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The live recombinant avian vaccine comprises, as
vector, an avian herpesvirus comprising at least cne
nuclecotide sequence coding for and expressing an
antigenic polypeptide of an avian pathogenic agent,
inserted into the region 1lying between the ATG of
ORF UL55 and the junction of U, with the adjacent repeat
region, under the control of the CMV immediate early
promoter. The vector is preferably chosen from the group
congigting of Marek’s disease viruses (MDV and HVT),
infectious laryngotracheitis virus ILTV and herpes of
ducks. A peclyvalent vaccine formula comprises at least
two vaccines of this type, with different inserted

segquernces.
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ABSTRACT

Live recombinant avian vaccine using an avian

herpesvirus as vector.

The live recombinant avian vaccine comprises, as
vector, an avian herpesvirus comprising at least one
nucleotide sequence coding for and expressing an
antigenic polypeptide of an avian pathogenie agent,
ingerted into the region lying between the ATG of
ORF UL55 and the junction of U, with the adjacent repeat
region, under the control of the CMV immediate early
promoter. The vector is preferably chosen from the group
consisting of Marek’s disease viruses (MDV and HVT),
infectious laryngotracheitis wvirus ILTV and herpes of
ducks. A polyvalent vaccine formula comprises at least
two vaccines of this type, with different inserted

sequences.

Figure 16.
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The present invention relates to vaccines for
avian uee based on live recombinant avian herpesviruses,
namely, in particular, on Marek’s disease virus (MDV) and
more especially on HVT virus (herpesvirus of turkeys).
into which has been inserted, by genetic recombination,
at least one nucleotide sequence coding for and
expressing an antigenic polypeptide of an avian
pathogenic agent, under conditions affording an
immunization leading to an effective protection of the
vaccinated animal against the said pathogenic agent. It
applies, furthermore, to the infectious laryngotracheitis
virus (ILTV) and herpes of ducks.

A number of recombinant avian viral vectors have
already been proposed with a view to vaccinating birds
againsgt avian pathogenic agents, in particular pathogenic
viruses, including the viruses of Marek's disease (MDV),
of Newcastle disease - (NDV), of infectious
laryngotracheitis (ILTV), of Gumboro disease {infectious
bursal disease, IBDV), of infectious bronchitis (IBV) and
of avian anaemia (CAV).

The viral vectors used comprise avipox viruses,
especially fowlpox (EP-A-0,517,292; H.-G. Heine et al.,
Arch. Virel. 1993. 131. 277-292; D.B, Boyle et al.,
Veterinary Microbiolegy 1994. 41. 173-181; C.D. Bayliss
et al., Arch. Virol. 1991, 120. 193-205), Marek’s virus,
in particular serotypes 2 and 3 (HVT) (WO-A-87/04463;
WO-A-89/01040; WO-A-93/25665; EP-A-0,513,521;
J. MoMillen, Poultry Condemnation Meeting, October 1994,
359-363; P.J.A. Sondermeijer et al., Vaccine 1993.
11. 349-357; R.W. Morgan et al., Avian Diseases 1992. 36.
858-870, and 1993. 37. 1032-1040) or altermatively the
ILTV and avian adencovirus viruses.

When they are used for wvaccination, these
recombinant viruses induce variable levels of protection,
generally low or partial, even if in special rare cases

a substantial protection may be demonstrated.
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One of the most difficult protections to be
afforded with live recombinant avian vaccines is that
against the Gumboro diseage virus or IBDV virug. In
effect, although traditional inactivated or attenuated
live vaccines exiat against this disease, no recombinant
live vaccine has yet evinced appropriate efficacy.

The genome of the Gumboro disease virus consists
of a double-stranded RNA. The largest segment (segment A)
codes for a polyprotein of 115 kDa, which is cleaved
secondarily into three proteine VP2 (41 kDa), VP4
(28 kDa) and VP3 (32 kDa). VP4 appears to be a protease
participating in the maturation of 115 kDa polyprotein.
The position of the cleavage site between VP2 and VP4 has
been determined only approximately (M. Jagadish,
J, Virol. 1988. 62. 1084-1087). The protein VP2 is an
immunogen inducing neutralizing antibodies and protection
againgt Gumborc digease.

The proposal has already been made to insert
genes coding for immunogenic IBDV proteina into warious
live vectors: EP-A-0,517,292 (insertion of sequences
coding for VP2 or the polyprotein into an avipox};
C.D. Bayligs 1991, H.-G. Heine 15993 and D.B. Boyle 1994
supra (VP2 into fowlpox).

The Marek’s disease viruses have also been
proposed in WO-A-90/02802 and WO-A-90/02803 (various
ingertion sites such as gC, TK, RR1l, RR2), in French
Patent Applications Nos. 90/03105 (RR2) and 90/11146
(US3), and also, in particular, in Patent Applications
WO-A-87/04463 and WO-A-89/01040 (BamHI #16 and #19) and
WO-A-93/25655 (US2).

R.J. Isfort et al. (Virology 1994, 203. 125-133)
have determined a number of sitea for integration of
retroviruses in the HVT genome, which sites are located
in the BamHI restriction fragments F, A and I.

Various promoters, including those generally
available on the market, have been used in the different
constructions of the prior art, amcng them the PRV gX,
HCMV IE (human CMV immediate early) and herpes simplex
alpha-4 promoters, FPV P,E/L (fowlpox promoter) {(H. Heine

Py
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et al., Arch. Virol. 18%3. 131. 277-292), the vaccinia
virus P7.5 (C. Bayliss et al., Arch. Virol. 1991. 120.
193-205) and P11 (D. Boyle et al., Vet. Microb. 1994. 41.
173-181) promoters, the promoter originating from the RSV
virus (Rous sarcoma virus) LTR sequence, the 8SV40 early
promoter and also MDV or HVT promoters, such ag the
promoters of the gB, ¢gC, TK, RR2, and the like, genes,
without a rule having been discernible, in particular in
the case of comstructions in EVT. The sequences of some
promoters can inhibit the replication of recombinant HVT
or MDV vectoxrs (D.R. Marshall et al., J. Vir. Meth. 195%2.
40. 195-204 and Virology 1993. 195. 638-648). Among the
promoters mentioned, a number, such as, for example,
8V40, RSV LTR and PRV gX, have shown some degree of
efficacy, as have some promoters belonging to some genes
of the Marek viruses, in particular of serotype 3.

The invention has enabled a live recombinant
vaccine to be developed, based on an HVI vector into
which is inserted at least one sequence coding for an
avian immunogen, eapecially the IBDV protein VP2. Such a
vaccine incorporating a sequence coding for VP2 affords
patisfactory protection of animals against Gumboro
digease, that is to say protection with respect to
mortality and with respect to lesions of the bursa of
Fabricius.

The subject of the present invention is a live
recombinant avian vaccine comprising, as vector, an avian
herpesvirus comprising at least one nuclectide sequence
coding for and expressing an antigenic polypeptide of an
avian pathogenic agent, inserted inte the region lying
between the ATG of ORF UL55 and the junction of U, with
the adjacent repeat region, under the control of the CMV
immediate early promoter. This insertion regiocn
corresponds in HVT to the BamHI fragment I and in MDV to
the BamMI £fragment K + H, as are presented by
A.E. Buckmaster in J. Gen. Virol. 1988, 69. 2033-2042,

The avian herpesviruses according to the
invention are preferably the Marek’s disease viruses, in
particular HVT, the infectious laryngotracheitis virus

3
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ILTV and herpes of ducks. The Marek’s disease viruses,
and more especially the HVT virus, are preferred.

The BamHI restriction fragment I of HVT comprises
several ORFs and three intergenic regions and, as an
ingertion region according to the invention, comprises
several preferred insertion regions, namely the three
intergenic regions 1, 2 and 3 which are the preferred
regions, and ORF UL55.

Insertion into the insertion region is understocd
to mean, in particular, insertion without deletion or
with deletion of a few bases for the intergenic regions,
and with total or partial deletion or without deletion
for the ORFs.

CMV immediate early (IE) promoter is understoocd
to mean the fragment given in the examples, as well as
its subfragments which retain the same promoter activity.

The CMV IE promoter can be the human promoter
(HCMV IE) or the murine promoter (MCMV IE), or
alternatively a CMV IE promoter of some other origin, for
example from rats or from guinea-pigs.

The nuclectide sequence inserted into the Marek
vector, in order to be expressed, may be any sequence
coding for an antigenic polypeptide of an avian
pathogenic agent, capable, when expressed under the
favourable conditions achieved by the invention, of
affording an immunization 1leading to an effective
protection of the vaccinated animal against the
pathogenic agent. The nuclectide sequences coding for the
antigens of interest for a given disease may hence be
inserted under the conditions of the invention.

The vaccines according to the invention may be
used for the vaccination in ovo of 1-day or clder chicks
and of adults.

The invention may be used, in particular, for the
ingertion of a nucleotide sequence coding appropriately
for the polypeptide VP2 of the IBDV virus. A live
recombinant vaccine is thereby obtained affording, in
addition to protection against Marek’s disease,

satisfactory protection against Gumboro disease. If so

i
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desired, it is also pogsible to insert a sequence coding
for another IBDV antigen, such as VP3 or altermatively
the polyprotein VP2 + VP4 + VP3, these other
possibilities not being preferred.

The recombinant vaccine against Gumboro disease
will preferably be presented at a concentration of 10 to
10* pfu/dose.

Other preferred cases of the invention are the
insertion of nucleotide sequences coding for antigens of
the Marek's digease virus, especially gB, gC, gD and
gH + gL genes (WO-A-90/02803), of the Newcastle disease
virus, especially F and HN genes, of the infectious
bronchitis virus (IBV), especially S and M genes (M.
Binns et al., J. Gen. Virol. 1985. 66. 719-726;
M. Boursnell et al., Virus Research 1984. 1. 303-313), of
the avian anaemia virus (CAV), especially VPl (52 kDa) +
VP2 (24 kDa) (N.H.M. Noteborn et al., J. Virel. 1981. 65.
3131-3139), and of the infectious laryngotracheitis virus
(ILTV), especially gB (WO-A-90/02802), gC, gD and gE +
gL.

The doses will preferably be the same as those
for the Gumboro vaccine.

