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cr 0sshaPROFEINGDERIVERFROMWHITE SPQT SYNRROME VIRUS AND USES THEREOFN gt eer asupaya

et al., 1995). This virion norphology, its nuclear localisation and its
nor phogenesi shahe, érﬁfﬂ Bhtﬁ:ﬁ%]& 9to haems Qé!d b4l 6 SRS
1997). Oigi naIFJ I 3 V has t‘eaeno'h | assi f v asvg{r}et?r%a55| gm nrggr;gm?g'c%b?h

Bacul OV|S?9‘GB%¢Sf"é‘ﬁ?‘?"§9 t“PF’a?TE’k‘i‘see?f sad, p’°'i'9‘\‘31‘ Tﬁé??ﬁﬁfa?‘H’@ i vAccha Jorprrenylaxis

r ef er r e@nd/or RIS bfomhiR Spet Symardimlin dastastansial Bacul o virus (SEMBV), or Wite
Spot Bacul o virus (V\BB\/) At present WSSV is no | onger accepted |nto th| S

f | Mu t t
oubl & St 1 B s sypdame ikl Gulsdu) 878 o WeLhikeab b WA e afeRs ot
rest ri ctSootheash AsinuBiecdrye hasalwjids Ros{ enor) amoengagrustaceas7(Fleg@in 19ATY) land tilereois MBSV
in cult lgTﬁéi.cs)aﬁéuen ahidnPRelRBABS ef il aamta@cﬁommsew @M) ts%d%@%&uéchﬁat the

shlrrp di sease I s characteri sed lép ite spots on the cara
appendadE8Ns#fg eRvRioRed é‘“é hever 2 Fgi 18 Rullep phigped P‘H’Ha'éf'cet ¥ @bt ﬁ&? ApLA d?"@&‘sa"ﬁﬂ 2Phe
shri np. nhhwide Wite att&iklike hppémSgesﬁtmue&ngnmcmbcdpaadjw haveliost théiperlelops Ualé an

f ood t d hi t d beeak
of viocy SRATHISHRY Rbeiie Ahd Bisthe br Bfaut s8R 1HRF RBRIIPRuSHR ot al, VTR
consequenros mdmphology sitsanusteablogalisation and iits morntiogrnesis lace reginiscpniotfdmtulagasessin

WSV i nf; ﬁﬁ%\g@@zﬂ Beal, cieé»t) i 6&.&@4@ chs\n ﬂascmh ek &hiddSA dndhaCligBR) émber of th

structura r ot el ns hat™ can be used i n such a vaccl ne wou provi
t he nearﬁﬁc'e"ev'mé#"@b (EVG‘B‘H" iRl e i1 PRddnenee e viRdshgs bpangelered togs %W'%E@)@deﬂé@n
i dent i f ipgboddrmaiBdtarnsirde GEMERS logwaueedpovaz&lc( \3!83 kWaBV) M%sse(nemsvaa o ¥hget

i 1 e, B Vel oR Bl o e B T BBl ol

VP24 ar eviralLiN A bassgp sik@ ofpwelitcyem200kinhe derived m&sm@n\@ﬂ@wuale@seeanawms [f¥éang et al.,

pr ot ei ns,q ﬂ;e N-term nal ammo acid residues of the WeSV = 14 AU G 2002 WO
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sequence_of. VP28 is 204 am no acids. Both VP26 and VP28 contain a putative
transmen{’ﬁﬁﬂg ‘'domain at the Neterm nus and many putative N- and O

gl ycosyl ation sites. The ORF of the genes vp26 and vp28 coded for proteins
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nodi fications such as glycosyl ati on, phosphorylation) etc. The N-term nal
am no aci d sequence of VP24 and the partial am no acid sequence of VP19 are
depicted in SEQID NO 5 and 6 respectively. The conpl ete open readi ng
frame of vp24 conprises 627 nucleotides and is depicted in SEQ ID NO: 11
together with the deduced am no acid sequence of VP24. The deduced am no
aci d sequence of VP24 has 208 residues and is separately depicted in SEQ ID
NO: 12. The four proteins and their respective nucl eoti de sequences are
specific for WSSV. The present invention provides for the first time the
means to pr oduce reconbl nant VaCCI nes to pr ot ect cr ustaceans agal nst
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proteins of the present invention can be used to produce WSSV sgeﬁals 2002
anti bodi es. These anti bodi es can be used to produce WSSV vaccﬂn

passi ve i nmuni sation of the crustaceans. The anti bodies can al so be used
for di agnoswoeipaaposes such as the detection of WSSV in cr usiGIuERIO®7B0 | N
the field. Thus ma first object the invéntion provides for the structural
proteins of WSSV. More specifically the invention provides for structural
proteins VP24, VP26, VP28 and VP19. In particular the invention provides
for protein VP26 having an am no acid sequence depicted in Fig. 2b (SEQID
NO: 3) or a derivative sequence thereof, such as for exanple SEQ I D NO: 10,
and VP28 having an am no acid sequence depicted in Fig. 2c (SEQ ID NO:4) or
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i nvention provides for a nucleic acid sequence encodi ng the major
structural proteins VP24, VP26, VP28 and/or VP19, respectively. fn
particular the present invention provides for a nucleic acid sequence of
vp28, vp28 and vp24 depicted in SEQID NO:1 or 9, SEQ ID NO:2 or SEQ 1D
NO: 11 encodi ng VP26, VP28 and VP24 respectively. The respective nucl eotide
sequences start with the ATG col on encoding the first Mresidue of the
deduced am no acid sequence up to the colon encoding the C-term nal am no
acid residue It nust be understood that for the purpose of thrs |nvent|on
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The WSSV proteins according to the invention can be obtained 1'|4a AU&&Q{H
bi ochem cal isolation and purification nmethods or they can be prepared via
general reconbi nant technol ogy. The nucl eotide sequences according to the
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production of structural WSSV protei ns) substantially free from ot her WSSV
proteins. The nucl eoti de sequences are incorporated into a suitable
expressi on vector capable of expressing the proteins, transformng a
suitabl e host cell wth said expression vector and culturing the host cell
in a suitable nedium The expressed proteins can be isolated aria purified
fromthe cells or the nmedium Suitable expression vectors are, anongst
others, plasmds, cosmds, viruses and YAC s (Yeast Artificial Chronobsones)
whi ch cpmieins & thelpeeseativemtion candye used to BOl@eIVSEY speffici anbod®s. Tdie antibod|es
express sion
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Cal | i necfes Port u P, A vacci ne
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known to the skilled practitioner and described for instance in Rem ngton's
Phar maceuti cal Sciences, 18 " edition (1990), eds. A R Cennaro et al.,
chapter 72, pp. 1389-1404, Phil adel phia Col | ege of Pharmacy and Sci ence.
Vacci nes according to the invention conprise an effective anount of one or
nore proteins, vector bacteria or virus according to the invention, and a
pharmaceutical acceptable carrier. The term"effective " as used herein is
defined as the amount sufficient to induce a protective response in the
crustaceans. The “anount of vector or proteln wi || depend on the type of
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Sui tabl e stabilisers for use in a vaccine according to the i n:lelhtAUG 2002
include but are not limted to carbohydrates such as sorbitol) mannitol,
starch, sucrose, dextrin, and glucose) proteins such as al bunm n or casein,
and buf f er YA{04) kal i ne phosphat es. Syitabl e preservativesGHEPF290
anongst others thinerosal and nerthiol ate. The vaccines according to the

i nvention can be adm nistered via injection, inmersion, dipping, spray or
aerosol, or per oral. Preferably the vaccine is adm nistered to the
crustaceans via imrersion oe per oral, especially in case of conmerci al
aquacul ture farnms. For oral admi nistration the vacci ne is preferably m xed
wth a suitable carrier for oral adm ni stratlon i.e. cellulose) food or a
met abol c uch ha- cel l.ul ose or d| ferent. ojl
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vacci ne conpri si anti bodi es raised agai nst either VP26, VP24, or
VP19 or SRAYEHARS thalfPrsegrencadomplogpith the sequences dgpiied & SEQIPNG 1y 2&qrid ot g

be prepaseonss mb@ préferaBiapsket echni ques as rrentl oned above. Preferably a
vacci ne for ration of nti ared i,n ich . the
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i nventi on and snou | nterpreted tolimt the invention in any way
LEGENDS as the percentage of |dent|cal nucleoudes between the compared sequences. The sequence homology

can be determined for instance by computerprograms such as BLAST N and the like. These programs
automatically determine the optimal match area.

