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An infectious bursal disease virus (IBDV) mutant expressing virus neutralisina

epitopes specific for classic- and variant IBDV strains

The present invention is concerned with a classic infectious bursal disease virus (IBDV)

mutant and a vaccine comprising such a classic IBDV mutant.

Infectious bursal disease virus (IBDV) is a member of the Birnaviridae family. Viruses in
this family have a very similar genomic organisation and a similar replication cycle. The
genomes of these viruses consist of two segments (A and B) of double-stranded (ds) RNA.
The larger segment A encodes a polyprotein, which is cleaved by autoproteolysis to form
mature viral proteins VP2, VP3 and VP4. VP2 and VP3 are the major structural proteins of the
virion. VP2 is the major host-protective immunogen of birnaviruses, and contains the

immunogenic regions responsible for the induction of virus neutralising antibodies.

For IBDV, two serotypes exist, serotype 1 and 2. The two serotypes can be differentiated
by virus neutralisation (VN) tests. Serotype 1 viruses have been shown to be pathogenic to
chickens, while serotype 2 IBDV only causes sub-acute disease in turkeys. Infectious Bursal
disease (IBD), also called Gumboro disease, is an acute, highly-contagious viral infection in
chickens that has lymphoid tissue as its primary target with a selective tropism for cells of the
bursa of Fabricius. The morbidity rate in susceptible flocks is high, with rapid weight loss and
moderate to high mortality rates. Chicks that recover from the disease may have immune
deficiencies because of the destruction of the bursa of Fabricius, which is essential to the
defence mechanism of the chicken. The IBD-virus causes severe in{munosuppression in
chickens younger than 3 weeks of age and induces bursal lesions in chicks up to 3 months
old.

For many years the disease could be prevented by inducing high levels of antibodies in
breeder flocks by the application of an inactivated vaccine, to chickens that had been primed
with attenuated live IBDV vaccine. This has kept economic losses caused by IBD to a
minimum. Maternal antibodies in chickens derived from vaccinated breeders prevent early
infection with IBDV and diminish problems associated with immunosuppression. In addition,
attenuated live vaccines have also been used successfully in commercial chicken flocks after
maternal antibodies had declined.

Historically, IBD viruses consisted of only one type that is known as “classic” IBD virus.
However, in the mid-1980s acute disease in flocks vaccinated with vaccines based on classic
IBDV was observed, in particular in the US. It was found that this disease was caused by I1BD
viruses that had a different immunogenic make-up. These new viruses probably emerged as a

result of genetic drift. The emergence of these so-called “variant” IBDV strains required the
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design of new IBD vaccination programmes, because the classic IBDV vaccine strains could
not induce an adequate cross-protection. The most important variant subtypes of serotype 1
IBDVs identified in the past were the Delaware-E, GLS, RS/593 and DS326 variants. The
variant strains can be identified and distinguished from classic strains by a virus neutralisation
test, a panel of monoclonal antibodies or RT-PCR.

Delaware variant-E was reported by Rosenberger et al. (Proc. 20th Natl. Meet. on Pouliry
Health and Condemnations; Ocean City, MD, USA, 94-101, 1985) and Snyder et al. (Avian
Diseases 32, 535-539, 1985). GLS virus was isolated in the USA in 1987 and DS326 (GLS-
like) was isolated in the USA in 1988 (Snyder et al., Arch. Virol. 127, 89-101, 1992 and van
Loon et al. Proceedings of the International symposium on infectious bursal disease and
chicken infectious anaemia, Rauischholzhausen, Germany, 179-187, 1994). Strain RS/593
(variant-E like) was also isolated in the USA, in 1993 (Snyder, et al. Proceedings of the
International symposium on infectious bursal disease and chicken infectious anaemia,
Rauischholzhausen, Germany, 65-70, 1994).

A panel of virus neutralising monoclional antibodies (moab) is commonly used in the art
in an antigen-capture enzyme immuno assay (AC-ELISA) to identify the various IBDV types.
The reactivity pattern of these moabs with the existing IBDV strains is summarised in Table 1

below.

Table 1: The different variant IBDV strains as determined by the moab panel pattern

Strain|/Moab— | 8 B69 R63 | 10 BK9 67 57 44A1 179
Classic + + + + - - - + +
Delaware + - + - + + T- + +
variant (-E)

RS/593 + - - - - + - - +
GLS + - - + - - + + +
DS326 + - - + - - + + -
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VN moabs R63 and B69 neutralise classic IBDV strains to high titres and moab B69
specifically binds to classic strains. moab BK9 uniquely binds to Delaware variant-E strains. A
positive reaction by moab 57 can be used to separate the GLS- and DS326 strains from
classic- and Delaware variant strains. These and other moabs are generally used in the field to
distinguish between IBDV (variant) strains by determining the reaction pattern of the panel of
available moabs. The hybridomas secreting the moabs are also available from the ATCC
(Rockville, USA) under the following accession numbers: R63 (HB-2420), 8 (HB-10174), B29
(HB-9746), BK-9 (HB-10157), 67 (HB-11122), 57 (HB-10156), B69 (HB-9437) and 179 (HB-
10158). Variant IBDV strains and hybridomas are also available from the Collection Nationale
de Cultures de Microorganismes of the Institute Pasteur, Paris, France under the following
accession no.’s: DS 326 (1-910), GLS (I-792 and 1-793) and moab 10 (1-2812).

Although the importance of some regions and distinct amino acids within the VP2 protein
of IBDV for the antigenic variation between IBDV strains has been proposed (Vakharia et al.,
Virus Research 31, 265-273, 1994 and Snyder et al., Avian Diseases 38, 701-707, 1994), the
mandatory presence of all the amino acids for the formation of IBDV neutralising epitopes has
not been determined yet. In Virus Research 49, 131-137, 1997, Vakharia et al. reported that
amino acid proline is present in variant E IBDV. In international patent application WO
95/26196 Vakharia et al. suggested the involvement of amino acids 286 (lle), 318( Asp) and
323 (Glu) in the context of the binding of a variant E VP2 protein with moab 67. In addition,
multiple amino acid sequence differences between VP2 proteins of classic- and variant VP2
IBDV are disclosed. Amino acid positions 222 (Pro), 249 (GIn) and 254 (Gly) were considered
relevant for the formation of the B69 epitope in a GLS VP2 protein.

EP 1170302 (Akzo Nobel N.V.) discloses the preparation of a variant E IBDV mutant
with improved immunogenicty against classic IBDV strains. This IBDV mutant was obtained by
introducing mutations in the variant E VP2 coding region in the codons for the amino acids 253
(GIn to His), 284 (Ala to Thr) and 254 (Ser to Gly), 270 (Ala to Thr). None of these variant E
IBDV mutants express a VP2 protein that binds with moab B69.

