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ANTIGENIC PROTEIN OF SHRIMP WHITE SPOT SYNDROME VIRUS AND USES
THEREOF

The pre'sént invention relates tc an anﬂge'nic protein derived from White Spot Syndrome
virus, the use of this p’rotem in vaccines, to vaccines on the basis of this protein, to
antibodies against the protein, to the use of these antibodies in-vaccines, hucleic ar;ld
sequences encoding it and use of said protein in the manufacture of a vaccine for

prophylaxis and/or treatment of White Spot Syndrome in crustaceans, to vactor vaccines
and fo diagnostic Kits.

White Spot Syndrome Virus (WSSV) is a mgjor viral disease in shnmp worid-wide. The
 virus has a wide host range among crustaceans {Flegel, 1997) and there is litle genefic "t
vatiation among isolates {Lo et al, 1899). Eleciron microscopy (EM) studies showed that

the virions are enveloped and have a rod fo bullet shaped appearance of about 275 nm

_ in length and 120 nm wide with a tail-iike appendage at one end. Nucleocapsids, which
have iost their eﬁveiope, have a crosshatched appearance and a size of about 300 nm X
.7{] fim (\Nongteerasupayé et al., 1995). This virian morphoibgy, its nuclear localisation
and its morphogenesis are reminiscent of bacuioviruses in insects (Durand et al., 1997).
Originally, WSSV has been classified as an unassigned member of the Baduloviﬁdae
family (Francki et al., 1891) hence the virus has been referred {0 as Systemic
Ectodermal Mesodermal Baculovirus (SEMBYVY) or White Spot Baculovirus (WSBV). At
present WSSV is no longer accepted into this family (Murphy et al.; 1 995) due to lack of
molecular information. The double stranded viral DNA has a size of well over 200kb as
derived from restriction endonuclzase 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 hepafopancreas of the shdmp. The infected shrimps show

. signs of lethargy and a rapid reduction in food consumption and within 3 fo 5 days these
shrimps die. An outbreak of W55V leads to heavy losses in the industry of cu!tﬁred
shrimp and as a consequence there is a strong need for vaccines that can protect

agamst WSSV infections. The idenfification and characterisation of major WSSV



proteins that can be used in such a vaccine would provide the means fo develop such

vaccines.

One gene has been isolated and identified as vp?3, coding for the protein VP13 (13
kDa) due to its molecular weight estimated from their mobility in Coomassie Brilliant
Blue-stained SDS-PAGE gels. VP13 is a nucleocapsid protein. The open reading frame
of the-gene 'vpf 3 comprises at least the 186 nuclectides as depicted in SEQ 1D NO 1.
This ORF encodes a nucleocapsid protein VP13 comprising the amino acid sequence'
shown in SEQ ID NO 2. Two variants of protein VP13 were found, one having the amino
acid sequence depicted in SEQ ID NO 2, and a longer variant having the amino acid
sequence depicted in SEQ 1D NO 3.

The present invention provides a means to produce recombinant vaccines io protect
crustaceans against infection with WSSV. The nucleocapsid protein VP13 of WSSV
which has been identified and characterized was found to be suitable for use in the
manufacture of a subunit vaccine o protect crustaceans against infections with WSSV.
The cloning and characteristisation of the nucleotide sequences of the present invention
provides for the production of this protein of WSSV using- recombinant iechnology
techniques. In this way, WSSV proteins can be obtained, which are substantially free
from other WSSV proteins. The isolated WSSV protein can be used to manufacture
subunit vaccines to protect crustaceans against infection of WSSV,

The protein of the present invention are especialy useful in marker vaccines.
Alternatively the nucieotide sequences encoding the proteins of the WSSV can be used
io manufacture vector vaccines o protect crustaceans against the infection with WSSV,
The nuclectide sequences of the present invention can furthermore bs used for
diagnostics purposes, for instance o detect the presénce of WSSV in the field.
Additionally, the WSSV protein of the present invention can be used to produce W33V

specific antibodies. These antibodies can be used to produce WSSV vaccines for



passive immunisation of crustaceans. The antibodies can also be used for diagnostic
purposes such as the detection of WSSV in crustaceans or in the field.

Summary of Invention

In a first aspect, there is provided an antigenic protein of WSSV
suitable for immunizing crustaceans against WSSV, characterised in that said
antigenic protein has an amino acid sequence that is at least 70%
homologous to the amino acid sequence as depicted in SEQ ID NO: 2 or SEQ
ID NO: 3 or an immunogenic fragment of said antigenic protein.

