e3eV*V&&' T(.)*6D* T*dk( ANTI GENI C PROTEI NS OF SHRI MP WHI TE SPOT SYNDROME
| RUS AND USES THERECF The present invention relates to antigenic proteins
derived from Wite Spot Syndrone virus, the use of these proteins in

vacci nes, to vaccines on the basis of these proteins, ' fles agai nst
the proteins, to the use of these antibodies in vaccimwwmmmmmm acid
sequences encodi ng them and use of said proteins in the nppuf,acture of a
vacci ne for prophylaxis and/or treatnment of White Spot Syndrone in
crustaceans, to vector vaccines and to diagnostic kits. Wite Spot Syndrone
Virus (WSSV) is a major viral disease in shrinp woHd-w de. The virus has a
wi de hostANBIGENIGRRQTEINSOR SHRIMA WiHETR SPOTOSYNDROME WIRWS IAND USESe
genetic Vﬁqgégbfn anong isolates (Lo et al, 1999). Electron mcroscopy (EM
shovie

studi es hat the virions are envel oped and have a rod to bull et
shaped appearance of about 275 nmi.n length and 120 nmwide with a

tail-1ike_appendage at. one end. Nucl.eocapsids,. I ch ve lost their

envel ope)er &85%1"8(3?" %fgﬂﬁﬂ%ﬁﬁgﬁ?'ﬁﬁgg&%ae@ i%"&‘frﬁf&tﬁﬂﬂt SYB#OoRR x 70 nm
(Wongt eerdgispteauselof Glese pt&t8iRs in Vatchey, tb vascingy sHihb ®lis df tfest prbRfs, |

| ocal i sation and its norphogenesis are rem niscent of bacul oviruses in

i nsects (Bardhedies against theyprpleinspltq tierise of thepg antibpgiesja vaceines; uelpisd as an

unassi gnegh; ; W @t o | i . hence
ho.vi rus R ERnest ol RnIAlh A st SFsai Broting 9 fnRletdie o  Veidnd
Bacul ovi rigs prophwBxs and/onfreatmenpot Whiie GpehSyndsoniepRwistagaansy toswestor\sSV i s no
| onger a #nggai'\{i]i&di%aﬁ%ﬁ&g@.l y (Murphy et ai., 1995) due to | ack of

I'n I on. e

nol ecul ar or N oubl e stranded viral DNA has a size of well
over 200KWhits Sget Syretiorhe ¥irus QASENS tsi aomajen dical wideass in shniaip/\wodd-¢idendhet al .,
9997). An .outbrea anong

k. ,of SV | |t d shr Lality,.
anr 1 . e g8 nostrtod b EEEpng (FRBeL I8P orf e R gl }
aﬁp?ndag_el’_‘ﬁarhﬂd? ﬁM?hg i@Lﬂé@(Lﬁ@ﬂﬁi.ﬂbQWEfebﬁ?ﬁ ﬁ’il ibrﬁét 0 cob@@EMgmﬂm%_hﬁfvédgleﬂt ot he
snri . e nrecte snri S Oow SI S e r an a | uctl on
o CDRITDE A cvelbRRIER havs agod iibulet $1ped cBleatanes of SBOURATS for ok
of WBSV |ipaélsgth and420 ¥inl Widé Withiatail-ite appdnaage/ atdneCetld. NUBIHoSAPsidEPWARS as a
consequence there Is a strong need for vaccl nes that can pr ot ect agal nst

WBSV i nf ebavedast theipenvelpps: havecs ciogshalched appea@nes aadiaisizg afabagl 300 WRxy .

70 nm (Wongteerasupaya et al., 1995). This virion morphology, its nuclear localisation
and its morphogenesis are reminiscent of baculoviruses in insects (Durand et al., 1997).
Originally, WSSV has been classified as an unassigned member of the Baculoviridae
family (Francki et al., 1991) hence the virus has been referred to as Systemic
Ectodermal Mesodermal Baculovirus (SEMBV) or White Spot Baculovirus (WSBV). At
present WSSV is no longer accepted into this family (Murphy et al., 1995) due fo lack of
molecular information. The double stranded viral DNA has a size of well over 200kb as
derived from restriction endonuclease analysis (Yang et al., 1997).

An outbreak of WSSV in cultured shrimp causes mass mortality among shrimp. The
disease is characterised by white spots on the carapace, appendages and cuticle and
reddish coloration of the hepatopancreas of the shrimp. The infected shrimps show
signs of lethargy and a rapid reduction in food consumption and within 3 to 5 days these
shrimps die. An outbreak of WSSV leads to heavy losses in the industry of cultured
shrimp and as a consequence there is a strong need for vaccines that can protect
agairlrs_tl WSSV infections. The identification and characterisation of major WSSV
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2 proteins that can be used in such a vaccine would provide the neans to
.develop such vacci nes. Two genes have been isolated and identified as vpl9
and vpl 3, coding for the respective proteins VP13 (13 kDa) and VP19 (19
kDa) due to their nolecular weight estimated fromtheir nobility in
Coomassie Brilliant Blue-stained SDS- PAGE gels. VP19 is an envel ope
protein, whereas VP13 is a nucl eocapsi dzprot ein. The open reading frane of
vpl9 conprises 366 nucl eotides as shown in SEQ I D NO1 together with the
deduced am no acid sequence consisting of 121 ami no acids (separately
depicted as, SEQ 1D NO 2). The open reading franme of the gene vpl 3 conprises
at | east RmRteinsghatean %t‘ﬁi’e@ 5!5!§h avpranewolld pspise thermpans tridevelomBudincodes a
nucl eocapgicdingsot ei n VP13 conprising the am no acid sequence shown in SEQ

I D NO4. Two variants of protein VP13 were found, one having the amno acid
sequence woigeresihave wrD isatatedand identfied 2oyt andavm@nt:odnag/fqng'net he am no

acid se sent ention pravi des a
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i nf ect i orestimatedBSVi. thai hmobmq,ahd?pmnmsabesrimaﬁPBMeastainémSDSMGE@élssW19r otein
VP13 of WBSV whi ch have, be fied nd cha % ed were found to be
Sui el o o SuERP S s Vo1 144 nuS8Getid Mot ThE opon prasingt

Cr ust aceafiama @ft Jmsg carfiprel laeamunlebtuéé&%\éhomﬁn @mimgoartdgémémﬁi ki sation
of the nucl eoti sequences of the present invention provides for the

product i ofedyiced paYRo A¢id sequancecongisiing f 134 aming iy (aeparately, ﬁ@P'@'ﬁS’ as
techni quegeqlip NBiH. wope\ﬁﬁéxd@&%ﬁierm 2 Je Syt hiifiRes BbaLt the

substantially free ' fromo roteins. The 1 sol ated V\BSV protel ns can

be used touciestideses depictadin SEQ lDaN@i hddiss QRFrancedss a puglecnapaid pretgini nst
i nf ecti °”v9f|3}§\§§¥nsi J@ﬁwneoésr%g a%ﬁj &guéﬁt% a{omntsewmamws&sn@ﬁg@g ally

useful in marker vac nes may co 13 and/ or
19. Alter pmtewwpsme foundeone baving:theaming aerdwduerg:etdwncpnﬂmé&ﬁ& IDNQ he

2oar nst tfeeri BbPeyF RALDe SFiS hafBEGLoR dBichih3Ea P MRS aoon:

i nvent i onTh&present ingerition rddddessehebing twbragnmw;tecombmmemeé to protegt ance to
detect the sence of S in. ' . Addi tion SV proteins
of the pr @%‘g{ﬂ"e?'?ﬁ/%?ﬁ'"% %{W"B@hﬂ&§gwkgﬁﬁ%ﬁe‘é€ 9@&7‘ ?B&%F‘P? X'\"Bantl bodi es.
These ant hhislgocpsiipiotet VSEIlof WSSVadierehNeDeerdaentiied ahe tharadteAssd ere

i muni sation of crustaceans. The anti bodi es can al so be used for diagnostic

pur poses faued e be shitable fo upe ihthermangiasturg of & sUbypibyaceing toipppteete £ el d. Thus

a first epghReicERmM aggmémebtw\a@.m.mqnssvoméien%nfnarana%ha@bteasém dited ei n' of -
WBSV that 1~ is suitable for inmmunising crustaceans agai nst WSSV that has

an ani no Au¢lgotislecpearenacasRithe presentjivestiony proxjdes fen tbg&[@“@@ﬂ?féh%ﬁﬁ no acid
seqguence % 5 and to
i m*runogen?go %ﬁggﬁ\g\ﬁé\iﬂ?@cﬁpnbrhgng%h )}chger red or r#vy%glenbodi ment
rel at es t proteios cyBEY optained, whichiane sdﬂmtmtallys&qeémeoth@hwssywroﬁeirat Theast 80
% preferab 9 0 cid
sequence ggk%%%ﬁ’csf/% Tor%e'g%aq{ %g ﬂ%&/%%%ﬁwwi gar&%%éq% 5 and to
I Mmunogenictustacegne ayainstfinfectidn ¢fWSBVNs. Even nore pr ef erred is a horol ogy
| evel of % or everf 100% The | veI r.0f ei nft] can be_det erm ned
w th the dBRERERSGF Bt rRverkinenty sregopRORY Uy FLRel MECB: Bivgty am
"BLASTP", vbb@ﬁespmayb@mbﬁsb'ldgaanWFw(ahtﬂoahm ni h. gov/ bl ast/ bl 2seq/ bl 2. ht m .
A reference for this programis Tatiana A Tatusova, Thomas L. Madden FENMS