Nucleic acid sequences having sequence homology according to the invention can easily be
isolated with one of the sequences depicted in SEQ ID NO 1, 2, 11 or 9 or with fragments of this
sequence from closely related WSSV strains using routine cloning and hybridisation techniques. For this
purpose hybridisation is carried out under stringent, preferably highly stringent conditions. Stringent
hybridisation conditions are understood to be washing conditions of 1 x SSC, 0.1%SDS at a temperature



Figure 1 WSSV proteins. (A) TEM picture of negatively stained intact

virions. (B) TEM pi cture of negatively stai ned WSSV nucl eocap‘]sil}dgAPGL‘EUgQ%
coonassi e stained SDS PACE gel of purified WESV. Lane 1 Low nol ecul ar

wei ght pr gy gigivedsas ker . Lane 2: purified "WSSV particles” fr e@rgiophees ed
shrinp. Lane 3 purified WSSV particlesS Lane 4: purified WSSV nucl eocapsi ds
Figure 2 Nucl eotide sequence of WSSV VP26 and VP28. (A) Location of VP26
and VP28 on WBSV genonic fragments. (B) Nucl eotide and protein sequence of
VP26 and (C) of VP28. The ORF of vp26 and vp28, 14 AU G 2002 ' WO

01/ 09340 g PCT/ EPOO/ 07290 respectively) start at the ATG codon encodi ng the
first Mresidue of the deduced am no acid sequence. The N-term nal
sequences am no acids are bold faced; the | ocation of putative
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production of structural WSSV proteins, substantially free from other WSSV proteins. The nucleotide
sequences are incorporated into a suitable expression vector capable of expressing the proteins,
transforming a suitable host cell with said expression vector and culturing the host cell in a suitable
medium. The expressed proteins can be isolated ana purified from the cells or the medium. Suitable
expression vectors are, amongst others, plasmids. cosmids, viruses and YAC's (Yeast Artificial
Chromosomes) which comprise the necessary control regions for replicanon and expressich. The
\ expression vector can be brought to expression on a host ceil. Suitable host celis are, for instance.
I bacteria, yeast cells, insect celis and mammalian cells. Such expression techniques are well known in
the art (Sambrooke et al., Molecular Cloning: a Laboratory Manual, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, 1989; King and Possee, 1992).

In a third aspect the invention provides for a vaccine comprising one or more of the structural
virion proteins VP24, VP26, VP28 or VP19 of WSSV and a pharmaceutical acceptable carrier. More
specifically, a vaccine according to the invention comprises virion protein VP24, VP26, VP28 or VP19 or
a combination of two or more of said proteins. Preferably a vaccine according to the invention comprises
VP24 comprising either the amino acid sequence depicted in SEQ ID NO12 or the N-terminal amino acic
sequence depicted in SEQ ID NO:5 or a derivative sequence of either sequences, or VP26 comprising

the amino acid sequence depicted in SEQ ID NO:3, SEQ ID NO:10, or a derivative sequence of either



The virus used in this study was isolated frominfected Penaeu :%\UADZ
shrinp from Thailand Infected tissue was honogeni zed in TN buffer (20
Tris-HC, 400 mM NaCl) pH 7.4). After centrifugation at 1,700 x for 10
mn the sUBOMA93Mt was filtered (0. 45 gin filter). The fi | tRGR/EPQYAT290
injected intranmuscularly into healthy P. nonodon in the lateral area of the
fourth abdom nal segnent to initiate infection. After 4 days haenol ynph was
wi t hdrawn from noribund shrinp and m xed with nodified Al sever solution
(Rodriguez ef alL, 1995) as an anticoagulant. After dilution in THE (20 nM
TrisHCl, 400 mM NaCl, 5 nM EDTA, pH 7.4), the haenol ynph was clarified from
haenocytes at 1,700 x g for 10 mn at 4C. The virus particles were
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WO 01/ 09340 12 PCTI EP0O0/ 07290 Cells and viruses Spodoptera f é’gISKH@
(S'=AE-21 } cells (Vaughn et al., 1977) were cultured in G a éﬂﬂz
medi um (G BCO BRL) supplenmented with f0% foetal calf serum {FCS). The
E2-strai n owoAuwngsgoaphs cal i fonr~a nucl elar pol yhedr osi s vi r upctArbibigdo
(Smth and Summers, 1982) was used as ld type (wt) virus. Routine cell
cul ture mai ntenance and virus infection procedures were carried out
according to published procedures (Sumers and Smith, 1987; King and
Possee, 1992). Engi neering of reconbinants The Bac-to-Bac system (G BCO
BRL) was enployed to overexpress WSSV VP24 (SEQ I D NO 12) VP26 (SEQ I D NO
3), VP26c (SEQ ID NO 10) and VP28 (SEQ ID NO 4) in insect cells. To
facilitate detection and titration of Bac-to-Bac reconbi nants upon
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viruses expressing the GFP off the plO prormt er and VP24 (SEQ I D NO 12},
VP26 (SEQ I D NO 3). VP26¢C (SI%S ID NO 1 UG 2~~2 WD 01109340 ~ 3
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Maj or protein bands from WSSV virion preparations were excised fromthe
filter and Nterm nally sequenced (ProSeq. Inc. I\/assachusetts% | mobui on- P
menbr anes wer Ehepreieloe @csordingoie the igygntiel cam hewssd il de RrestisiAnRf antigodies, using the
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Subsequently, anti-rabbit antibody conjugated with horseradi sh peroxi dase
(Amersham) was used at a concentration of 1 : 2000 and detection was
performed with an "Enhanced chem | um nescent-1ight detection kit"
(Amersham . VP28 pol ycl onal anti body The major WSSV structural envel ope
protein VP28 was expressed in insect cells using bacul ovirus

AcIMNPV- WeSWp28 and purified using a Prepcell (Biorad) and a fraction

col l ector. Fractions containing VP28 were coll ected and concentrated. The
pur| f| ed VP28 pr ot e| n was i nj ect ed |n a rabblt to produce a poI ycI onal
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was purified over a continuous sucrose gradient and a virus

renoved. Al eting of the virus, the virus was dissolv

7.5). The w(?éls{&g%dock was stored at -70€ until use in the ex% %861-5732
Protein vaccination The major WSSV structural envel ope protein VP28 (SEQ I D
NO 4) and nucl eocapsid proteins VP26c (SEQ I D NO 10) and VP24 (SEQ I D NO
12) were expressed in insect cells using bacul ovirus AcMNPVSSWp28,

ACIMNPV- WESWp26¢c and AcMNPV- WeSWp24, which express G-P of f the pl0
pronoter and the WSSV structural proteins fromthe polyhedrin pronoter. 3
days post infection the infected insect cells were harvested and di srupted
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for sequenci ng Penaeus nonodon shrinp Were infected with WSSV by injection
of a purified virus preparation intramuscul arly. Four days after infection,
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negati v
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peptides were identified in virions with an apparent nol ecul ar mass of 28
(VP28)) 26 (VP26) 24 (VP24), and 19 kDa (VP19 respective Sever al Iess
prom nent bari®e fAPMNGEXEEISE Sty 8t 1B 1e BW”Q)B?)F'EB%'I%&{%‘? ?‘eéqy refedyioiay they

| ocat ed invantidaen sr3v@e of 30 to 65 kDa and at | east seven weak protein bands
ranging from 86 kDa to 130 kDa. Three major proteins bands, derived from

t he haenol ynph are copurified with the virions and present in the range of
67 kDa to 78 kDa. M nor protein bands present in this area can not be
observed in this gel (Fig. 1}. The sizes found for the nmajor WSSV proteins
VP28 andB@ENPSire absent in the | ane containing the pu~rfied nuci eocapsids
(Fig. 1rgurand thus seemto be derived fironlthe viral envelope or

tegunent, VP26 and VP24 were rese |n both 1 nude ds
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t he N-t eruigiySPY)partcigsaleang 4 prripdWSBY "WRigOeEP§%% especti vel y). The VP26
N-term nal sequence contained MEF GNL T TNLDVAI I Al LSt AIl'l A
LI VI MVI MI VFNTRVGRSVVAN Ntermnal sequencing of VP28
gave t hé'8¥efo acid sequence MDL SFTLSVVSAI LAI TAVI AVF
I F Ruckotitie\sehuahcé oKWBSV P26 #hdsVIERS. ¢h) duatsin df MP26 lane &RR& on A¥SPo gertamon
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LAGLTLI LWI SI WTNI ELNKKLDKKDK( SEQ DNO5) . VPl 9wasf oundt obeN term nal |y

bl ocked and a partial internal sequence of VP19 was obtained via CNBr

di gestion of Nterm nal blocked peptide and gave the am no acid sequence | V
LI S1(&N) I LVLAVMNV (PIAIT) MGPKKDS (SEQID NO 6}. The

am no acid residue at position 7 of the VP19 partial sequence could be an G
or an V, and at position 17 a P, an A or T residue. Localization and
sequence of the 24 kDa protein gene Based on the the N-term nal protein
sequence of VP24 a set of degenerate PCR priners was developed mnth 5'

PR AR AT 7N AT 7\ AN\ 7 A T 7~ 1 ~NT I~ — 7 ARIFA N A ~\N— - r
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wo 0><|l 09sao 1s 1 ~+ AU G 2002 Pc~r~Paoi a~zga CAGAATTCYTf RTCYTf YTT&EabﬁgiTT
3' (SEQ I D NO 14) as reverse prinmer) both containing EcoRl SI