In a second aspect, there is provided a vaccine capable of protecting
shrimp against WSSV infection characterised in that said vaccine comprises a
protein or immunogenic fragment thereof as defined above and a
pharmaceutically acceptable-carrier.

In a third aspect, there is provided a nucleic acid sequence encoding
an antigenic protein as defined above, or an immunogenic fragment of said
protein.

in a fourth aspect, there is provided a vector vaccine for use in
prophylaxis or {reatment 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 ifs genome a
heterologous nucleic acid sequence as defined above.

In a fifth aspect, there is provided an antigenic protein as defined
above for use in a vaccine.

in an sixth aspect, there is provided a use of an antigenic protein as
defined above for the manufacturing of a vaccine for combating WSSV
~ infections. B '

In a seventh aspect, there is provided antibodies raised against a
protein as defined above. '

In an eighth aspect, there is provided a vaccine comprising a
pharmaceutically acceptable carrier and at least an antibody as defined
above.

In a ninth aspect, there is provided a vaccine comprising a
pharmaceutically acceptable carrier and a nucleic acid sequence as defined
above.

In a tenth aspect, there is provided a 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 acid sequence as depicted in SEQ 1D
NO: 1 or a nucleotide seguence 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 as defined above or an
immunogenic fragment thereof, or an antibody as defined above.
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In one embodiment, there is provided an antigenic protein of WSSV that
is suitable for immunising crusiacsans agatnst W3SV fhat bas an amino acid sequence

that is at least 70 % homologous 1o the amino acid sequence as depicied in

SEQ ID NO: 2 or SEQ ID NCO: 3 and to immunoganic fragmeants of said protein.

in a praferred form, the embodiment relates to such W35V proteins that have a
sequence homology of at ieast 80 %, 'prufarébiy 90 %, mcre_p_"refe:abiy 85 % homology
to the amino acid seguence as d'ap'lctedi in SEQIDNC: 2or SEQIID NO: 3 andto
immunogenic fragments of such proteins. l

Even mare preferrad 1s a homology ievel of 88% or even 100%.

The level of protein hofno&agy can be deferminad with the computer program "BLAST 2
| SEQUENCES" by seleciing sub-program: "BLASTPT, that can b= found at

Www.nchinim.nin. gov/blastpi2sea/bi2 b,

A rafarence for this program is Tatiana A. Tatusova, Thomas L. WMaddan FEMS
Microbiol. Latiers 174: 247-250 (1999}, Matrix used: "blesumB2". Paramefers used are
the default parametiers: '

Open gap: 11. Extension gap: 1. Gap x_dropoff: 50.

it will be understand that, for the protein embraced herein, nhatural variations

can exist batwaen individual WSSV strains. These variafions may be demonstrated by
(an) amino acid differencels) in e overall sequance or by deletions, subsfitutions,
insarfions, inversions or addiions af {an) AMminoC ac:'id(s) in said sequencs. Amino adid
substitutions which do not es*erif:ia[iy alter biclogical and ?mmunoiogicai aciivities, have
been descrined, 2.a. by Neurath et al in "The Protsins” Academic Press New York |
(1872}, Amino acid replacements betwean raiaiad amino acids or replacements which
have oc::uriréd frequentty in evolufion are, intar alia, Sar/Ala, Ser/Gly, Asp/Gly, Asplhsn,

liafVal {sea Dayhof, M.D., Allas of protein sequance and structure, Nat. Biomad. Res.



Found., Washington D.C., 1978, vol. 5, suppl. 3). Other amino.acid substituions include
AsprIu,' Thr!Ser, Ala/Gly, Ala/Thr, Ser/Asn, Ala/Val, Thw/Phe, Ala/Pro, LysiArg, Lewlle,
Leu/Val and Ala/Glu. Based on this information, Lipman and Pearson developed a
method for rapid and sensitive protein comparison (Science, 227, 1435-1441, 1885) and
determining the funcfional similarity between homologous proteins. Such amino acid
substitutions of the exemplary embédiments of this invention, as well as variafions
having deletions and/or insertions are within the scope of the invention as long as the
restilting proteins are not essentially affected in their antigenic or immunogenic
properties.