M cr obi ol Alteenatively tfpraucmﬁe $60uqnEes ncodipg fhe.profeing of iy W§§Nﬂ?“ bepygeset er s

used are 4 fuailadileh vBabATRICHeS o FRASM! GRRtackhns BYRATHRIGHAEH whn WBBVX

The nucleotide sequences of the present invention can furthermore be used for
diagnostic purposes, for instance to detect the presence of WSSV in the field.
Additionally', tﬁe WSSV proteins of the present invention can be used to produce WSSV
specific antibodies. These antibodies can be used to produce WSSV vaccines for



It wlt be understood that, for the particular proteins enbraced herein,
“natural variations can exist between individual WSSV strains. These

vari ations may be denonstrated by (an) am no acid differences) in the
overal |l sequence or by deletions, substitutions, insertions) inversions or
additions of (an) amno acids) in said sequence. Am no acid substitutions
whi ch do not essentially alter biologigal and i munol ogi cal activities,
have been described, e.g. by Neurath et al in "The Proteins" Acadenic Press
New York (1979). Ami no acid replacenents between rel ated am no aci ds or
repl acenents whi ch have occurred frequently in evolution are, inter alia,
Ser/ Al a, p&Ne(irynunﬁiahbGof/crumédkahé laatiblies( camealddnhydadad fM&ldagndgtkaﬁ of
protein se uence r,u un Washi ngt on
D.C., 19 Stﬁﬁﬂfefécg‘in MC‘N%&V ‘ﬁﬂq%gacﬁépﬂo%'ﬂﬁ@ﬁ}@rtr ons i ncl ude

Aspl GI u) ThrI Ser Al al@y, Ala/Thr, SerlAsn, AlaNal, ThrlPhe, AlalPro,

Lysl Arg, _Leullle, LeyNal and Al a/ GI u. Based on this infornmation, Li pn’an and

. Pear son §a4&R Bk @meodigians af theinvesfion p%"{ﬂ’°§ & salnt anfigeni¢ BEQLPIA of WS thab

(Scr ence midtthis Chr?aﬂ ity

bet ween ﬁc%%?gégﬁi pr ot éﬁgﬁéﬁ%tgg%‘.ﬂ\sa no acr Eg?gr ét'wu%‘dﬁs%q ﬁﬁghgerrpl ary
enmbodi nmethatisdagt least 0 Ynhemplogoys tatheamineacia aequgnce as depicieddn SELLD ons

ot L SERARB, ot SEB o"8 ARG Sk bR s i

I mrunogeni c pr opertr es. dTPIrzme)dP:‘ ?r nsn}[/\,h%ll WSSV pr ot ei ns accor]grlgghggmt (r;e
evel's ol abiererdf, fE s imen rdaRRe red B S ErBled wotve wi o thegy
sane i Mmugplenge taaitno:drg]@ro?gt rg:at]tsau ‘%Sprefét@lﬂy' QO%menecpnsferamlymtﬁZoamntWo?sc r ovr de
o pr ot oi 10 b8 e agH seRunceray RERnAE BRIGE 20 561D ANG: 4 A Sedibinve

WBSV or gtanhqgﬁﬁmgg@gémfrégmem§bmml roRimisf estations of the infecti on are
consi dered as snot essentially affectr ng the antigenic or inmunogenic

properti Egerbmoggp@ferremg.amomology level of 9%rpr&ven d0@%n i s used for e.g.

vacci nati on purposes or for raising antibodies) It is however not necessary
to use the whole protein. It is also possible to use a fragnent of that
prot ei n Thaleviebofqupletn kymelegy carhbadetetuiped with thescaraputérarograoh™ (AT 3. KLH,
of 1 nduci bpiAtp alled
|mmnoge§|EébL¥Ekzla Wﬁ&&iﬁg%ﬁﬁﬁ%ﬁﬁﬁ ragrreh{h%{?és%en gﬁgtagod to be a

f ragnment waiw. uhih: ‘ gol2htothat still has retained its capability

%?CLP?“Z&rsﬂer%r?géﬁﬁrerhésier%ﬁ%ﬁfsl%génr A TEOSNC TGRS ko MBagar PRI S 2 B o s
passi ve MicrobiohiLettersclivaa24250 (1998). iMatex ugkid: rilosumBRTEParhmetera used greof
t echni qughs ?@/ar | able to easily identify DNA fragnents encodi ng antigenic

f r agnment PR'ATIS'S. The method described by Geysen et al (Patent
Appl i cat Ub@ \Yap8H . BBeéibio dgé;entgép&l dropbfr@n. WO 861 06487) US Patent NR
4,833, 092, Proc Nat| Acad. Sci 98 4002 (1984); J. Imm Meth. 102,
259- 274 (1987) the so-called PEPSCAN nmethod is an ~- - --easy to pertorm
qui ck ang vWﬁ’Fe uﬁaéewdd&hadfommrémér &%rrﬂ%&é&h&ém%t&@@&atbﬁ@ 5

i rmunol ogi ca I mportant regions of the protein. The neth IS used

wor | danr cae ealnubetwegm tridividual WE&Sweirains. Thase kaniatioas mqyrbﬁéiemqnstrarwiéw
(enmpiric i t - cel |

cpi T opes CriyEh B P RRAEES 3 i SVekaiPtgbeh oty ek RE duBBihorE, °

conput er irsegtinns| inversions oabdidstrdrrrs af éam)amsine asrda)urf $aid pequeace. Amiagraeist s as t he

i | ogi cal. |y i t ant f ot ti al d/
St r ot ur Shtoonamtich, g ho e aRIE afit IS e 3t BinhABb eI e on o
t hese regeandessibeased. BINaurGSt 21 &i TThe Fabteirat Abydbnip PrégsdNdw York teri a

according to Ho and Whods (Praoc. Nail ad, Sci, 78:. 38248-3828, (1981
) and U7 O AR SPRGETERE Reban Skl Ao AR 5T SRRPRRREHBRA

(Advancepai@ ogéﬁrbémrélﬂﬁénﬂy in é%luird@ afel $fidnatidangetla F@érﬂ'ﬁl&t Aﬂspﬁél@; AQ[S.’A)sn T-cel |

epi topes can |ikew se be predicted from t he sequence nput er with the_
aid of B@?&@@@F%S’é‘ﬁ’ﬁw BhiAtagiof pratein seqyesise @ |53H@Erezg‘3 BlQIBQd Res? (1987)-
and US Patent application NTIS US 071005,885). A condensed overview is
found I n: Shan Lu on common principles: Tibtech 9: 238-242 (1991 ), Good et
al on Ml aria epitopes; Science 235: 1059-1062 (1987), Lu for a review
Vaccine 10: 3-7 (1992)) Berzowsky for HI V-epitopes; The FASEB Jour nal
5:2412-2418 (1991 ). :, - - - - . Another enbodi nent of the invention

rel ates to vacci nes capable of protecting shrinp agai nst WSSV infecti on,
that conprise an anti body reactive with a protein or inmmunogenic fragnment
accor di ng to the |nvent| on as descrr bed above) toget her vvrth a
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6 Preferably) the nucleic acid sequence has or conprises the sequence as
~.depicted in SEQID NO 9 or 3. The respective nucl eoti de sequences start
with the ATG codon encoding the first Mresidue of the deduced am no acid
sequence up to the codon encoding the G ermnal am no acid residue. It nust
be understood that for the purpose of this invention nucleic acid sequences
t hat have sequence honol ogy with the sefuences depicted in SEQ I D NO1 or
SEQ fD NO 3 are also within the scope of the invention. The sequence

honol ogy for the purpose of this invention is considered to be at |east

70% preferab 75% .nore.pr raply 80%_.even nore preferably 85% Hi ghl
pr e(% elror ed"'3 %ff’@'lw)é{!ea?é%@%hﬁ-?égﬁé'ﬁg é:'gs‘fqumhé&?r §E‘d’|§’éﬁ"{‘§s‘l'ﬂ§%lﬂé@§/mﬁiu§ﬁ '? hey
sequencesASHGIL; tTAHSEN AREQY, RidNfhrl SeFAsh, Ria/ehl, frﬁﬁpﬁe}%@a%gm?rFL%m euakl Y 93%