PCR was performed using WSSV genonic DNA as tenplate. A 133 bp-1ong

- fragnent wawoaebbsssened and, after purifi cg:;lti on froma 2% agar ecg/Rpeé/07280 oned
into pBluescript SK+ and sequenced. The “sequence of this PCR product
corresponded with the N-term nal protein sequence (SE4 I D NO 5) of WSSV
VP24 and was used as probe in a colony |ift assay (Sanbrook ef al., 1989)
on WESV plasmd libraries to identify the conplete ORF for VP24. An 18 kbp
BanH fragment hybridising wth this fragnment was sel ected for further

anal ysis. The conpl ete vp24 ORF, enconpassi ng 627 nucl eoti des, and the
pronoter region of this gene were found on the 18 kbp BanH fragnent. The

t r ans| atrespectivelyt start atdbe HG wadon encadifgthe firshM| residueref thet defoRdANGD) addsequence.

ef fici enthe QUsRRNA sbGuehERA SRS | bods brai oldFhdedNthb K26 of bR e N»R@gtgspﬁtlcw SERIET

region stretches of AT rich uence, but no consensus

found. ANAYIREA andyak Putgtive Paqi!{f@ I3tioR sites, slopble | wyderinegp Tee| m‘eoqueswzmeomt
(SEGQZ | [edénetated priniee pobitibnSlod VP28 aredn ifficst ei n of 208 amino acids (SEQ I D NO
12) with an am no aci d sequence containing the experinentally determ ned
N-term nal sequence (SEA ID NO 5) of VP24. VP24 has a theoretical size of
23 kDa dilgura i soel ectric point of 8.7. Four potential sites for N I|inked
gl ycosylqigkdan B bnd (BWp2gi te for O glycosylation (Hansen et

al ., 199@?@ ?Jﬁ%b%ogsc{f@e pﬁosp m(;ryl ation sites ([STJ-X-X-[DE} or

[ ST-X-[RK]) were found within VP24, but it is not known whet her any of

t hese nuoElgdreat i ons do occur. No other notifs present in the PROSITE

dat abase, were found in VP24 ut.er analy5|so 208 anLpo i
Showed caAfGs R ReP R A VEEa, SR rosfg st Bl i i S B RcheRY RAGE g
VP24, i mnldmhstom Blotp(KX) Loomessie staiped: g with exteactsadf ISR 1faslisnband)§: Laow maequiar dreight
t hrough ;g' m%k | | QRE bt {';\m:kotn eﬁlﬂﬂﬁ' Eénee?} ABMNPY. &r?[ﬁt%&.d?af E4HeC4: SMRPYRIFD un@&@ﬁr a

hel i ces é%pﬂ eets rotein. Locallzation and sequence

26 kDa drﬂ\ﬁ@ cHBIFY- W%ﬁ\fvp%ﬁ "‘m -Jene B ACMNBY-AYSSVyp2sr infactinh: ||-|39“a An WISYni®)
were conygbéteinbREuding SpdlyeRhallahiiodpbdainsy putiibiwesy, et al ., 2000) and terni nal
nucl eoti de sequences were obtai ned frommany WSSV fragnents. The nucl eoti de
sequence coding for the N-term nal sequence of VP26 was present near a

t er m nusFigiress 6 kb BanHI fragnent (Fig. 2a) The sequence surroundi ng the

o1 11 of oneu e NS i QU ol iim e G Silctidlole] UPRLRERG6 ot ©1

nucl eot i dmmpafecelh\leg Uﬁ@lrsewwa?eﬂweefem sammﬂﬁgewwwdms%butd'etaévq?mare-

ext endi Nghnfue EEm! %%Q%ﬁﬁgﬂsw 4R ptebivithune 8érum Nr2gtantiderBa shlimpd ra 8RRy
contai ned an open readin rame of 555 nt including those encoding the

Nt er mi naYUgAnd t"‘f?%?“?ﬁea\'?b% (Fig. 2b). A polyA signal is present 94

nucl eoti des (nt) downstream of the 1 ~ AUG 2002 WD 01/09340 ,I17

PCTI EPOO{,@Z%Q@ transl ational stop codon of vp26. This ORF (vp26) encoded a
protel n o 84 amno acids with a theoretical size of 20 kDa. The putative
prot ei n Vaccinatiancof slirimps aith WISM rreteins-Negaljvg conirol: shrimps egeiving NAGh salytian. Rositives
for N-1i e g{rmgsee)e%g fac(ANd (Vi sy. %wap{ﬂﬁnnﬁa%@a@rne&e With &Pdct tarowes: Bhﬁnﬁis' ve

O gl ycosyl ati on ( r.e the yc
(Hansen g ceigpted WI%Q Se. g’ﬁ’ﬁ? ?e‘g'hmﬂ%&wﬁ?tg&iﬁﬁbg%%é 8i &H %é:%ated Wi

([ ST] - X- )ﬁ){tdBE)af\mzm[\E‘Esk(aﬁd?kﬂ’aa were found, but no other m)tlfs present in

t he PROSI TE dat abase. Hydrophobicity anal ysis of the 184 ami no acid of VP26
showed that a strong hydrophobic region is present at the N-term nus of the
protein (Fig. 3a). This region contained a putative transnmenbrane anchor
formed by amino acid t2 through 34 in the formof an a-helix. The anchor
was followed by a positively charged region containing two arginines,
suggesting that the orientation of the Ctermnal part is to the

cytopl asm c side (Sonnhamer et al., 1998). Besides the

t ransmenbr ane- spanni ng a-helix, a potential (3-sheet was found at position
127 through 141 using the algorithmof Gamer et al. (1978). Only one
cystelne was present in the protein, indicating that no intraprotein

di sul fide cross-links can ~be fornmed. This cysteine was |located in the
C-terminal part of the protein, which was al so the case in VP28.

Local i zati on and sequence of the 28 kDa protein gene The am no acid
sequence of VP28 was not available fromtransl ati ons of WSSV term nal
fragnment sequences. Based on the N-term nal sequence of this peptide a set
of degenerated ~ prinmers was devel oped. The forward prinmer was 5'
CAGAATTCTCD ATNGTYTTNGTNAC 3' (SEQ ID NO:7) and the reverse prinmer was 5'
CAGAATTCATGGAYYTN V\SNTTYAC 3 (SEQ I D NO 8) WI 1 h EcoRI 5| tes (| taI [ cs) The

o, . o o .
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potential sites for N-linked glycosylation (N-{P}-[ST}-{P}), 2 r
gl ycosyl at en et alL, 1998) (Fig. 2c) and 9 possible

phosphor y| aw‘h‘@?ﬁs ([ST]-X-X-[DE) or PSTX-[RK]) were found®MEPOYHER0
notifs present in the PROSI TE database are found on VP28. Conputer anal ysis
of the 204 am no acid proteins showed that a strong hydrophobi c regi on was
present at the N-term nus of the protein (Fig. 3b), including a putative
transmenbrane a-helix sequence forned by amno acid 9 through 27. As in
VP26, this transnmenbrane anchor sequence is followed by a positively
charged regi on suggesting that the protein nmay have an outside to inside
orientation. At the Cterm nal part of the sequence another hydrophobic

regi on vEAMPeLES], which m ght constitute a transnmenbrane sequence. However,
the algorithmof Gamier et al. (1978) did not predict an a-helix at this
position in VP28. The algorithm predicted a further a-helix at position 89
to 99, but no ~i-sheets along the protein. As in VP26 only one cysteine was
present Metho®g8 This cysteine was also located in the Gterminal part of

t he protein. Expr ession and anal ysis of reconbi nant vp24, vp26 and vp28.
The Bac-t o-Bac stem (G BCO BRL) was used for the generation of

r econbi nYRite ﬁ&?,‘ V(S‘W‘?"E&\é'@%ﬂ{ﬁF’E"st@F‘r?@dtpHéf'ﬁj'Patr ve WBSV virion proteins,
VP24, E/F’% vrMQNQg@d amdhid/BRly was rhé‘l&é@&roﬂn&hfeﬁted maé’@%onddal?@hnﬁw%ﬁ\ QHQIaH@ZB
genes 11 SE 1

respect ﬁ\lfg ?tﬁélreewéfong‘é’ga" mst"r-ergrgﬁ(gﬁ emgﬁoﬁ EigE%obr'BM?t"@?l fprl"oﬁt‘*bléfs‘?ﬁd
pFast BaccedfrigigRtionntti tHOCCo gt fai A8 man méPsugemetadlowss filteeamiT{OCHS furh filter). OTHer fowrané evas

Th ! d
t hg Llegggfagt@@% Mbéé&%ﬁ? mﬂ?g%rtﬁ%sg@éﬁogm mﬁeng?ataPégCoég&%né&gQﬁ %\%99"%@5
Ac MNPV- Vigkiate pachtwAcrwv\A \Aew\hperaolvmbmmrpmm marnm:nmvmw anl (RS \WitAS,
respecti Met.r(ed A@J,évers%mabtmnéue%wsms é@érﬁaﬁﬁ.eatgﬁﬁﬁt Ridr dliftien mﬁ%@g@ ?F.ENO

the tatter four expressed in addition VP24 (SEQ 1D NO 12)