According to an advantageous development of the
invention, the CMV IE promoter is combined with another
promoter wherein both promoters direct transcription in
opposite directions according to a head-to-tail
arrangement, which enables two nucleotide sequences to be
inserted into the insertion region, one under the control
of the CMV IE promoter, the other under that of the
promoter used in combination therewith. This construction
is noteworthy for the fact that the presence of the CMV IE
promoter, and in particular of its activator porticn
(enhancer), activates the transcription induced by the
promoter used in combination. A preferred promoter used in
combination is the Marek 1.8 RNA promoter, the
transcriptional activity of which has been shown to be
multiplied by approximately 4.4 under these conditions.

An advantagecus case of the invention is a vaccine
comprising a nucleotide sequence encoding for IBDV VP2
under the control of (MV IE, and a nucleotide
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sequence coding for an antigen of another avian disease,
in particular the ones mentioned above, under the control
of the other promoter.

It is also possible to assemble head to tail two
CMV IE promoters of different origins.

The 1.8 RNA promoter may alsc be used alone in
place of the CMV IE promoter, in particular for vaccines
againgt Marek’s disease, Newcastle disease, infectious
laryngotracheitis, infectious bronchitis and avian
anaemia.

The subject of the present inwvention is also a
polyvalent vaccine formula comprising, as a mixture or to
be mixed, at least two live recombinant avian vaccines as
are defined above, these vaccines comprising different
inserted sequences, in particular from different
pathogens.

The subject of the present invention is alse a
method of avian vaccination, comprising the
administration of a live recombinant vaccine or of a
polyvalent vaccine formula as defined above. Its subject
is, in particular, a method of this kird for the
vaccination in ovo of 1l-day or older chicks and of
adults,

The invention will now be described in greater
detail by means of non-limiting examples of
implementation, taken with reference to the drawing,
wherein:

Listing of figures and sequences for the constructions in

the intergenic sites

Figure 1: Sequence of the HVT BamHI fragment I
Figure 2: plaamid pELO3S
Figure 3: plasmid pEL077
Figure 4: plasmid pELO079
Pigure 5: plasmid pELO76
Figure 6: plasmid pELO78
Figure 7: plasmid pEL054
Figure B: plasmid pELO55

Figure 9: plasmid pELO62
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Figure 10: plasmid pEL(0&6
Figure 1l: plasmid pEL022
Figure 12: plasmid pEL023
Figure 13: plasmid pEL024
5 Figure 14: plasmid pCMVE
Figure 15: plasmid pELO26
Figure 16: plasmidé pELO0S0
Figure 17: plasmid pCDOO2
Figure 18: plasmid pCD0O09
10 Figure 19: plasmid pELO6S8
Figure 20: plasmid pELO70
Figure 21: plasmid pEL0Q91
Figure 22: plasmid pCD0O11
Figure 23: plasmid pCD020
15 Figure 24: plasmid pEL0S2
Figure 25: Sequence of the NDV HN gene
Figure 26: plasmid pELO28
Figure 27: plasmid pEL029%bis
Figure 28: plasmid pEL030
HE 20 Figure 29: plasmid pEL032
::;: Figure 30: plasmid pELO093
o, Figure 31: plasmid pELO0O33
ﬂ_:' Figure 32: plasmid pELO034
Lt Figure 33: plasmid pELOS4
25 Figure 34: Sequence of the MOV 1.8-kbp RNA promoter
Figure 35: plasmid pBE002
:3:} Figure 363 plasmid pEL06Y
Figure 37: plasmid pELOBO
T Figure 38: plasmid pEL081
s 30  Figure 39: plasmid pEL095

P Figure 40: plasmid pEL038
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SEQ ID sequence listing for the constructions in the

intergenic sites

SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
8EQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ

ID
D
IDp
ID
ID
D
ID
ID
ID
ID
ID
ID
ID
ID
Ip
ID
ID
Ip
1D
Ip
1D
ip
IDp
ID
IDp
IDp
IDp
Ip

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

W oo~ A N e W N

NNNNNRRNRNRNEREBEREEBRERB M [
® N QU R W R QL E N W Kk W N RO

Sequence of the
Oligonucleotide
Oligonucleotide
Oligonucleotide
Oligonucleotide
Oligonuclectide
Oligonucleotide
Oligonuclecotide
Oligonucleotide
Oligonucleotide
Oligonucleotide
Oligonuclectide
Oligonuclectide
Oligonucleotide
Oligonucleotide
Oligonucleotide
Oligonucleotide
Sequence of the
Oligonucleotide
Oligonucleotide
Oligonucleotide
Oligonucleotide
Oligonuclectide
Oligonucleotide
Sequence of the
Oligonucleotide
Oligonucleotide

Oligonucleotide

HVT BamHI fragment I
EL102

ELl6l

ELi47

EL162

EL154

EL163

EL164

EL165

EL132

EL133

MBO70

MBO71

CcDho01

CD002

CcD003

CDo04

NDV HN gene
ELO71

ELO73

ELO074

ELO75

ELO76

EL077

MDV 1.8-kbp RNA promoter
MB047

MB048

MBO72
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2. EXAMPLES
All the plasmid constructions were carried out
using the gtandard techniques of molecular biology
described by Sambrook J. et al. (Molecular Cloning: A
5 Laboratory Manual. 2nd Edition. Cold Spring Harbor
Laboratory. Cold Spring Harbor. New York. 1989). All the
regtricticn fragments used for the present invention were
igolated using the "Geneclean" kit (BIO 101 Inc. La
Jolla, Ca).

10 The virus used as parent virus is herpesvirus of
turkeys (HVT) strain FC126, isolated by Dr. Witter of the
Regional Poultry Research Laboratory (USDA, East Lansing,
Michigan) in a flock of 23-week-old turkeys (Witter R.L.
et al. Am. J. Vet. Res. 1970. 31. 525-538). The

15 conditions of culture of this virus are those described
elsewhere (French Patent Applicatien 90/03105).

Example 1: Extraction of the DNA from Marek’s digease

virus;
s The whole bloed of a chicken challenged at 7 days
h:': 20 with MDV strain RB1B is harvested with a syringe onto
:T"‘ anticoagulant (heparin solution at a concentration of
100 IU/ml) 14 days after infection. This blood is then
i::= centrifuged at 30 g for 15 minutes at room temperature.

The plasma together with the buffy coat is removed and
25 diluted in sterile PBS to have a fimal volume of 10 ml.

v After centrifugation for 15 minutes at 150 g, the cell
:::g:: pellet is resuspended in 2 ml of 199 culture medium
.:.j {Gibco-BRL Cat# 042-01183M) containing 2 % of foetal calf
A serym (FCS).

R 30 The total DNA of the infected lymphocytes is then

extracted according to the technique described by R.
Morgan et al. (Avian Diseases, 1990. 34. 345-351), and

may be used directly as template for the PCR experiments.

For the cloning of genomic fragments of the MDV virus,

35 the strain RB1B was cultured on CEF and the viral DNA was
prepared from purified wviral particles ae described by
Lee Y. et al. (J. Gen. Virol. 1980. 51. 245-253).
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Example 2: Preparation of MCMV virus (mouse

cytomegalovirug) genomic DNA

MCMV wvirus strain Smith was obtained from the

American Type Culture Collection, Rockville, Maryland,
TUSA (ATCC No., VR-194). This virus was cultured on Balb/C
mouse embryoc cells and the viral DNA of this virus was
prepared as degcribed by Ebeling A. et al. (J. Virol.
1983. 47. 421-433).

Example 3: Preparation of EVT virus genomic DNA for the

transfection experiments:
The viral DNA wused for the transfection

experiments was prepared according to the technique
described by R. Morgan et al. (Avian Diseases. 1990. 34.
345-351) from a culture of secondary CEC (CEC 1II)
infected with HVT virus strain FC126.

Example 4: Description of the BamHI fragment T
' The 5.8-kbp BamHI fragment I of HVT virus strain

FC126 (Igarashil T. et al. J. Gen. Virocl. 1989. 70. 1789-
1804) was isclated by Geneclean and cloned into the BamHI
gite of the vector pBS-SK+ to give the plasmid pEL037.
The sequence of thia fragment was established in its
entirety (5838 bp) (Figure 1 and SEQ ID Neo. 1). 6 open
reading frames (ORFs) were identified on thig sequence.
A study of the proteins potentially encoded by these ORFs
revealed that some of these proteines displayed a homology
with proteins encoded by ORFs present in other alpha-
herpeaviruses. The £first ORF (ORFl} (position 676 to
position 1209 on SEQ ID No. 1) displays a homology with
the CRFs HSV-1 UL55, EHV-1 gene 4 and VZV gene 5, and
codes for a theoretical protein HVT ULS5S of 178 amino
acids (aa). ORF 2 is located from position 1941 to
position 1387 on the sequence SEQ ID No. 1 and codes for
a protein of 185 aa homologous with the protein encoded
by the ORF EHV-1 gene 3. ORF 3 is incomplete. It is
located from position 5838 to 3573 on SEQ ID No. 1 and
displays a homology with ORF 21 of MDV (Ross No. et al.
Virus Genes. 1993, T. 33-51). Three other ORFs identified
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on this sequence, namely ORF4 (position 1403 to position
1957 (protein of 185 aa)), ORF5 (position 3081 to
pomition 2287 (protein of 265 aa)), and ORF6 (incomplete;
position 479 to position 1}, do not have homologues in
the sequence libraries. The genomic organization of the
BamHI fragment I of HVT virus strain FCl26 is such that
there are 3 intergenic regions which may be used as
insertion sites for c¢assettes for the expression of
foreign genes:

An intergenic region (intergenic region 1) exists between
ORF ULS55 and ORF HVT gene 3. A second intergenic region
{(intergenic region 2) exists between ORF HVT gene 3 and
the 265-aa ORF. A third intergenic region (intergenic
region 3) exists between the 265-aa ORF and ORF 21. These
three regions are useable for inserting expression
casgettes without affecting the im vivo replication of
the recombinant HVT viruses thereby obtained., Examples of
congtructions of donor plasmids for these intergenic

regione 1, 2 and 3 are described below:

Example 5: Construction of the donor plasmid for
intergenic region 1

Plagmid pEL037 was digested with BamEI and EcoRI
to isolate 2672-bp and 2163-bp BamHI-EcoRI £fragments.
These fragments were ligated with the wvector pBS-SK+,
previously digested with BamBHI and EcoRI, to give,
respectively, the plasmids pEL039 of 5167 bp and pEL040
of 6104 bp. Plasmid pEL039 (Figure 2) was digested with
BamHI and PstI to isolate the 997-bp BamHI-PstI fragment
(fragment A}. A PCR was carried out with the following
oligonucleotides:
EL102 (SEQ ID No. 2) 5‘ CATTATAAGACCAACGTGCGAGIC 3’
EL161 (SEQ ID No. 3) 5’ GTTCACGTCGACAATTATTTTATTTAATAAC 3-
and the template pEL039 to produce a 420-bp fragment.
This fragment was digested with PstI and Sall to ismolate
a 250-bp PstI-Sall fragment (fragment B). Fragments A and
B were ligated together with the vector pBSII-SK+
(Stratagene), previously digested with BamHI and Sall, to
give the 4160-bp plasmid pEL077 (Figure 3). Plaamid
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pEL039 was digested with BatBI and Scal to isolate a
{(blunt-ended) 475-bp BastBI-Scal fragment (fragment C). A
PCR was carried out with the following oligonucleotides:
EL147 (SEQ ID No. 4) 5 AAGATAATGGGCTCCCGCTGTTC 3’

EL162 (SEQ ID No. 5)

5 TAATTGTCGACCCCGGGGAATTCGTTTAATGTTAGTITTATIC 3/

and the template pEL039 to produce a 715-bp PCR fragment.
Thie fragment was digested with BstBI and Sall to isolate
the 465-bp BstBI-SalI fragment (fragment D}. Fragments C
and D were ligated together with plasmid pELO77,
previously digested with Apal and repaired with Klenow
polymerage and digested with Sall, to give the 5082-bp
plasmid pEL079 (Figure 4). This plasmid contains an
EcoRI-SmaI-Sall polylinker in intergenic site 1.

Example 6&: Construction of the donor plasmid for
intergenic region 2

Plagmid pEL039 (Example 5) was digested with
BstBI and PstI to isclate the 715-bp BstBI-PstI fragment
(fragment A). A PCR was carried out with the following
oligonucleotides:
EL154 ({SEQ ID No. 6) 5’ GAAATGCAAACTAACATTATTGTC 3’
EL163 (SEQ ID No. 7)
5¢ GIGTAAATAGTCGACAATATAGATAACGGGC 3/
and the template pEL039 to produce a 500-bp PCR fragment.
This fragment was digested with BstBI and Sall to isolate
the 430-bp BstBI-Sali fragment (fragment B). Fragments A
and B were ligated together with the vector pBSII-SK+,
previously digested with PstI and Sall, to give the
4081-bp plasmid pEL0C76 {(Figure 5).
Another FPCR was carried out with the following
cligonucleotides:
EL164 (SEQ ID No. 8)
5¢ CTATATTGTCGACCCCGGGGAATTCATCGACATGATTAAATAC 37
EL165 (SEQ ID No. 9)
5’ CAATGAAGAAATATTTTCTTTGTTCCTTGAAATGC 3
and the template pEL03S to produce a 565-bp PCR fragment.
This fragment was digested with SalIl and SapI te isclate
the 535-bp Sall-SspI fragment. This fragment was ligated
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with plasmid pEL076, previously digested with Apal and
repaired with Klenow polymerase and digested with SalI,
to give the 4598-bp plasmid pELQ78 (Figure 6). This
plasmid contains an EcoRI-SmaI-Sall polylinker in

intergenic region 2.

Example 7: Construction of the donor plasmid for
intergenic regicn 3

Plasmid pEL040 (see Example 5) was digested with
Ncol and SphI to isolate the 1468-bp NcoI-Sphl fragment.
This fragment was ligated with the plasmid pUC BM20
(Boehringer Mannheim Cat# 1219235), previously digested
with NcoI and SphI, to give the 4182-bp plasmid pEL054
(Figure 7). Plasmid pEL040 was digested with EcoRI and
SphI to isolate the 614-bp EcoRI-Sphl fragment. This
fragment was ligated with plasmid pUC BM20, previously
digested with EcoRI and SphI, to give the 3263-bp plasmid
PELO5S5 (Figure 8). Plasmid pELOS5 was digested with
EcoRI, repaired with Klenow polymerase, ligated with
itself, digested with HindIII, repaired with Klenow
polymerase and lastly ligated with itself to give the
3279-bp plasmid pEL062 (Figure 9). Plasmid pELO54 was
digested with NcoI and Sall to isclate the 1492-bp NcoI-
Sall fragment (fragment A). The following two
oligonucleotides:
EL132 (SEQ ID No. 10} 5 CCGAATTCATATAAGCTTACGIG 3
EL133 (SEQ ID No. 11)
5’ TCGACACGTAAGCTTATATGAATTCGGCATG 3~
were hybridized with one another to produce the 24-bp
SalI-Sphl fragment (fragment B). Fragments A and B were
ligated together with plasmid pEL062, previously digested
with NcoI and SphI, to give the 4787-bp plasmid pEL066
{(Figure 10). This plasmid contains an EcoRI-HindIII-Sall

polylinker in intergenic region 3.

Example 8: Construction of the donor plasmid pEL090 and
isolation of vHVT16

The plasmid pEL004 (= plasmid pGH004 described in
French Patent Application 92/13109), containing the IBDV

é“I
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VP2 gene in the form of a BamHI-HindIII cassette, was
digested with BamHI and Xbal to isolate the 1104-bp
BawHI-XbaI fragment (truncated VP2 gene). This fragment
wag cloned into the vector pBS-SK+, previously digested
with Xbal and BamHI, to give the 4052-bp plasmid pEL022
(Figure 11). The vector pBS-SK+ was digested with EcoRV
and XbaI and then ligated with itself to give pBS-SK"
(modified). Plasmid pEL004 was digested with KpnI and
HindIII to isolate the 1387-bp KpnI-HindIII fragment
containing the complete IBDV VP2 gene. This fragment was
cloned into the vector pBS-SK*, previously digested with
KpnI and HindIII, to give the 4292-bp plasmid pEL023
(Figure 12). Plasmid pEL022 wag digested with BamHI and
NotI to isolate the 1122-bp BamHI-NotI fragment (fragment
A). Plasmid pEL023 was digested with BamHI and NotI to
isolate the 333-bp BamHI-NotI fragment (fragment B).
Fragments A and B were ligated together with the vector
pBS-5K+, previously digested with NotI and treated with
alkaline phosphatase, to give the 4369-bp plasmid pEL024
(Figure 13). Plasmid pEL024 was digested with NotI to
isolate the 1445-bp NotI-Notl fragment. This fragment was
ligated with the plasmid pCMVE (Clontech Cat# 6177-1)
(Figure 14), previously digested with NotI, to give the
5095-bp plasmid pEL0O26 (Figure 15). Plasmid pEL026 was
digested with EcoRI, Sall and XmnI to isolate the 2428-bp
EcoRI-Sall fragment. This fragment was ligated with
plasmid pEL079 (see Example 5), previcusly digested with
EcoRI and BS5all, to give the 7514-bp plasmid pEL0Y0
(Figure 16). This plasmid permits the insertion of the
HCMV-IE/IBDV VP2 expression cassette into intergenic
gite 1 of the HVT virus.

24-hour primary CEp cells were then transfected
with the following mixture: 1 ug of linearized plasmid
PELOS0 + 5 pug of HVT wviral DNA in 300 pul of OptiMEM
medium (Gibco BRL Cat# 041-01985H) and 100 pg of
LipofectAMINE diluted in 300 pl of medium (final volume
of mixture = 600 ul). These 600 ul were then diluted in
3 ml (final volume) of medium and plated out on 3x10°
CEC I. The mixture was left in contact with the cells for
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5 hourg, then removed and replaced by 5 ml of culture
medium. The cells were then left in culture for 3 days at
+37°C, and were thereafter pronased, mixed with fresh
CEC II (3:1 mixture) and plated out again on 1 $6-well
plate. This plate wag left in culture for 3 days, and the
cells were then pronased, mixed with fresh CEF II and
plated out again on 2 96-well plates, one initial cup
giving 2 sister cups. The 96-well plates were cultured
until a cytopathic effect wags seen. After 72 hours of
culture, one of the two 96-well plates was fixed in 95 %
acetone for 30 minutes, and an indirect immuno-
fluorescence {(IIF) reaction was carried out with an anti-
VP2 monoclonal antibody to test for plaques expressing
the protein VP2. The "sister" cups of the cups displaying
positive plaques in IIF were pronased, mixed with fresh
CEF IT and applied in limiting dilution to 96-well
platez. After 3 days of culture, the cups displaying a
cytopathic effect were pronased, mixed with CEE II and
plated out again on 96-well plates, one initial cup
giving 2 sister cups. 3 days later, the plaques
expressing the protein VP2 were tested for again, as
before, by IIF on one of the 2 gister plates.

In general, 4 successive cycles of isoclation
(harvesting of a cup, plating out again, monitoring by
IIF, subculturing of a sister cup, ete.) suffice for
obtaining recombinant viruses the whole of whose progeny
displays a specific fluorescence. One viral plaque which
gave 100 % of positive plaques in IIF with an anti-vVP2
monoclonal antibody was designated vHVT16. The gencmic
DNA of this recombinant virus was characterized at
molecular level by standard PCR and Southern blot
techniques using the appropriate oligonucleotides and DNA
probes.

Example 9: Comstruction of the donor plasmid pEL091 and
isolation of vHVT17

Plasmid pCMVE (Figure 14) was digested with $all
and Smal teo isolate the 3679-bp SalI-Smal fragment
containing the lacZ gene as well as the polyadenylation
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signal of the SV40 virus late gene. This fragment was
inserted intc the vector pBS-S5K+, previously digested
with Sall and EcoRV, to give the 6625-bp plasmid pCD002
(Figure 17). This plasmid contains the lacZ reporter
gene, but no promoter is located upstream of this gene.
The wviral genomic DNA of the MCMV virus was prepared as
described in Example 2 and digested with PstI to isolate
the 2285-bp PstI-PstI fragment. This fragment was cloned
into the vector pBS-SK+, previously digested with PstI
and treated with alkaline ' phosphatase, to give the
plasmid pCD004. Plasmid pCD004 was digested with HpaI and
Pstl to isolate the 1389-bp HpaI-Pstl fragment, which
contains the promoter/activator region of the murine
cytomegalovirus (MCMV) immediate early gene (Dorsch-
Hisler K. et al. Proc. Natl. Acad. Sci. 1985. 82. 8325-
8329, and Patent Application WO-A-87/03905). This
fragment was cloned into plasmid pCD002, previously
digested with PstI and SmaI, to give the 8007-bp plasmid
pCh009 (Figure 18).