This explains why WSSV proteins according to the invention, when isolated from
different field isolates, may have homology levels of about 70%, while stili representing
~ the same protein with the same immunological characteristics. |

Those variations in the amino acid sequence of a certain protein according to the
invention that still provide a protein capabie of inducing an immune response against.
infection with WSSV or at least against the clinical manifestafions of the infection are
considered as “not essentialfy affecting the antigenic or immunogenic properties of said

protein”. _ : R
1

When a protein is used for e.g. vaccination purposes or for raising antibodies, it is
however not necessary to use the whole protei-n. it is also possible to use a fragment of
that protein that is capable, as such or coupled {o a caﬁier such as e.g. KLH, of inducing
an immune response against that protein, a so-called immunogenic fragment. An
“immunogenic fragment” is understood to be a fragment of me.full-length protein that stil
has retained its capability to induce an immune response in a veriebrate host, i.e.
comptises a B- or T-cell epitope. Anfibodies raised in a vertebrate host are very suitable
as passive means of vaccination in shrimps. At this moment, a varietly of techniques is
available to easily identify DNA fragments encoding antigenic fragments (determinants).
The method described by Geysén et al (Patent Application WO 84/03564, Patent
Application WO 8606487, US Patent NR. 4,833,092, Proc. Natl Acad. Sci. 81: 3898-
4002 (1 984'3;*3. imm. Meth. 102, 259-274 (1987), the so-called PEPSCAN method is an |

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



immunologically important regions of the protein. The method is used world-wids and as
such well-known to man skilied in the art. This (empirical) method is especially suitable
for the detaction of B-cell epitopes. Also, given the sequence of the gene encoding any
pretein, computer algorithms are able to designate specific pmtein fragments as the
immunologically important epitopes on the basis of their sequential and/or structural
agreement with epitopes that are now known. The determination of these regions is
based on a combination of the hydrophiiicity criteria according to Hopp and Woods
(Proc. Nati. Acad. Sci. 78: 38248-3828 (1881)), and the secondary structure aspecis
aocdrdiﬁg'to Chou and Fasman {Advances in Enzymology 47: 45-148 (1987) and Us
Pafent 4.554,101). T-cell epifopes can fikewise be predicted from the sequence by
computer with the aid of Berzofsky's amphiphilicity criterion (Science 235, 1059-1062
(1987) and S Patent application NTIS US 07/005,885). A condensed overview is found
ir: Shan Lu on common principles: Tibtech 9 238-242 (1991}, Good et al on Malaria
epitopes; Science 235: 10581 062 {1987), Lu for a review, Vaccine 10: 3-7 {1982},
Berzowsky for HfV-gpitopes; The FASER Journal 5:2412-2418 (1991).
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Another embodiment of the invention relates o vaccines capable of proteciing shrimp
against WSSV infection, that comprise an antibody reaciive with a proiein or )
immunogenic fragraent according fo the invention as described above, fogsther with a .

pharmaceutically acceptabie carrier.

Shli another embodimant of the invention relates o vaccines capabie of protecting
shnmp against WSSV infection, that comprise a protein or immunogenic fragment
' thereof according fo the invention as described above together with a pharmaceautically

acceptable camier.

sl another embodiment of the invention relates to a nucleic acid sequence encbding
an antigenic protein according o the invention, or an immunogenic fragment thereof.
More partlcu!arly this embodiment of the invention relates to a nucleic acid sequence

encoding an anttgemc protein or an immunocgenic fragment thereof comprising an aminc

acid sequence as depicted in SEQ ID No.'s 2, or 3.



Preferably, the nucleic acid sequence has or comprises the sequence as depicied in
SEQ ID NO 1. The respective nucleofide sequences start with the ATG codon
encoding the first M residue of the deduced amino acid sequence up to the codon
encoding the C-terminal amino acid residue. it must be understood that for the purpose
of this invention nucleic acid sequences that have sequence homalogy with the
_sequences depicted in SEQ ID NO 1 are also within the scope of the |
" invention. The sequence homoiogy far the purpose of this invention is considered ’to ba
at lzast 70%, preferably 75%, more preferably 80%, even more praferably 85%. Highly
preferred are nucleic acid seguances that hiave saquence homaology with the sequences
depicted in SEQ 1D NO 1 of at ieast 80% more preferabiy 85%.
Homologies of 98 %l or even 100% are even more prefarred.
For the purpose of this invention sequence homology is determined by comparing the
nucleotide sequence of interest with the corresponding part of the sequence depicied in
SEQID NG 1. For the purpose of this invention the percentage sequence homology

is defined as the percentage of idenfical nudleotides hetween the compared sequences.

