAAAATGG TARAT -
Foaos T N i

¥y L H G D S5 ¥V P VM T ¢ P @ T ¢ F & F o303 Toov N
GTAGATCAALGT TGCARAACACATTUTGATAAI T ST .
¥ o009 R C K T H & L' N O
GAGCUCACTACATTAATTATTCCATTU TATCUTL

Q ! = o0 1 i TN OH K OM v

E P T T L 1T 1 3 F r P r
TCGCTCGGTAGAACATACUTTOACGUTTATTITTATY
W L G R T v L L1 & 1 = 1 H

GACGTCCTTCATGAGACCAT TCUAA T UG- TTAT A, T
LY L W E T 1 ® v ® 85 . o T 47
CAATATACCGATATAGAGGACATTUCT S 05 T H
o v T B o1 E U T OF G G B R D b0 TF 2
ATRCAGGAGACGGCTCUTARGCGTTTL TTCATY LA TATUS
I ¢ E T A ¢ K R ¥ ¥
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T 5 & v ! F R [ ¥ L 7
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K A ¢ 5 1 3 P Y ®H L' H
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FY S LG Y P LV 5 0o 1 oH
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Ao ot TT

Py F o
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SUMMARY

Yellow head virus (YHV) is a major agent of disease in farmed penacid shrimp.
YHV virions purified from infected shrimp contain 3 major structural proteins of M, 116
kDa (gp116). 64 kDa (gp64) and 20 kDa (p20). Two different staining methods indicated
that the pl16 and p65 proteins are glycosylated. llere we report the complete nucleotide
sequence of the ORE3 which encodes a polypeptide ot 1,664 amino acids with calculated
M, of 185713 kDa (pl - 6.68). Hydropathy analysis of the deduced ORF3 protein
sequence tdentificd 6 transmembrane helices and 3 ectodomains containing multiple sites
for N-linked and O-linked glycosviation. N-terminal sequence analysis of mature gpll6

and gp64 proteins indicated that cach was derived trom ORE3 by proteolytic cleavage of

| 1128

the polyprotein between residues Ala™™ and Thr™”, and Ala'""" and Leu located at the
C-terminal side of transmembrane helices 3 and 5. respectively.  Comparison with the
deduced ORF3 protein scquences ol Australian gill-associated virus (GAV) indicated 83%
identity in gp64 and 71% identity in gpli6 which featured 2 significant sequence
deletions near the N-terminus, Database searches revealed no significant homology with
other proteins. The recombinant gpod with and without the C-terminal transmembrane
region expressed in £, coli was shown to react with antibody raised against native gp64

purified from virions.



Introduction

Viral disease is a serious problem for the large and rapidly expanding shrimp
culture industry in Asia and the Americas, causing mass mortalities in ponds and heavy
production losses [Flegel, 1998]. In the Asian region. yellow head disease has been a
major concern since it first emerged in Thailand in 1990 (Limsuwan. 1991). Gross signs
often associated with yellow head disease include cessation of feeding. swimming near the
surface and pond edges and the development ol yellow coloration of the cephalothorax
and gills [Chantanacookin e/ /.. 1993]. Lymphoid organs of moribund shrimp display
evidence of necrosis and contain vacuolated cells with hypertropted nuclei and densety
basophilic cytoplasmic inclusions (Chantanachookin e¢r «f., 1993} Death of infected

shrimp usually occurs within 2-3 days of the first appearance of visible signs of disease.

Yellow head virus (YHV) is an enveloped. rod-shaped particle (approximately 40
nm x 170 nm) with prominent surtace projections (approximately 11 nm) und an inner
helical nucleocapstd (Chantanachookin ¢t /.. 1993: Wang & Chang 2000: Loh ¢f dl..
1997). Primarily based on the virion morphology and the presence of a single-stranded
RNA genome (Wongteerasupaya ¢f af.. 1995). YHV was previously reported as a
rhabdovirus (Nadala et ¢l.. 1997). FHowever. it was subsequently demonstrated that the
YHV genome is positive-sense RNA [Tang & Lightner. 1999]. Sequence analysis has
also revealed that. like closely related gill-associated virus (GAV) from Australia (Cowley
et al., 1999; Cowley et al.. 2000). YHV contains a large replicase gene (ORF1b) that is
expressed as a polyprotein by ribosomal frame-shift at a "slippery™ sequence that follows a
predicted pseudoknot structure ¢Sittidilokratna ¢/ /.. 2002). Considerations of sequence
identity. genome organization and gene cxpression have indicated that GAV and YHYV are
related to coronaviruses. toroviruses and arteriviruses and will be classified in new taxa
(proposed family Roniviridae. genus OQkavirux) within the order Nidovirales (Cowley er

al., 2000; Sittidilokrawna ef af.. 2002).