3), VP26HCK 438 M NSGICS ) EGHY PUA). PetesTayabayes ‘i‘%@?ﬂa@‘t’t‘ bmocwes A 170 X g
pol yhedr foﬂ1®ﬁ1@rr’€1"f4@¢ ThExtnrsa;s‘arn&re@fweﬁYs%ameateh By coHtiGgten ¥d 45008& MNP YeMor 1 h and
AcMNPV- GFP, Ac VWp26, and AcMNPV WSSWp28 were anal yzed ~n a 15%
SDS- PAGESY58f" ePﬁ°'6‘éh‘?%e"Ftrt’? &lted with wild type ACMNPV (Fig. 4a, lane 3) a
32 kDa band was visible which represents pol yhedrin. In the |anes

cont ai ni r e : |

i nfect ed?gme ?ﬁrsteﬁ%lgecorﬁg hégg\ésﬁe:rﬁ) hre erusrgér:h&ﬁ?}%sw t?)?a?)rbg?ﬁ’s"ﬁ ogi’ratgtsﬁ @30)6 One
GFP pr ot perperth P40 wees agierbiovards aﬁlutapmnéxrtqmteq {or 20 mipat rovﬁetewratuwwmegert@n
in the cglehkifg. 'T'HE%G&@& UG%&JM@MM%@&M%@&@MM% GUTRAE B6liet Rad Hi8sdel
expression_in WO 01/.09340 / EPOO/ 07290 t he bacul ovi ruses
expr essi WQT%EV%T'&%?ME”‘M%W& RE 7981 yhedrin pronoter (lanes 5 and 6). This
was al so readily observed after Willumnation of cells infected with the
vari ous AoSNAGH e0MKGH ﬂaﬂbbﬁs)nomhere the fluorescence of GFP in AcMN\PV- GFP,

i nfected ceII ) esslon the WBSV

pr ot ei ns f) T BN %gnap’bﬁ'sy?theedw%rt%s '"én PrePaSrat?\An (énvzp) (ﬁeoe)éf&?ts 3 ePu“go 598 6M% ehe
expr essi opgative ol wera aralyzed O @i%ﬁ@érpﬁ(qf?aﬂ% Ryoiging weYe Vlwaﬂt’ﬁdom@D@m gelon
of a 21 KkBag -840 oMt GRS QLMAE | N extracts of AcMNPV-WSSWp26 i nf ect ed
cells, nost likely representing WSSV VP26 (lane 5). A strong expression of
a 28 kDa protein was observed in the cells infected with AcMNPV- WsSWp28
(I'ane 6) Elebh@npasioséspy of GFP in these gel s was confirmed by western

anal ysi s s| iy nti-CGEP antiserum n ern ana S

per f om-e 'gsé?ﬁﬁ'oé’se 8o TGP Pe ((rE@ rer(‘:Jg “?%eg‘\r%‘tg)‘ exﬁ\fl UNiee <t gﬁh‘grﬁa ed,
cellsr e:b&:on-stap\mnemd grids §08DBsMAGEatiety. Sta\nw@cﬁmsmohagﬁhpbodyZ%ﬁMsThe
WSSV vi r| ggnf r P28 (Fig. 4b). Both
VP26 and g%egév\e r%g%? tejg%lgo? Fﬁﬁaﬂ%"ﬁ@i‘%@%gféﬁ?@;ﬁlﬁﬁ’s VP26 was detected
at 21 kDa, in conformty with the Coonassie Brilliant Bl ue-stained gel

(fig. 4a) Lane 5; fig. 4b, Lane 5). Reconbinant VP28 nmigrated at the sane
position as VP28 from WSSV virions, which is significant higher than the
theoretical size of 22 kDa for this protein. The polyclonal antibody did
not show naj or cross reactivity wth insect cells (lane 2) or bacul ovirus
(lanes 3 and 4) proteins, as observed fromthe very | ow background reaction
in these sanples. Extracts of SfZl cells infected with AcMNPV-WSWp26¢c and
ACMNPV- W6SWp24 were anal yzed in a 15% SDS- PAGE gel. A | ow nol ecul ar wei ght
mar ker and purified WSSV virions were al so analyzed in the sane gel. A weak
band at 29 kDa was observed in the | anes containing the AcMNPV- WWsSWp26¢C
and ACMNPV- WsSWp24 infected cells) representing GFP, which was clearly
observed after Willum nati on of t he |nfected cells. Furtherrmre |n the

A R A IS\ 7 YASNS~NN 7 o Y T 1 o o, o -

N
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Honol ogy searches with WSSV VP24, VP26, VP26c and VP28 were %rf&ggingz
agai nst GenBankl EMBL, SW SSPORT and PI R dat abases usi ng FAST. d

- BLAST. No wogniopdsoant honol ogy coul d be found with the sequeTTEEPton7ide
GenBank, neither w th bacul ovirus envel16pe or capsid proteins, nor with
structural proteins fromother |arge DNA viruses. Neutralisation experinent
The titer of the virus stock was obtained ma titration experinment. The
virus stock was diluted 1 x 10" till 5 x 10" times and for each dilution 10
pl| was infected intranmuscular in 10 shrinps (Penaeus nonodon, 3 4 nonth
old). The 1 x 108 dilution of the stock WSSV solution resulted in a
nortality of 50 % after 7 - 12 days and was used in further experinents. 4
gr oups Mcleiha¢idpurificasionsed in the neutralisation experinent: Goup #G oup

namel nj e bﬂﬂ%a%hﬁélm h‘ﬁrﬂ%hﬁ%%@g rb9|t|%§{?nemw&ht]e%?é) g zf%jﬁg/m[ angd sarcosyl

.cont rol WoSV103Pr e- | nmune e-1 mmne ser uni
+ VP28 @ pASP G fersS hrfriowest iy p*&n@@hlprotprmwvmom diflysiscageigstol (18 ImM figis-HE!,
const an{ pinh ERITA, GHOEBS THBChuRGUAAE cdritemiatio of e éms wels éﬂtérhatn'ee %yOanFJ;% ey T us
stock. The concentratl on of serumin group 3 and I's the sanme
i nj ect | Yeptrorhorgsis isteg aiparke. | of serun). After i nj ection the Shl’l mp were
norntored for 4 weeks and dead shrinp were exanmi ned for the presence of
WESV by leI ectron mcroscopy The results are shown in Figure 5. None of the
shrinp T ASPESEESTUYNE hegative control, died of WSSV, therefore the
nor t al i WSV sullgeénoinic ftagmepts svere vlenetvjiomlbrprBIueéglpt)alp+ @tl;atabel(il%arm tiaasformedwats E.
r eached, gf h r e

c?r i, 2Sing & %dar-ﬁ feciHidU® ( l;rgolp e? al "18485 lﬁ!%a‘i&ha;est} {%%SV

taken before the tabbit was 1 njected wth VP28 protel Was ad
(group 9gestienapef esemwmwm #d W’%B"@W’e vavded oubagopdingita étlﬂmwgtoa@leled

t 0 VESV(SaibridR of bi, 18BY). Ple Wi eHoMheteakingesidlo d@ighdd B SikHesiséd ynmJQ esa

results show t hat, VP28 a erum ca ut ize ion In
e odonenasng e htgimisieh 36 w2 gy BIPREa RS TR TPEPERIE 50 (gt deprerated
vacci napiimers Gasatpen heSNwerminal aminot auill vedubnca of| VF(28acrbe rmearur;)nmandxsé@m‘s 5

b t i t t 3
ocer veaholaTICRIUNENTINGRIRE” & &d! 0o Jatl e s Bhdt” e
group SMW@WWNW 3 (IRQIDNO:) withpFaeR} %'@e(“@t@) 39) m‘\xT ou@sh $tA. ng
of equalc é0$rm& Obr ¥R 8-a or\"fpg@c oPEATNG ﬁ‘{erﬁﬂ\'aHIf vp3h wdsSspiifid Pdk Forh tt!

anount O %g I’Ot el n. t he boost er he shri S recil eve her
anount s "Yﬁsvp‘? &ping age%"fﬁgﬁfe’qﬁf SRABeR ??SF% pn thed¥r "3'"a'§"‘?“°p©°"bfeq9%c°f
pr ot ei n ViPe4. SYCAGRATTCATGTAYATGTCERBNGY D {SEM ITF NO:18y wasused asitbrward plirfér, &isINt

of 7.1 r i X i 0
O o a AT TR R TR E L 3 SRR NGk s Blier, B plriip) LRl
vacci natsitesriitalic®. presented in Figure 6. None of the shrinp in group 1, the
negative control, died of WSSV, therefore the nortality is O~. In group 2)
shninp start dying of WeSV infectjion after 1 day and nortality is

i ncr easiON seaupRRitgAnd sRreRutenamalysis ( ocej ved the sane dosage of WSSV virus
SS- t he sprﬁshiimusm toh&ewt:mgilwaa;sum emptaéianamp Mitiipres 8yistem ibn Jnger@sanel
ying e i S pl e
i nj ect i gl{ﬁlghctah ari g)ﬁ;]eén gﬁa§) P‘%Zcel uen I tegf%g& g%ﬁi@\a%wgggl dgﬁfuetspr t@fwéﬂd