However, no information is disclosed therein that allows the generation of a classic IBDV
mutant that also expresses a variant E virus neutralising epitope. Such a mutant would be very
useful in vaccines to induce protection against disease caused by both classic- and variant
IBDV strains in the field.

In the present invention a new IBDV mutant has been constructed based on a classic
IBDV by introducing mutations in the VP2 coding region such that the VP2 protein expressed
by the virus comprises virus neutralising epitope 67 that is typical for variant IBDVs. The
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inventors found that in the context of a classic VP2 protein the reactivity with moab 67 is
influenced by amino acid sequences located about 100 amino acids apart. Furthermore, the
assumption made by Vakharia et al. that 286 (lle), 318( Asp) and 323 (Glu) influence the
presence of the 67 epitope is not correct. In fact the inventors have found that the emergence
of the 67 epitope in the context of a classic IBDV VP2 protein depends on the exchange of
proline at position 222 to serine or threonine and on the presence of certain amino acid
sequences in positions 318-322. The exchange of proline to serine or threonine at position 222
in the presence of the amino acid sequences naturally present in a classic IBDV VP2 protein
at positions 318-323 (Gly-Gly-GIn-Ala-Gly-Asp) lead to the emergence of the 67 epitope in a
classic IBDV VP2 protein.

Therefore, the present invention provides a classic infectious bursal disease virus mutant
that expresses a VP2 protein that binds with monoclonal antibody (moab) B69, characterised
in that the VP2 protein also binds with moab 67, secreted by hybridoma cell lines HB-9437 and
HB-11122, deposited at the ATCC, Rockville, USA, respectively.

The IBDV VP2 protein consists of 512 amino acids and is located on the polyprotein at
amino acid positions 1-512. The nucleotide sequences of (the complete segment A
comprising) the VP2 coding region and the corresponding amino acid sequences of the VP2
protein of many classic IBDV strains have been determined (US 5,871,744, EP 887,412 for
D78; NCBI GeneBank)

All known moabs showing virus neutralising properties, including moab B69 that is
specific for classic IBDV strains, are exclusively raised against the VP2 protein and recognise
conformational-dependent epitopes. Comparison of many classic- and variant VP2 amino acid
sequences, in particular of variant E and GLS, are disclosed in Vakharia et al. (1994, supra)
and Heine et al. (J. Gen. Virol. 72, 1835-1843, 1991). Although biological variation among
virus strains exist, within the classic type of IBDV strains the amino acid sequence of the VP2
protein is strongly conserved. Amino acid homology between classic VP2 amino acid
sequences varies between 98%-99.4% over the full length of the protein (based on a
comparison with the VP2 amino acid sequence of IBDV strain D78). A central region within the
VP2 protein was identified which contains the most variable part of VP2. This region is located
at amino acid positions 206 to 350 (Bayliss et al., J. Gen. Virol. 71, 1303-1312, 1987) and
amino acid homology between classic VP2 amino acid sequences within this region varies
between 95.9%-97.9% (based on a comparison with the VP2 amino acid sequence of IBDV
strain D78). Within this central region two hypervariable regions are identified, at positions
212-224 and 314-326, in which most of the amino acid changes between different types of

IBDV strains occur (Vakharia et al., 1994, supra). Despite this, most classic I[BDV strains
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comprise an amino acid sequence in the region 200-230 that is identical to that in VP2 of IBDV
strain D78: Ser-Asp-Arg-Pro-Arg-Val-Tyr-Thr-le-Thr-Ala-Ala-Asp-Asp-Tyr-GIn-Phe-Ser-Ser-
Gln-Tyr-GIn-Pro-Gly-Gly-Val-Thr-lle-Thr-Leu-Phe (SEQ ID no. 19). Sequences are analyzed
herein with the Wisconsin Package, version 8 (Genetics Computer Group, Madison, Wis.)

Therefore, a classic IBDV is defined herein as an isolated 1BDV comprising a VP2
coding region that expresses a VP2 protein that is able to bind with moab B69.

More in particular, a classic IBDV is defined as an isolated IBDV that comprises a VP2
amino acid sequence at positions 200-230 that is the same as that of strain D78 (SEQ ID no.
19).

The reaction of a moab with an IBDV can be determined by means of an AC-ELISA that
is commonly used in the art for this purpose, such as described by Snyder et al. (1992, supra)
and van der Marel et al. (Dtsch. Tierartzl. Wschr. 97, 81-83, 1990).

Alternatively, the reaction of an IBDV with a moab can also be determined by means of
an immunofluoresence assay as described in the Example 1.

A preferred classical IBDV mutant according to the invention expresses a VP2 protein
that in addition to moab B69 and moab 67 binds with moab R63, secreted by hybridoma cell
line HB-9490, deposited at the ATCC, Rockville, USA. The moab R63 is able to neutralise
both classic- and variant E strains of IBDV.

The present invention for the first time identifies which amino acid residues in the context
of a classic VP2 protein are required and sufficient for (i) the formation of a neutralising epitope
that binds with moab R63 (classic and variant E), (ii) the additional formation of a neutralising
epitope that binds with moab 67 (variant E) and (iii) for the additional formation of a
neutralising epitope that binds with moab 57 (GLS).

The inventors prepared a number of the IBDV mutants as defined above by introducing
mutations in the VP2 coding region of a classic IBDV strain (Example 1). The results obtained
demonstrate that identical epitopes can be folded by different amino acid sequences, whereas
other amino acid sequences fail to generate the variant epitopes. Therefore, a specific coding
capacity exists for a specific epitope. A summary of the relevant amino acid sequences that
are required for the appropriate folding of the 67, 57 and R63 epitopes is presented in Table 2
(SEQ ID No.’'s 1-5, 6-9 and 10-18, respectively). The information provided in Table 2 allows
the skilled person to generate classic IBDV mutants capable of expressing a VP2 protein that
in addition to virus neutralising epitope B69 also comprises virus neutralising epitope 67 that is

specific for variant E IBDV strains.
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Table 2: Summary of amino acids essential for epitope folding

Epitope | aa222 |aa318|aa 319 |aa 320 |aa 321 | aa 322 | aa 323 | aa 330 | SEQ ID no.
(318-323)
67 SorT G G Q A G D Ror8 1
67 SorT G G Q A G E RorS 2
67 SorT D G Q A G D RorS 3
67 SorT D G Q A G E RorS 4
67 SorT N G Q A G E RorS 5
57 P,SorT G G Q E G D RorS 6
57 P,SorT D G Q E G D R 7
57 P,SorT N G Q E G D R 8
57 P,SorT N G Q E G E R 9
R63 | P,SorT G G Q A G D RorS 10
R63 |P,SorT G G Q A G E RorS 11
R63 | P,SorT D G Q A G D RorS 12
R63 | P,SorT D G Q A G E RorS 13
R63 | P,SorT D G Q E G D S 14
R63 | P,SorT N G Q A G D RorS 15
R63 | P,SorT N G Q A G E RorS 16
R63 |P,SorT N G Q E G D S 17
R63 | P,SorT N G Q E G E S 18

Therefore, a particularly preferred classic IBDV mutant is a mutant that binds with moab
B69 and moab 67, and comprises one or more mutations in a classical VP2 coding region,
such that the coding region comprises,

(i)  a codon for the amino acid at position 222 encoding serine or threonine, and
(i)  a nucleotide sequence encoding an amino acid sequence shown in any of the SEQ ID.
no. 1-5 at positions 318-323.