The jeve! of nucleatide homology can be determined with the compuier program
"BLAST 2 SEQUENCES" by sslecting sub-program. "BLASTN" that can be found at
www.nchi.nim.nih.aov/biast/bi2sea/bl2.himl. | '

A reference for this program is Tafiana A. Tatusova, Thomas L. Madden FEMS
Microbiol. Lefters 174: 247-250 (1999}. Parameaters used are the defaull parameters:
Reward for a match: +1. Penalty for a mismatch: -2. Open gap: 5. Exiension gap: 2.
Gap x_dropoff: 50.

Nudleic acid seauanc-esha éééé'é}ﬁence_homoiogy according to the invenilon can
aasily be isolated with ons of the sequences depicted in SEQ 1D NO for with '
fragments of this sequence from closaly related WSSV strains using routine cloning and
- hybridisation fechniques_ F-or this purpese hybridisation is carried ouf under stringant,
preferably highly stringent conditions. Stringent hybridisafion condifions are undersiood
fo be washihé‘conditions of 1 x SSC, 0.1%SDS at a temperature of 65°C; highty

siringant conditions refer fo washing conditions in which the conceniration S5C is being



lowered towards 0.3 x SSC. The specific informafion should not be so narrowly

- f,mterpreted SO as io require exciusxon of emoneously identified bases. The specmc
"‘sequences disclosed herein can be readily used fo isolate homologous nucleotide
sequences from ather strains. _

A nudleic acid sequence that has sequence homology with one of the sequences |

depicted in SEQ D NO ﬁéncodes a protein_ having an amino acid éequence which

" eomprises alterations compared to one jofihe amrino acid séquences depicied in SEQ ID
No.’s 2 or 3, whereby said alterations do not essentially affect the antigenic or.
immunogenic pfope‘rﬁes of said proiein. |

The WSSV protein according to the invention can be obtained via standard biochemical
isolation and purification methods or they can be prepared via general recombinant
technology. The nucleolide seé!uenc:es according "té the inveniion are particutarly
suitabie fo be used for the recombinant production of WSSV proteins, substanfially free

“from other WSSV proteins. The nucleofide sequences are incorporated into a suitable
expression vecior capable of expressing the proteins, fransforming a suitable hest calt
with said expression vector and culturing fhe host celtin a suitable medium. The -
expressed protein  can be isalated and purified from the celis or the medium. Suitable
exprassion vectors are, amongst others, plasmids, cosmids, viruses and YAC's (Yeast
Ariificial Chiromosomes) which comprise the necessary control regions for repiication
and expression. The expression vecior can be brought to expression on a host cell.
Suitable host celis are, for instance, bacteria, yeast cells, insect cells and mammalian
cells. Such expression techniques are well known in the art (Sambrook ¢t al., Molecular

Cloning: a Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring '

' Harbor, 1989: King and Posses, 1992). B A B

Co Lo

" in addition, the nucleic ac'i;d sequence_sugcoording {0 the invention can be used to
manufacture a vector vaccine fo vaccmate crustaceans against WSSV infeclions. A
vector vaccing is understood to be a Vaccane in which a five, attenuated baclerium or
virus has been modified so that i contams one or more heterologuds nucieohdn .

sequences insarted into its geneﬂc material. These so called vecior bactena or viruses

are capable of co-expressing the heterologous proteins encoded by the insarted



nucleotides. Thus, in one embodiment, there is provided a vector vaccine for use
!in prophytaxis or treatment of White Spot Syndrome in crustaceans comprising a five

- attenuated bacteria or virus and é pharmacesuiical acceptable camier, in which said
bacteria or virus has been modified o compiise in ifs genstic material ons or more of
the disclosed nucleotide. Shrimp infected with such LRCs will.

produce an immunological response not ondy against the immunogens of the carrier, but

also 'against the immunogenic parts of the protein(s) for which the genelic code is
additionally cloned into the LRC. “

As an example of bacterial LRCs, bacteria such as Vibrio anguillarum knowrin the art
can atiractively be used. (Singer, L.T. stal., New Developments in Marine
Biotechnology, p. 303-306, Eds. Le Gal and Halvorson, Plenum Press, New York,
1988).
Also, LRC viruses may be used as a way. i transporting the nucieic acid segquence into
a target cell. Viruses suitable for this task are =.9. Yeliow Haad virus and Gill Assodiated
virus, both bslonging to the family coronaviridas.(sse é.g. Spann, K.M. et' al., Dis. Aquat,
Org. 42: 221-225, (2000), and Cowley, J.A. et al, Dis. Aguat Org. 361 1533-157 (1989} .
for the Virus, or Enjuanes, L. etal, p. 26-31 ai {he Proceedings of the ESVV, Brescia,
Itafia, 27-30 August 2000 jor iive recombinant carrier corona viruses).