( shri npsand arewérsentradegtide hpriam anvm@nanthEsd nﬂwﬁe@'?mv@qtmsﬂnma aAJtematiga s
del ayed, i uSiRG IaADSHPNACELERIeRE Nhdnkhted BNXsdbSerér o6z 6C
and VP28seng'ﬁgev{)é1§g{aﬁggs&;| rrp{Js HP?F’ V\%‘%V hence t he rmrtaal i tyeé:%s%O%
Opt i m si e dosage of the indivi dual proteins in vaccination wll also
result in an increased protective effect against WSSV i nfecti on

REI =ERE S A hul Vadd ,
V1T or (P eearraten miances et FEea Vit ARAGEG Ropuidt oroBeRe fpindse 16017 B of!
gener at i ad tie peduced ramiad Howds esesigenced ware gtompeared NWigt divec updateid CR@@aleEMBL
3389- 340gwd3pRAhnd PIR détb%} £‘€£mg Re pMgranBIHERR, TEASTH (Pedtich BRRARH, 1088) dRd

(199T). U trastructure and nor phogenesi s of White Spot Syndrome Bacul OVI rus

(WBSV) . BrAsTdAlsehulgtiale 1997gani sns 29) 205- 211.
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model  f Oprront?cgtgr(.:I l'l'ﬁet }egglting plasmid was named pFastBac-D/GFP and contained region { for insertion of a
foreign gene downstream of the polyhedrin promoter. Recombinant virus expressing only the GFP from
the p10 promoter was constructed according to the Bac-to-Bac system protocol (GIBCO BRL) and the
virus was designated AcMNPV-GFP.

PCR was performed on the WSSV plasmids containing the putative complete open reading frames
(ORFs) of vp26 (SEQ ID NO 1) and vp28 (SEQ ID NO 2) introducing a BamH! site at the 3’ end of the
ORFs and a Hindlll site at the 5’ end. Vp26 (SEQ ID NO 1) and vp28 (SEQ ID NO 2) were first cloned
into the pET28a vector (Novagen), excised with BamH| and Notl, and inserted downstream of the
polyhedrin promoter of plasmid pFastBac-D/GFP The resulting plasmids were named pFastBac-D/G-
vp26 and pFastBac-D/G-vp28, respectively. Vp26c (SEQ ID NO 9) and vp24 (SEQ ID NO 11) were
amplified by PCR on the plasmids containing the putative ORFs using primers introducing a BamHi site
at the 5' end and and EcoRlI site on the 3' end. After digestion the ORFs of vp26¢ (SEQ ID NO 9) and
vp24 (SEQ ID NO 11) were inserted downstream of the polyhedrin promoter of pFastBac-D/GFP,
resulting in plasmids pFastBac-D/G-vp26¢ and pFastBac-D/G-vp24. Recombinant viruses expressing
the GFP off the p10 promoter and VP24 (SEQ ID NO 12), VP26 (SEQ ID NO 3), VP26¢c (SEQ ID NO 10)
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A White Spot Syndrome Virus (WSSV) virus stock was generated by purifying virus from haemolymph of
crayfish Procambarus clarkii, which were injected intramuscular with a low concentration WSSV one
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WSSVvp28, AcCMNPV-WSSVvpZ6c and AcMNPV-WSSWvp24, which express GFP off the p10 promoter

and the WSSV structural proteins from the polyhedrin promoter. 3 days post infection the infected insect

cells were harvested and disrupted by sonification. The supermnatant was used to vaccinate P. monodon.

6 groups of shrimp were used in this experiment:

Group # | Group name Vaccination Booster Challenge # shrimp
1 Negative control 330 mM NacCl 330 mM NaCl 330 mM NacCl 10
2 Positive control 330 mM NaCl 330 mM NaCl WSSV 10
3 VP28 VP28 VP28 WSSV 15
4 VP26¢ VP26¢c VP26¢ WSSV 15
5 VP24 VP24 VP24 WSSV 15
6 MiX mix mix WSSV 15,

in the MIX equal volumes of the VP28, VP26¢ and VP24 solutions were mixed before injection. 5 days
after vaccination, the shrimp obtain a booster injection. Two days later the challenge is performed by
injection of WSSV (stock virus, see neutralisation experiment). After injection the shrimp were monitored
for 6 days and dead shrimp were examined for the presence of WSSV by electron microscopy.

Results

Isolation of WSSV proteins for sequencing
Penaeus monodon shrimp were infected with WSSV by injection of a purified virus preparation
intramuscularly. Four days after infection, virus was isolated from the haemolymph of the infected

animals. As a negative control, haemolymph was taken from uninfected shrimps. These preparations
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) bands are located in the range of 30 to 65 kDa and at least seven weak protein bands ranging from 86
kDa to 130 kDa. Thres maijor proteins bands, derived from the haemolymph are copurified with the
virions and present in the range of 67 kDa to 78 kDa. Minor protein bands present in this area can not be
observed in this gel (Fig. 1). The sizes found for the major WSSV proteins VP28 and VP19 are absent in
the iane containing the purified nucleocapsids (Fig. 1c) and thus seem to be derived from the viral
envelope or tegument. VP26 and VP24 were present in both the nucleocapsids and the virions,
suggesting that they are derived from the nucleocapsid.

The content of the SDS-PAGE gel was transferred to a polyvinylidene difluoride membrane by semi dry
blotting and the major viral protein bands were excised and sequenced. From VP28 and VP26 more than
40 amino acids were sequenced from the N-terminus (bold faced in Fig. 2b and 2c, respectively). The
VP26 N-terminal sequence contained MEFGNLTNLDVAIIAILSIAIIALIVIMVIMIVFN
TRV GRSV VAN. N-terminal sequencing of VP28 gave the amino acid sequence MDLSFTLSV
VSAILAITAVIAVFIVIFRYHNTVTKTIEtH sD, of which the threonine at position 39 and
the serine at position 41 are uncertain. Both N-terminal sequences are hydrophobic (Fig. 3). The N-
terminal amino acid sequence obtained via N-terminal peptide sequencing for VP24 isMHMWGV Y A
AILAGLTLILVVISIVVTNIELNKKLDKKDK(SEQ ID NO 5). VP19 was found to be N-
terminally blocked and a partial intemal sequence of VP19 was obtained via CNBr digestion of N-
terminal blocked peptide and gave the amino acid sequence IVLIS I (GNV)ILVLAVMNV (P/AT)
M G P KK D S (SEQ ID NO 6). The amino acid residue at position 7 of the VP19 partial sequence could
be an G or an V, and at position 17 a P, an A or T residue.

Localization and sequence of the 24 kDa protein gene
Based on the the N-terminal protein sequence of VP24 a set of degenerate PCR primers was

developed, with 5 CAGAATTCATGCAYATGTGGGGNGT 3’ (SEQ ID NO 13) as forward primer, and 5’
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fragment was selected for further analysis.

The complete vp24 ORF, encompassing 627 nucleotides, and the promoter region of this gene were
found on the 18 kbp BamHI fragment. The translational start codon was in a favourable context
(AAAATGC) for efficient eukaryotic transiation initiation (Kozak, 1989). in the promoter region stretches
of A/T rich sequence, but no consensus TATA box, were found. A polyA signal overlapped the ’
translation stop codon. The vp24 ORF (SEQ ID NO 11) encoded a putative protein of 208 amino acids
(SEQ 1D NO 12) with an amino acid sequence containing the expernimentally determined N-terminal
sequence (SEQ ID NO 5) of VP24. VP24 has a theoretical size of 23 kDa and an 1soelectric point of 8.7.
Four potential sites for N-linked glycosylation (N-{P}-[ST]-{P}). one site for O-glycosylation (Hansen et
al., 1998) and 9 possible phosphorylation sites ([ST]-X-X-[DE} or [ST-X-[RK]) were found within VP24,
but it is not known whether any of these modifications do occur. No other motifs present in the PROSITE
database were found in VP24. Computer analysis of the 208 amino acids showed that a strong
hydrophobic region was present at the N-terminus of VP24, including a putative transmembrane a-helix
formed by amino acid 6 through 25. Tne aigorthm of Garnier et al. (1978) predicted several other a-

helices and -sheets along the protein.

Localization and sequence of the 26 kDa protein gene

Partial WSSV genomic libraries of Hindlli, and BamHi were constructed in pBluescript-SK+ (van Hulten
et al., 2000) and terminal nucleotide sequences were obtained from many WSSV fragments. The
nucleotide sequence coding for the N-terminal sequence of VP26 was present near a terminus of a 6 kb
BamH\ fragment (Fig. 2a) The sequence surrounding the methionine start codon (AAAATGG) was In
conformity with the Kozak rule for efficient eukaryotic translation initiation (Kozak, 1988). Only 49
nucleotides of the untransiated leader of vp26 could be determined, extending to the terminal BamH| site
(Fig. 2a).