It was found that the amino acid sequence at positions 318-323 as shown in Table 2
resulted in a proper folding of the 67 epitope only in case the amino acid at position 222
(proline) was changed to serine or threonine, implying that proper folding of the epitope is
influenced by amino acids located 100 positions apart.

Although the amino acid at position 330 is not critical, an advantageous [BDV mutant
further comprises a codon encoding the amino acid arginine or serine at this position.

A further advantageous property of a classic IBDV mutant as defined above is that such
a mutant also expresses a VP2 protein having the required amino acid sequence for the
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proper folding of the R63 virus neutralising epitope. It is demonstrated in the Table 2 and
Example 1 that an IBDV that expresses a VP2 protein having an amino acid sequence at
positions 318-323 as shown in any of the SEQ ID no. 14-15 and 17-18 (in addition to an serine
or threonine at position 222) displays epitope R63 bult fails to display epitope 67.

A further surprising observation made by the inventors is that an exchange of an amino
acid in the VP2 coding region at positions 318-323 of a classic IBDV strain results in a
decrease of the growth properties of such mutants. Such mutants display an attenuated
phenotype for chickens and can advantageously be used as vaccine candidates with improved

safety properties, in particular in vaccines that are administered via the in ovo route. Therefore,

the present invention also provides a classic IBDV mutant that comprises one or more
mutations in a classic VP2 coding region, such that the coding region comprises a nucleotide
sequence encoding an amino acid sequence at positions 318-323 that is different from the
natural amino acid sequence Gly-Gly-GIn-Ala-Gly-Asp (SEQ ID no. 1). Preferably, these
classic IBDV mutants comprise an amino acid sequence at these positions as shown in any of
the SEQ ID No. 2-9 and 11-18, optionally, together with an amino acid at position 222 and/or
330 as defined above.

A classic IBDV mutant according to the invention can be prepared by introducing the
required mutations in a VP2 coding region derived from any classic IBDV strain isolatable from
the field or used in vaccines. Suitable IBDV strains include the well-known IBDV strains
present in commercially available vaccines, such as D78, PBG98, 228E and 89-03 (Intervet
Interntional B.V.). IBDV strain D78 (US patent no. 4,530,831) is also available from the ATCC
under accession no. VR-2041. The nucleotide sequence of the complete segment A of strain
D78, including the VP2 coding region, and the amino acid sequence of the corresponding
(poly)protein is disclosed in US patent no. 5,871,744 and EP application 887,412.

In particular, a classic IBDV mutant is provided that comprises one or more mutations in
a VP2 coding region of IBDV strain D78.

A further preferred classic IBDV mutant according to the present invention comprises the
complete genetic backbone of the segment A of a classic IBDV strain, including the mutated
classic VP2 coding region as described above. More in particular, a classic IBDV mutant as
defined above is derived from IBDV strain D78.

However, a classic IBDV mutant according to the invention can also be based on the
genetic backbone of a variant IBDV strain, such as a variant E or GLS strain. In such a
“chimeric” classic IBDV mutant, the VP2 coding sequences on the genetic backbone of
segment A of a variant IBDV strain are replaced by the corresponding, relevant classic VP2
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coding sequences that additionally comprise the desired mutations that are responsible for the

new variant epitopes on the classic IBDV mutant.

The generation of a classic IBDV mutant according to the invention can be achieved by
means of the recently established infectious cRNA system for [BDV (Mundt and Vakharia,
Proc. Natl. Acad. Sci. USA 93, 11131-11136, 1996). This reverse genetics system provides
the possibility to introduce mutations in the RNA genome of the IBDV. The most important step
in this reverse genetics system is to provide full length cDNA clones of the segments A and B
of the IBDV, including the nuclectides of the 5'- and 3'- ends of both these segmenis. After
cloning procedures, the full length sequences of segment A and B are operably linked to a
promoter which is able to bind a DNA dependent RNA polymerase, such as the T7, SP6 or T3
polymerase, the T7 promoter being preferred. The DNA dependent polymerase is able to
describe viral cRNA from full length cDNA clones of segment A and B, respectively. This cRNA
is able to induce replication of the virus and the isolation of viable virus. This procedure can be
performed with every natural occurring IBDV.

Reverse genetics systems have been described for various IBDV strains, such as D78
(Yao et al., J. Virol. 72, 2647-2657, 1998), strain HK46 (Lim et al., J. Virol. 73, 2854-2862,
1999), CEF 94 (Boot et al., Virology 265, 330-341, 1999) and UK661 (van Loon et al., J. Gen.
Virol. 83, 121-129, 2002).

The desired mutations can be introduced into the IBDV genome by means of methods
generally known in the art for this purpose. In particular, the mutation(s) are introduced by
means of site-directed mutagenises. Methods for introducing a mutation in the IBDV genome
are described herein, but are also generally used in the art (Mundt and Vakharia, 1996, supra;
Yao et al., J. Virology 72, 2647-2654, 1998; Mundt et al., 1999, supra; EP patent application
no. 1170302; Current Protocols in Molecular Biology, eds.: F. M. Ausubel et al., Wiley N.Y.,
1995 edition, pages 8.5.1.-8.5.9.and Kunkel et al. in Methods in Enzymology vol. 154, 376-
382, 1987).

The numbers used herein to indicate the amino acid positions refer to numbering of the
amino acids in the IBDV polyprotein as commonly used in the art. The numbers indicating the
nucleotide positions are based on the complete nucleotide sequence of the segment A of the
IBDV genome as described by Mundt and Miller (J. Gen. Virol. 77, 437-443, 1995; NCBI
accession number X 84034).