Nadala e al.. 1997 originally reported that YHV particies comprise 4 structural
proteins of approximately 170 kDa, 133 kDa. 67 kDa and 22 kDa. of which the 135 kDa
protein was glycosylated. However., Wang and Chang (2000) subsequently reported only
3 major YHV proteins (110 kDa. 63 kDa and 20 kDa). suggesting the larger protein may
be of;:ellular origin. In GAV. structural protens are encoded in ORF2 and ORF3 located

immediately downstream of the ORF1b genc (Cowley er al.. 2001). ORF2 encodes a 22



kDa structural protein that functions as the nucleoprotein (Cowley ef al., submitted), and
ORF3 encodes a polypeptide with the structural characteristics of a large glycoprotein
with multiple membrane-spanning domains (Cowley and Walker, 2002). In this paper., we
report the nucleotide and deduced amino acid sequences of the YHV ORF3 region. We
show that the region encodes the major viral structural glycoproteins (gpl16 and gp64)
that are synthesized as a polyprotein which undergoes post-translational modification

including proteolytic cleavage and glycosylation.



METHODS
Viral purification

As a source of material for virus puritication. 200-500 juvenile Penacus monodon
shrimp (average weight 20 ¢). were infected by intramuscular injection with a standard
inoculum ot'a 1998 Thai YHV isolate prepared as described previously (Wongteerasupaya
et al.. 1995 Siudilokratna e vl 2002). At 3 davs post-infection, haemolymph was
withdrawn and used as 2 source ol virus for purification.  Virions were puritied by
Lrograffin (Schering  AG. Germany) gradient  ultracentrifugation  as  described by
Wongterasupaya ¢ w/. (1995 Fhe stocks of puritied virus were snap-frozen and stored

at -80" C until required tor analysis.
SDS-PAGE and N-terminal sequencing

Protein samples (10 pey were analyzed by SDS-PAGE (Laemmli. 1970) under
reducing conditions in 7.5", or 13, discontinuous gels. The fractionated proteins were
transterred to a pobvyvinylidene ditluoride (PVDE) membrane in transter buffer (10 mM
CAPS 10°%s methunol) using a semi-dry blotter (Hoeflery,  Protein bands blotted on the
membrane were stained brietly in 0,375 Coomassie brilliant blue R250. The protein bands
were then excised and  analvzed by N-terminal sequencing.  Edman degradation was
conducted using an Applicd Biosystems Sequencer at the Center tor Genetic Engineering

and Biotechnology. Bangkok.
Polyveclonal antibody production and immunoblot analysis

Nitrocellulose-bound antigen was prepared as described by Diano er al. (1998).
Briefly. 300 pg of total viral protein were blotted onto a nitrocellulose membrane
{Amersham Pharmacia. Upjohn). excised and ground with 0.5 ml phosphate bufter saline
(PBS) [140mM Na(Cl. 4mM KCL. 2mM KH-PO,. 8mM Na:HPO,. pH 7.4] in liquid
nitrogen. This antigen was mixed with an equal volume of compiete Freund's adjuvant
(Sigma) and used to immunize two BALB/C mice by an intraperitoneal injection. Mice
were boosted at one week intervals with 100 ug of viral protein in incomplete Freunds
adjuvant. The antisera werc collected one week after the second boost and used tor

immunoblot analysis.
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Proteins were transterred to a nitocellulose membrane (Amersham Pharmacia,
Upjohn) using a semi-dry blotting apparatus (Iloeffer). Following electroblot tranfer, the
membrane was blocked in 3% bovine serum albumin (BSA), 0.5% Tween 20 in PBS for 3
h. The membrane was washed brietly in the same buffer without BSA and then reacted
with 1:10.000 dilution ot polyclonal antibodies for 1 h.  Goat anti-mouse polyclonal
antibodies conjugated with alkaline phosphatase were then reacted for 2 h.  Immuno-
reactive bands on the membrane were visualized by adding nitro blue tetrazolium (NBT)