A double-gtranded cligonucleotide was obtained by
hybridization of the following two oligonucleotides:
MB070 (SEQ ID No. 12)

5/ CGAATTCACTAGTGTGTGTCTGCAGGCGGCCEGCGTGTGTGTCGACGGTAC 37
MB071 (SEQ ID No., 13)

5/ CGTCGACACACACGCGGCCGCCTGCAGACACACACTAGTGAATTCGAGCT 37
This double-stranded oligonuclectide was ligated in the
vector pBS-SK+, previously digested with KpnI and SacI,
to give the plasmid pELO067.

Plasmid pCD00C9 was digested with PstT and Spel to
isolate the 1356-bp PstI-Spel fragment. This fragment was
ligated with plasmid pEL067, previously digested with
PstI and Spel, to give the 4297-bp plasmid pEL068 (Figure
19). Plasmid pELD26 (see Example 8) was digested with
HindIII and Sall to isolate the 235-bp HindIII-Sall
fragment {fragment B). Fragments A and B were ligated
together with plasmid pEL068, previocusly digested with
NotI and SalI, to give the 5%08-bp plasmid pEL070 (Figure
20). Plasmid pEL070 was digested with EcoRI, $Sall and
XmnI to isolate the 3035-bp EcoRI-Sall fragment. This




10

15

20

25

30

3B

- 17 -

fragment was ligated with plasmid pEL075 (see Example 5),
previously digested with EcoRI and Sall, to give the
8109-bp plasmid pEL0%1 (Figure 21)., This plasmid permits
the insertion of the MCMV-IE/IBDV VP2 expression cassette
into intergenic site 1 of the HVT virus.

A cotransfection carried out as described in
Example 8 with plasmid pEL(S1 and HVT virus genomic DNA
led to the isolation and purification of the recombinant
vHVT17.

Example 10: Construction of the donor plasmid pEL0%92 and
isolation of vHVT1S

The 3.9-kbp EcoRI-Sall fragment of MDV wvirus
strain RB1B genomic DNA containing the MDV gB gene
(sequence published by Ross N. et al. J. Gen. Virol.
1589. 70. 1789-1804}) was ligated with the wvector pUC13,
previously digested with EcoRI and Sall, to give the
plasmid pCD007. This plasmid was digested with SacI and
XhoI to isolate the 2260-bp SacI-XhoI fragment (central
portion of the gB gene = fragment A). A PCR was carried
out with the following oligonucleotides:
CD001 (SEQ ID Ne. 14)
5’ GACTGEGTACCGCGGCCGCATGCACTTTTTAGGCEGAATTG 3’
CD002 (SEQ ID No. 15) 5’ TTCGGGACATTTTCGCGG 3’
and the template pCD007 to produce a 222-bp PCR fragment.
This fragment was digested with Kpnl and Xbal to isolate
a 1%0-bp KpnI-Xbal fragment (5’ end of the gB gene =
fragment B). Another PCR was carried out with the
following oligonucleotides:
CD003 (SEQ ID No. 16) 5/ TATATGGCGTTAGTCTCC 3
CcD004 (SEQ ID No. 17)
5’ TTGCGAGCTCGCGGCCGCTTATTACACAGCATCATCTTCTG 3°
and the template pCD007 to produce a 195-bp PCR fragment.
This fragment was digested with SacI and SaclI to isolate
the 162-bp SacI-SacII fragment {3‘ end of the gB gene =
fragment C). Fragments A, B and C were ligated together
with the vector pBS-SK+, previocuely digested with EpnI
and SacI, to give the 5485-bp plasmid pCD011 (Figure 22).
Plasmid fCD011 was digested with Notl to isclate the




10

15

20

25

30

35

- 18 -

2608-bp NotI-NotI fragment (whole MDV gB gene). This
fragment was ligated with plasmid pCMVE, previously
digested with NotI and treated with alkaline phosphatase,
to give the £299-bp plasmid pCD020 (Figure 23) (in this
plasmid, the MDV gB gene replaces the lacZ gene)}. Plasmid
pCD020 was digested with EcoRI and Sall tc isolate the
3648-bp EcoRI-Sall fragment. This fragment was ligated
with plasmid pEL07Y9 (see Example 5), previously digested
with EcoRI and SalI, to give the 8718-bp plasmid pEL092
(Figure 24). This plasmid permits the insertion of the
HCMV-IE/MDV gB expression cassette into intergenic site
1l of the HVT virus.

A cotransfection carried out as described in
Example 8 with plasmid pEL0S2 and HVT virus genomic DNA
led to the isolation and purification of the recombinant
vHVT1S8.

Example 11: Conatruction of the donor plasmid pEL093 and
isolation of vHVT1S

The building of a library of DNA complementary to
the Newcastle disease virus (NDV), strain Texas, genome
was carried out as described by Taylor J. et al. (dJ.
Virol. 1990. 64. 1441-1450). A pBR322 clone containing
the end of the fusion gene (F), the whole of the
haemagglutinin-neuraminidase (EN)} gene and the beginning
of the gene for the polymerase was identified as pHNO1.
The sequence of the NDV HN gene present in this clone is
presented in Figure 25 (SEQ ID No. 18). Plasmid pHNOl was
digested with SphIl and Xbal to isolate the 2520-bp SphI-
Xbal fragment. This fragment wae ligated with the vector
pUCl139, previously digested with SphI and Xbal, to give
the 5192-bp plasmid pHN02. Plasmid pHN02 was digested
with ClalI and PsgtI to isclate the 700-bp ClaI-PstI
fragment (fragment A). A PBCR was carried out with the
following oligonucleotides:
EL071 (SEQ ID No., 19) 5’ CAGACCAAGCTTCTTABRATCCC 3
EL073 (SEQ ID No. 20) 5’ GTATTCGGGACAATGC 3
and the template pHNO02 to produce a 270-bp PCR fragment.
This fragment was digested with HindIII and PstI to
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isolate a 220-bp HindIII-PgtI fragment (fragment B).
Fragments A and B were ligated together with the vector
pBS-SK+, previously digested with Clal and HindIII, to
give the 3872-bp plasmid pEL028 (Figure 26). Plasmid
5 pHNO2 was digested with Bsphl and Clal to igolate the
425-bp BsphI-Clal fragment (fragment C). A PCR was
carried out with the following oligonucleotides:
EL074 (SEQ ID No. 21) 5' GTGACATCACTAGCGTCATCC 3/
EL075 (SEQ ID No. 22)
10 5’ CCEGCATCATCAGCGGCCGCGATCGGTCATGGACAGT 37
and the template pHN02 to produce a 425-bp PCR fragment.
This fragment was digested with BsphI and NotI to isolate
the 390-bp BsphI-NotI fragment (fragment D). Fragments C
and D were ligated together with the vector pBS-SK+,
15 previously digested with Clal and NotI, tc give 3727-bp
plasmid pEL029bis (Figure 27). Plasmid pELO28 was
digested with ¢laY and SacII to isolate the 360-bp Clal-
SacII fragment (fragment E). Plasmid pELO2%bis was
digested with ClaI and NotI to isolate the 820-bp ClaI-
20 NotI fragment (fragment F). Fragments E and F were
HR ligated together with the vector pBS-SK+, previously
digested with NotI and SacII, to give the 4745-bp plasmid
PEL030 (Figure 28), Plasmid pEL030 was digested with NotI
to isolate the 1780-bp NotI-NotI fragment {(whole NDV HN
25 gene). This fragment was ligated, in place of the lacZ
gene, with plasmid pCMVS, previously digested with Notl

and treated with alkaline phosphatase, to give the
5471-bp plasmid pEL032 (Figure 29). Plasmid pEL032 was
digested with EcoRI and Clal to isolate the 1636-bp
30 EcoRI-Clal fragment (fragment G). Plasmid pEL032 was
digested with Clal and Sall to isolate the 1182-bp Clal-
A 8all fragment (fragment E). Fragments G and H were

e e ligated together with plasmid pEL079 (see Example 5),

previously digested with EcoRI and Sall, to give the

35 7890-bp plasmid pEL093 (Figure 30). This plasmid permits

the insertion of the HCMV-IE/NDV HN expression cassette
into intergenic site 1 of the HVT virus.

A cotrangfection carried out as described in

Example 8 with plasmid pEL093 and HVT virus genomic DNA

i
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led to the isolation and purification of the recombinant
vHVTLY.

Example 12: Construction of the donor plasmid pEL094 and
isolation of vHVT20

A clone originating from the library of DNA
complementary to the Newcastle disease virus genome (see
Example 11), and containing the whole of the fusion gene
(F), was designated pNDVBl. This plasmid has been
described before, and the sequence of the NDV F gene
present in this clone has been published (Taylor J. et
al. J. Virol. 1990. 64. 1441-1450). Plasmid pNDV8]l was
digested with NarI and PstI to isolate the 1870-bp
NarI-Pstl fragment (fragment A). A PCR was carried out
with the following oligonucleotides:
EL076 (SEQ ID No. 23) 5 TGACCCTGTCTGGGATGA 3'
EL077 (SEQ ID No. 24)
5’/ GGATCCCGGTCGACACATTGCGGCCGCAAGATGGGC 37
and the template pNDV8l to produce a 160-bp fragment.
This fragment was digested with PstI and Sall to isolate
the 130-bp PstI-Sall fragment (ffagment B) . Fragments A
and B were Liigated together with the vector pBS-5K+,
previcusly digested with Clal and SalI, to give the
4846-bp plasmid pELO33 (Figure 31). Plasmid pELQ33 was
digested with NotI to isclate the 1935-bp NotI-Notl
fragment (whole F gene). This fragment was ligated with
plasmid pCMBE, previcusly digested with NotI and treated
with alkaline phosphatase, to give the 5624-bp plasmid
PEL034 (the NDV F gene has replaced the lacZ gene)
{Figure 32). Plasmid pEL034 was digested with EcoRI and
Epnl to isolate the 866-bp EcoRI-Kpnl fragment (fragment
C), Plasmid pEL034 was digested with KpnI and sall to
isolate the 2114-bp KpnI-Sall fragment (fragment D).
Fragments C and D were ligated together with plasmid
PELO79 (see Example 5), previously digested with EcoRI
and Sall, to give the 8043-bp plasmid pEL094 (Figure 33).
This plasmid permits the insertion of the HCMV-IE/NDV F
expresgion cassette into intergenic site 1 of the HVT

virus.

s
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A cotransfection carried out as described in
Example 8 with plasmid pEL094 and HVT virus genomic DNA
led to the isolation and purification of the recombinant
vHVT20.