(- o
The technigue of in vivo homologous recombination, wali-known in the art, can be used
to infroducs a recombinant nucieic acid seguencs into the ganome of a bacterium dr
virus of choice, cépéble of inducing expression of the inserted nucleic acid sequence

according o the invention in the host animal

An aliernative and efficient way of vaccination is direct vaccination with DNA e‘r-xrcoding
the ralevant antigen. Direct vaccination with DNA encoding proteins has besn
successiul for many different proteins. (As reviswed in e.g. Donnally et al,, The
immunologist 2: 20-26 (1893)). This way of vaccination is attracfive jor the vaccination
of shrimp against WSSV infection. Therefore, still another embodime:;.t of the invention

relate o vaccines comprising @ pharmacsuticaily accepiable carder and nuclzic acid



sequences encoding a protein according to the invention or immunogenic fragments
... thereof, or DNA fragments, e.g. plasmids, that comprise such nucleic acid sequences.
" Sfilt another embodiment of the present invention relates to a protein according to the

invention for use in a vaccine.

Again another embadiment of the invention relates fo the use of a protein according to -

. the invention for the manufaciuring of a vaccine for combating WSSV infections.

Avaccine according to the invention can be ﬁsed 1o protect crustaceans such as
shrimps including but not firiited . to members from the Penaeidae family such as for
- example P.monodon, P.vannamei, P.chinansis, P.merguensis, or Metapeasus spp.;
prawns including but not limited to members from the Pataemonidae family such as for
| example Macrobrachium spp. or Palaemon spp., lobsters including but not limited to
members from the Palinuridae and Nephropidae family such as for example Calinectes
Spp-, Palinurus spp., Fanu{iris spp. or Homan}s spp.; crayfish including but not limited to
members from the Astacidae family exampies of which are Asfacus spp., Procambarus
spp., and Oronectes spp.; and crab including but not limited to members. from the
Cancridae and Portuidae family, examples of which are Cancer spp., Calfinectes spp.,
Carcinus spp. and Portunus spp. r !
A vaccine according to the invention can be prepared according to techniques well
known to the skilled practitioner and described for mstance in Remington’s
Pharmaceutlcai Scxences, 18™ edition (1990}, eds. A. R. 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 pharmaceutical
acceptable carrier. The term "sffective * as used herein is defined as the amoﬁnt
sufficient fo induce a protective response in the crustaceans. The amount of vector or
protéin will depend on the fype of vector or protéi-n, the route of administration, the time
of administration, the species o be vaccinated as well as age, general health,

temperature and diet.
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In generai, a dosage of 0.01 to 1000 ug protein per animal, preferabiy 0.5 fo 500 pg,
more preferably 1 to 100 ug proteiri per animal can be used. in case of viral vector
vaccines in genefa! a dosage of 1043 fo 10”8 pfu (plaque forming units.) per animal can
Véry efficiently be used. Baicteri_a! vector vaccines can be given very efficiently in doses
of 1043 to 108 bacleria.
For DNA vaccination, amounts of DNA between 0.1 and 10 pg DNA per animal are very
usefull doses. 7 '
Pharmaceutically accepiable carriers that are suitable for use in 2 vaccine according to
the invention are sterile and physiclogically compatible such as for example sterile
water, saline, aqixeous buffers such as alkali metal phosphates {(e.g. PBS), aicchol's,
polyols and the fike. in addifion a vaccine according fo the invention may comprise other
additives such as adjuvants, stabilisers, anti-oxidants, preservatives and others.
| Suitable adjuvants include but are not limifed to aluminium salts or gels, carbomers, .
non-ionic block copolymers, focapherols, monophosphoryliipid A, muramyidipepﬁde, ol
emulsions, giﬁcans; cytokines, saponihs 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 accarding to the invention include but are not
limited to carbohydrates such as sorbitol, mannitol, starch, sucrose, dexdrin, and
-glucose, proteins such as alburmin. or casein, and buffers iike alkaline phosphates.
Suitable preservatives include amongst others thimerosat and merthiofate.
The vaccines according to the invention can be administered via injection, immersion,
dipping, spray or aefosoi., or per oral. Preferably the vaceine is administered to the
crustaceans via immersion or per oral, especially in case of commercial aqua cufiure
farms.
For oral administration the vaccine is preferably mixed with a suitable carrier for oral
administration i.e. celiulose, food or a metabolisable substance such as alpha-celiulose
or different oils of vegetabie or animals origin. Particularly preferred food carriers for oral
delivery of fhe vaccine according fo the invention are live-feed organisms which are able
fo eﬁcapsulate the vaccine. A very suitable way of obtaining this is fo feed e.g. insect
cells in which a protein according to the invention has been expressed, to live-feed

organisms. Suitable live-feed arganisms include but are not fimited to plankton-iike non-
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selecfive filter feeders preferably members of Rotifera, Arfemia, and the fike. Highly

‘preferred is the brine shrimp Arfemia sp.