Honol ogi es of 98 % or even 100% are even nore preferred. FOr the purpose of
this i nvee@W/¥al andNaie Based ondyisinformatiopntinman pd Peatsenideyeloprd aucl eot i de
sequence J~Qt f ; i € Lcted
R i A R N TR b
sequence detemnioigg the funstionab similarityhetyearchomelggousfprotainnt Suehi aminolaeist | des

bet ween t ; o}l . can be

det er i e R0 &3 SHABARSerE RS A% 1k N S8 VBB

sub- pr ogr laaming &dlétds aridfortinseetionsard withid the scape. of thie invéntionids.long as the

ov/ bJast | bl 2seQ bi. 2. html . A referengce for this programis Tatiana A

Tat usova, PRIBREBLS 2tk SeE SRS Bfistdln ok AndHeB S Fnimgdend"( 1 550)

Par anet er gropéRidsar e the default parameters: Reward for a match: +1. Penalty
for a msmatch: -2. Open gap:. 5. Extension gap: 2. Gap x dropoff: 50.

Nucl ei ¢ athig explaine MW WREY, Riglele Arepding e it bygntencwher itglated fram i nventi on
can easil 'aiga.%nt fak @éoféfiee{,v'ﬁﬁéy%mm& 1BS1S BN At POR! %ﬁéisﬁur}%@ﬁ%ﬂ.tmg'\'o 1or

3 or with fragnents o is sequence fromclosely related Ws trarns

usi ng r outhierrams prefeiywith thensasme imaunolegical ebamcierstics. For thi s pur pose
hybri di sad [ d &g&ﬁe } ; 1 stringent
conditi onﬁs-bg%t ‘ﬁs"r?ggﬁ 'h%?‘fmd? sat | %%a%é%%?f?g%@gﬁiﬁﬂﬁgéh@gg@ %ﬁg be washi ng
condi t i oninveiritioh thatStillprovide a@ngeincapable ppindaciog an iimaaresppogded againsti ngent

conditiong,.refer . i it {0 Wwhi A j SCis
being 7SR aah Ry gt 381e580 st i, il e i BEEBIBMRBT 1 o e
SO narr owktyngiddred ps &iot @ssentially affecting the antigrenicos immundgenio properties gf said
identified bases. The specific sequences disclosed herein can be readily
used to i BEEINe honol ogous nucl eoti de sequences from other strains. A

nucl ei ¢ aci d sequence~t hat has sequence honol ogy with one of the sequences

depicted in SEQID NO 1 or, 3 encodes,a protein havipg an am no acid
sequence YA BORIR isiised for @ 9 aYacsination,ByRPSRs ?"gmd'ﬁl? a"t“ﬁ@"‘ﬁ?ﬁ'trfﬁ aci d

sequences hg@B& A nbEesSEY thdsB%he Whale pfote! It 5 altdSssitie fAish Aradihadtigins do

not essentially affect the antigenic or inmmnogenic properties of said
protei n. thas prieiy thatds eanable; @ssueh agcauplade g eafdaTsush ag £:0- ib Hook indueag vi a

standar d. bRk FalpohS8 ahinendl o, bl dotib B ARAR: Mlaridheyafan be

prepar ed via gener reco I nan techno ogy. e n ot1 de sequences
accor di ng“immuriogenic\feagirient!’ is underatopd taibaalffagment afithe fulldenath peateinftioat stille

nmbi t duct.i f... \BSV ' t.i al t her WBSV
br ot ei ne. MeR o0 4t ey I HReEhE iR E BARb AR g Velteb I ue i e
expr essi orompeites a Bapaiiicell epitsped Aatisadias ralsed (i aveltstiatetliosh afeoiery agtable
suitable host cell with_said expression tor and cul turi he host cell
'n a sui t A8PESHRMARNS PhEASIGR KLRhHgRS: & fis mamen, 8 vappl L bchNGUBR | od
fromthe cohidblto ddafy MRt DNAHEEABAS eR¥HdiRG ShifjRnitErigiicht (dRtermifine!
ot hers) plasm ds, cosnids, viruses and YAC s (Yeast Artificlal Chronosones)
whi ch conghedeethad dataribed by Baysar phal (Patgnbheplication W 84/63504, Patent
expressi _0’Aggﬁéﬁﬁg’gybgﬂmﬁﬁgtﬁ&erﬁﬂk.bﬁsﬁw blod RafaREESSE Y : 3898 host

cell. Suit s are, for instance, Dbacteri aF)) lg/east cells, insect
cel | s and 498a{1984n). Imm. Meth. 102, 259-274 (1987), the so-called PEPSCAN method isan - - —

|
easy to perform, quick and well-established method for the detection of epitopes; the



cell's. Such expression techniques are well known in the art (Sanbrook et
*al ., Mol ecular Coning: a Laboratory Manual) Cold Spring Harbor Laboratory
Press, Cold_Spring Harbor) 1989; King and Possee, 1992). In addition, the
nucl ei ¢ aci d sequences according to the invention can be used to

manuf acture a vector vaccine to vaccinate crustaceans agadi hst WSSV

i nfections. A vector vaccine is underst®od to be a vaccine in which a live)
attenuated bacteriumor virus has been nodified so that it contains one or
nore heterol uguus nucl eoti de sequences inserted into its genetic material.
These so called vector bacteria or viruses are capable of co-expressing the
het er ol ogiarsunniegicaliysmportand eeitns ofitke prodein.t B metbod iscisediwaliebwiddland asn a

or oyl P o8 Rbart it e s e me il BBedily Sl i ng o
[ive 'attfontias detedtiontof B-cell@pitupad) Nw;ldwan fHessoaentd oftied gévees emdodigrarar rier)

I n which said bacteria, or, virus dified to conprise inifs
genetic nBfatsin. qompter flagrifias gre 4 torffﬁﬁ'gégfq thect EQCFE‘??BS’ gptentsRs heesent

I nvent i on.mrﬁbmdlégacallpf.ﬁsérwht\yp&dsbe%%hhéBsﬁsWfihblraé@saaﬁat Hal/breRuBRirA0i cal

response not on agai nst the i m”munogens of the carrier, but also aga| nst
the i mmn@%r@ﬁmné\dm gpitppes H@tﬂf‘bﬂ@’f’ K’('%“m fike (\ﬁﬁﬁrmaﬁ'ﬁ%%@ﬁé@ regionsds i s

.addition hay &d@&s
bact eria gﬁé @SQW?'rgﬁdg‘néﬁt}ﬁ? h%?%ﬁ%\%ﬂ%ﬁ%ﬁdm&t cgﬁ lgta tractively be
used. (Si (Ryoe)Natl. Acaé.tScaWB) 3BR43-BR2A(198 M rans the sacondary dtiucture Bspdaty)y, p.
303- 306, 9 Al so
LRC vi rusgg%ﬁab&g)e% h%lg IF_E&M% va?g% ra#ég%lhﬁa%ﬁ'?ﬁﬁ c‘h?a})%ﬁﬁssequ)ence
into a tanﬂhttSB# 10’Vj ﬂ'mﬂsapﬂopésaddn&ukémseIbblmedletedkframethesgquéfﬁ:blbgw Head
rus and G r bot h. bel.o t o the L |

Xl)r gnaw rF‘B‘HB“t?%\Q{Eh I quigy‘ﬁ/Pn@pup l“c'ﬂpcﬂt%'onﬁﬁ'gf‘ce 3% %52'506321 225,
(2000), aObe@QMd?MS Phtéht a@bllcﬁhon N.TIIS USWI@US 868) 0A c&ﬁen&é&o&ﬁleﬁvﬁgﬂﬂhdf or

t he virus

or uanes, L. e P oceedl n of t he ESW
Bresci a, 1"L~§F"F'&L o0 @W"MMW 23% 22@&&#?&.) alard ona