and 3-bromo-4-chloro-3-indoy I phosphate (BCIP)Y.
Ghcoprotein staining

Glycoprotein detection was performed using the ECIL glveoprotein detection
system (Amersham Pharmacia). Proweins blotted on PVDE membranes were oxidized
with 10 mM sodium metaperiodate in 100 mM acetate butter pH 3.3 at room temperature
for 20 min in the dark. The membrune was then reacted with 0,33 mM biotin hydraside in
100 mM acoraie butter pH 3.5 tor 1 h followed by incubation with streptavidin conjugated
with alkaline phosphutase. The glyvcoprotein bands were visualized by adding NBT and

BCIP. The thymol staining was esscnual the same as described by Racusen er al. (1979).
Reverse transcriptase polymerase chain reaction (RT-PCR), cloning and sequencing

YHV genomic RNA was extracted from puritied virus using Trizol Reagent
(Invitrogen. U.S.A ). resuspended in DEPC-treated water. The RT-PCR was pertormed in
a total volume of 25 p containing 200 ng of genomic RNAL 0.4 mM of forward primer
(5 -gatcgggutacclaagctiatgctatepaccta-37) designed from the 37-end of the ORFIb gene

and oligo d(T) primer (3 -lctagaygalecccggtac CHtitiiiittttittit-37) using SuperScript one-

r

step RT-PCR system (Invitrogen. U.S.A in the presence of 1 unit of Elongase
(Invitrogen. U.S.A.) according 1o the instruction manual. The RT-PCR profile consisted of
an initial incubation at 30°C for 30 mun. 94°C ftor 2 mun ftollowed by 35 cycles of
amplification. EFach cvele consisted of denaturation at 94°C for 30 sec,
annealing/extension at 68°'C for 8 min. The RT-PCR product was either sequenced directly
or cloned in pGEM-T Easy iector.  The RT-PCR product was gel-purified using
QIAquick Gel Extraction kit (Qiagen) and directly sequenced using BIG Dy(:aTM reagent

(ABI, U.S.A.). Nucleotide sequences obtained from an initial sequencing were used to
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design new primers to sequence toward the 5 -end and the 3 -end of the tragment.

Overlapping sequences were then analysed using SeqEd 1.0.3 (AB1. U.S.A).
Recombinant protein expression in E. coli

The ¢cDNA encoding full length gp64 was generated by PCR using forward primer
(YHV-D7) 5 -GCCTCTAGACATATGCTCGCTCCACGACAGGCACGTGTT-3" and
reverse primer { YHV-DS8)

5-CATTOTGGATCCTCACTAGTGATGATGATGATGATGGGATCGTTTGGCTTT-

CGTTCTCATGGACGT-3". Tthe torward primer was designed from residues L' o
V" in the ORF3 polyprotein and included initiation Met and an Adel restriction site
(underline) while the reverse primer was designed from residues T 10 §'" and
included stop codons (bold) and a BamHI restriction site (underline). PCR was performed
in a 25 pl reaction mixture containing 1X PCR bufter (10 mM Tns-HCl pH 8 3. 50 mM
KCL 1.5 mM MgCls. 0.1% Triton X-100), 0.2 mM of cach ANTP. | ng oligo-primed
cDNA, 0.25 uM of each primer and 2 units of 7ug DNA polymerase (Perkin Elmer.
U.S.A.). The reaction mixture was subjected 1o 35 cycles of denaturation at 94°C 30 sec.
annealing/extension at 68°C 2 min. and tollowed by the final extension at 72°C for 10 min.
The PCR products were cut with Ndel and £coRI and ligated into the multipie cloning site
of pET17b (Novagen). The C-terminal transmembrane deleted construct was gencerated to
remove the last 40 C-terminal residues (Y'*7-8'"%) by PCR using YHV-D7 and YHV-
D14 [5-GAATTCTCACTAATCCCATGTCTTGCCGCCGAA: corresponds to residues
F'o20.D'626 \\ith an EcoRl attached at the 5'-end and stop codons (bold)]. The PCR
product was cloned into pDrive vector (Qiagen) and sequenced. The insert was then
digested with Ndel and EcoRl and cloned into Ndel/EcoRI sites of pET17b. The
recombiant plasmids were then transtormed into £ cofi BL.2I(DE3) (Novagen).
Ovemight culture of BL21(DE3) was 1:20 diluted with fresh LB broth and grown at 37°C
10 an Agqg of 0.5-0.6. The culture was then induced with 1 mM IPTG and induced for 6 h.
One milliliter of culture was pelleted, suspended in protein loading butter and heated at
100°C for 10 min betore subjected to SDS-PAGE. The recombinant protein produced in