The proteins according fo the invention can be used for the producl;ﬁon of anfibodies,
using the general techniques available to the vractitioner in the field. Preferably thé
proteins are used to produce specific monocional antibodies. Anfibodies according to
the invention can be prepared according fo standard techniques. Procedures for
immunising animials, e.g. mice with proteins and procedures for selection of hybridomas
producing proteir-specific monocional antibodies are well known in the art (sée for

exampie Ciigan et al. (eds), Current profocols in immunclogy 1892; Kohler and Milstein,

Nature 256, pp. 485-497, 1975; Steenbakkers et al,, Mol. Biol. Rep. 18, pp. 125-134,

1994). The obtained antibodies may be utilised in diagnostics to detect WSSV in the
field or to detect the presence of WSSV in the crustacsans. 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 festad, with specific probes oritis e.g. a PCR test based
upon the coding sequences for the prdteins according to the invention or based upon
nucieic acid sequences that are complementary to those coding sequences. if nucleic
acid malecules specﬁﬁc 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 gel electrophoresis. PCR reactions are weli-known in the art (see
reference below). The nucleic acid molecules can most easily 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 fo the invention. Primers with a nucleofide
sequence c:l'ic ét feast 12‘ nucieofides are frequently uséd, but primers of more than 19,

more preferably 18 nucleofides are somewhat more selective. Especially primers with a
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iength of at jeast 20, preferably at teast 30 nuclgotides are very generally applicable.
PCR-echniques are extensively described in (Dieffenbach & Dreksler; PCR primers, a
iaboratory manual. ISBN 0-B7969447-5 (1995)).

Nucdieic acid molecules encéding a WSSV protein according to the invention or parts of
those nudieic acid molecules having a length of at least 12, Qreferabiy 15, more
preferably 18, even more preferably 20, 22, 2530, 35 or 40 nuclectides in that order of
preference, wherein the nucleic acid molecules-or parts hiereof Fave at least 70 %
homology with the nucleic acid sequence as debic‘ted in SEQ ID NO: 1 or a nucleic

acid sequence that is complementary o nucleic acid sequerce as depicted in SEQ 1D

'NO: 1is therefore also part of the invention. Such nucieic acid molecules can €.6.

be used as primers in PCR-reactions in order fo enhance the amount of nucieic acid that

encades $he proteins according fo the invention. This allows the quick amplification of
specific nucleotide sequences for use as a diagnosfic tool for e.g. the detection of
WSSV in fissue as indicated above.

Another nucleic acid-based iest is based upon classical hybridisation with radicacfively
or colour labelied protein-specific cDNA-fragments. Both PCR-reactions and

hybridisation reactions are well-known in the art and are t.a. described in

‘ Maniatis/Sambrook (Sambrook, J. et al. Motecutar cloning: a fabaratory manual. (SBN 0-

B7969-309-6).

Thus, another embodiment of the invention relates io a diagnostic kit for the detection of

WSSV wherein the test comprises a nucieic acid sequence that is at ieast 70 %

homologous to the nucieic acid segquence as depicted in SEQID NC: 1 ora

ndcleoﬁde sequence that is complementary fo that nucleic acid sequence, or a fragment

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

A diagnostic test based upon the detection of antigenic material of W3SV proteins and
therefore suitable for the detection of W8SV infection can e.g. also be a standard
sandwich-ELISA fest. In one exampie of such a test the walls of the wells of an ELISA

piate are coafed with antibodies directed against the protein according to the invention
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or immunogenfc fragments thereof. Afier incubation with fhe material to be tested,
izballed anti-WSSV anfibodies are added to the wells. A colour reaciion then reveals the
presence of anfigenic material from WSSV 7
Therefore, still another embodiment of fne présent invantion relates fo a diagnestic test
for the dataction of WSSV, characterised in that sald test comprisas énﬁbodies againsta

protsin or an immunogenic fragment thereaf according to the invaniion.