The segment B of a classic IBDV mutant according to the invention can be derived from
any IBDV strain, preferably from a classic IBDV strain, most preferably from strain D78 or P2
(US patent 5,871,744 and EP patent application no. 887412).
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As demonstrated in the Examples, the classic IBDV mutant according to the invention
displays an immunogenic make-up that is not observed before for classic IBDV strains. The
new classic IBDV mutant may form the basis of a new type of IBDV vaccine that can
effectively protect poultry against disease conditions resulting from the infection by both
classic- and variant IBDV strains. Therefore, another aspect of this invention is a vaccine for
use in the protection of poultry against disesase caused by IBDV infection, characterised in that
the vaccine comprises a classical IBDV mutant as defined above, together with a
pharmaceutical acceptable carrier or diluent.

The classical IBDV mutant can be incorporated into the vaccine as live attenuated or
inactivated virus.

A vaccine according to the invention can be prepared by conventional methods such as
for example commonly used for the commercially available live- and inactivated IBDV
vaccines. Briefly, a susceptible substrate is inoculated with a classical IBDV mutant according
to the invention and propagated until the virus replicated to a desired infectious titre after which
IBDV containing material is harvested, optionally inactivated, and mixed with a pharmaceutical
acceptable carrier or diluent.

Every substrate which is able to support the replication of IBDVs can be used to prepare
a vaccine according to the present invention, including primary (avian) cell cultures, such as
chicken embryo fibroblast cells (CEF) or chicken embryo liver cells (CEL), mammalian cell
lines such as the VERO cell line or the BGM-70 cell line, or avian cell lines such as QT-35,
QM-7 or LMH. Usually, after inoculation of the cells, the virus is propagated for 3-14 days, after
which the cell culture supernatant is harvested, and if desired filtered or centrifuged in order to
remove cell debris.

The classical IBDV mutant can also be propagated in embryonated chicken eggs.

If desired, aftenuation of the classical IBDV can be obtained by standard serial
passaging of the virus in cell cultures, for example in the primary cell cultures or established
cell lines mentioned above (Bayyari et al., Avian Diseases 40, 516-532, 1996; Tsai et al.,
Avian diseases 36, 415-422, 1992).

Alternatively, the classical IBDV can be propagated in vivo in infected chickens followed

by the isolation of the bursa of Fabricius from these infected animals, mixing it with diluent and
homogenizing the mixture. IBDV propagated in this way commonly forms the basis of an
inactivated vaccine.

The vaccine according to the invention containing the live virus can be prepared and
marketed in the form of a suspension or in a lyophilised form and additionally contains a
pharmaceutically acceptable carrier or diluent customary used for such compositions. Carriers
include stabilisers, preservatives and buifers. Suitable stabilisers are, for example SPGA,
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carbohydrates (such as sorbitol, mannitol, starch, sucrose, dextran, glutamate or glucose),
proteins (such as dried milk serum, albumin or casein) or degradation products thereof.
Suitable buffers are for example alkali metal phosphates. Suitable preservatives are
thimerosal, merthiolate and gentamicin. Diluents include water, aqueous buffer (such as
buffered saline), alcohols and polyols (such as glycerol).

If desired, the live vaccines according to the invention may contain an adjuvant.
Examples of suitable compounds and compositions with adjuvant activity are the same as
mentioned below.

Although administration by injection, e.g. intramuscularly, subcutaneously or in_ovo of

the live vaccine according to the present invention is possible, the vaccine is preferably
administered by an inexpensive mass application route commonly used for IBDV vaccination.
For IBDV vaccination this route includes drinking water, spray and aerosol vaccination.

Alternatively, the present invention provides a vaccine comprising the variant IBDV in an
inactivated (killed) form. An advantage of an inactivated IBDV vaccine is the high levels of
protective antibodies of long duration that can be obtained.

The aim of inactivation of the viruses harvested after the propagation step is to eliminate
reproduction of the viruses. In general, this can be achieved by chemical or physical means
well known in the art.

A vaccine containing the inactivated variant IBDV can, for example, comprise one or
more of the above-mentioned pharmaceutically acceptable carriers or diluents suited for this
purpose.

Preferably, an inactivated vaccine according to the invention comprises one or more
compounds with adjuvant activity. Suitable compounds or compositions for this purpose
include aluminium hydroxide, -phosphate or -oxide, oil-in-water or water-in-oil emulsion based
on, for example a mineral oil, such as Bayol F® or Marcol 52® or a vegetable oil such as
vitamin E acetate, and saponins.

The vaccine according to the invention comprises an effective dosage of the classical
IBDV mutant as the active component, i.e. an amount of immunising IBDV material that will
induce immunity in the vaccinated birds against challenge by a virulent virus. Immunity is
defined herein as the induction of a significant higher level of protection in a population of birds
after vaccination compared to an unvaccinated group.

Typically, the live vaccine according to the invention can be administered in a dose of

100—109 TCID5Q per animal, preferably in a dose ranging from 1 03-1 O6 TCID5( per animal.

1

Inactivated vaccines may contain the antigenic equivalent of 106—10 0 TCID5( per animal.
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Inactivated vaccines are usually administered parenterally, e.g. intramuscularly or
subcutaneously.

Although, the IBDV vaccine according to the present invention may be used effectively in
chickens, also other pouliry such as turkeys, guinea fowl and partridges may be successfully
vaccinated with the vaccine. Chickens include broilers, pullets, reproduction stock and laying
stock.

The age of the animals receiving a live or inactivated vaccine according to the invention
is the same as that of the animals receiving the conventional live- or inactivated IBDV
vaccines. For example, broilers (free of maternally derived antibodies-MDA) may be
vaccinated at one-day-old or jn_ovo, whereas broilers with high levels of MDA are preferably
vaccinated at 2-3 weeks of age. Laying stock or reproduction stock with low levels of MDA
may be vaccinated at 1-10 days of age followed by booster vaccinations with inactivated
vaccine on 6-12 and 16-20 weeks of age.

The invention also includes combination vaccines comprising, in addition to the classical
IBDV mutant described above, one or more vaccine components of other pathogens infectious
to poulitry.

Preferably, the combination vaccine additionally comprises one or more vaccine strains
of Mareks Disease virus (MDV), infectious bronchitis virus (IBV), Newcastle disease virus
(NDV), egg drop syndrome (EDS) virus, turkey rhinotracheitis virus (TRTV) or reovirus.
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EXAMPLES
Example 1

Preparaiion of classic IBDY mutianis and determination of monoclonal antibody

reactivity

Material and Methods

Generation of mutated segment A

For site directed mutagenesis experiments pD78A (Mundt and Vakharia, supra, 1996; EP
application 887412) was used. To this end pD78A was EcoRI/Kpnl cleaved and the
segment A containing fragment was ligated into appropriately cleaved pBlueScript KS+ to
obtain pSK+-D78A. After preparation of single stranded DNA site directed experiments were
performed according to Kunkel et al. (supra, 1987) using oligonucleotides as specified in
Table 3. Oligonucleotides Mut 1, Mut 2, Mut3, Mut4, Mut5, Mut6, Mut7, Mut8, Mut9, Mut10,
Mut11 were used to generate mutated plasmids pMut1, pMut2, pMut3, pMut4, pMut5,
pMut6, pMut7, pMut8, pMut9, pMut10, and pMut11, respectively. Using this eleven mutated
plasmids single stranded DNA was prepared and used together with single stranded DNA of
pSK+-D78A in site directed mutagenisis experiments . These experiments were performed
with one (P222S or R3398) or two oligonucleotides (P222S and R339S) in one experiment
to obtain one or two exchanges of base triplets. Obtained mutagenised plasmids (shown in

Table 4) were sequenced and used for further experiments.