Vi ruses) . gpjt clah”& P2 hosmueepﬁ gan) Yu¥er é‘%h@%ééné mqsrbl (et on,
wel | -known in t e art, can be used to introduce a reco |nant nuclelc acrd

sequence Bﬁv@wshefogé%\éﬁ@thneSaTmEA@EBu&wmal VA %2618 881 ke, capabl e of
i nduci ng expression of the”inserted nucleic acid sequence according to the
i nvention in the host ani mal . An alternative and efficient way of

vacci nat i énother @mb%memta@fdhﬁmvﬁbﬁﬁwﬂaﬁewaéﬂmﬁjmbw preteetingrthrigi i gen.
Direct vag g@ﬁg\é&%g@%%@u%ﬁ @Hh@a@éﬂh&iﬂ%#ﬁ@e ‘p@gglﬁ&g@e&sf ul for many

di fferent he | nmunol ogi st
2: 20-26 {rM@agygenicimgmen pcedrdingde lhaalnvenuon @s descmbed iabeved, dogeatier withcai nat i on
of shri rrp al nst SV i m‘t tion Therefore) stilt another enbodi ment of
the i nvenP ﬁ“acﬂ‘té Y 8RR ENES conprising a pharnaceutical |y acceptabl e
carrier and nucleic acid 9

Still another embodiment of the invention relates to vaccines capable of protecting
shrimp against WSSV infection, that comprise a protein or immunogenic fragment
thereof according to the invention as described above together with a pharmaceutically

acceptable carrier.

Still another embodiment of the invention relates to a nucleic acid sequence encoding
an antigenic protein according to the invention, or an immunogenic fragment thereof.
More particularly this embodiment of the invention relates to a nucleic acid sequence
encoding a|r'\ a‘{ntigenic protein or an immunogenic fragment thereof comprising an amino
acid sequence as depicted in SEQ ID No.’s 2, 4, or 5.



sequences encoding a protein according to the invention or inmmunogenic
 fragnents thereof, or DNA fragnents, e.g. plasmds, that conprise such

nucl eic acid sequences. Sti(l another enbodi nent of the present invention
relates to a protein according to the invention for use in a vaccine. Again
anot her enbodi nent of the invention rekﬁtes to the use of a protein
according to the invention for the manufacturing of a vaccine for conbating
WSSV i nfections. A vaccine according to the invention can be used to
protect crustaceans such as shrinps including but not limted to nenbers

P! chi nond Sy Rkt bottfelyRior (e 08 nSo WERRALS e A5 ARHISUR ' not

limt gd tiEmwm $ o BoThé i‘usp@&immmmomsémﬁhbes ﬁuﬂfwuﬁ&hé ATGROABRA!
Macr obr achi

um s 0 sp bst ers.incl udi but not limted to
rerber s rensHng e-sl TR A8 ke Hiler R soiaraugnes M odbe Beforexanp ¢
Cal i nect asncaiig theBLtbMihalantiRG acid Padidld. 1f Fustibik: underdtbyiRthE6tof the- pursdsay f i sh
including but not limted to nenbers fromthe Astacidae famly exanpl es of

whi ch ar f Al ivestigppudeippeid sag1uaness a8 have peaugnen bemelogy Mith-theind cr ab

I ncl udi ”%eﬁuénéé%tddp\c\% d REEQ ITRPESSSEA WNd‘Q 8 966! tﬁé‘gcfp%a deihdlae
famly, exanples o I ch are Cancer sp I nec rcinus spp,
and Por t uinvantispplhetsemiencenbomology fhrthe purpo:fsmoﬁ thssemeMm lsaoonlsnﬂemdetp deed

doscr | bacptigaet 7% RERol T ¥ Bre@rabli il e odth Bicrpiab B Jiy . ¢ on
Gol I ege of -Dal ey a0 et ence . yaceiaes S oAy d0An et
conpr?se JE@%%@@ggﬁﬁﬁ gdﬁhb dﬁkﬁﬁﬂFﬁeﬂﬁ%@BB&§%&Vector bacteria or

virus acq%rﬂblagieb@fbb%bﬂdwﬁmu% afdéleh Mdrerpigreaedl cs( acceptable carrier.
The term"effective "_as used herein is defined as the anmbunt sufficient to

i nduce a frdeepurpgge pEtsJAention spaence homaloay s detepaingd by comparingtieor or
protein vwddxeo%aa@,eeuénaetdﬁ fhtéreBewie] th\é%ﬁeép&fdm@rﬁr%mhe& enedl biépieted in

adm nistration) the time of admnistration, the species to be vaccinated as
wel | as a9EQ I@eN@ﬂaqr IEarthe ptmqqapafmi%mem the @ercentaga spauenerdomology
dosage of, r g,
ror o pr or 2Refifsd & 15 RSB UREI nBR0Nes bt ot & Tottyfrel dehuatbe
viral vector vaCC|nes in general a dosage of 1073 to 1078 pfu (plaque

vacanes b BueliT nufieolTE rafPely ki FS bpEHTkA g ng Bfby AT 1o o
For DNA v@BlLASTa2 SEmUENﬂ:Eﬁ‘t sy séledﬂhlg sbbipwamO"BLAeSTm“matMgn BeAoyret atani mal
are very usefull dos y acceptable carriers that are

sui t abl e ¥8 g -aoublasit 2 &1ty to the invention are sterile and
physi ol ogAgféfekehceqﬁfﬂatsl dvb aaus I'raasnelf Arﬁmmh | Thorhes L) Mad@éreFEl\lllsaLl Ine
aqueous buffers such as a osphat es coho

pol yol s alérrebiel. Leters 1r4: %ﬁfdﬁq &%g@ e %f%&é%ﬁ? ﬁﬁ@%&‘%@@'ﬂ%ﬁl on nay
conpri se AbRSH f%F'Q'ntl (4RSS P@Halﬁ,ﬁfoﬁﬂlrﬁlé?ﬁélbﬁ)-zsbébh b5, ExteMion 9@?! gants)
preservatives and ers. Suitable adjuvants include but are not limted to
alunlnlunG@aMLQNQOﬁgﬁls) carboners, non-ionic block copol yners,

t ocopherol s, nonophosphoryllipid A mnuranyl di peptide, oil enul sions,

gl ucans) cytokines) saponins such as Quil A and the |like. The anpunt of
adj uvant Nddeit abishsamiiences havingsaquenceliorndlegwdderrding ta the ddvientigucarabl e

Sor 1t Bl FedbfsH iR AR s AL AehidiBa I SEQTY T 13 3l TS ue 2
T | e T s S el a0 Pralce Ssing rouing conmoansl |1 ke
i oer acaPvieIEn tearBldsee T oriBh PuGova B eaip ST DHIMIEC SO can be

admi ni st ePPéier’éb@ m%u;e@ﬁ.h@éht co8iBsEs. String8hOmbAgisatidh eohdiond efdsitlerst@dd per
oral . Preferabl vaccine is adm nistered to the crustaceans vi a

i mrer si ontebe p’éﬁhlﬁﬁ spnditionseafi 1t PHC; P 1%S8NS ata E?(Wﬁ?é?té'fea?f exgGehighlyt ure far ns.
For oral | e
carrier 1 SRR BibAL hRoNARIg o Hch the Tt Sthvthiod sSC3H PET ¢
subst ance such as alpha cellulose or different oils of vegetable or animls
origin. Particularly preferred food carriers for oral delivery of the
vacci ne according to the invention are |live-feed organi snms which are able
to encapsul ate the vaccine. A very suitable way of obtaining this is to
feed e.g. insect cells in which a protein according to the invention has
been expressed, to live-feed organisns. Suitable |ive-feed organisns
include but are not Iimted to plankton-Iike non 11




selective filter feeders preferably nenbers of Rotifers, Anem a, and the
“like. Hghly preferred is the brine shrinp Anem a sp. The proteins
according to the invention can be used for the production of antibodies,
usi ng the general techniques available to the practitioner in the field.
Preferably the proteins are used to prpduce speci fic nonocl onal anti bodi es.
Ant i bodi es according to the invention can be prepared according to standard
techni ques. Procedures for immunising aninmals, e.g. mce with proteins and
procedures for selection of hybridomas produci ng protein-specific

nonocl on J j r 0t for exanple Cigan et
al. (eds), %btr{f) Q’%EHS?%? o%)@f{en@%mé}g@%ﬂgé‘%{'& ﬁgﬁ?ee§° QAN | st ei n,