Aiso disclosed is a diagnostic kit comprising
one or more of the disclosed nucleotide sequences or antibodies.
ﬁeaﬁﬁbodias"ra‘séedr against ihe proieins ac;c;ding fo the ivantion can further be

| used o manutaciure anfibody vaccines far the passive immunisation of the crustacsans.
Eurther disclosed is a vaccine for passive ' o
immunisation against W3SV wherain the vaccine comprises antibodies raised agatnsta
protein comprising an amino acid sequencs as shown in SEQ IDNO 2 or SEQID NO 3.
Such a vaccine can be prepared using standard techniguss, as -
mentionad above. Preferably a vacaine for oral administration of the aniibodies is
preparad, in which the antibodies are miveed with an adible carriar such as fish food.
More preferabiy, the vaccine is prepared from anfibodies prepared n chicken 2gGs figY

aniibodies).

Methods for farge-scale production of anfibodies accarding o the invention are also
“known in the art. Such methods rely on the claning of {fragments of) {he genslic

informaftion encoding the protein according to the inveniion in a flamentous phage fo

B |

phage display. Such techniques are described i.a. at the “Anfibody Enginsering Page”

as
2

uodar “flamenious phage display” at ntipe//aximit imtuni-

marbura.de/~rekiaenpphage.hirnl, and in review papers by Cortsse, R etal, {1 o4y in
Trends Biotechn, 12: 262-257., by Clackson, T. & Wells, J.A. (1894) in Trands RBiotechn.
12: 173-183, by Marks, J.D. et al., (1852) in J. Bial. Chem. 287 1600718010, by
Winter, G. af al., (1894) in Annu. Rev. tmmunol. 12: 433-453, and by Little, M. =t al,
(1894) Biotéélﬁn. Adv. 12: 539-555. The phages are subseguently used to screan

camslid expression fibraries exprassing cameiid heavy chain anfibodizes. (Muyldermans,
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S. and Lauwereys, M., Joum. Molec. Recogn. 12: 131-140 (1999) and Ghahroudi, M.A.
et al., FEBS Letters 414: 512-526 (1897)). Celis from the library that express the desired
antibodies can be replicated and subsequently be used for large scale expression of
antibodies.
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EXAMPLES
Example 1

Vaccination of Penaeus monodon with WSSV protein VP19.

Vifus stock production

A WSSV virus stock was produced in the crayfish Procambarus clarkii by intramuscular

injection of purified WSSV. In order to determine the difution resulting in 90-160%

mortality in the black tiger shrimp P. monodon, an in vivo virus ftitration was performed

‘ using animals of approximately 1 gram in weight. The virus stock was dilued in steps
from 1 x 10° fo 5 x 10 times in 330 mM NaC! and for each dilution 10 pl was injected
intramuscularly into 10 shrimps. Shrimps that were injected with 330 mM NaCl, served
as negative control for the infection. All shrimps éerving as negative control (not shown)
and those having received the 5 X 10" virus dilution survived, whereas mortality due o
virus infection occurred in all groups with a lower virus dilution. Administrafion of virus
dilutions of 1 x 10° and 1 x 107 resuited in almost 100% mortality in a period of 20 days.
A deiay in moriality was obsetved when virus dilutions of 1 x 10° and 5 x 10° were used.
The 1 x 10° dilution resutted in 90% final mortality, but the fime of mortality was detayed

| and spanned a period of 40 days. The experiment was repeated with the 1x1 0, the1x
10°, 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 fo

give the optimal response to the neutraiisation in terms of mortality reduction.

Expression of WSSV proteins VP19 and VP13 in insect celis

The VP19 and VP13 ORFs were expressed in insect cells using a baculovirus vector.
The Bac-to-Bac system (GIBCO BRL) was used io 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
expreésing ‘the Green Fluorescent Protein (GFP) from the p10 promoter and each of the
WSSV proteins from the baculovirus polyhedrin promofer.

SP1 insect cells were infected with ACMNPY-WSSVvp18, 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 15% SDS-PAGE gel (Fig. 1). Clear expression products can be
ohserved for VP13 (Fig. 1, lane 5, and indicated here as VP1S), 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 ott lising a palyclonal anfiserum
raised against purified WSSV. This analysis showed that VP19 was expressed at the
expected position (Fig. 1, lane 4),.and hence that the vp19 ORF enooded a WSSV virion

profein.