Example 13: Construction of the donor plasmid pEL095 and
isolation of vHVT21

The sequences located upstream of the MDV 1.8-kbp
RNA gene are described in Bradley G. et al. (J. Virel.
1989, 63. 2534-2542) (Figure 34 and SEQ ID No. 25). A PCR
amplification was carried out on DNA extracted from
lymphocytes harvested on chickens infected with MDV
strain RB1B (see Example 1), with the following oligo-
nucleotides:
MB047 (SEQ ID No., 26)
5/ GGETCTACTAGTATTGGACTCTEGTGECGAACGC 3
MB048 (SEQ ID No. 27)
5’ GTCCAGAATTCGCGAAGAGAGAAGGARACCTC 37
The 163-bp PCR fragment thereby obtained was digested
with EcoRI and Spel, and then ligated with plasmid pCDO002
(see Example 9), previously digested with EcoRI and Spel,
to give the 6774-bp plasmid pBS002 (Figure 35}. Plasmid
pBS002 contains the promoter of the MDV 1.8-kb RNA gene
cloned upstream of the lacZ gene.

A PCR was carried out with the cligonucleotides:
MB047 (SEQ ID No. 26) and
MB072 (SEQ ID No. 28)
57 GTGTCCTGCAGTCGCGAAGAGAGAAGGAACCTC 37
and the template pBS002. The PCR fragment thereby
obtained was digested with PstI and Spel to isolate a
200-bp PatI-Spel fragment. This fragment was ligated with
plasmid pEL067 {see Example 9), previously digested with
PstI and Spel, to give the plasmid pEL069 (Figure 36).
Plasmid pCD007 (see Example 10) was digested with EcoRI
and Xbal to isolate the 2670-bp EcoRI-Xbal fragment
(fragment A). Plasmid pCDOll (see Example 10} was
digested with NotI and Xbal to isolate the 180-bp NotI-
Xbal fragment (fragment B). Plasmid pEL069 was digested
with NotI and Spel to isolate the 180-bp NotI-Spel

it
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fragment (fragment C). Fragments A, B and C were ligated
together with plasmid pEL067 (see Example 9), previously
digested with EcoRI and Spel, to give the 5939-bp plasmid
pEL080 (Figure 37). Plasmid pELO070 (see Example 9) was
digested with KpnI and Spel to isolate the 1345-bp KpnI-
Spel fragment (fragment D). Plasmid pEL070 was also
digested with Kpnl and Sall to isclate the 1658-bp KpnI-
Sall fragment (fragment E). PFragments D and E were
ligated together with plasmid pEL0O80, previously digested
with Sall and Spel, te give the 8938-bp plasmid pEL081
(Figure 38), Plasmid pEL081 was digested with EcoRI and
Sall to isoclate the 6066-bp EcoRI-Sall fragment. This
fragment was ligated with plasmid pEL079 (see Example 5),
previously digested with EcoRI and SalI, to give finally
the 11139-bp plasmid pEL095 (Figure 39). This plasmid
permits the insertion of the VP2/MCMV-IE//1.8-kbp RNA/MDV
gB double expression cassette into intergenic site 1 of
the HVT wvirus.

A cotransfection carried out as described in
Example 8 with plasmid pEL095 and HVT virug genomic DNA
led to the isolation and purification of the recombinant
vHEVTZ1.

Example 14: Construction of the donor plasmid pEL098 and
igolation of vHVT24

Plasmid pELO80 (see Example 13) was digested with
EcoRI and Sall to isolate the 3040-bp EcoRI-Sall fragment
{1.8-kbp RNA/MDV gB cassette). This fragment was ligated
with plasmid pEL079 (see Example 5), previously digested
with EcoRI and SalI, to give the 8140-bp plasmid pELOS9S
{Pigure 40). This plasmid permitsz the insertion of the
1.8-kbp RNA/MDV gB cassette into intergenic site 1 of the
EVT virus.

A cotransfection carried out as described in
Example 8 with plasmid pEL0S8 and HVT virus genomic DNA
led to the isoclation and purification of the recombinant
vHVT24.
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Example 15: Construction of donor plasmids for the
ingertion of cassettes for the expression of IBV M and S
into intergenic site 1 of the HVT virus

According to the same strategy as that described
above for the insertion of expression casamettes {(genes
placed under the comtrol of the HCMV-IE or MCMV-IE
promoters or MCMV-IE//1.8-kbp RNA double promoter) into
intergenic site 1, it is possible to produce recombinant
HVT viruses expressing at a high level the membrane (M)
or spike (S) proteins of the avian infectious bronchitis
virus (IBV). It is preferable to produce a construction
in which the IBV S gene ig under the control of the
HCMV-IE promoter or the MCMV-IE promoter, or alter-
natively a construction in which the IBV M and IBV S
genes are inserted together with the MCMV-IE/1.8-kbp RNA
double promoter into intergenic site 1, the M gene being
under the control of the 1.8-kbp RNA promoter and the 8
gene being under the control of the MCMV-IE promcter. In
this arrangement, the 1.8-kbp RNA promoter is activated

by the activator region of the MCMV-IE promoter.

Example 16: Construction of recombinant HVT viruses
comprising foreign genes inserted into intergenic sites
2 and 3

The cbtaining of recombinant HVT viruses which
have inserted cassettes for the expression of foreign
genes into intergenic sites 2 and 3 is accomplished
according to the strategy described for Examples 8 to 14,
but using, respectively, plasmids pEL078 (intergenic site
2) and pELD66 (intergenic site 3) in place of plasmid
PEL079 in Examples 8 to 14 in order to comstruct the

specific donor plaamids.

Example 17: Preparation of a vaccine according to the
invention:

The preparation of the vaccines according to the
invention may be accomplished by any standard technique
known to a person skilled in the art, for example by
culture in roller bottles. Roller bottles (175 em?),
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peeded with 200x10° primary chick embryo cells, are
innoculated after 24 hours of incubation at 37°C with
1 ml of a viral solution of recombinant HVT virus having
a titre of 10° pfu/ml. After incubation for 4 days at
37°C, the supernatant is removed and the cells are
detached with a trypsin/versene solution and thereafter
harvested. The infected cells are then centrifuged. The
supernatant is remcved and the cells are taken up with
20 mt of a solution containing a 1lyophilization
gtabilizer {for example SPGA sucrose, phosphate,
glutamate, albumin). This mixture is then sonicated,
distributed in vials on the basis of 1 ml fractions and
lastly lyocphilized.

If necessary, the vaccine may also be distributed

and frozen instead of lyophilized.

Example 18:
A recombinant virus obtained according to the

invention and expressing the protein VP2 of the Gumboro
digease virus was used to immunize 1-day chicks intra-
muscularly. These chicks were then challenged at the age
of 21 days with Gumboro disease virus. The results in
respect of protection were evaluated 11 days after
challenge by comparing the lesions of the bursa of
Fabricius and the mortality between the vaccinated groups
and the unvaccinated control group. The results of this
vaccination/challenge protocol showed that the vaccine
obtained according to the invention enables a good level

of protection toc be obtained.

Throughout this specification, unless the context
requires otherwise, the word "comprise", or variations such
as "comprises" or "comprising", will be understecod to imply
the inclusion of a stated element or integer or group of
elements or integers but not the exclusion of any other

element or integer or group of elements or integers.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS :

1. Live recombinant avian vaccine comprising, as vector, an
avian herpes virus comprising at least one nucleotide sequence
coding for and expressing an antigenic polypeptide of an avian
pathogenic agent, inserted into the region lying between the ATG
of ORF UL55 and the junction of U, with the adjacent repeat

region.

2. Live recombinant avian vaccine according to claim 1 wherein
the nucleotide sequence is under the control of the CMV
immediate early promoter of RNA 1.8 promoter.

3. Live recombinant avian wvaccine according to claim 1,
characterized in that the vector is chosen from the group
consisting of Marek's disease viruses (MDV and HVT), infectious
laryngotracheitis virus ILTV and herpes of ducks.

4. Live recombinant avian vaccine according te c¢laim 3,
characterized in that the vector is the HVT virus and the
insertion is carried out in the BamHT fragment I.

5. Recombinant avian vaccine according to claim 4,
characterized in that the insertion is carried out in one of the
intergenic regions 1, 2 and 3 or in ORF UL55 of the BamiI
fragment I.

6. Live recombinant avian vaccine according to any one of
claims 1 to 5, characterized in that the CMV immediate early
promoter is the human promoter HCMV IE or the murine promoter
MCMV IE.

7. Live recombinant avian vaccine according to any one of
claims 1 to 6, characterized in that the nucleotide sequence
inserted under the control of the CMV immediate early promoter
is a nucleotide sequence coding for an antigen chosen from the
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group of antigeng of Gumboro disease, of Marek's disease, of
Newcastle disease, of infectious bronchitis, of infectiocus

laryngotracheitis and of avian anaemia.

8. Live recombinant avian vaccine according to any one of
claimg 1 to 7, characterized in that the nucleotide sequence
inserted under the control of the CMV immediate early promoter
is a nucleotide sequence coding for the polypeptide VP2 of the
IBDV virus.

9. Live recombinant avian vaccine according to any one of
claims 1 to 8, characterised in that it comprises another
promoter combined with the CMV immediate early promoter wherein
the two promoters are linked such that they direct transcription
in oppesite directions with the latter, two nucleotide sequences
being inserted into the insertion region, one under the control
of the CMV immediate early promoter, the other under that of the

promecter used in combination therewith.

10. Live recombinant avisn vaccine according to ealaim 9,
characterized in that the promoter used in combination is the
Marek 1.8 RNA promoter.

11. Live recombinant avian vaccine according to claim 9 or 10,
characterized in that the nucleotide gequence ingerted under the
control of the CMV immediate early promoter is a nucleotide
sequence coding for the polypeptide VP2 of the IBDV virus, and
in that the nucleotide sequence inserted under the control of
the promoter used in combination is a nucleotide sequence coding
for an antigen of another avian disease.

12. Live recombinant avian vaccine according to c¢laim 11,
characterized in that the nucleotide sequence coding for an
antigen of another avian disease is chosen from the group of
antigens of Marek's disease, of Newcastle disease, of infectious

bronchitis, of infectious laryngotracheitis and of avian
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anaemia.