E. coli was confirmed by immunoblot analysis using gp64 polyvclonal antiserum.
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RESULTS
Analysis of structural proteins of YHYV virions

Transmission electron microscopy of YHV  virions purified from shrimp
hemolymph revealed the tvpical rod-shaped. enveloped particles described by
Wongteerasupaya e/ al. (1993) [data not shown|. The purified particles were disrupted
with SDS and analyzed by SDS-PAGE. As shown in Figure 1. analysis under reducing
conditions revealed three relatively abundant proteins of M, 116 kDa, 64 kDa. and 20 kDa.
Similar results were obtained by gel electrophoresis under non-reducing conditions (data
not shown). indicating that the virion proteins were not linked by intermolecular disulfide
bonds. As shown in Figure 1. hemocyvanin (~68-70 kDa) 1s the most abundant protein in
shrimp hemolyvmph (Figucroa-Soto ¢r «f.. 1997).  As there was little evidence residual
hemocvanin following purification. the virus preparation appeared to be largely tree of

cellular proteins.

The YHV structural proteins were examined for evidence of glycosylation using
two different detection methods.  The ECL glyveoprotein detection assay is based on
oxidation of the Kketone group of sugar residues with sodium metaperiodate and
conjugation of the oxidized ketone ring with biotin [Murray er al.. 1989]. The
carbohvdrate can then be visualized in sifv on a membrane. The second method 15 used
the thymol reagent and is based on the hydrolysis of glycosidic bonds concomitant with
the formation of furtural derivative (Racusen. 1979). As shown in Figure 1B and 1C. cach
method indicated that the 116 kDa and 64 kDa proteins were glycosylated. There was no

evidence of glycosylation ot the 20 kDa protein.

Each of the three YHV structural proteins (gpl16. gp64 and p20) was subjected to
N-terminal sequence analysis. The N-terminal sequences for glycoproteins gpl16 and
gp64 were determined to be T-1-1-S-G-I-P-E-K-D- and L-A-P-R-Q-A-R-V-X-G- (X,
uncertain residue), respectively. No sequence was obtained for protein p20 which

appeared to be blocked at the N-terminus.
Nucleotide sequence and deduced amino acid sequence of ORF3

" A region of the YHV genome extending from the 3'-poly[A] tail to a locus at the
3'-end of the ORF1b gene was amplified by RT-PCR. Analysis of the amplified product
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by agarose el clectrophoresis revealed a single band of” approximately 6.0 kbp. By
comparison with the known complete sequence of GAV (Cowley ¢f al.. 2000; Cowley &
Walker. 2002) and available partial sequence data on the YHV genome (Sittidilokratna
and associates, unpublished data). the size of the amplified product was consistent with the
expected size of 37-end of YHV genome (Frgure 2). Nucleotide sequence analysis
revealed the region contained 2 long open reading [rames in the same sense (1) as ORF1b.
The fargest open reading frame (OR173) commenced 848 nucleotides downstream ol the
ORFtb termination codon and comprised 4998 nucleotides.  Analysis of the nucleotide
240 bp upstream of the nttation codon using Sigscan (Heinemeyer ot al, 1998) and TF-
SEARCH (Prestridge. 1991 databases showed no typical TATA box but contained one
mverted CCAAT box at positon 4937 However there s o TATA-hke sequence
(TAAATD) found at postions 29 -4, The complete nacleotide sequence and deduced
amino acid sequence of YHV ORE3 is shown in g, 3.0 OREF3 encodes a polypeptide of
1.666 amino acids with predicted motecular weight o 185,713 and pl ol 6.68. Alignment
with the N-terminal sequences of mature gpl 16 and gpod wdentified perfect identity with

RN IR

residues 1777 1o B and 1.7y respectively ol the encoded polypeptide. The data
indicated that gpl 16 and gpod are derived by post-transtational proteolysis of the ORE3
polvprotein.  Based on the identiticd N-terminal sequences and presumed  sites of
proteolysis. the calculated molecular weight for unprocessed gpl 16 was 131,734 Da and
for gp64 was 38,599 Do, The predicted size of these products was consistent with

evidence of post-translational glveosy lation ol cach protein (Ig. 1B and 1C).