The 6 kb BamHI fragment contained an open reading frame of 555 nt including those encoding the N-

terminal amino acids of VP26 (Fig. 2b). A polyA signal i1s present 94 nucleotides (nt) downstream of the
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translational stop codon of vp26. This ORF (vp26) encoded a protein of 184 amino acids with a
theoretical size of 20 kDa. The putative protein is basic with an isoelectric point of 9.4. Three potential
sites for N-linked glycosylation (N-{P}-[ST]-{P}) are present and three putative O-glycosylation sites (Fig.
2b) were predicted using the program NetOglyc (Hansen et al., 1998). Thirteen possible phosphorylation
sites ([ST]-X-X-[DE] or [ST-X-[RK]) were found, but no other motifs present in the PROSITE database.
Hydrophobicity analysis of the 184 amino acid of VP26 showed that a strong hydrophobic region is
present at the N-terminus of the protein (Fig. 3a). This region contained a putative transmembrane
anchor formed by amino acid 12 through 34 in the form of an a-helix. The anchor was foliowed by a
positively charged region containing two arginines, suggesting that the orientation of the C-terminal part

is to the cytoplasmic side (Sonnhammer et al., 1998). Besides the transmembrane-spanning a-helix, a
potential 3-sheet was found at position 127 through 141 using the algorithm of Gamier et al. (1978). Oniy
one cysteine was present in the protein, indicating that no intraprotein disulfide cross-links can be

formed. This cysteine was located in the C-terminal part of the protein, which was also the case in VP28.

Localization and sequence of the 28 kDa protein gene

The amino acid sequence of VP28 was not available from translations of WSSV terminal fragment
sequences. Based on the N-terminal sequence of this peptide a set of degenerated primers was
developed. The forward primer was 5' CAGAATTCTCD ATNGTYTTNGTNAC 3’ (SEQ ID NO:7) and the
reverse primer was 5 CAGAATTCATGGAYYTN WSNTTYAC 3' (SEQ ID NO:8) with EcoRl sites
(italics). The location of the primers on the sequence is indicated in Fig. 2c. PCR was performed using
genomic WSSV DNA as template. A 128 bp-long fragment was obtained and, after purification from a
2.5% agarose gel, cloned into pBluescript SK+ and sequenced. The nucleotide sequence encoded the
N-terminal protein sequence of WSSV VP28 and this 128 bp fragment was used in a colony lift assay
(Sambrook ef al., 1989) on several WSSV plasmid libraries. A 3 kb HindIll fragment hybridized with this
fragment and was further analyzed.

The complete ORF (vp28) of 612 nt and a promoter region of this gene was found on this 3 kb HindH|
fragment (Fig. 2¢). The methionine start codon (GTCATGG) is in a favorable context for efficient
eukaryotic translation initiation (Kozak, 1989). In the promoter region no consensus TATA box was found
but stretches of A/T rich regions were present. A polyA signal was observed 55 nucleotides downstream
of the translational stop codon. The ORF coded for a putative protein of 204 amino acids, which inciuded

the N-terminal sequenced amino acids. The theoretical size of this acidic protein was 22 kDa with an
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transmembrane sequence. However, the algorithm of Gamier et al. (1978) did not predict an a-helix at
this position in VP28. The algorithm predicted a further a-helix at position 89 to 99, but no B-sheets
along the protein. As in VP26 only one cysteine was present in VP28. This cysteine was also located in

the C-terminal part of the protein.

Expression and analysis of recombinant vp24, vp26 and vp28.

The Bac-to-Bac system (GIBCO BRL) was used for the generation of recombinant baculoviruses
expressing the putative WSSV virion proteins, VP24, VP26, VP26¢ and VP28, in insect cells. The vp24,
vp26, vp26c and vp28 genes (SEQ ID NO 11, SEQ ID NO 1, SEQ ID NO 9 and SEQ ID NO 2,
respectively) were cloned downstream of the polyhedrin promoter from plasmid pFastBac-D/GFP, which
contains a GFP gene downstream of the p10 promoter. The recombinant viruses generated from the
pFastBac-D/GFP (control), and the plasmids with vp24, vp26, vp26c and vp28, were designated
ACMNPV-GFP, AcMNPV-WSSVvp24, AcMNPV-WSSVvp26, AcMNPV-WSSVvp26c, and AcCMNPV-
WSSVvp28, respectively. All recombinant viruses expressed GFP off the p10 promoter; the latter four
expressed in addition VP24 (SEQ ID NO 12), VP26 (SEQ ID NO 3), VP26¢ (SEQ ID NO 10) and VP28
(SEQ ID NO4), respectively, off the polyhedrin promoter.

Extracts of Sf21 cells infected with AcMNPV-wt, ACMNPV-GFP, AcMNPV-WSSVvp26, and AcMNPV-
WSSVvp28 were analyzed in a 15% SDS-PAGE gel. In cells infected with wild type ACMNPV (Fig. 4a,
lane 3) a 32 kDa band was visible which represents polyhedrin. In the lanes containing extracts of
AcMNPV-GFP infected cells (lane 4) and cells infected with the recombinants expressing WSSV
proteins (lanes 5 and 6), a GFP protein band was observed at approximately 29 kDa. The GFP
expression in the cells infected with AcMNPV-GFP was stronger as compared to the GFP expression in
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(lane 6). The position of GFP in these gels was confirmed by western analysis using anti-GFP antiserum
) (data not shown).

Western analysis was performed on samples of wild-type and recombinant ACMNPV infected Sf21 gel!s
electrophoresed in a SDS PAGE gel. A polyclonal antibody against WSSV virions was used to deiect
recombinant VP26 and VP28 (Fig. 4b). Both VP26 and VP28 were well detected in these cell extracts.
VP26 was detected at 21 kDa, in conformity with the Coomassie Brilliant Biue-stained gel (fig. 4a, Lane
5; fig. 4b, Lane 5). Recombinant VP28 migrated at the same position as VP28 from WSSV virions, which
is significant higher than the theoretical size of 22 kDa for this protein. The polycional antibody did not
show major cross reactivity with insect cells (lane 2) or baculovirus (lanes 3 and 4) proteins, as observed
from the very low background reaction in these samples.

Extracts of Sf21 cells infected with ACMNPV-WSSVvp26c and AcMNPV-WSSVvp24 were analyzed in a
15% SDS-PAGE gel. A low molecuiar weight marker and purified WSSV virions were aiso analyzed in
the same gel. A weak band at 29 kDa was observed in the lanes containing the ACMNPV-WSSVvp26c
and AcMNPV-WSSVvp24 infected cells, representing GFP, which was clearly observed after UV
illumination of the infected cells. Furthermore in the lane with the ACMNPV-WSSVvp26c infected cells, a
strong band was observed at 26 kDa at the same position in the gei as the 26 kDa band in the WSSV
virions. In the lane containing the cells infected with ACMNPV-WSSVvp24, a clear band was observed at
24 kDa, corresponding with the position of the 24 kDa protein in the WSSV virions. To confirm that the
26 kDa band in AcCMNPV-WSSVvp26c infected cells and the 24 kDa band in ACMNPV-WSSVvp24
infected cells correspond to the 26 kDa and 24 kDa protein in the WSSV virions, a Western blot was
made of this gel using a polyclonal antibody against WSSV virions. The 26 kDa band in ACMNPV-
WSSWvp26¢ infected cells and the 24 kDa band in ACMNPV-WSSVvp24 infected celis were well
detected.
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Neutralisation experiment

The titer of the virus stock was obtained in a titration experiment. The virus stock was diluted 1 x 107 till 5
x 10" times and for each dilution 10 ui was injected intramuscular in 10 shrimps (Penaeus monodon, 3 —
4 month old). The 1 x 108 dilution of the stock WSSV solution resulted in a mortality of 50 % after 7 — 12

days and was used in further experiments.

4 groups of shrimp were used in the neutralisation experiment:

Group # | Group name Injection # shrimp
1 Negative control 330 mM NaCl 10
2 Positive control WSSV 10
3 Pre-immune serum WSSV + pre-immune serum 15
4 VP28 antiserum WSSV + VP28 antiserum 15

The total amount of virus administered per shrimp I1s constant in all groups and equals 10 .ul of the 1 x
108 dilution of the virus stock. The concentration of serum in group 3 and 4 is the same (per injection: 1p!
WSSV and 9 ul of serum). After injection the shrimp were monitored for 4 weeks and dead shrimp were

examined for the presence of WSSV by electron microscopy. The resuilts are shown in Figure 5.

None of the shrimp in group 1, the negative control, died of WSSV, therefore the mortality is 0%. In the
positive control (group 2), 100% mortality was reached after 23 days. The group where pre-immune
serum (that is serum taken before the rabbit was injected with VP28 proteins) was added to WSSV
(group 3) reached 100% mortality in 25 days. When VP28 antiserum was added to WSSV (group 4), all
shrimp survived resulting in 0% mortality. These results show that VP28 antiserum can neutralize WSSV

infection in P. monodon.
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as the shrimp in the neutralisation experiment, the shrimp in group 2 are dying earlier. This is probably
the result of stress caused by the muiltiple injections that the shrimp received in this experiment. In
group 3-5 (shrimps vaccinated with VP24, VP26¢ and VP28, respectively) mortality was delayed, whiie
in group 6 (shrimps vaccinated with a mixture of VP24 VP26¢ and VP28), none of the shrimps died of
WSSV, hence the mortality is 0%. Optimising the dosage of the individual proteins in vaccination will also
result in an increased protective effect against WSSV infection.
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"109%v&' () - 3% 1%V \%afqulﬁ 3450 in prophylaxis and/or treatment of Whita Spot Syndroma in crustaceans

comprising a pharmaceutically acceptable carrier and one or more proteins, said proteins
comprising at jeast one of the amino adid sequenca depicted in SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:10 or SEQ ID NO:12, respectively .