Ngt urg ~2i8ﬁ99rgmled st%sh tbgéquimgﬁluﬁbrﬁ@frdmhhwsiy E"enﬁﬂedl, bdh’b&aﬂﬁ ecificep. 19, pp.
125-134,) 1994). T obt.ai ned dnti bodj es . be utilised in diagnostics to
dotect. EERMERes dRCies P cad Bougadl rd 1 ol hamuRSassdasitne

Cr ust acegéguend&eirort Gt istridmssequences according to the invention are also
suitable for use in diagngstics. Said sequences or fragnents thereof can be

used i n fdCleipacihraauente that havFertpnes herplogy withengé Hersasiuencaassy in t he
field, ogeb:aga ﬂﬁseag%tr@@qa&% e&oa?@%méih%abﬁggnf%ina Qﬁld%hlﬁ%ﬁaz%e igf WSV

is e.g, based upon the reaction o I'solatéd fromthe a to be

t est ed) @PMprisssalipfationy ceppared to ppe pkthe aminaacicrequenced depidtedin SEChED codi ng
sequencegyf P A I | ¥ i pon nucl ei c
acid seqﬁlgh%g's‘{’?ﬁgt &'g%%bg%?riglcag%;eaﬁtb Q‘??‘r’ ﬁ %gﬁgé@‘ggﬁe%hgéaﬁ%ﬁ%%e I f nucleic
aci d nol sombesgesjpgropertied of saichproBSV pr ot ei ns according to the invention

t, h i |, .th Mll .. e.q. i fi | bi t i fi
por pr | mie WY perding ARt Y iy Havsotia San BF Poipingae Sepdetd Binaftcatne
P|CR- : eac hisoﬁiﬂor}i) aAd parification hietHbdeak ithey dan bdgiresdraed viangenbifal esdombinant
el ectrophoresi s.

PCR reagtions are well -kno in the art (se ef erence
bel ow) . €FENeIagY- dihe nyclegtide peausness acerrdingsto ¢ %ﬂ"??t'?ibarﬁé’@é %"‘t"‘&ﬁiyf romthe
hepat opaggitfstode Usef fénthERcontbiféht pRFUEEbN SHVEBER HoRRR; Substatialpies ve

met hods for determning the_Length of the priners for selective

PCR- r eacfPayrihes WRSHRepteins- Tee BUdiertide seauengss @rq incomaraled iitep guitaRie or di ng
to the I gx&eééi&p¥ed?6ﬁ dHPEBle\Yf btap@sémg ir@qirbﬁﬁms%m&mng?s stitati€ Asst obil

nucl eotides are frequently used, but primers of nore than 15, nore

pr ef er abWjth sgidrexpresaion yestonped syiivsing de hast selbia esyitable medip@ciThet y primers
wth a I iwdes are
very genSRaPTEesSieRs B £ iabtes ot Rt P Lolls XAt e STRBLEST
(D ef f enleapressorvedtasare, dhEFYspothars; plasmidsabesreids vrusesmand YACSHNYeast

0-87969-447-5 (1995 ' i I ' [

accordi néﬂffﬁ'a{ ﬁé’ﬁ‘i?émeggﬁ’h@b %Bgﬁ"ge 0 r@%%%%ﬁﬁ%&?t%@&%@%ﬁe? Ravi ng

a l fengt Blanﬂ embre‘;s&mt‘l‘ gh&;pmsgber\mb% Cé!5bt|5 I:mf[t@lc}phoea’mrexﬁio? q]:&d hmt@?ll.nor e

referably. , . or nucl eot.i des.in order of .

Br ef eren t%g?éicﬁﬁi Gl %Hérrsgz?rbceae?ﬂe% Wgéﬂlc‘gﬁs,&seﬁgﬁﬁg G UYPTRI 4t

Ileast 370 cBMU&?éxp&éﬁb% {&hmqﬂé£él©tvﬁétlilﬁpﬁrﬂwml @nﬂﬁ@bwém.,l\fbléiﬁ@. rl DdNO
or or_a nucleic acid, sequen nat is conpl enent ar ucl ei ¢ aci

sequence Ganing: gilabertery l\@@gl, L‘iq(@qungdﬁar@%gqrﬂew '8?% %g.&?ﬂa@t of the

i nvent i Oyl C{BgRYRING dhddPdsde8DlgeRY| €s can e.g. be used as pri-mers,in

PCR-reactions I n ordér to enhance the anount of nucleic add that encodes
the proteins according toithe inventjon. This allows the quick

anmpl i ficaf Lon.: of b f ) @S'éﬁc!.e'- ' : ‘ i agnosti ¢ t ool
for e.qg. (ﬁ% hg&&&' é%é%? Ci@é% I'n glgcs:g;b‘j&e’ngg& ﬁdﬁ%ﬁugﬁegﬁgsgé Q{j?& , Anot her
nucl ei ¢ acdinifdehsed vieekr vascimmtoachcoipate arlisizsEana laghipbl \WSSYainfeotions. Bh

radi oactively or. colour |abelled_protein-specif.ic -fr . Bot h

PCR- eactVFBtﬁgvafﬁWeﬁﬁ/H??%F@B&it%ﬁe PeRE O RW '&éa\}\%‘?'l a&@ﬁl@%d ?’%@Hé&aorrt and are
i.a. desairudras haenVhodifiéd so Sravttrcontains Saetr amdte héteralbyals. nuddotidell ar . cl oni ng:
a |laboratory manual . | SBN O ‘87%,69- 309- 6%”9 Thus, ,anot fger enbodi nent of the

i nvent i oSeRNGEE Nseded Infe s aenglicanatprials theseipo Galled XeGiRPAGtEriREEYIHERT ei n t he
test conppd bie ST¢elSinfefigths RalEFAISSUSMRbteing ettodRBS théGndepidal ogous to

t he nuclrr%irré:éﬁ?i % seléguegdr?gee as?qdepi ct e% nrb%?EQ IDNO 1 or 3 or a nucleotide
sequence that is conplenentary to that nucleic acid sequence, or a fragnent
t hereof having a length of at |east 12, preferably 15, nore preferably 18
nucl eoti des. A diagnostic test based upon the detection of antigenic
material of WSSV proteins and therefore suitable for the detection of WSSV
infection can e.g. also be a standard sandw ch-ELI SA test. In one exanple
of such a test the waits of the wells of an ELISA plate are coated with
anti bodi es directed against the protein according to the invention



13 or inmmunogenic fragments thereof. After incubation with the material to
"be tested) |abelled anti-W5SV anti bodies are added to the wells. A colour
reaction then reveals the presence of antigenic nmaterial from WSSV.
Therefore, still another enbodi nent of the present invention relates to a
di agnostic test for the detection of WSV, characterised in that said test
conpri ses antibodi es against a protein or an i nmunogeni c fragnent thereof
according to the invention. Thus, in another aspect, the present invention
provides for a diagnostic kit conprising one or nmare nucleotide sequences
or anti boghiestecrhul iRG folrth aepédnwar\vaﬂmnﬂmaéwopa%%r Uadchifrorggs nst the
proteins _according to the invention can further be used to nanu?acture

anti body{'ﬂ/ﬁfé'@hﬂ@gs poireatmenpakWiie Spahdiyndseme i cystacaansceansprisigmbive Thus) i n

a furthety, 12, Vac passive
I i nmruni sa [ on aga| %’Eﬁ‘%@%@%\ﬁe ﬁé@d&ﬁ'{aﬁ&t\%ﬁ#n &gorﬁ(’)arrﬁesré@ \E"IHPEB%& es raised
agai nst bhagteoa er wmsdlqsrb@nngoﬁﬁechmommmlsem degermilcenaenaﬂmmrlmbrSEQ | D NO
2, SEQ IR NO 4 ar, SE Suchava can re are i ng,

ot andar o e aurlecife SSREnCRR AT s rubeans Swenics ShoFRnte iR e Wi

adni ni st ppddues aflimiriRoldgichedp&itsel riot bh@myamit Menmwmr@beﬁdﬂﬁf tAechRRdi R are

m xed with an edible carrier such giﬁflsh ood. More preferably t'he

vacci ne PRISofoaRst e immyRegeRic pads ett r%%t&méﬂ forwhigh fegenefg §°‘éq %

ant i bodi @aditondnl RRMSd firfth ther AE: scal e pr oducti-on of antibodies according to
the invention are also known in the art. Such methods rely on the cloning

of (fragheranexample efbagtarial LBCshasteria sush asn\dbe arguifeenn Koown in tecst di ng t o

the inve h techni ques are
descri begébggréc{aif% &é b%??@g%g n%?ﬁegﬁ?‘ﬁg @loghﬁﬁ{ﬁaﬁyaﬁk\{%l ament ous phage
di spl ay" Biatet¢hnologly] 303+306, Eds uld Gal and Halvomnﬂilemm&e&a(hbsp\ﬂlhaqe htm .
and in rqgg papers by Cortese, R et al., (1994) in Trends Biotechn. 12:
262- 267 @CI ackson, T. & Wells) J.A (1994) in Trends Biotechn. 12:

173- 183, Algo, MRCldrusds May b usled as(@lWayof &afnsﬂ)orﬂagdﬂhe nGieic acud%ﬁuerixfﬂﬁtb 16010,
by Wnter, G et | . 4 n, Annu 12: 433455 by
Hetle, G risnscsiiaRie JPEABSR 8 o 8 Y Slbs e s ane ol ABsodRtea

subs equemrhe/ Uéﬁﬂﬁblét@glﬁglfoetﬁé fmwbardn@mm&s(see@d sbanm ileN. ekalr, @ds] Aquatanei i d
heavy chai n anti bodi e

Mol ec. REVBde: 2@?‘2@8(.’5?09&13 a{‘ﬂ@?ﬁ‘) bﬂd‘\ G’iéhr 'Sﬁdgq }ng\g%eﬁs 1%@%& ters
414 512¢54Re (n%%%} En1u§ﬁéé 3. %t lept pe-31i &i1tRs Prddaadingx Bf 8 ES\E Biesdia.ed

anti bodi es can be replicated subsequently be used for Iarge scal e

expr essi (Btﬁ"%f27a3ﬁ4\%!ﬁt8§00mmmlr@ﬂtmef @roni"(!j‘l‘ﬁ%’ibr, D. V., Redman,

R M, and Bonanm, J. R (1997). Utrastructure and nor phogenesis of Wite
Spot Syndrorre t3acu| ovirus (WBSV). Diseases Aquat. ~~ Organi sns 29,
205- 211. Thedemnjque. of i viga bamplogrs ercombination; welliseawroin The arthsarche useghr

prawn (P chnol .
3y 435- 40 BUSRNGERE PotRingui ool sbieceiice 1l b ghnoedragtednbAC N0, L)
F. (1991 vjrus b&rmkmi t:iapabié ofinducindlexprassior ofmemisebﬁedlmseletc deid sdquReper t - of
the I ntenmati g&)% tee i Tax?nﬁﬁr‘_\( of Viruses". Springer-Verlag, New
Yor k. Lo)RCEor |ﬂg o ‘PV‘F—P“O@')‘ MM o, C H, Peng, S. E., Kou, G
H., and Li htner D. V. (1999). SpeC|f| c genom ¢ fragrrent analyysi s of

di fferent geographlcal clinical es of shri ndr,0

Vi rus. '@b%{?é'?t'ﬂ\ﬁl?&?e torea ey ok "agqlpﬂﬁ"ﬁﬁﬁ d'ﬁedxn&"ivg;‘e '?‘%)QL'.’,A eﬁF J"I?ﬁl shop,

D. H L. gb?&fah@énta%n &rect%&&ihéhorﬁvﬁﬁ’bNN\@dcb&hb protans Ras bbByo, M A., and

Summers) M Cl assification and Nonmenclature of Vi ruses Si xth

Report ofsuweussfuif%mﬁw Qjﬁ%{'ﬁnmﬁ?ﬁlﬂ& ERs ERYiewBddn 88y QS’F‘"Q)IYrQIﬁSs he Virus

Taxonomny esd ;nglvé ttl-:c't\f/ = i ﬁmd

Mani ati s lrﬂ?ﬁdn?%@%? éd %gl'(1 in "cg\ﬂF 'T;'?g oér / nuaef ch'a ‘8

Spri ng Hafishrimp againat WSSV mmmtrafmr%erefore, still another embodlment of the invention
relate to vaccines comprising a pharmaceutically acceptable carrier and nucleic acid



~~ Wont eer asupaya, C.) Vickers) J. E., Sriurairatana, S., Nash) G L.

* Akar aj anorn, A., Boonsaeng, V., Panyin) S., Tassanakajon, A ,

Wt hyachumar nkul , B., and Flegel, T. W (1995). A non-occluded, systemc
bacul ovirus that occurs in cells of ectodermal and nesodermal origin and

causes high nortality in the black tigﬁé prawn Penaeus nonodon. Di seases

Aguat, Organisns 21, 69-77. 15 Yang, ¥., Wang, W, Chen, R Z.) and Xu)
X. {1997). A sinple and efficient nethod for purification of prawn

bacul ovirus DNA. J. Virol. MefH 67, 1-4. 16 EXAMPLES Example 1

Vacci natign of Penaeus nong n VP19. Virus

st ockpr o ATAHPEFS AHEEU9 A ' |%§<5:8EP%V\§3 %PHB’@@ on Primmgnageniciiragments c anbar us

cl ar ki i.. hiferiedt, oR MNFCHAGhents] €61 plasmidt, bt edrhsiibe\8B8Y nubiBicticiiesedugnegs.er m ne
t he dil utlon resul ti ng in 90-100% nortality in the black tiger shrinmp P.

nonodon, an in vlivo virus titration was perforned using aninals of

appr oxi rmstm laho&me 5&{%&%&%@% przngmfeuﬁorﬁews waégf&éwheéo@@ 3{, ?r%sa Sf rom 1

x 10$% to 5 x 10" tinmes in and for each dilution

i nj ect ed ln\fﬂ"ﬂﬁﬂiﬂfc&@eé{ﬂ ay/amm@ 10 shrl mps. Shrinps that were injected with
330 MM NaCl) served as negative control for the infection. Atl shrinps =~ °
serving as negative control (not shown) and those having received the 5 x
10" vi r usAgdin anotber embadimedt ofithe invastiororeiadds Whel use tiba protein dcobrelirg ton

ai 1 ut 1 ondhirenycty L HubiteBun Rl Ba Yot b cdirigtic WEBY Bl 0y in o

period of 20 days. A delay in m)rtallty was observed when virus dilutions

of 1 x 108 and 5 x Wer e .use The 08 dilution resulted in 90%
final mord YRGIRE a%fd"ﬂglptF‘PWeG o6 B?iuﬁ tRRrotest Gryelaceans sYel@%ed a peri od

of 40 dayghrimpRIn&Grdicg bﬁﬁi’ﬁt i d tERRAIRSs MbrhAhé P@née!éféé)famﬂ&%cﬂ a% f¢08, and

the 5x109 dilution yielding essentially the sane results. The dilution of 1
X 10B waxerpieef.menadee, Fivaararaes 8. ohmensis: O.margusass; pridgtapeasus ppms:

condi ti O'b As ﬁféﬁxﬁﬂp%th t fHhiYed tb'}ﬁerﬂBé}srfﬁJm {He P r‘ii@aég‘?n g@\é}% gkiggat i on

in terns rmrta Ity re uctl on. EXxpression of SVJarot P19 and VP13
in i nsectemmnl%mn@bm@ﬁm P Palagrren sap-dobstensdralieding hut natdiglteddd | s usi ng

a bacul OV,J‘I‘I;ME%Q%F&,Q? ﬁ&&e LRa ﬁ%{iw%%g@ S i ?%Q'ﬁplﬂ né@e%sv

gener ate reconbi nan OVI r Uses expressi ng
virion prspipeli?&tmm&ppnd’avm éppom Homapscsppa\orayfish pmll.yilir@inutmophmit@d & in

e T iy R

proteins §pprr§rH|”@robactEls Qpp.; Had pﬁibylhdddhhgl bt restlitnited tchnéﬂnbersﬁ*om thel | s wer e

har vest ed AR ANA SOLHIEHAPRBY: GHEmElEs S MR R etk B Srectns B
Carcinus spp. and Portunus spp. ’
A vaccine according to the invention can be prepared according to techniques well
known to the skilled practitioner and described for instance in Remington’s
Pharmaceutical Sciences, 18" edition (1990), eds. AR Gennaro et al., chapter 72, pp.
1389-1404, Philadelphia College of Pharmacy and Science.
Vaccines according to the invention comprise an effective amount of one or more
proteins, vector bacteria or virus according to the invention, and a pharmaceuﬁicai
acceptable carrier. The term "effective " as used herein is defined as the amount
sufficient to induce a protective response in the crustaceans. The amount of vector or
protein will depend on the type of vector or protein, the route of administration, the time
of administration, the species to be vaccinated as well as age, general health.

temperature and diet.