Transfection of cRNA, immunoflourescence assays and passaging of generated virus
For in vitro transcription plasmids containing pD78A and mutagenised plasmids were
linearized by cleavage with BsrG |. pP2B (Mundt & Vakharia, supra, 1996; EP application
887412) was linearized using Pst I. Further treatment of linearized DNA, transcription and
transfection of RNA into BHK 21 cells were carried out as described by Mundt (J. Gen. Virol.
80, 2067-2076, 1999). For immunoflourescence assay BHK21 cells grown in 24 well tissue
culture plates were transfected and 24h after transfection aceton/ methanol (50%/50%) fixed
for 5 min and dried. Fixed cells were incubated with monoclonal antibodies 67, B89, 57, R63
and rabbit anti-IBDV serum (Mundt et al., J. Gen. Virol. 76, 437-443, 1995), respectively,
diluted in phosphate buffered saline (PBS) for 30 min and rinsed trice with PBS. Cells were
now incubated for 30min in PBS diluted DTAF- conjugated goat anti-rabbit IgG or DTAF-
conjugated goat anti-mouse IgG (Dianova, Hamburg, Germany) followed by three washes
using PBS and one wash with destilled water. After air drying cells were mounted in 2.5%
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1.4.-Diazobicyclo(2.2.2.)-octane (DABCO, Sigma, Deisenhofen, Germany) containing PBS
with 90% glycerol. Flourescence was visualised using a immerse flourescence microscope.

For passaging of generated virus BHK21 celis grown in 6 well tissue culture plates were
transfected in parallel to the transfection experiments in 24 well tissue culture plates and
incubated for 24h — 48h. After freeze/thaw at —70° for at least one hour obtained
supernatant was centrifuged at 6400 x g for 10min and passaged onto QM cells grown in

25cm?2 tissue culture flask until CPE was visible. Supernatant was obtained as described
above, aliquoted and stored at —=70°C. For analysis of viability and presence of reactivity with
the mmAb QM-cells grown in 24 well tissue culture plates were infected with one aligout

and incubated for 24h. Immunoflourescence assay was performed as described above.

Growth analysis of generated virus in cell culture

To monitor growth CEC grown in 24 well tissue culture plate were infected with selected
IBDV at a MOI of 1 for 1 h at 37°C. Thereafter, inoculum was removed , celis were washed
with medium and 1ml medium was added. Supernatants were harvested separately
immediately thereafter (0 h), and after 8, 12, 16, 24 and 36 h of incubation at 37°C and
stored at —70°C. Virus titers were obtained by determination of TCID50 using QM-cells
(Quail muscle cells) grown in 96 well tissue culture plates. To this end supernatants were
thawed and titrated in log10 steps. 100ul each of the appropriate dilution was pipetied into
four wells of a tissue culture plate followed by addition of 100ul QM cells suspension

(106cells/ml). The plates were incubated at 37°C. After five days wells with CPE were
couted as positive and TCID50 was determined following Spaerman (Brit. J. Psychol., 2,
227-242, 1908) and Karber (Arch. Exp. Path. Pharmak.., 162, 480-487, 1931). Average

values and standard deviations of three independent experiments were calculated.
Results

Influence of the exchange of amino acids in the variable region of VP2 on the
reactivity of monoclonal antibodies

Amino acids located in the sequence of strain D78 at position 222 (proline), 318 (glycine),
321 (alanine), and 323 (aspartate) were exchanged to amino acids serine, threonine
(P222S, P222T), aspartate, asparagine (G318D, G318N, glutamate (A321E), and glutamate
(D323E), respectively, in different combinations (see Table 4). Exchange of proline in
position 222 to serine resulted in an additional reactivity of moab 67 if the aa sequence of aa
from position 318 to 323 was of following combinations: GGQAGD, DGQAGD, DGQAGE,
GGQAGE, NGQAGE. The remaining combinations of the aa sequence from position 318 to
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323 (DGQEGD, DGQEGE, GGQEGD, GGQEGE, NGQAGD, NGQEGD, NGQEGE) seems
to prevent the folding of the epitope characterized by moab 67 even if proline at position 222
was exchanged to serine. Binding of moab 57 was detected after exchange of aa 321 from
alanine to glutamate independent if amino acid 222 (proline), 318 (glycine), and 323
(aspartate). But the exchange of arginine to serine at position 330 influenced the presence
of the 57 epitope. Here if the performed exchange (R330S) was performed in presence of
the combinations DGQEGD, NGQEGD, and NGQEGE, respectively, no reactivity with moab
57 was detected after co-tramsfection experiments. In contrast, the exchange R330S
showed no influence on the reactivity with moab 57 in presence of the combination
GGQEGD. The presence of reactivity of moab 57 and R63 excluded each other in the
performed experiments since if the 57 epitope was present the R63 epitope was absent.
Furthermore reactivity with moab R63 after co-transfection experiments was recorded after
usage of plasmids encoding combinations GGQAGD, DGQAGD, DGQAGE, GGQAGE,
NGQAGD, and NGQAGE from aa 318 to 323 located in the VP2 region independent if aa
222 (proline) or aa 330 (argenine) was exchanged. Translated protein of cRNA of plasmids
encoding the amino acid sequence DGQEGE or GGQEGE from position 318 to 323 of the
polyprotein gene reacted only with the moab 69. Here also the exchange of aa 222 and/or
330 seems to have no influence on the reactivity. After all transfection experiments cells
were freezed/thawed and the obtained supernatant was passaged. In each case viable virus
was generated indicating that the performed mutagenised amino acids had no influence on

viability and infectivity of cell culture of the virus.