Hydropathy plot ol the ORI13 polypeptide sequence

(http://sosui protecome. bio luatae.jp) identified six hydrophobic transmembrane helices -

. . . . 25 47 F88 (155 208 (230 o g
three in the N-terminal domain (residoes =170 Y 5170 177177, two in the central

domain (residues G'7-N"™" and 111 '8y and one in the C-terminal domain (residues
KO Ry Analysis of membrane topology using  ITMITMM (Krogh er al.. 2001)
predicted that the N-terminus of the ORI3 polyprotein is anchored inside the cell via the
first transmembrane domain. Three subsequent ectodomains are connected by the second
to the sixth transmembrane domains respectively, and the C-terminus of the protein is also
anchored within the cell (Fig. 4). Proteolytic cleavage between AP and T and AT
and L' near C-terminus of transmembrane helices 3 and 5 respectively would gencerate
gpl 16 and gp64. ‘The model predicts that gp6d is a type | transmembrane glycoprotein

anchored in the viral envelope at the C-terminus (Fig. 4).  According to the predicted
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topology. gpl16 is a polytopic type Il transmembrane glycoprotein, anchored at the C-
terminus but with both C-terminus and N-terminus external. The model also predicts the
formation of an unidentified 25.4 kDa protein with three membrane-spanning domains and
type III membrane topology. Prosite analysis using NetOGiyc2.0 database (http://

www.ebs dtudk) [Hansen ¢f af.. 1997| revealed the presence of O-linked glycosylation

sites at threonine residues 235, 414, 569. 807, 828. 1585 and at serine residues 70, 232,
413.417.576 and 832 of the cctodomains of the ORE3 polyprotein.  As shown in Fig. 3,
potential N-linked glycosylation sites were also identified in the ectodomains of gp6d (5
sites). gpl16 (7 sites) and the umdentitied 25.4 kDa transmembrane fragment of ORF3 (1
site).  The cctodomains were also rich in cysteine residues. suggesting complex folded

loop structures in the mature glveoproteins (Fig, 3).

FASTALTEASTA and BLAST scarches of the deduced gpl 16 and gp64 sequences
against GenBank/FNBL SWISS-PROT and PIR protein databases revealed no significant
similarity with other proteins inctuding the spike glycoproteins of other nidoviruses (1.e.
coronaviruses. toroviruses and arteriviruses).  Towever. comparison with the available
deduced sequence of the GAV ORES pohvprotein (Cowley and Walker, 2002) indicated
overall amino acid scquence similarity of 753%.  The level of sequence homology was
highest in gp64 (83% similarity) and lowest in gpl 16 (71% similarity). primarily due to 2
significant deletions at the N-terminus of the gpl 16 homologue in GAV (see Fig. 5). A
comparison of individual sites in the YHV and GAV ORF3 polyproteins indicated that all
cysteine residues were conserved and all but two (N8 and N""-1"" in gpl16) of the
potential YHV N-glvcosylation sites were preserved.  Three of eight predicted O-
glycosylation sites in YHV gpl 16 were not conserved and the single O-glycosylation site
in YHV gp64 was not conscerved in GAV. suggesting this protein may contain only N-

glycans.
Expression of gp64 in E. coli

The gp64 coding region of YHV ORF3 was amplified by PCR using a forward
primer designed from L' o V""" in ORF3 with an upstream initiation codon and a