Vaccinafion and chalienae _
The experiment was set up according to the pian in table 1. Four experimental groups

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

Table 1. Group sef-up of vaccination experiment

"Group #: | Group name | Vaccination Booster Challenge # shrimp
g Neg. confrol | 530 M NaCl | 330 mM NaGi | 330 mM NaCl | 10

2 Bos. control | 330 mM NaCl | 330 mM NaCl | WSSV TR
I3 VP19 VP19 vPig WSSV )
4 GFP GFP GFP WSSV 10

Al groups were injected with 20 pl of their respective solutions. for the VP19 group and
the GFP group a fotal amount of 15 pg of protein was administeréd for both the
vaccination and booster. For ditufion of the protein solutions, as well as the virus
cdntro!s, a 330 miM NaCi solution was used. GFP is Green Fluorescent Protein. In the
GFP group, shrimps received the same mixture that was given fo 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,
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‘After the chalienge, the shrimp were monitored for one week and dead shrimp were
examined for the presence of WSSV by ELISA assays and eleciron microscopy.

None of the shrimp in _groixp 1, the negative confrol, died of WSSV. Group 2 shrimps

~ started dying of WSSV infection aﬁer one and a half-day and a mortaiity of 100% was
reached after 5 days. The first animals in vaccination groups 3 died after one and a half
day, but continued slower compared fo 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. monodon shiimp with the WSSV
protein VP19 has a positive effect on the survival “ra_te of the shrimps after challenge with
- WSSV.
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Legend to the figures

Figure 1. Lane 1 LMW Marker (Amersham pharmacia biotech), 2 SDS-PAGE gel of
Purified WSSV, 3 SDS-PAGE gel! of over-expressed VP19, 4 Westemn blot with anti-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 mortalify of shrimps after
chalienge with WSSV: -#- = VP19 vaccine, -4 - = negative control, -[1- = positive control,

-» - = GFP confrol.
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Claims:

1) Antigenic protein of WSSV suitable for immunising crustacea‘né against WSSV,
charactersed in that said- anﬁgenic protein has an amino acid sequence that is at
least 70 % homologous to the amino acid sequence as depicted in
SEQ ID NO: 2 or SEQ IDNO: 3 br an immunogenic fragment of said antigenic
profein. -

2) Anfigenic protein écccrding fo claim 1, characierised in that it has a sequence
homotogy of at least 80 %, preferably 90 %, more preferably 85 % homology to the
amino acid sequence as depicted in SEQ ID NO: 2 or SEQ ID NO: 3
or an immunogenic fragment of said antigenic protein.

3) Vaccine capable of protecting shrimp against WSSV infection characterised in that
said vaccing comprises a protein or immunogenic fragment thereof according fo
claim 1 or 2 and a pharmaceufically accapiable carrisr. |

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

5) Nucleic acid sequence according fo claim 4] characterised in that said nudeic acid
seguence comprises a sequence as depicted in SEQ 1D NO 1.

6) Vector vaccine for use in prophylaxis or treatment of White Spot Syndrome in
crustacéans, characterised in that sald vaccine comprisas a five attenuated
bacterium or five aftenuated virus, said bacterium or virus comprising in its genome
a heterologous nuclieic acid sequence according o claim 4 or 5.

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

8) Use of an anfigenic 'protein according fo claim 1 or 2 for the manufacturing of a
vaccine for combating WSSV infactions.

9y Antibodies raised against a proiein according to claim 1 or 2.

10} Vaccine t:omprising a pharmaceuticalty acceptable carrier and at least an anfibody
according to claim &.

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

sequence according to claim 4 or 5.
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?_22} Diagnostic kit for detection of WSSV chiaracterised in that said kit comprises a
" nudieic acid saquence that is at least 70 % homologous fo the nucleic acid sequence
| as depicted in SEQ IDNO: 1 or a nucleotide sequence that is rcor.npleméntar).r to
that nucleic acid sequance, or a frégment thereof having a length of at least 12,
preferably 15, more preferably 16 nucleotides, an antigenic protein according to
claim 1 or 2 or an immunogenic fragment thereof, or an antibody according fo claim
9.
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ANTIGENIC PROTEIN OF SHRIMP WHITE SPOT SYNDROME
VIRUS AND USES THEREOF

ABSTRACT

The present invention relates to antigenié protein derived from White Spot Syndrome
virus having an estimated size 13 kDa (VP13), to the use of this protein in vaccines
and to vaccines on the basis of this protein. Furthermore, the invention relates to
antibodies againsf this protein and to the use of antibodies in vaccines, to nucieic acid
sequences encoding this protein and to its use in vaccines. Also, the invention relates
to the use of said protein in the manufacture of a vaccine for prophylaxis and/or
treatment of White Spot Syndrome in crustaceans, to vector vaccines and to

diagnostic kits comprising said nuclei acids or antibodies.

(no suitable figure)
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