17 were analysed in a 15% SDS- PAGE gel (Fig. 1 ). Cear expression products
* can be observed for VP13 (Fig. 1, lane 5) and indicated here as VP15),

whi ch has the sanme el ectrophoretic nobilify as its authentic counterpart in
the WSV virion (Fig. 1, lane 2). A (less clear, liut clearly visible)
expressi on product could be observed for VP19 (Fig. 1) lane 3). Therefore,
a western analysis was carried out usifly a polyclonal antiserumraised

agai nst purified WSSV. This anal ysis showed that VP19 was expressed at the

, = expected position (Fig. 1, lane 4), and hence that the vp99 ORF
encoded a WSSV virion protein. Vaccination and chall enge The experinment was
set up atbrcgensiralgadosagecsoffl.ahta 1000-4kg profein Emnimalppreifereblya'j 5 tpr 8008y, wer e

used; twg contr.ol rou the atlve ositive control) one group
recei vi nJlOPREEAY Ontgp@bd{gpprp P ?ﬂjm%n usereingage of 8\[% veelar i nps
recei vedvaduinedngenéral & Hssédbaéf 1028 tcgw'erpfu Gplatpse feHhg Unftsiper Wnintal cBR
exception of VP19. Table G qup set - of vacci nafion experinment G oup

#G oup n&%ﬁ%%&#&%&o@@%‘?@{é{PFfeﬁWquﬁrqaﬁﬂfw@(fn vehnetfisestioindosescl 330
rnM NaCl gg /@\(gl\{@ b9<4Bgs. control 330 nM NaCl 330 nmM

NaCl WESV103VP19VP19VP19W5SV104G-PGFPGFPWSSV10 Al l groups were injected with
20 Ecl ofor RbiArvaceipiian, ameusts of N between 0. hand/k) og iNAperanimalare @y gr oup
a total a5k 15 pg of protein was adm nistered for both the

vacci nat 1 on ang booster. For dilution of the protein solutions, as well as
t he vi r uPhaomcentisally acé&tiablbichaiers that ate suitabledorusedn aGiEBcine aGcarding to

10" S ikl e e M B Bk 3R, T 5t

after t hm@psalina;amout baffars rsuarpawarken gretsl phasghatss (elg. IPES)cdleshol's,t wo days

later f Olpl)l%ﬁ%nd the W<e ?n a(?dxtlon a \\//\eScScYne according to the invention may comprise other
additives such as adjuvants, stabllisers, anti-oxidants, preservatives and others.
Suitable adjuvants include but are not limited to aluminium salts or gels, carbomers,
non-ionic block copolymers, tocopherols, monophosphoryllipid A, muramyldipeptide, oil
emulsions, glucans, cytokines, saponins such as Quil A, and the like. The amount of
adjuvant added depends on the nature of the adjuvant itself.
Suitable stabilisers for use in a vaccine according to the invention include but are not
limited to carbohydrates such as sorbitol, mannitol, starch, sucrose, dextrin, and
glucose, proteins such as albumin or casein, and buffers like alkaline phosphates.
Suitable preservatives include amongst others thimerosal and merthiolate.
The vaccines according to the invention can be administered via injection, immersion,
dipping, spray or aerosol, or per oral. Preferably the vaccine is administered to the
crustaceans via immersion or per oral, especially in case of commercial aqua culfure
farms.
For oral administration the vaccine is preferably mixed with a suitable carrier for oral
administration i.e. cellulose, food or a metabolisable substance such as alpha-cellulose
or different oils of vegetable or animals origin. Particularly preferred food carriers for oral
delivery of the vaccine according to the invention are live-feed organisms which are able
to encapsulate the vaccine. A very suitable way of obtaining this is to feed e.g. insect
cells in which a protein according to the invention has been expressed, to live-feed
organisms. Suitable live-feed organisms include but are not fimited to plankton-like non-
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sequence iagnuniginganimalsye SEWigepviticprofeins and procedures for selection of hybridomas
producing protein-specific monoclonal antibodies are well known in the art (see for
example Cligan et al. (eds), Current protocols in Immunology 1992; Kohler and Milstein,

| Nature 256, pp. 495-497, 1975; Steenbakkers et al., Mol. Biol. Rep. 19, pp. 125-134,

: 1994). The obtained antibodies may be utilised in diagnostics to detect WSSV in the L
field or to detect the presence of WSSV in the crustaceans. The nucleotide sequences
according to the invention are also suitable for use in diagnostics. Said sequences or
fragments thereof can be used in for instance PCR technology to detect the presence of

WSSV in the field, or in the crustaceans.

A diagnostic test for the detection of WSSV is e.g. based upon the reaction of DNA
Isolated from the animal to be tested, with specific probes or itis e.g. a PCR test based
upon the coding sequences for the proteins according to the invention or based upon
nucleic acid sequences that are complementary to those coding sequences. If nucleic
acid moalecules specific for the WSSV proteins according to the invention are present in
the animal, these will e.g. specifically bind to specific PCR-primers and will subsequently
become amplified in PCR-reaction. The PCR-reaction product can then easily be
detected in DNA ge! electrophoresis. PCR reactions are well-known in the art (see
reference below). The nucleic acid molecules can most easlly be isolated from the
hepatopancreas of the animal to be tested. Standard PCR-textbooks give methods for
determining the length of the primers for selective PCR-reactions with nucleic acid
molecules specific for proteins according to the invention. Primers with a nucleotide
sequence c;f at least 12 nucleotides are frequently used, but primers of more than 15,
more preferably 18 nucleotides are somewhat more selective. Especially primers with a



SEQID NO 4 or SEQID NO 5 or an inmmunogenic fragnent of said antigenic
- protein. 2) Antigenic protein according to claim1l ( characterised in that
it has a sequence honol ogy of at |east 80 % preferably 90 % nore
preferably 95 % honol ogy to the am no acid sequence as depicted in SEQ ID
NO 2, SEQ!D NG 4 or SEQ 1D NO 5 or_an imunogenic fragment of said
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i nfections. 9) Antibodies raised against a protein according to claim1 or

2. 10) vhewplegy¥tihe sueigicackaadHaRe RS depistyd ITERBMNQ: ek § pea nuglaicat
| east an,aRtskR@hce that is complementary to nucleic acid sequence as depicted in SEQ ID

NO: 1 or 3 are therefore also part of the invention. Such nucleic acid molecules can e.g.
be used as primers in PCR-reactions in order to enhance the amount of nucleic acid that
encodes the proteins according to the invention. This allows the quick amplification of
specific nucleotide sequences for use asa diagnostic tool for e.g. the detection of
WSSV in tissue as indicated above.

Another nucleic acid-based test is based upon classical hybridisation with radioactively
or colour labelled protein-specific cDNA-fragments. Both PCR-reactions and
hybridisation reactions are well-known in the art and are i.a. described in
Maniatis/Sambrook (Sambrook, J. et al. Molecular cloning: a labaratory manual. ISBN 0-
87969-309-6).

Thus, another embodiment of the invention relates to a diagnostic kit for the detection of
WSSV wherein the test comprises a nucleic acid sequence that is at least 70 %
homologous to the nucleic acid sequence as depicted in SEQ ID NO: 1 or3ora
nucleotide sequence that is complementary to that nucleic acid sequence, or a fragment

thereof having a length of at least 12, preferably 15, more preferably 18 nucleotides.

A diagnostic test based upon the detection of antigenic material of WSSV proteins and
therefore suitable for the detection of WSSV infection can e.g. also be a standard

sandwich-ELlSA test. In one example of such a test the walls of the wells of an ELISA
plate are coated with antibodies directed against the protein according to the invention



according to claim9. 11 ) Vaccine conprising a pharmaceutically acceptable
carrier and a nucleic acid sequence according to claim4 or 5. 21 12)
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used to manufacture antibody vaccines for the passive immunisation of the crustaceans.

Thus, in a further aspect, the present invention provides for a vaccine for passive S
immunisation against WSSV wherein the vaccine comprises antibodies raised against a
protein comprising an amino acid sequence as shown in SEQ ID NO 2, SEQ ID NO 4 or
SEQ ID NO 5. Such a vaccine can be prepared using standard techniques, as

mentioned above. Preferably a vaccine for oral administration of the antibodies is

prepared, in which the antibodies are mixed with an edible carrier such as fish food.