13. Live recombinant avian vaccine according to claim 9,
characterized in that the promoter used in combination is a MV

immediate early promoter of different origin.

14. TLive recombinant avian vaccine according to any one of
claims 1 to 13, characterized in that the inserted nucleotide
sequence or sequences is/are chosen from the group of sequences
coding for the following genes:

- VP2, VP3 and VP2 + VP4 + VP3 of the Gumboro disease virus,
- gB, gC, ¢gD and gH + gL of the Marek's disease viruses,

- VPl (52 kDa) + VP2 (24 kDa) of the avian anaemia virus,

- 5 and M of the infectious bronchitis virus, and

- gB, gC, ¢gD and gH + gL of the infecticusg laryngotracheitis

virus.

15. Recombinant avian vaccine according to one of claims 1 to
7, characterized in that the 1.8 RNA promoter is used instead of
the CMV immediate early promoter.

16. Polyvalent vaccine formula comprising, as a mixture or to
be mixed, at least two live recembinant avian vaccines as are
defined in any one of claims 1 to 15, these vaccines comprising

different inserted sequences.

17. Polyvalent wvaccine formula according to claim 16,
characterized in that the different inserted nuclectide

sequences originate from different pathogens.

DATED this 10th day of June, 1999

Merial
By DAVIES COLLISON CAVE
Patent Attorneys for the Applicants
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Figure 1

1 GGATCCATCAGCAATGCGGGCTGTAGTCCCGATTCCCGTTTCAAATGAAGGTGCTCCAAC
1594 AspMetLeuLeuAlaProGlnLeuGlySerGluArgLysLeuHisLeuHisGluLeuV
61 ACGGTCTTCAAAGCAACCGGCATACCAGCAAACACAGACTGCAACTCCCCGCTGCAATGA
1394a1ThrLysLeuAlaValProMetGlyAlaPheValSarGlnLeuGluGlySerCysHisA
121 TTGGTTATAAACAGTAATCTGTCTTCTGGAAGTATATTTCGCCCGACAATCCACGGCGCC
ll9*snThrIlePheLeuLeuArgAspGluProLeuIleAsnArgGlyValIleTerroklaG
181 CCCAAAGTTAAAAACCATCCATGTGTATTTGCGTCTTCTCTGTTAAAAGAATATTGACTG
99‘lyLeuThrLeuPheTrpGlyHisThrAsnAlaAspGluArgAsnPheSerTyrGlnSerA
241 GCATTTTCCCGTTGACCGCCAGATATCCAAAGTACAGCACGATGTTGCACGGACGACTTT
794laAsncluArgGlnelyGlySerIleTrpLeuValAlaArgHisGanalSerSerLysA
301 GCAGTCACCAGCCTTCCTTTCCACCCCCCCACCAACAAAATGTTTATCGTAGGACCCATA
5941aThrVa1LeuArgG1yLysTrpGlyGlyValLeuLeuI1eAsnIleThrProG1yMetA
361 TCCGTAATAAGGATGGGTCTGGCAGCAACCCCATAGGCGCCTCGGCGTGGTAGTTCTCGA
391spThrIleLeuIleProArgAlaAlaValGlyTyrAlaGlyArgArgProLeuGluArgP
421 GGATACATCCAAAGAGGTTGAGTATTCTCTCTACACTTCTTGTTAAATGGAAAGTGCATT
194roTeretTrpLeuProGlnThrAsnGluArgCysLysLysAsnPhePrcPheHisMet
481 TGCTTGTTCTTACAATCGGCCCGAGTCTCGTTCACAGCGCCTCGTTCACACTTAAACCAC
541 AAATAGTCTACAGGCTATATGGGAGCCAGACTGAAACTCACATATGACTAATATTCGGGG
601 GTGTTAGTCACGTGTAGCCCATTGTGTGCATATAACGATGTTGGACGCGTCCTTATTCGC
661 GGTGTACTTGATACTATGGCAGCGAGCATGGGATATTCATCCTCGTCATCGTTAACATCT
1>MetAlaAlaSerMetGlyTyrSerSerSerSerSerLeuThrSer
721 CTACGGGTTCAGAATGTTTGGCATGTCGTCGATCCTTTGCCCATCGTTGCAAATTACAAG
16PLeuArgValGlnAanalTrpEisValValAspProLeuProIleValAlaAsnTerys
781 TCCGATCGCCATGACCGCGATAAGCCTGTACCATGTGGCATTAGGGTGACATCTCGATCA
36>SerAspArgHisAspArgAspLysProValProCysGlyI1eArgVa1ThrSerArgSer
841 TACATTATAAGACCAACGTGCGAGTCTTCCAAAGACCTGCACGCCTTCTTCTTCGGATTG
56'TyrIleIleArgProThrCysGluserSerLysAspLeuHisAIaPhePhePheGlyLeu
801 TCAACGGGTTCTTCAGAATCTATGCCCATATCTGGCGTTGAGACCATTGTGCGTTTAATG
76?SerThrGlySerSerGluSerMetProIleSerGlyValGluThrI1eValArgLeuMet
861 AACAATAAAGCGGCATGCCATGGAAAGGAGGGCTGCAGATCTCCATTTTCTCACGCCACT
96DAsnAsnLysAlaAlaCysHisGlyLysGluGlyCysArgSerProPheSerHisAlaThr
1021 ATCCTGGACGCTGTAGACGATAATTATACCATS TATAGAGGGGGTATGTTTCCACTGE
116}IleLeuAspAlaValAspAspAsnTerhrMetAsnIleGluGlyValesPheHisCys
1081 CACTGTGATGATAAGTTTTCTCCAGATTGTTGGATATCTGCATTTTCTGCTGCCGAACAA
136’HisCysAspAspLysPheserProAsprsTrleeSerAlaPheSerAlaAlaGluGln
1141 ACTTCATCGCTATGCAAAGAGATGCGTGTGTACACGCNGCCGTTGAGTATACGGGAAACT
156PThrSerSerLeuCysLysGluMetArgValTerhr???ProLeuSerIleArgGluThr
1201 AAATGTTCATAGAGGTCTTTGGGCTATATGTTATTAAATAAAATAATTGACCAGTGAACA
176PLyaCyssSer
1261 ATTTGTTTAATGTTAGTTTATTCAATGCATTGGTTGCAAATATTCATTACTTCTCCAATG
1321 CCAGGTCATTCTTTAGCGAGTGATGTTATGACATTGCTGTGAAAATTACTACAGGATATA
1381 TTTTTAAGATGCAGGAGTAACAATGTGCATAGTAGGCGTAGTTATCGCAGACGTGCAACG
1854SerAlaProThrValIleHisMetThrProThrThrIleAlaSerThrCysArg
lﬁgg;CysIlev;lGlyValValIleAlaAspValGlnAr
1441 CTTCGCATTTGAGTTACCGAAGTGCCCARCAGTGCTGCGGTTATGGTTTATGCCCACAGA
1674LysAlaAsnSerAsnGlyPheHisGlyValThrSerArgAanisAsnI1eArgVaISer
13PgPheAlaPheG1uLeuProLySCysProThrValLeuArgLeuTrpPheMetArgThrG1
1501 ATCCATGCATGTCCTAATTGAACCATCCGATTTTTCTTTTAATCGCGATCGTTGTTTGGG
1474AspMetCysThrArgIIeSerGIyAspserLysGluLysLeuArgSerArgGlnLysPro
33buSerMetHisValLeuI1eGluProSerAspPheserpheAsnArgAspArgCysLeuG1
1561 CAACTGCGTTATTTCAGATCTAAAAAATTTACCCTTTATGACCATCACATCTCTCTGGCT
1274LeuGlnThrIleGluSerArgPhePheLysGlyLysIleVaIMetValAspArgGlnSer
53byAanysValI1eSerAspLeuLysAsnLeuProPheMetThrIleThrSerLeuTrpLe
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1621 CATACCCCGCTTGGATAAGATATCATGTAGATTCCGCCCTAAGAAATGCAAACTAACATT
1074MetG1yArgLysSerLeuI1eAspHisLeuAsnArgGlyLeuPheHisLeuSerValAsn
73FuIleProArgLeuAspLysI1eSerCysArgPheArgProLysLysCyaLysLeuThrLe
1681 ATTGTCGGTTCCATATACACTTCCATCTTGTCCTTCGAAAATAACAAACTCGCGCAATAG
874AsnAspThrG1yTyrvalserGlyAspGlnGlyGluPheIleValPheGluArgLeuLeu
93’uLeuSerVa1ProTerhrLeuProSerCysPrOSerLysIleThrAsnSerArgAsnAr
1741 ACCGTCCGTACATGCATGGCCGATGTGTGTCAACATCATTGGTCTGCTAGATCCCGATGG
674GlyAspThrCysAlaHisGlyIleHisThrLeuMetMetProArgSerSerGlySerPro
113PgProSerValHisAlaTerroMetCysValAsnIleIleGlyLeuLeuAspProAspGl
1801 GACGAATCGTACAGTCGTCGCTCCAGCATTGGCAAAAATCCCCAGATACCCTCCATGCGG
474Va1PheArgValThrThrAlaGlyAlaAsnAlaPheIleGlyLeuTyrGlyGlyHisPro
133PyThrAsnArgThrValValAlaProAlaLeuAlaLysIleProArgTerroProCysGl
1861 CAAATCTAAATTGCGACCCCGAAGAGACTGCACCAAAGTCTTATCGACGCACGCTGATTT
274LeuAspLeuAsnArgGlyArgLeuSerG1nValLeuThrLysAspValesAlaserLys
153’yLysSerLysLeuArgProArgArgAsprsThrLysValLeuSerThrHisAlaAspPh
1921 TTTTGAACAGCGGGAGCCCATTATCTTCAGTGGAGCGTAGACGGGCGAGGCTAATTATGT
74LysSerCysArgSerGlyMet
173)ePheGluGlnArgGluProIleI1ePheSerG1yAla
1981 GACATAGCAACACTGCATGTATGTTTTTATAAATCAATAAGAGTACATAATTTATTACGT
2041 ATCATTTCCGTTTGTAATATACTGTATACATCATCCACACTATTAGTCAGCACTAGCGCG
2101 CGGGCGCACGTTACAATAGCAGCGTGCCCGTTATCTAmATTGTCCGATATTTACACATAA
2161 CATTTCATCGACATGATTAAATACCTAAGTACTGCACACAGATGTTTAATGTATATCGTC
2221 ATATAAATTATATCGCTAGGACAGACCCAAACGACCTTTATCCCAAACAGTCAGATCCTC
2281 TTCTCAAGTGTCGATTTCTGTTATGGAATATGCATACCCTGGCCCAGAAATTGCACGCAC
265<anAspIleGluThrIleSerTyrAlaTyrGlyProGlySerIleAlaArgVal
2341 GAGCGTAGTGAATGCGTCATTGGTTTTACATTTAAAGGCTAAATGCACAAATTCTTTAGA
2474LeuThrThrPheAlaAspAsnThrLysCysLysPheAlaLeuHisValPheGluLysSer
2401 CGACAGCACATCGTTAAATAGCATCTCTAGCGTTCTTATGAATGCTAAGCATTGGAGTCC
2274SerLeuValAspAsnPheLeuMetGluLeuThrArgIlePheAlaLeuCysGInLeuGly
2461 TCCTGGTCGGCCACAATAACAGCTGAGTATCATACCCTGAGCTCCGGGGTTGTCGCACAT
2071G1y?roArgGlyCysTerysSerLeuIleMetGlyGlnAlaGlyProAsnAsprsMat
2521 AGCGGATTCGTATAAACATAGGATTTTCCGCGAATCCATCAGTTGCAAAAATCTGTTAGG
1874A1aSerG1uTereuCysLeuI1eLysArgSerAspMetLeuGlnLeuPheArgAsnPro
2881 CTCCATCAACAACGCTGGATTTACTTCAGATCCACGCGTAAAGTAATGGTGCTCGAATAC
167*GluMetLeuLeuAlaProAanalGluSerGlyArgThrPheTyrHisHisGluPheVal
2641 CGTTTTTAGAGTTGTCGGCATTTCAAGGAACAAAGAATTCATTTCTTCATTGCAACGACG
1474ThrLysLeuThrThrProMetGluLeuPheLeuSerAsnMetG1uGluAanysArgArg
2701 CGCCAGAAATCCCAAGACCTCTTTGGGTAGTATGTTCTTGCCTATAAAACACGGCGTTCC
1274AlaLeuPheGlyLeuvalG1uLysProLeuIleAsnLysGlyIlePhecysProThrGly
2761 AAGTGCCAGGAACCACGCATGTGTTACTGTTGGGGCGTATTCAGAAATAAAGCGGGGTTT
1074LeuAlaLeuPheTrpAlaHisThrValThrProAlaTyrGluSerIlepheArgProLys
2821 ATGCGGCTTTTGAAGCTCGGATATCCAAAGTATCGCTTGCTGATGAACGAGCGATGTAGC
874HisProLysGlnLeuGluSerIleTrpLeuIleAlaG1nG1nHisVa1LeuSerThrA1a
2881 TGTTACAAAACCTCCTTTCCATCCTCCAGTCAACATAATATTTATCGGCCTACCTATGTC
674ThrValPheGlyGlyLysTrpG1yGlyThrLeuMetIleAsnIleProArgclyIleAsp
2941 CGTAATAAGTATTGGTCGGGCAATTATTCCGTATGAGGTCTTGCAGGAATAAGCTCTTAG
471Thr11eLeuIlePr0ArgA1aIleI1eGlyTyrserThrLyscysserTyrAlaArgLeu
3001 GGACAGCCAGCTTGGATATGGTGCGAAACAGACCTTCTCGGCTTCAGAATGTCGCTCCGC
27iserLeuTrpSerProTerroAlaPheCysValLysGluAlaeluSerHisArgGluAla
3061 AGTCTCTTCGTGTCGGTGCATCTTAGATCCACCATCAATGTGTGCAGCATTGACTCCCGC
74ThrGluGlubEisArgHisMet
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3121 CEBTCGAAT AT TCCT T T TG T T ACGATGCAG T AATGACCACGATCATGGACGAGGCEATAR
3181 COTTCTAT T TGCATGTC P GUGAACAA T T TGCGTCACTCATACAGCTATGGAGTGOGCAAT
1241 TTCTGCCCTCAACTTAARAACGCGAACCGCAGACATATGTA T T TGCATGCAAAGACGT AT
3301 CTTCGTATTTCTGGGCATCTTCAAATGCTCTGGCCAATATGGCAATGAATTTGGATTCGT
3361 TTGACGCCGATGGTATGCAGTGCAAATGTGCCAATAGCCCACATCCGAAAAAGTTATTTG
3421 TCATACAAGCAGGTGTTAAGTAGCAATCACATAAAGGCACCAGACGCCTCATGGCATCAT
3481 AATGAATAGCTCCTTCTCCCCACTGGAACCACTGACAAAATCTGCGAGTATATTCCGCAA
3541 ACCACATTTTATTTCTCATAGAAACTACCCTAAATCCTTTTAACGGGGAAGAAGAATCCT
7554 IleArgLysValProPhePhePheslyL