L1666 - . .
$'"* including the endogenous translation

reverse primer designed from 7 1o
termination codon. The PCR product was sequenced and cloned into pET17b expression
vector. Recombinant plasmid pE'l17b-gp64 was transtormed into £. cofi BL21(DE3). As

shown in Fig. 6B, expression of recombinant gp64 was not evident by SDS-PAGE
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analysis of the E. coli whole cell lysate. However, by immunoblot analysis using
polyclonal antibody against the native gp64 purified from virions, an immunoreactive ~ 58
kDa band was detected on blot (lanes 3-6). The polyclonal antibody also reacted with
native gp64 in purified virus (lane 7) but did not react with lysates prepared from E. coli
transformed with pET17b alone (lane 1). Although the expression level is relatively poor.
the size of the band is consistent with the molecular weight of gp64 calculated from the
deduced amino acid sequence. The ditterence is M, between the native and recombinant
proteins is most likely due to the absence of post-translational glycosylation in £ coli.
We also observed that the level of ~58 kDa band decreased 1 h after induction. indicating
the recombinant gp64 produced in Z. coli is not stable . It is possible that the
transmembrane region of gp64 may causc poor expression. We then generated the
transmembrane deleted construct(pl:116b-gp64ATM. sce Fig. 6A) by removing residues
Y'927.8'6%¢ |ocated at the C-terminal of gp64. This construct was transtormed in £ coli
and induced with IPTG. Again there was no evidence of overexpressed protein band
corresponds to the size of gp64 lacking transmembrane domain (~55 kDa) on Coomassie
stained gel. However Western analysis of this gel revealed the presence of strong
immunoreactive band approximately 55 kDa. This band was increased over the induction
period (1-5 h) suggesting that recombinant gp64 without transmembrane domain is morc

stable than full length gp64.
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DISCUSSION

In mammalian nidoviruses, the virion envelope glycoproteins have functions that
are principally associated with recognition of target cells, the fusion of viral and cellular
membranes and the release of virions from infected cells. The envelope glycoproteins
also have a central role in the induction of the host immune response and are targets for
protective immunity (for a review see Spaan ¢f a/., 1988). In some vertebrate nidoviruses.
the surface glycoproteins may also play an important role in the determination of virulence
(Dalziel et al.. 1987; Phillips ¢r al.. 1999). Little is presently known of the structure or
function of the envelope glycoproteins of the newly discovered invertebrate nidoviruses
infecting shrimp or of the defensive response of shrimp (or any other invertebrate) to viral
intection. In this paper. we report an initial characterization of invertebrate nidovirus
glycoproteins. We show that YHV virions contain three major structural proteins
including a ~20 kDa non-glycosylated protein and two envelope glycoproteins (gpl 16 and
gp64) that are expressed as a polyprotein from ORF3 and processed by post-translational
proteolysis. We also show that recombinant gp64 with or without transmembrane region
could be expressed in £ coli in a torm that 1s recognized by antitbody to the native virion

glycoprotein.

Nadala er al. 1997) have previously reported that YHV contains 4 major structural
proteins (Mr = 200 kDa, 135 kDa. 62 kDa and 20 kDa) of which only the 135 kDa protein
was reported to be glycosylated. Wang & Chang (2000) have reported only three
structural proteins (Mr = 110 kDa. 63 kDa and 20 kDa). Our results are in close
agreement with this more recent report and we demonstrate that each of the larger
structural proteins is glycosylated. Small differences in the M, of the structural proteins
could well be due to differences in the conditions of electrophoresis or to variations in the

pattern of glycosylation of difterent YHYV isolates.

N-terminal sequence analysis of gpl 16 and pp64 allowed precise identitication of
sequences encoding these proteins within the 1,666 amino acid ORF3 polyprotein. The
size of the YHV polyprotein is similar to those of vertebrates coronaviruses including
avian infectious bronchitis virus (1.160 amino acids) [Binns ef a/., 1985], feline infectious
peritonitis virus (1,452 amino acids) [de Groot ef al.. 1987], the murine hepatitis virus
(1,376 amino acids) [Spann ¢f «l., 1988], porcine epidemic diarrhea virus (Duarte &

Laude, 1994) [1,383 amino acids] and the human respiratory coronavirus (1,353 amino



acids) [Mounir & Talbot, 1993]. However, the predicted structure of the ORF3
polyprotein is highly complex, comprising 6 transmembrane regions, three ectodomains
and two intra-virion domains. By contrast, coronaviruses contain a single transmembrane

region located near the C-terminus of the protein.