) 2 Vaccine according to claim 1 characterised in that vaccine comprises a mixture of a protain
having the amino acid sequencea depicted in SEQ ID NO 3 or 10, 3 protein having the amino acld
sequence depicted in SEQIDNO4enda profein having the amine acld sequence depicted in
SEQID NO 12. '

3. Vector vaccine for use in prophyiaxis or treatment of Whita Spot Syndrorme in crustaceans
charactorised in that said vaccine comprises anattenuated bacterium or vinus, said bacterium or— -
Vitus comprising in its genams a heterologous nucielc acid sequence enzoding @ WSSV protein,
sdid WSSV protein comprising at least one of the amino acid sequencs s deplcted in SEQ 1D
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:10 or SEQ ID NO:12,
" respectivaly.

4. A structural protein derived from White Spot Syndrome Virus characterised in that the amino
acid sequenca of sald protein comprises at'least one of tha amino acid sequences depicted in
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:10 or SEQ ID NO:12,
respeclively

Nuclelc acid sequence encoding a structural protein of White Spot Syndrome VII:US. charactersed
5. in that said structural protein has the amino acid sequenca as depicted in SEQ D NO:3, SEQ ID
NO:4, SEQ' 10 NO:5, SEQ ID NO:8, SEQ ID NO:10 or SEQ D NO:12

6. Nucleic acid sequence sccording to claim 5, said nucleotide sequence having a homology 6f at
least 70%, preferably 75%, more preferably B0%, even more preferably 85% with the sequence
depicted in SEQ ID NO: 1, SEQID NO; 2, SEQ 1D NO: 9 or SEQ ID NO: 11

7. Use of a structural protein according to claim 4 as a medicament.

8. Pharmaceutical composition comprising a pharmaceutically acceptable carrler and at least a
structural protein according to claim 4 or at least a nuclelc acid sequence according to claims 5

or 6.

9. Antibodies raised against a stryctural protein according to claim 4.

AMENDED SHEET
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<170> PatentIn Ver. 2.1
<210> 1

<211> 555

<212> DNA

<213> white spot syndrome virus

<400> 1

atggaatttg
atcattgctc
agcgtegtcg
atgtcaattc
ggtctetecyg
gcecccaagga
ctcaacaaca
gcaggaaaca
tcttecatctt
tcgaagctac

<210> 2
<211> 615
<212> DNA

gcaacctaac
taatcgttat
ctaattatga
gtggagagag
ataaggacat
ctgatcccge
ctggcgtega
ttaagggaaa
caaaaattac
aatga

aaacctggac
catggttata
tcagatgatg
gtcctacaat
gaaggatgtt
tggcactggg
tctettgate
tactatgtcg
cctcattgac

gttgcaatta
atgattgtat
cgagtcccaa
actectcttg
tctgectgate
gccgagaact
aacgacatta
aacacttact
gtgtgcagca

ttgcaatctt
tcaacacacg
ttcaaagaag
gaaaggtggce
ttgtcatcte
ctaacatgac
ctgttcggee
tctecgageaa
aatttgaaga

gtccattgca
tgttggaaga
ggcaaaggta
catgaagaat
taccgtcaca
tttgaagatc
aactgttatt
ggacattaaa
cgcgecagect

50

120
180
249
300
360
429
480
540
555

<213> white spot syndrome virus

<400> 2

atggatcttt ctttcactct tteggtegtg teggccatcc tcgecatcas tgetgtgatt
gctgtattta ttgtgatttt tagqtatcac aacactgtga ccaagaccat cgaaacccac

50

120

1
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$),i JbC K a#N#109& ()-c N#10%&' ()-c N#109& ()-c N#109%& ()-cC l\mo,g ' 02

N#109&' ()-cC ,-/49>CxY: bC/ N#10%&' ()-c N#109%&' ()-c NH109&' ()-c N#i @Qfﬂtﬂ

NELOYR' () -WwoloikiosdiEFA QU xY: b/ N#10%&' () -c N#109& ()-c N#10YRCIJER00/07290

N#109& ()-c /K a#N#109%&' ()-c [ cdf kpxY: bC/ N#10%& ()-c N#109%&' ()-c

N#109&' ()-c /K a#N#109%&' ()-c
acagacaata tcgagacaaa catggatgaa aacctcocqca ttoctgtgac tgotgaqgtt 180
ggatcaggct acttcaagat gactgatgtg tcctttgaca gcgacacctt gggcaaaatc 240
aagatccgca atggaaagtc tgatgcacag atgaaggaag aagatgcgga tcttgtcatc 300
actcecgtgg agggccgage actcgaagtg actgtgggge agaatctcac ctttgaggga 360
acattcaagq tgtggaacaa cacatcaaga aagatcaaca tcactggtat gcagatggtg 420
ccaaagatta acccatcaaa ggectttgtc ggtagctcecca acacctectc cttcaccecce 480
gtctetattg atgaggatga agttggcacc tttgtgtgtg gtaccacctt tggegcacca 540
attgcagcta ccgecggtgg aaatcttttce gacatgtacg tgcacgtcac ctactctgge 600
actgagaccg agtaa 615

<210> 3

<211> 184

<212> PRT

<213> white spot syndrome virus

<400> 3
Met Glu Phe Gly Asn Leu Thr Asn Leu Asp Val Ala Ile Ile Ala Ile
1 5 10 15

Leu Ser Ile Ala Ile Ile Ala Leu Ile Val Ile Met Val Ile Met Ile
20 25 30

Val Phe Asn Thr Arg Val Gly Arg Ser Val Val Ala Asn Tyr Asp Gln
35 40 45

Met Met Arg Val Pro Ile Gln Arg Arg Ala Lys Val Met Ser Ile Arqg
50 55 60

Gly Glu Arg Ser Tyr Asn Thr Pro Leu Gly Lys Val Ala Met Lys Asn
65 70 15 80

Gly Leu Ser Asp Lys Asp Met Lys Asp Val Ser Ala Asp Leu Val Ile
85 90 95

Ser Thr Vval Thr Ala Pro Arg Thr Asp Pro Ala Gly Thr Gly Ala Glu
100 105 110

Asn Ser Asn Met Thr Leu Lys Ile Leu Asn Asn Thr Gly Val Asp Leu
115 120 125

Leu Ile Asn Asp Ile Thr Val Arg Pro Thr Val Ile Ala Gly Asn Ile
130 135 140

Lys Gly Asn Thr Met Ser Asn Thr Tyr Phe Ser Ser Lys Asp Ile Lys
145 150 155 160

Ser Ser Ser Ser Lys Ile Thr Leu Ile Asp Val Cys Ser Lys Phe Glu
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= . . 20 25 30

Val Thr Lys Thr Ile Glu Thr His Thr Asp Asn Ile Glu Thr Asn Met -~
35 40 45

AsSp Glu Asn Leu Arg Ile Pro Val Thr Ala Glu Val Gly Ser Gly Tyr
50 55 60

Phe Lys Met Thr AsSp Val Ser Phe Asp Ser Asp Thr Leu Gly Lys Ile
65 70 75 80

Lys Ile Arqg Asn Gly Lys Ser Asp Ala Gln Met Lys Glu Glu Asp Ala
85 90 95

Asp Leu Val Ile Thr Pro Val Glu Gly Arg Ala Leu Glu Val Thr val
100 105 110

Gly Gln Asn Leu Thr Phe Glu Gly Thr Phe Lys val Trp Asn Asn Thr
118 120 125

Ser Arg Lys Ile Asn Ile Thr Gly Met Gln Met Val Pro Lys Ile Asn
130 135 140

Pro Ser Lys Ala Phe val Gly Ser Ser Asn Thr Ser Ser Phe Thr Pro
145 150 155 160

Val Ser Ile Asp Glu Asp Glu Val Gly Thr Phe Val Cys Gly Thr Thr
165 170 173

Phe Gly Ala Pro Ile Ala Ala Thr Ala Gly Gly Asn Leu Phe Asp Met
180 185 190
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109%, P& ()1 60)#10%P, P& ()- 6) #10%PW/R& ()- 60s10%P, P& ) -
6s10%! P& ()-| [ NA41010P, P1OP, P1OP, P 6: MLO%>, P& ()- 601 5T 109, P& ()- 61 5T
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@S10%K, & ()- 6010%p& ()- 610% & () 256l &109%, & ()- 30
6l @0%K, & ()->BJ& [: NA41010 10%X, & ()- \10% X

Lys Leu Asp Lys Lys Asp Lys
35 "o

<210> 6

<211> 24

<212> PRT

<213> white spot syndrome virus

<220>

<221> UNSURE

<222> (7)