Analysis of growth in cell culture

To test if amino acid exchange influence the growth of mutated virus several mutated IBDV
(D78, Mut1, Mut2, PS-D78, PS-Mut1, PS-Mut2, Mut 10, Mut11) were analysed. To this end
generated IBDV were selected which contain the same reactivity pattern with the used panel
of moab. As shown in Figure growth of virus was influenced by exchange of amino acids in
certain regions. Exchange of amino acid 222 from proline to serine showed no influence in
growth in cell culture. In contrast, exchange in the region from amino acid 318 to 323
influenced the growth of the investigated mutants. These mutants growth to lower titers at all
time points investigated indicating that the region from aa 318 to @a323 is of importance for

growth in cell culture.
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Table 3: Oligonucleotides used in site-directed mutagenesis

Sequence Orientation | Position | Amino acid | Name | SEQID

exchange No.

GACCATGACATCTGATCCCCT | antisense | 1069-1113 | G318D Mut1 20

GCCTGACCgiCACTTTTGGAG

GTC

GACCATGACATCTGITCCCCT | antisense | 1069-1113 | G318D Mut2 21

GCCTGACCgtCACTTTTGGAG D323E

GTC

GACCATGACATCTGATCCCCT | antisense | 1069-1113 | G318D Mut3 22

tCCTGACCQICACTTTTGGAG A321E

GTC

GACCATGACATCTGITCCCCTt| antisense | 1069-1113 | G318D Mut4 23

CCTGACCgICACTTTTGGAGG A321E

TC D323E

GACCATGACATCTGITCCCCT | antisense | 1069-1113 D323E Mut5 24

GCCTGACCACCACTTTTGGA

GGTC

GACCATGACATCTGATCCCCT | antisense | 1069-1113 | A321E Mut6 25

tCCTGACCACCACTTTTGGAG

GTC

GACCATGACATCTGITCCCCTt| antisense | 1069-1113 A321E Mut7 26

CCTGACCACCACTTTTGGAG D323E

GTC

GACCATGACATCTGATCCCCT | antisense | 1069-1113 | G318N Mut8 27

GCCTGACCgtACTTTTGGAG

GTC

GACCATGACATCTGITCCCCT | antisense | 1069-1113 ] G318N Mut9 28

GCCTGACCGgHACTTTTGGAG D323E

GTC

GACCATGACATCTGATCCCCT | antisense | 1069-1113 | G318N Mut10 29

tCCTGACCgHACTTTTGGAGG A321E

TC

GACCATGACATCTGITCCCCTt| antisense | 1069-1113 | G318N Mut11 30

CCTGACCgtACTTTTGGAGGT A321E

c D323E

ATTGTTACCCCACCGGTTtGg | antisense | 772-810 P222T pP222T 31

TACTGTGATGAGAATTGG

GATTGTTACCCCACCgeciTTG | antisense | 782-811 P222S p222S 32

GTACTGTGA

GTCACTGCTAGGCTCCCagaT | antisense | 1102-1137 R330S R330S 33

GCCGACCATGACATC
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Table 4: Results of site-directed mutagenesis, transfection experiments and
immunofluorescence assay
Oligo PlasmidsP aa- 57 RG3 67 | B69 | Viable | SEQID
nucleotides? sequenceC No.
pD78A GGQAGD - + - * + 1
P222S pD78A-P2228 -1 GGQAGD - + + + + 1
P222T pD78A-222T GGQAGD 1
R330S pD78A- R330S | GGQAGD - + - + + 1
P222S, pD78A-P222S -| GGQAGD - + + + + 1
R330S R3308
Mut1 pMut1 DGQAGD - + - + + 3
Mut1, P222S |pMut1-P222S |DGQAGD - + + + + 3
Mut1, R330S |pMut1-R330S |[DGQAGD - + - + + 3
Mut1, P222S, | pMut1- P222S - | DGQAGD - + + + + 3
R3308 R330S
Mut2 pMut2 DGQAGE - - + + 4
Mut2, P222S | pMut2-P2228 | DGQAGE - + + + + 4
Mut2, P222T |pMut2-P222T |DGQAGE 4
Mut2, R330S | pMut2-R330S | DGQAGE- - - + + 4
Mut2, P222S, | pMut2- P222S - | DGQAGE - + + + 4
R3308 R3308
Mut3 pMut3 DGQEGD + - - + + 7
Mut3, P222S | pMut3-P222S | DGQEGD + - - + + 7
Mut3, R330S |pMut3-R330S |DGQEGD - + - + + 7
Mut4 pMut4 DGQEGE - - - + + 34
Mut4, P222S |pMut4-P222S | DGQEGE - - - + + 34
Mut4, R330S |pMut4-R330S |DGQEGE - - - + + 34
Mutb pMut5 GGQAGE - ¥ - + + 2
Mutb, P222S | pMui5-P2228 | GGQAGE - + + + + 2
Mutb, P222T |pMut5-P222T | GGQAGE 2
Mutb, R330S | pMut5-R330S | GGQAGE - + - + + 2
Mut6 pMut6 GGQEGD + - - + + 6
Mut6, P222S | pMut6-P222S | GGQEGD + - - + + 6
MutB, R330S |pMut6-R330S |GGQEGD + - - + + 6
Mut7 pMut7 GGQEGE - - - + + 35
Mut7, P222S |pMut7-P2228 | GGQEGE - + - + + 35
Mut7, R330S |pMut7-R330S | GGQEGE - - - + + 35
Mut8 pMut8 NGQAGD - + - + + 15
Mut8, P222S | pMut8-P222S | NGQAGD - + - + * 15
Mut8, R330S |pMut8-R330S [|NGQAGD - + - + + 15
Mut9 pMut9 NGQAGE - + - + + 16
Mut9, P222S |pMut9-P222S | NGQAGE - + + + + 16
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Mut9, P222T [pMut9-P222T |NGQAGE 16
Mut2, R330S [pMut9-R330S |[NGQAGE + 16
Muti0 pMui10 NGQEGD 8
Mut10, pMut10-222S | NGQEGD + 8
P222S

Mut10, pMut10-330S | NGQEGD * 8
R330S

Mut11 pMut11 NGQEGE + 9
Muti1, piMut11-222S | NGQEGE * 9
P222S

Mut11, pMut11-330S | NGQEGE + 9
R330S

a Qligonucleotides used for site directed mutagenesis experiments
b Obtained mutagenised plasmids used for transfection experiments

€ Amino acids sequence located at amino acid positions 318-323 is shown in single letter
code and exchanged amino acids in comparison to the D78 sequence are bold typed