More preferably, the vaccine is prepared from antibodies prepared in chicken eggs (IgY

antibodies).

Methods for large-scale production of antibodies according to the invention are also
known in the art. Such methods rely on the cloning of (fragments of) the genetic
information encoding the protein according to the invention in a fitamentous phage for
phage display. Such techniques are described i.a. at the “"Antibody Engineering Page"
under “filamentous phage display” at http://aximt1.imt.uni- Foo-

i
%

marburg.de/~reklaepphage.htm., and in review papers by Cortese, R. et al., (1994) in
Trends Biotechn. 12: 262-267., by Clackson, T. & Wells, J.A. (1994) in Trends Biotechn.
12: 173-183, by Marks, J.D. et al., (1992) in J. Biol. Chem. 267: 16007-16010, by
Winter, G. ef al., (1994) in Annu. Rev. Immunol. 12: 433-455, and by Little, M. et al.,
(1994) Biotéf:hn. Adv. 12: §39-555. The phages are subsequently used to screen
camelid expression libraries expressing camelid heavy chain antibodies. (Muyldermans,
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EXAMPLES
Example 1

Vaccination of Penaeus monodon with WSSV protein VP19.

Virus stock production
A WSSV virus stock was produced in the crayfish Procambarus clarkii by intramuscular
injection of purified WSSV. In order to determine the dilution resulting in 90-100%
mortality in the black tiger shrimp P. monodon, an in vivo virus titration was performed

" using animals of approximately 1 gram in weight. The virus stock was diluted in steps
from 1 x 105 to 5 x 10" times in 330 mM NaCl and for each dilution 10 pl was injected
intframuscularly into 10 shrimps. Shrimps that were injected with 330 mM NaCl, served
as negative control for the infection. All shrimps serving as negative control (not shown)
and those having received the 5 x 10" virus dilution survived, whereas mortality due to
virus infection occurred in all groups with a lower virus dilution. Administration of virus
dilutions of 1 x 10° and 1 x 107 resulted in almost 100% mortality in a period of 20 days.
A delay in mortality was observed when virus ditutions of 1 x 10® and 5 x 10° were used.
The 1 x 10° dilution resulted in 90% final mortality, but the time of mortality was delayed
and spanned a period of 40 days. The experiment was repeated with the 1x107, the 1 x
108, and the 5x10® dilution yielding essentially the same results. The dilution of 1 x 10°
was chosen as the virus dose for further experiments as this condition was expected to
give the optimal response to the neutralisation in terms of mortality reduction.

Expression of WSSV proteins VP19 and VP13 in i@gct cells

The VP19 and VP13 ORFs were expressed in insect cells using a baculovirus vector.
The Bac-to-Bac system (GIBCO BRL) was used to generate recombinant baculoviruses
(AcMNPV) expressing the putative WSSV virion proteins VP19 and VP13 from the
baculovirus polyhedrin promoter in insect cells. Recombinant viruses were generated
expressing the Green Fluorescent Protein (GFP) from the p10 promoter and each of the
WSSV proteins from the baculovirus polyhedrin promoter.

Sf21 insect cells were infected with ACMNPV-WSSVvp19, and ACMNPV-WSSVvp13
with a MOl of 5 and harvested at 72 h. post infection. Extracts of infected Sf21 celis
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were analysed in a 16% SDS-PAGE gel (Fig. 1). Clear expression products can be

observed for VP13 (Fig. 1, lane 5, and indicated here as VP15), which has the same
electrophoretic mobility as its authentic counterpart in the WSSV virion (Fig. 1, lane 2). A

(less clear, but clearly visible) expression product could be observed for VP19 (Fig. 1,

lane 3). Therefore, a western analysis was carried out using a polyclonal antiserum
raised against purified WSSV. This analysis showed that VP19 was expressed at the g .

expected position (Fig. 1, lane 4), and hence that the vp79 ORF encoded a WSSV virion
protein.

Vaccination and challenge
The experiment was set up according to the plan in table 1. Four experimental groups

were used; two control groups, the negative and positive control, one group receiving
VP19 and one group receiving GFP. In the GFP group, shrimps received the same
mixture that was given to the VP19 group, with the exception of VP19.

Table 1. Group set-up of vaccination experiment

All groups were injected with 20 ul of their respective solutions. For the VP19 group and

the GFP group a total amount of 15 pg of protein was administered for both the

vaccination and booster. For dilution of the protein solutions, as well as the virus

controls, a 330 miM NaCl solution was used. GFP is Green Fluorescent Protein. In the

GFP group, shrimps received the same mixture that was given to the VP19 group, with

the exception of VP19.

Five days after the vaccination, the shrimp were given a booster injection, two days later

followed by injection of WSSV,

Group # | Group name | Vaccination Booster Challenge # shrimp -
1 Neg. control | 330 mM NaCl | 330 mM NaCl | 330 mM NaCl | 10

2 Pos. control | 330 mM NaCl | 330 mM NaCl | WSSV 10 -7

3 VP19 VP19 VP19 WSSV 10

4 GFP GFP GFP WSSV 10
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After the challenge, the shrimp were monitored for one week and dead shrimp were
examined for the presence of WSSV by ELISA assays and electron microscopy.

None of the shrimp in group 1, the negative control, died of WSSV. Group 2 shrimps
started dying of WSSV infection after one and a half-day and a mortality of 100% was
reached after § days. The first animals in vaccination groups 3 died after one and a half
day, but continued slower compared to group 2. Group 3 reached 100% mortality after
six days post challenge and shows a clear delay in mortality compared to the positive
control. This demonstrates that vaccination of P. monadon shrimp with the WSSV
protein VP19 has a positive effect on the survival rate of the shrimps after challenge with
WSSV.
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Figure 1. Lane 1 LMW Marker (Amersham phamacia biotech), 2 SDS-PAGE gel of
Purified WSSV, 3 SDS-PAGE gel of over-expressed VP19, 4 Western blot with antl-WSSV
of over-expressed VP19. 5 SDS-PAGE gel of over-expressed VP13 (indicated here as
VP15).

Figure 2. This figure shows the level of effect of vaccination on mortality of shrimps after
challenge with WSSV: -+- = VP19 vaccine, -¢- = negative control, -[1- = positive control,
- - = GFP control.
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least 70 % homologous to the amino acid sequence as depicted in SEQ ID NO: 2,
SEQ ID NO: 4 or SEQ ID NO: 5 or an immunogenic fragment of said antigenic
protein.

2) Antigenic protein according to claim 1, characterised in that it has a sequence
homology of at least 80 %, preferably 90 %, more preferably 95 % homology to the
amino acid sequence as depicted in SEQ ID NO: 2, SEQ ID NO: 4 or SEQ ID NO: 5
or an immunogenic fragment of said antigenic protein.

3) Vaccine capable of protecting shrimp against WSSV infection characterised in that
sald vaccine comprises a protein or immunogenic fragment thereof according to
claim 1 or 2 and a pharmaceutically acceptable carrier.

4) Nucleic acid sequence encoding an antigenic protein according to claim 1 or 2, or an
immunogenic fragment of said protein.

5) Nucleic acid sequence according to claim 4, characterised in that said nucleic acid
sequence comprises a sequence as depicted in SEQ ID NO 1 or SEQ ID NO 3.

6) Vector vaccine for use in prophylaxis or treatment of White Spot Syndrome in
crustaceans, characterised in that said vaccine comprises a live attenuated
bacterium or live attenuated virus, said bacterium or virus comprising in its genome
a heterologous nucleic acid sequence according to claim 4 or 5.

7) Antigenic protein according to claim 1 or 2 for use in a vaccine.

8) Use of an antigenic protein according to claim 1 or 2 for the manufacturing of a
vaccine for combating WSSV infections.

9) Antibodies raised against a protein according to claim 1 or 2.

10) Vaccine comprising a pharmaceutically acceptable carrier and at least an antibody
according to claim 9.

11) Vaccine comprising a pharmaceutically acceptable carrier and a nucleic acid

sequence according to claim 4 or 5.
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12) Diagnostic kit for detection of WSSV characterised in that said kit comprises a
nucleic acid sequence that is at least 70 % homologous to the nucleic acld sequence
as depicted in SEQ ID NO: 1 or 3 or a nucleotide sequence that is complementary to
that nucleic acid sequence, or a fragment thereof having a length of at least 12,
preferably 15, more preferably 18 nucleotides, an antigenic protein according to
claim 1 or 2 or an immunogenic fragment thereof, or an antibody according to claim
9.