The envelope spikes of vertebrate coronaviruses and toroviruses comprise a large
(~180 kDa) glycoprotein (S) that is often cleaved by a cellular protease to yield two
similarly sized subunits (S1 and S2) which remain non-covalently associated in virions
(Sturman er al., 1985: Cavanagh, 1995: Snijder & Horzinek. 1995). In YHV, gp64 and
gpl16 are also generated by proteolysis of a ~180 kDa polyprotein. Although each is rich
in cysteine residues, SDS-PAGLE under non-reducing conditions indicated that gpl16 and
gp64 are not covalently associated. It is possible that, like the S1 and S$2 subunits of
coronavirus surface glycoprotein. gp64 and gpl16 are associated non-covalently to form
the prominent peplomers on the virion surface. In coronaviruses, the S2 subunit appears
to form the membrane-bound stalk while the S1 subunit forms the globular heud of the
spike (de Groot ¢r al.. 1987) which interacts with the host cell receptor (Kubo ef a/.. 1994
Suzuki & Taguchi. 1996). The S2 subunit contains several functional domains including a
membrane anchor. the six strictly conscerved cysteine residues and a leucine zipper motif
(Britton, 1991) whiclh has been shown to mediate the oligomerization of the subunits and
induce cell fuston (Grosse & Siddell. 1994; Luo ef al.. 1999). The S2 ectodomain also
contains two large amphiphatic a-helices with a heptad repeat that have been proposed to
mediate coiled-coil interchain interactions (de Groot ef al.. 1987). As reported for GAV
(Cowley & Walker, 2002). examination of YHV gp64 and gpl116 sequences revealed no
heptad repeats or significant amphiphatic a-helices suggesting an absence of coiled-coil
structures. Further work is required to determine if the processed gpl16 and gp64 are

associated to form the envelope spikes.

Sequence analysis of the of the YHV genome was facilitated by use of an oligo
(dT) primer to amplify the 3'-terminal region. This approach was adopted in the
expectation that the YHV genome would be polyadenylated - a characteristic of the
viruses (+) RNA viruses in the order Nidovirales. The ORF3 gene, encoding the YHV
structural glycoproteins, is located downstream of the ORF1b gene which encodes
replication enzymes and has features characteristic of nidoviruses (Sithidilokratana er al.,

2002). In GAV, ORF2 (located in the genome between ORF1b and ORF3) appears to



encode the nucleoprotein (Cowley o7 ¢l submitted) and this corresponds to the major
YHV virion protein p20.  Clearly. GAV and YHV are closely related in sequence and
share a common gene organization which appears unique amongst nidoviruses in that the
nucleoprotein gene 1s upstream of the structural glveoprotein gene and there is no discrete
gene encoding the integral membrane (M) protein.  However, it is evident from the
locatien of proteolyvtic cleavage sites in the YN ORIF3 polyprotein that the N-terminal
fragment has not vet been tdentitied in virtons or intected cells. [t no turther cleavage
occurs, this 227 amine acid (254 KDa) tragment will be of similar size to the integral
membrane proteins of coronaviruses and toroviruses (225-262 amine acids) which oceur
abundantly 1 vinens and appear o have a role an intracellular budding (Rotuer, 1995),
The YHV ORVF23 fragment also vontains 3 membrane-spanning domains charactertstic of
the M proteins but the predicted membrane topology s in the reverse orientation with an
N-terminal ¢vtoplasmic tail and the C-terminus oriented towards the virton surtace. Also.
as p20 appcars o be the nucleoprotein encoded in ORE2 (Conley of af.. submitted). there
is no evidence that YHY has a major v irion component corresponding to the coronavirus
M protein.  The use of anubodics against suttable peptides in the N-terminal domain
should assist identification and characterization of the remaining tragment of the ORF3

polyvprotein.

The molecular weights of ¢pl116 and gpo+ caleulated from the nucleotide sequence
are smaller (~ 15 kDa and ~4 kDa respectivelyy than the estimated size of the mature torms
as determined by SDS-PAGE. The stze ditferences are evidently due to glveosylation as
revealed by the detection of carbohydrate (Fig. 1) and the presence of several putative N-
and O-linked glveosvlation sites in cach protein.  The authenticity of ¢DNA encoding
gp64 was also contirmed by the expression in £ coll. Although the expression level ot
recombinant gp6+ was relatively poor. it was readily detected using polyclonal antibodies
raised against the native form. The size of recombinant gpo4 was consistent with the
molecular weight calculated from deduced amino acid sequence. Poor expression of
gp64 in E. coli suggests that the protein is unstable and may not be properly tolded when
expressed in £ coli independently of gpl16. Our attempt 10 exXpress epo4 as the fusion
protein with glutathione S-transferase failed to improve the vield. The expression of gp64
in E. coli has been improved only after removal of transmembrane domains (Fig. 6C).
Similar result was observed when gpl16 with and without transmembrane domain were

expressed in £ coli (data not shown). Expression of these proteins m insect cells which



Submytied to JGV

may provide an intracellular environment similar to shrimp cells, providing a more useful
approach to investigations of the processing and assembly of the glycoproteins encoded in

YHV ORF3.