Example 2

Antigenic properties of the classic IBDV mutants

Material and Methods

Characterization of mutant virus by neutralization assay

To test wether the generated virus was neutralized by monoclonal antibodies neutralization
assay was performed essentially as described (Schroder et al., J. Gen. Virol., 81, 533-540,
2000). In brief, 100yl of a virus solution containing 750 TCID5n/100ul was pipetted into each

well of a 96 well tissue culture plate with the exception of the first well in each row. Then,
100yl of either the different moabs (67, B69, 57, R63) or a polycional rabbit anti-IBDV serum
was pipetted into the empty first well of each row. To the antibody containing wells 100ul of
a virus suspension containing 1500 TCID5q/100ul was added then. After mixing virus and

serum serial dilutions were made by serially transferring 100pl/well. After incubation for 1
hour at room temperature 100pl of QM cells (106 cells/ml) were added to each well and
incubated at 37°C. Six days later wells were scored for the presence of CPE. The end point

of the VN-est for a serum sample was determined to be the reciprocal of the highest

dilution, expressed in log2, in which no CPE was visible.
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Results

Antigenic properiies in neuiralizaiion asssay

To assay if generated mutants could be neutralized by the appropriaie monocional
antibodies neutralization assays were peformed. For this assay pairs of virus were selected
which showed either a different mAb pattern based on one amino acid exchange (D78, PS-
D78; Mutl, PS-Muti; Mut2, PS-Mut2) or the same pattern but different amino acid
sequences (D78, Mut1, Mut2,; PS-D78, PS-Muti, PS-Mui2; Mut10, Muti1). The resulis
showed (Table 5) that neutralization occurred in most cases (D78, Mut1, Mut2, PS-D78, PS-
Mut1, PS-Mut2, Mut11) in the same pattern as in the fluorescence assay. One exception
was Mut 11, which was not neutralized by mAb 57, although it was positive in fluorescence
assay indicating that the epitope was present but lost his neutralising property.

Table 5: Neutralization assay of IBDV mutants using polyclonal serum and monocional

antibodies
Virus® Panel pattern in IFAP | Antibodies used in neutralization assay®
57 |R63 |67 |B69 57 R63 67 B69 anti -IBDV

D78 - + |- + <od >27 <2 22 2™
PS-D78 -+ [+ [ <2 >2'2 |20 2" 2"
Mut1 N <2 >2'7 <2 2™ 2°
PS-Mut1 - ] <2 > |21 2™ 2"
Mut2 -+ -+ <2 >2™7 <2 2" 2°
PS-Mut2 e <2 2" 2" 2" 27
Mut10 + |- - + 2" <2 <2 2" 2°
Mut11 + - |- |+ <2 <2 <2 2" 2

a recombinant IBDV used in the neutralization assay

b results of the panel pattern in the indirect immunflourescence assay using moabs (57,
R63, 67, B69) as shown in table 4.

C In the neutralization assay four moabs (57, R63, 67, B69) and one polyclonal rabbit anti —
IBDV serum.

d neutralization titer in logs of the diluted serum
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CLAIMS

A classic infectious bursal disease virus (IBDV) mutant that expresses a VP2 protein
that binds with monoclonal antibody (moab) B69, characterised in that the VP2
protein also binds with moab 67, secreted by hybridoma cell lines HB-9437 and HB-
11122, deposited at the ATCC, Rockville, USA, respectively.

A classic IBDV mutant according to claim 1, characterised in that the VP2 protein
binds with moab B69, moab 67 and moab R63, secreted by hybridoma cell line HB-
9490, deposited at the ATCC, Rockville, USA.

A classic IBDV mutant according to claim 1, characterised in that the mutant
comprises one or more mutations in a classic VP2 coding region, such that the
coding region comprises,

(i) a codon for the amino acid at position 222 encoding serine or threonine, and
(i) a nucleotide sequence encoding an amino acid sequence shown in any of the
SEQID. No. 1-5 at positions 318-323.

A classic IBDV mutant according to claim 3, characterised in that the coding region

comprises a codon for the amino acid at position 330 encoding arginine or serine.

A classic IBDV mutant according to claims 1-4, characterised in that the mutant
comprises one or more mutations in a VP2 coding region of IBDV strain D78,

A classic IBDV mutant according to claims 1-5, characterised in that the mutant

comprises a genomic segment A of a classic IBDV, preferably of IBDV strain D78.

A vaccine for use in the protection of pouliry against disease caused by IBDV
infection, characterised in that the vaccine comprises a classic IBDV mutant
according o claims 1-6, together with a pharmaceutical acceptable carrier or diluent.

A vaccine according to claim 7, characterised in the classic IBDV mutant is in a live
form.

PCT/EP2004/050360
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9 A vaccine according to claim 7 or 8, characterised in that the vaccine further

comprises one or more vaccine components of other pathogens infectious to pouliry.

40 A vaccine according to claims 7-9, characterised in that the vaccine comprises an

adjuvant.

41 A method for the preparation of a classic IBDV mutant according to claims 1-6,
characterised in that the classic IBDV mutant is propagated in a cell culture and
subsequently harvested from the cell culure.

12 A method for the preparation of a vaccine according to claims 7-10, characterised in
that a classic IBDV mutant according to claims 1-6 is mixed with a pharmaceutical

acceptable carrier or a diluent.

13 A method for the preparation of a classic infectious bursal disease virus (IBDV)
mutant that expresses a VP2 protein that binds with monoclonal antibody (moab)
B69 and moab 67, secreted by hybridoma cell lines HB-9437, and HB-11122,
deposited at the ATCC, Rockville, USA, respectively, characterised in that one or
more mutations are introduced in a VP2 coding region of a classic IBDV strain, such
that ,

(i) a codon for the amino acid at position 222 encodes serine or threonine, and
(i) anucleotide sequence encoding an amino acid sequence for positions 318-323
encodes an amino acid sequence shown in any of the SEQ [D No. 1-5.

14 A method according to claim 13, characterised in that the mutation is introduced in
the codon for the amino acid at position 222 in a VP2 coding region of a classic IBDV
strain that comprises a nucleotide sequence encoding the amino acid sequence
shown in SEQ ID No. 1.

15 A method according to claim 13 or 14, characterised in that the VP2 protein also
binds with moab R83, secreted by hybridoma cell line HB-9490, deposited at the
ATCC, Rockville, USA.

46 A method according to claims 13-15, characterised in that the VP2 coding region
comprises a codon for the amino acid at position 330 encoding arginine or serine.
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17 A method according to claims 13-17, characterised in that the one or mere mutations
are introduced in a VP2 coding region of IBDV strain D78.

18 A method according to claims 13-17, characterised in that the one or more mutations
5 are introduced in a genomic segment A of a classic [BDV, preferably of IBDV strain
D78.