3601 AGATAGTGCTTGAAGTCATGACTGTTACTGCTGCAATAACACTGTATATTATTTATAAAT
7454euTyrHisLysPheAspHisSerAsnSerSerCysTerysGlnIleAsnAsnIlePheG

366l TCCGTTTGTCTAGGTATCTGATGTAGGCATTCCGATCCCTTTACTATTGCGTCTTCACGA
7254luThrGlnArgProlleGInHisLeuCysGluSerGlyLysValIleAlaASpGluArgG

3721 CCAAATGGGAATGCGCCAAAATCCCCACACCTCATCACCCTGGAGGCAGATTGTGTATTA
705*1yPheProPheAlaGlyPheAspGlyCysArgMetValArgSerAlaSerGlnThrAsnA

3781 TTAATATCCGCCGATTGAAGCACAAAACGGTACGGTACTGTTCCTAATTCTGGTATAGAT
6854snI1eAspAlaSerGlnLeuValPheArgTerroValThrGlyLeuGluProIleSerG

3841 TCTATGGTCAAAAGTCTGCATATCCCCGACATTGCCATGAGATCACACAGTCCAAGTAGC
66541uIleThrLeuLeuArgCysIleGlySerMetAlaMetLeuAspcysLeuGlyLeuLeuM

3901 ATGTTTATTGAGTCACTCAGACTGTCAACGTCCCTCGCCGCACCACCAATCGAAAATAAA
6454etAsnIleSerAspSerLeuSerAspVa1AspArgA1aA1aGlyGlyI1eSerPheLeuT

3961 GTATCTACGCAAGTTATAGCTCCGCATTTTCTATCGCTAGCAGCAATCGCGACGCAAAAC
6254hrAspVa10ysThrIleAlaGlyCysLysA:gAspSarAlaAlaIleAlaValesPheM

4021 ATAAAGGCCATGTTGGGATTTGAACTCTCTGGGGGGCTTGTTATCTTCTGCACCGTCGCA
605ietpheAlaMetAsnProAsnSerSerGluProProSerThrIleLysGanalThrhlaT

4081 GTCGCAGTTTTCCGAAATTTATGTCTAATATATTTTCCGGCCGTGCTCCAATCGGCCGAA
5854hrAlaThrLysArgPheLysHisArgIleTerysGlyAlaThrSerTrpAspAlaserP

4141 AAGAATCTGCGTATTACCAGACTCATTGACGGGCCGATAAAGACCATAAAACAAAATTCC
5654hePheArgArgIleValLeuSerMetSerProGlyI1ePheVa1MetPheCysPheGluG

4201 TGTGCACTCCCTCCTCCAGTTTTGCCATCGTCCAAGTCCCGTAACTTTTTTTGCGTTTCG
5451lnAlaSerGlyGlyclyThrLysGlyAspAspLeuAspArgLeuLysLysGlnThrGluL

4261 AGGAGCAAGCGTTCGTTATCCCTACCCACACTTGTTTTCCACCGTTTTCTTATTATAAGC
525‘euLeuLeuArgGluAsnAspArgelyVaISerThrLysTrpArgLysArgI1eIleLeuP

4321 GGTTGTATCGCCAACGCGTCACCGCAGGTTGTCACATACAGTGATGGCATACTTGAACGT
5054roGlnI1eAlaLeuAlaAspGlyCysThrThrValTereuSerProMetSerSerArgA

4381 GCAACAACGCGCTCGCTTTGCAAATCTAAGTCATTGACCATCAAATCGCGTTGAGAGGAT
4854lavalVa1ArgGluSerGlnLeuAspLeuAspAanalMetLeuAspArgGlnSerSerL

4441 AGCCAGGCATCTTTTTTCCTAGTATGGTGACGGTGCAGCCACCCCAACTCAGTTCTTGTA
465(euTrpAlaAspLysLysArgThrHisHisArgHisLeuTrpGlyLeuGluThrArgThrP

4301 AAAAAAGCTATTGGCGGGAATTTATGTTCTGAGGTGCATTCTATATTTATGAGTCCATCA
445‘hePheAlaIleProProPheLysHisGluSerThrCysGluIleAsnIIeLeuslyAspP

4561 AATGCCATTAACCAGATTCGTATTTTTTCGCTCGACCCGGCATCACTATGGATACAATAC
4251heAlaMetLeuTrpIleArgIleLysGluSerSerGlyAlaAspSerHisIleCysTyrA

4621 CTTTCTATGGCCCATTTCAGCTCTCGAACCAACCACACGGACAATTGACTAACATAAGTA
4054rgG1uI1eAlaTrpLysLeuGluArgValLeuTrpVaISerLeuGlnSerValTYIThrH

4681 TGATCTTTATCACAGTCGCACCCATCTGAGTTATATTTATGGCATCCGAGCGCTCTTACT
3854isAspLysAsprsAsprsGlyAsDSerAsnTerysHisCysGlyLeuAlaArgValT

4741 GTACGGTCGGATACACCCATGGTTTTTCCTTTATATAGTCGGGTTATAGTCTGTCGGGTT
3654hrArgAspServa1GlyMetThrLysGlyLysTereuArgThrI1eThrGlnArgThrG

4801 TGGCGGTAGCACGGAGTAGTTTGATTTTTAAGAATCGAAAACCGGCTTGGAGAGACCACT
34541nArgTerysProThrThrGlnAsnLysLeuIleSerPheAIgSerProSerValValT