Overall, these data indicate that. despite defining similarities in the ORF1b region,
YHV has a genome organization and glycoprotein expression strategy that is
fundamentally different trom other nidoviruses.  The work further supports the
classification of YHV with GAV in the new family Roniviridae (Cowley ef al., submitted:

Sithidilokratana ¢r /.. 2002).
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Figure legends

Figure 1. Analysis of structural proteins of YHV. Purified YHV was subjected to
15% discontinuous SDS-PAGE and stained with Coomassie brilliant blue (A) or
transterred to nitrocellulose and stained using ECL glycoprotein detection svstem (B) or
thymol (C). M. molecular weight protein markers: |. purified YHV: 2. hemocyanin from

shnmp hemolymph. Arrows indicate three distinet sizes of YHV proteins.

Figure 2. Schematic diagram of the organization of GAV and YHV genomes. Boxes
represent the open reading trames (ORE)Y of subgenomic RN A of each virus spanning over
253 kb of genomic RN AL [he discontinuous boxes between ORFla and ORF1b represent
the overlapped (-1) ribosomal frameshitt site (Cowley er wf.. 2000: Sithidilokratana er af..

2002). N nucleocapsid: S protein. structural proteins.

Figure 3. Nucleotide sequence and deduced amino acid sequence of YHV gpl116 and
gp64. Amino acid residues are numbered on the right. The amino acid residues identitied
by N-terminal segquencing of native upll6 and 2cpb4 are in bold type. The predicted
transmembrane helices are underhined.  The potenuial (-linked glycosylation sites are
shown in boxes. The proteolvtic cleavaves are shown by arrows. CCAAT box and

TATA-like element are shown by double hine underneath text.

Figure 4. Predicted topology of YHY gpll6 and gp64. Topology predictions were
determined using TMHMNM (Krogh ¢r «f.. 2001). Cylinders with the number represent the
transmembrane domains while the solid lines represent ectodomain or intra-virion

domains. Arrows represent the proteolyvtic cleavage sites.

Figure 5. Comparison of protein encoded from ORF3 of YHV and GAV. Both
sequences were aligned using Clustal W. (Thompson ¢r a/.. 1994). The conserved amino

acids are shown as white text against black boxes. The residue number is also indicated.

Figure 6. Expression of recombinant YHV gp64 with and without transmembrane in

E. coli. (A) Schematic diagram of gp64 construct with or without transmembrane region.

(B) Western blot of analysis of whole cell lysates of £. coli BL21(DE3) harbored




pET17b-gp64 induced for with IPTG. Immunoreactive proteins were detected using
polyclonal antiserum raised against native gp64 in mice. M, molecular weight protein
markers; |, BL21(DE3) transtormed with pET17b and induced for 3 h; 2-6, BL21(DE3)
pLys transtormed with pET17b-gp64. induced at 0, 1. 3, 5 and 7 h: 7. purified YHV. (C)
BL.21 (DE3) harbored pLT17bgp64ATM (transmembrane deleted). M, molecular weight
protein markers; 1, BL.21(D1:3) transformed with pET17b and induced tor 3 h.; 2-4, BL21
(DE3) transtormed with pi<'1'1 7bgp64ATM and induced for 1, 3 and 5 h. 5, purified YHV.
Arrows on Western blot indicate the positions ot the bands corresponding to the native

gp64 and bacterially expressed gpo4 with and without transmembrane region.
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LAPRQARY ™

I L 1] pET17bgp64
LAPRQARV
I pET17bgp64"TM
KDa M1 2 3 4 5 6 7
200 —
124 —
66 |€ 64 kDa
4 58 kDa
49 —
34—
M 1 2 3 4 5 6
kDa
116 —
97
66 —
= [® 64 kDa
56 — e 4 56 kDa
48 —




	PDF4380052_01
	PDF4380052_02