19 A method for the preparation of a vaccine for use in the protection of poultry against
disease caused by IBDV infection, characterised in that a classic IBDV mutant
10 prepared according to a method described in claims 13-18 is mixed with a

pharmaceutical acceptable carrier or a diluent.
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Growth Kinetics in Cell Culture

TCID50/ml
i0°
. !
10 ——D78A
—=—PS-D78A
3 —&— Mut1
10 ——PS-Mut1
2 —%—Mut2
10 Z ——PS-Mut2
) o ——Mut10
10 —— Mut11
{ l I I I
0] 8 16 24 36 48
h p.i.
Group 1: D78A ; Mutl; Mut2: 63+, 69+, 57-, 67-

Group 2: PS-D78A ; PS-Mutl; PS-Mut2: 63+, 69+, 57-, 67+

Group 3: Mut10 ; Mutl1: 63-, 69+, 57+, 67-
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SEQUENCE LISTING

<110> AKZO Nobel NV

<120> An infectious bursal disease virus (IBDV) mutant expressing virus
neutralising epitopes specific for classic- and variant IBDV
strains

<130> 2003-002-FF

<160> 35

<170> PatentIn version 3.2

<210> 1

<211> 6

<212> PRT

<213> Artificial

<220>

<223> Mutant of classic IBDV

<400> 1

Gly Gly Gln Ala Gly Asp

1 5

<210> 2

<211> 6

<212> PRT

<213> Artificial

<220>

<223> Mutant of classic IBDV

<400> 2

Gly Gly Gln Ala Gly Glu

1 5

<210> 3

<211> 6

<212> PRT

<213> Artificial

<220>

<223> Mutant of classic IBDV

<400> 3

Asp Gly Gln Ala Gly Asp

1

<210>

5

4
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<211>
<212>
<213>

<220>
<£223>

<400>

6

PRT

Artificial

Mutant of classic IBDV

4

Asp Gly Gln Ala Gly Glu

1 5

<210> 5

<211> 6

<212> PRT

<213> Artificial

<220>

<223> Mutant of classic IBDV
<400> 5

Asn Gly Gln Ala Gly Glu

1 5

<210> 6

<211> 6

<212> PRT

<213> Artificial

<220>

<223> Mutant of classic IBDV
<400> 6

Gly Gly Gln Glu Gly Asp

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5
7
6
PRT
Artificial

Mutant of classic IBDV

7

Asp Gly Gln Glu Gly Asp

1

<210>
<211>
<212>
<213>

<220>
<223>

5
8
6
PRT
Artificial

Mutant of classic IBDV

PCT/EP2004/050360
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<400> 8

Asn Gly Gln Glu Gly Asp

1 5
<210> 9

<211> 6

<212> PRT

<213> Artificial

<220>
<223> Mutant of classic IBDV

<400> 9

Asn Gly Gln Glu Gly Glu

1 5
<210> 10

<211> 6

<212> PRT

<213> BArtificial

<220>
223> Mutant of classic IBDV

<400> 10

Gly Gly Gln Ala Gly Asp

1 5
<210> 11

<211> 6

<212> PRT

<213> Artificial

<220>
<223> Mutant of classic IRDV

<400> 11

Gly Gly Gln Ala Gly Glu

1 5
<210> 12

<211> 6

<212> PRT

<213> Artificial

<220>
<223> Mutant of classic IBDV

<400> 12

Asp Gly Gln Ala Gly Asp
1 5
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<210> 13
<211> 6
<212> PRT

<213> Artificial
<220>

<223> mutant of pD78A

<400> 13

Asp Gly Gln Ala Gly Glu
1 5

<210> 14

<211> 6

<212> PRT

<213> Artificial

<220>

<223> Mutant of classic IBDV
<400> 14

Asp Gly Gln Glu Gly Asp

1 5

<210> 15

<211> 6

<212> PRT

<213> Artificial

<220>
<223> Mutant of classic IBDV

<400> 15

Asn Gly Gln Ala Gly Asp

1 5
<210> 16

<211> 6

<212> PRT

<213> Artificial

<220>
<223> Mutant of classic IBDV

<400> 16

Asn Gly Gln Ala Gly Glu
1 5

<210> 17

PCT/EP2004/050360



WO 2004/085634

<211>
<212>
<213>

<220>
<223>

<400>

6

PRT

Artificial

Mutant of classic IBDV

17

Asn Gly Gln Glu Gly Asp

1

<210>

<211>

<212>
<213>

<220>
<223>

<400>

1

<210>
<211>

5
18
6
PRT
Artificial

Mutant of classic IBDV

18
Asn Gly Gln Glu Gly Glu
5
19
31
PRT

<212>
<213>

<400>

Infectious bursal disease virus

19

PCT/EP2004/050360

Ser Asp Arg Pro Arg Val Tyr Thr Ile Thr Ala Ala Asp Asp Tyr Gln

1

Phe Ser Ser Gln Tyr Gln Pro Gly Gly Val Thr Ile Thr Leu Phe

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5 10

20 25
20
45
DNA
Artificial
oligonucleotide for site—directed mutagenesis
20

gaccatgaca tctgatcccc tgcctgaccg tcacttttgg aggtce

<210>
<211>
<212>
<213>

<220>
<223>

21

45

DNA
Artificial

oligonucleotide for site-directed mutagenesis

45



WO 2004/085634

<400>

21

gaccatgaca tctgttccce tgectgacceg tcacttttgyg aggte

<210>
<211>
<212>
<213>

<220>
<223>

<400>

22

45

DNA
Artificial

oligonucleotide for site-directed mutagenesis

22

gaccatgaca tctgatccce ttectgaccg tcacttttgg aggtce

<210>
<211>
<212>
<213>

<220>
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gaccatgaca tctgttccec ttectgaceg tcacttttgg aggtce
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<223>

<400>
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gaccatgaca tctgttcecce tgectgacca ccacttttgg aggtce
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<211>
<212>
<213>

<220>
<223>
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gaccatgaca tctgttccece ttcctgacca ccacttttgg aggtce

<210>
<211>
<212>
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gaccatgaca tctgatcccc tgcectgaceg ttacttttgg aggte
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<223>
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attgttacce caccggtttg gtactgtgat gagaattgg

<210> 32

<211> 30

<212> DNA

<213> Artificial

<220>

<223> oligonucleotide for site-directed mutagenesis
<400> 32

gattgttacc ccaccgettt ggtactgtga 30
<210> 33

<211> 36

<212> DNA

<213> Artificial

<220>

<223> oligonucleotide for site-directed mutagenesis
<400> 33

gtcactgcta ggctcccaga tgeccgaccat gacatc 36
<210> 34

<211> 6

<212> PRT

<213> Artificial

<220>

<223> Mutant of classic IBDV

<400> 34

Asp Gly Gln Glu Gly Glu

1 5

<210> 35

<211> 6

<212> PRT

<213> Artificial

<220>

<223> Mutant of classic IBDV

<400> 35

Gly Gly Gln Glu Gly Glu

1

5
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