<223> Xaa = Gly or Vval

. <220>
<221> UNSURE
<222> (17)
<223> Xaa = Pro or Ala or Thr

<400> 6
Ile Val Leu Ile Ser Ile Xaa Ile Leu Val Leu Ala Val Met Asn Val
1 5 10 15

Xaa Met Gly Pro Lys Lys Asp Ser
20

<210> 7
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Y31109% X, } & ()- &33.10%X, z& ()- RF+1098 X, 8 & ()- 2 3(10%, & ()-

%0, & ()- 109K & ()-9y{|}~vU410 ~y)10% }* & ()- 14 Aljﬁ 2002
'y)10% 1, 6l 1 7109, & () -

& robfa 10X, 10X, 6°9° 100 & () -
6YF4109, & O MBI ua10 ~  HOF( 10041, 4& ()-9)

OF(10%] +& ()-S) PF(10%& ()-S)
~ g OF(10%8& ()-S)

OF( 10% & & ()RGEEP00/07290

, 0&F10% (Y & ()- 6&F10%1, c& ()-nl[:vU410

Y PF(10%&& ()-S) J OF(109%&w& ()-S) F F(10%&s& ()-9S)

0F( 1094 & @2y - F(10% & & ()-S)/vW410 . 109%!'5& ()- & 10%,-& ()-

6Y' 10%, =212y-DN&* 10%=, =& () -Y10c1, c10cl1, cl1l0cl,c 69 10%1, c& ()-/ON& [:vU410
6310% 9218> (ArtgficuaoPeqsncr- 6 6d9M 10%=, =& ()-6 B010%, | & ()-

610%=J=& ()- 2 0 109®, 9& ()-&Fcz|[:vU410 . 6Y.10%=& ()-& 60S) 10%, =& ()-6

'6S) 10%#<220f) -6 609%m

<223> Description of Artificial Sequence: primer

sequence

<400> 7

cagaattctc datngtyttn gtnac

<210> 8
<211> 25
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: primer
sequence

<400> 8

cagaattcat ggayytnwsn ttyac

<210> 9

<211> 615
<212> DNA
<213>

<400> 9

atggaatttg
atcattgete
agcgtegtcg
atgtcaattc
ggtctctecyg
gccccaagga
ctcaacaaca
gcaggaaaca
tcttcatett
ttcgaagcta
atcaagaaga

<210> 10
<211> 204
<212> PRT

gcaacctaac
taatcgttat
ctaattatga
gtggagagag
ataaggacat
ctgatcecege
ctggcgtcga
ttaagggaaa
caaaaattac
caatgaacat
agtaa

white spot syndrome virus

aaacctggac
catggttata
tcagatgatg
gtcctacaat
gaaggatgtt
tggcactggg
tctcttgate
tactatgtcg
cctecattgac
tggattcacc

<213> white spot syndrome virus

5

gttgcaatta
atgattgtat
cgagtcccaa
actcctcttg
tcetgectgate
gccgagaact
aacgacatta
aacacttact
gtgtgcagea
tccaagaatg

ttgcaatctt
tcaacacacg
ttcaaagaag
gaaaggtggc
ttgtcatcte
ctaacatgac
ctgttcggee
tctecgagcaa
aatttgaaga
tgatcgatat

gtccattgca
tgttggaaga
ggcaaaggta
catgaagaat
taccgtcaca
tttgaagatce
aactgttatt
ggacattaaa
cggcgcagece
caaggacgaa

25

25

60

120
180
240
300
360
420
480
540
600
615
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<400> 10
Met Glu Phe Gly Asn Leu Thr Asn Leu Asp Val Ala Ile Ile Ala Ile
1 5 10 15

Leu Ser Ile Ala Ile Ile Ala Leu Ile Vval Ile Met Val Ile Met Ile
20 25 30

val Phe Asn Thr Arg Val Gly Arg Ser Val val Ala Asn Tyr ASp Gln
35 40 45

\ Met Met Arg Val Pro Ile Gln Arg Arg Ala Lys val Met Ser Ile Arg
50 55 60

Gly Glu Arg Ser Tyr Asn Thr Pro Leu Gly Lys Val Ala Met Lys Asn
65 70 75 80

Gly Leu Ser Asp Lys Asp Met Lys Asp Val Ser Ala Asp Leu Val Ile
85 90 95

Ser Thr Val Thr Ala Pro Arg Thr Asp Pro Ala Gly Thr Gly Ala Glu
100 105 110

Asn Ser Asn Met Thr Leu Lys Ile Leu Asn Asn Thr Gly Val Asp Leu
115 120 125

Leu Ile Asn Asp Ile Thr Val Arg pro Thr val Ile Ala Gly Asn Ile
130 135 140

) Lys GlLy Asn Thr Met Ser Asn Thr Tyr Phe Ser Ser Lys AsSp Ile Lys
145 150 155 160

Ser Ser Ser Ser Lys Ile Thr Leu Ile Asp Val Cys Ser Lys Phe Glu
165 170 175

Asp Gly Ala Ala Phe Glu Ala Thr Met Asn Ile Gly Phe Thr Ser Lys
180 185 190

Asn Val Ile Asp Ile Lys ASp Glu Ile Lys Lys Lys
195 200

<210> 11
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Ol +$10% & 13> whitB1084E EyndRe+S1O0MIR () - Ol +$10%& ()- | +$109%& ()- 60 F@
109, P& ()-8:8|[:uT310 Ol +$10% & ()- | +$109%& ()- COl +$10%9& () -
Ol +$10%& {9205 +$10%& ()- 659" 10%, P& ()- Normal " "Heading 13]c" "Heading
23] c" " Heagh3angpexdriptidreadi Ax143¢La1 Skpaticag fp3khet " Headi ng 63] c" "Headi ng
73] c" "Heading 83]c" "Heading 93] c"A "Default Paragraph FontV :#@;
%:QZM VO_PZGOS6EZ. } 72: "$&(*, . 02468: <>@DFHILNPRT* <>. JeZcl i u~f dy[ cl Ey
pYT)(” 2>5ﬁ3ch&£§362bg§458%kkﬁréﬂé&@étéQApEtéﬂdggiﬁﬂ|t&é8&ﬂ€%ée actcgtggtt 60
atatctatag ttgtaaccaa catagaactt aacaagaaat tggacaagaa ggataaagac 120
gcctaccetg ttgaatctga aataataaac ttgaccatta acggtgttge tagaggaaac 180
cactttaact ttgtaaacgg cacattacaa accaggaact atggaaaggt atatgtagct 240
ggccaaggaa cgtccgattc tgaactggta aaaaagaaag gagacataat cctcacatct 300
ttacttggag acggagacca cacactaaat gtaaacaaag ccgaatctaa agaattagaa 360
ttgtatgcaa gagtatacaa taatacaaag agggatataa cagtggactc tgtttcactg 420
tcteccaggtc taaatgctac aggaagggaa ttttcagcta acaaatttgt attatatttc 480
aaaccaacag ttttgaagaa aaataggatc aacacacttg tgtttggagc aacgtttgac 540
gaagacatcg atgatacaaa taggcattat ctgttaagta tgcgattttc tcctggcaat 600
gatctgttta aggttgggga aaaataa 627

<210> 12

<211> 208

<212> PRT

<213> white spot syndrome virus

<400> 12
Met His Met Trp Gly Val Tyr Ala Ala Ile Leu Ala Gly Leu Thr Leu
1 5 10 15

Ile Leu Val Val Ile Ser Ile Val Val Thr Asn Ile Glu Leu Asn Lys
20 25 3¢

! Lys Leu Asp Lys Lys Asp Lys Asp Ala Tyr Pro Val Glu Ser Glu Ile
35 40 45

Ile Asn Leu Thr Ile Asn Gly Val Ala Arg Gly Asn His Phe Asn Phe
50 55 60

Val Asn Gly Thr Leu Gln Thr Arg Asn Tyr Gly Lys Val Tyr Val Ala
65 70 75 80

Gly Gln Gly Thr Ser Asp Ser Glu Leu Val Lys Lys Lys Gly Asp Ile
85 90 95

Ile Leu Thr Ser Leu Leu Gly Asp Gly Asp His Thr Leu Asn Val Asn
100 105 110
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Lys Ala Glu Ser Lys Glu Leu Glu Leu Tyr Ala Arg val Tyr Asn Asn
115 120 125

Thr Lys Arg Asp Ile Thr Val Asp Ser Val Ser Leu Ser Pro Gly Leu
130 135 140

Asn Ala Thr Gly Arg Glu Phe Ser Ala Asn Lys Phe Val Leu Tyr Phe
145 150 155 160

Lys Pro Thr val Leu Lys Lys Asn Arg Ile Asn Thr Leu Val Phe Gly
165 170 175

Ala Thr Phe Asp Glu Asp Ile Asp Asp Thr Asn Arg His Tyr Leu Leu
180 185 190

Ser Met Arg Phe Ser Pro Gly Asn Asp Leu Phe Lys Vval Gly Glu Lys
I 195 200 205

<210> 13

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer

<400> 13
cagaattcat gcayatgtgg ggngt 25

<210> 14

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer: n 1S
deoxyinosine

<400> 14
cagaattcyt trtcyttytt rtenarytt 259