4861 GTCGAATATTTGTCCGTATACTCTACACGTGAGTGTTGTCCATTCCTAGGTATATTCATC
3251hrSerTerysAspThrTyrGluValArgSerHisGlnGlyAsnArgProIleAsnMetG

=
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4921 TGTTCGGATACCTTCAATTGCTGTTCAGGCATAACCTTAAAGCATATGTTATGTTGTACA
305‘1nG1uSerValLysDeuG1nG1nGluProMetValLysPheCysIleAanisGanalA
4981 TCAAAACTTGGTGAGTTATGTTCGATTGCCGCGCATAAAGAATCGTACATGAGCGTTTCT
2854spPheSerProSerAanisGluI1eAlaAlaCysLeuSerAspTeretLeuThrGluA
5041 GCTAACATACTATCTATATTCTCACACGCCCCTGCATATACTGTTCCTATTCCAAATTCA
2654laLeuMetSerAspIleAsnGluCysAlaGlyAlaTeralThrGlyIleGlyPheGluA
5101 CGTTTTGCCCCATCGGCTATCTGCTCCCAAAAAGTTGTAATATAGGTGCCGCTGGGTGCG
2454rgLysAlaGlyAspAlaIleGlnGluTerheThrThrIleTerhrGlySerProAlaP
5161 AAATTTTCATCAGTTGTATTCCTGATAAACTGAATCACTTTACATAATTTTTGCCACATA
2254heAsnGluAspThrThrAsnAng1e?heGlnIleValLysCysLeuLysGlnTrpMetA
5221 TCTGCGTGCAGCCATAGTATCGAACCCGTGGGCTCGGAGACGACAGTGCGTACAATGGGT
205*spAlaHisLeuTrpLeuIleSerGlyThrProGluSerValValThrArgValIleProI
5281 ATTTTACCTTTCCCCAACAAAATAATGGTATACAAGTTAGGTCCGTACCTAGACCTTAAT
18511eLysGlyLysGlyLeuLauIleI1eThrTereuAsnProGlyTyrArgSerArgLeuT
5341 GTTTCCAATTCTTCTGAATCACTGCACTCTCGTAGGGGAGTAACGGTAATAATTTCGTCT
165‘hrGluLeuGluGluSerAspSerCysGluArgLeuProThrValThrI1eIleGluAspA
5401 CTGAGCCCCGTTTTGCGTTGAAAACTAATCACATTAGATAATGTGCAATCGGTTTCTTTT
1454rgLeuGlyThrLysArgGlnPheSerIleva1AsnSerLeuThrCysAspThrGluLysI
o461 ATCCGGATACATCTAAGTATTATGACATCGGTGGTCATTGTTTCCATCAACGACCATCTT
1254leArgIleCysArgLeulleIleValAspThrThrMetThrGluMetLeuSerTrpArgL
5521 TTACGATCGCCCATACTACTCATGGACGTTGTCGGTGTTGAAAAATCACCAGAATTGCAA
1054ysArgAspGlyMetSerSerMetSerThrThrProThrSerPheAspGlySerAanysA
5581 CGGATCTCTGGGTACCATGCTGCTGATGGAATTGGCGGTTTTAATTGTTGTTTCAGTCTA
85irgI1eG1uProTerrpA1aA1aSerProI1aProProLyaLeuGlnGlnLysLeuArgA
5641 TTATTGCTATCTTTGGCGGGGTTGAATAATGTGGGGGGAGAGTGATTGCAGGAATCCGAA
65‘snAsnSerAspLysAlaProAsnPheLeuThrProProSerHisAanysSerAspSerH
5701 TGGGTCAATAAAACGACCGTGCTCCGTTCTGCCGGCGCCGATCCGATTGAAGCTATATAC
454isThrLeuLeuValvalThrSerArgGluAlaProAlaSerGlyIleSerAlaIleTer
5761 TTCGCTTCTCTCCCCACTTTTCCAATTTGATCCGGAAATAAAACGGCCCCGGACAACAGT
25iysAlaGluArgGlyValLysGlyI1eGlnAspProPheLeuVa1A1aG1ySerLeuLeuI
5821 ATCGTACGATCCGGATCO
541eThrArgAspProasp
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1 TGCTACCTGATGTACAAGCAAAAGGCACAACAAAAGACCTTGTTATGGCTTGGGAATAAT
61 ACCCTTGATCAGATGAGAGCCACTACAAAAATATGAATACAAACGAGAGGCGGAGGTATC
121 CCCAATAGCAATTTGCGTGTAAATTCTGGCAACCTGTTAATTAGAAGAATTAAGAAAAAA
181 CCACTGGATGTAAGTGACAAACAAGCAATACACGGGTAGAACGGTCGGAGAAGCCACCCC
241 TCAATCGGGAATCAGGCCTCACAACGTCCTTTCTACCGCATCATCAATAGCAGACTTCGG
301 TCATGGACCGTGCAGTTAGCAGAGTTGCGCTAGAGAATGAAGAAAGAGAAGCAAAGAATA

841 TAGTAGATAGGATATATAAGCAGGTGGCCCTTGAGTCTCCATTGGCGTTGCTAAACACTG

80)a1Va1AspArgIleTerysGanalAlaLeuGluSerProLeuAlaLeuLeuAsnThrG

601 AATCTGTAATTATGAATGCAATAACGTCTCTCTCTTATCAAATCAATGGAGCTGCAAATA

100’luSerVallleMetAsnAlaIleThrserLeuSerTyrGlnIleAsnGlyAlaAlaAsnA
BspHi

661 ATAGCGGGTGTGGGGCACCTGTTCATGACCCAGATTATATCGGGGGGATAGGCAAAGAAC

120’snSerGlyCysGlyAlaProValHisAspProAspTyrI1eGlyGlyIleGlyLysGluL

140>euIleValAspAspAlaSerAspValThrSerPheTerroSerAlaPheGlnGluHisL
781 TGAACTTTATCCCGGCACCTACTACAGGATCAGGTTGCACTCGGATACCCTCATTCGACA
160)euAsnPheI1eProAlaProThrThrGlySerGlyCysThrArgI1eProSerPheAspI
841 TAAGCGCTACCCACTACTGTTACACTCACAATGTGATATTATCTGGTTGCAGAGATCACT
180)1eSerAlaThrHisTerysTerhrHisAanalIleLeuSerGlyCysArgAspHisS
901 CACACTCATATCAGTACTTAGCACTTGGCGTGCTTCGGACATCTGCAACAGGGAGGGTAT
200}erHisSerTyrGlnTereuAlaLeuGlyValLeuArgThrSerAlaThrGlyArgValP
961 TCTTTTCTACTCTGCGTTCCATCAATTTGGATGACAGCCAAAATCGGAAGTCTTGCAGTG
220PhePheSerThrLeuArgSerIleAsnLeuAspAspSerGlnAsnArgLysSerCysSerV
1021 TGAGTGCAACTCCCTTAGGTTGTGATATGCTGTGCTCTAAAATCACAGAGACTGAGGAAG
240PalSerAlaThrProLeuGlyCysAspMetLeuCysSerLysIleThrGJuThrGluGluG
Cial
1081 AGGATTATAGTTCAATTACGCCTACATCGATGGTGCACGGAAGGTTAGGGTTTGACGGTC
260'luAspTyrSerSerI1eThrProThrSerMetVa1HisGlyArgLeuGlyPheAspGlyG
1141 AATACCATGAGAAGGACTTAGACGTCATAACTTTATTTAAGGATTGGGTGGCAAATTACC

1261 TAAAACCCAATTCGCCTAGTGACACCGCACAAGAAGGGAGATATGTAATATACAAGCGCT
320beuLysProAanSerProSerAspThrAlaGlnGluclyArgTeral11eTerysArgT

1501 CCGAACGGAGAGTTCTCACAGTAGGGACATCTCATTTCTTGTACCAGCGAGGGTCTTCAT
a00» 1aGluArgArgValLeu’l‘hrValGly‘l‘hrSerHi SPheLeuTyrGlnArgGlySerSerT

Figure 25
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1561 ACTTCTCTCCTGCTTTATTATACCCTATGACAGTCAACAACAAAACGGCTACTCTTCATA
420PerheSerProAlaLeuLeuTerroMetThrValAsnAsnLysThrAlaThrLeuHiss
1621 GTCCTTACACATTCAATGCTTTCACTAGGCCAGGTAGTGTCCCTTGTCAGGCATCAGCAA
440» erProTyr'I‘hrPheAsnAlaPheThrArgProGlySerValProCysGlnAlaSerAlaA
1681 GA‘I‘GCCCCAACTCATGTGTCACTGGAGTTTATACTGATCCGTATCCCTTAGTCTTCCATA
460’rgCysProAsnSerCysvalThrGlyValTerhrAspProTerroLeuValPheHisA

1747 GGAACCATACCTTGCGGGGGGTATTCGGGACAATGCTTGATGATGAACAAGCAAGACTTA
480 rgAsnHi sThrLeuArgGlyvalPheGlyThrMetLeuAspAsPGluGlnAlaArgLeuA
Pst!
1801 ACCCTGTATCTGCAGTATTTGATAACATATCCCGCAGTCGCATAACCCGGGTAAGTTCAA
500k snProvValSeral aValPheAspasnI leSerArgSerArgIlleThrArgvValSerSersS
1361 GCCGTACTAAGGCAGCATACACGACATCGACATGTTTTAAAGTTGTCAAGACCAATAAAA
5200 erArgThriiysAl aAlaTyrThrThrSerThrCysPhelysVa 1lvalLysThrasnLysT
1921 CATATTGCCTCAGCATTGCAGAAATATCCAATACCCTCTTCGGGGAATTCAGGATCGTTC
540'hrTerysLeuSerIleAlaGluIleSerAsnThrLeuPheGlyGluPheArgI levalr
1981 CTTTACTAGTTGAGATTCTCAAGGATGATGGGATTTAAGAAGCCAGGTCTGGCCAGTTGA
560 roLeuLeuvalGluIleLeuLysAsp
2041 GTCAACTGCGAGAGGGTCGGAAAGATGACATTGTGTCACCTTTTTTTTGTAATGCCAAGG
2101 ATCAAACTGGATACCGGCGCGAGCCCGAATCCTATGCTGCCAGTCAGCCATAATCAGATA
2161 GTACTAATATGATTAGTCTTAATCTTGTCGATAGTAACTTGGTTAAGAAAAAATATGAGT
2221 GGTAGTGAGATACACAGCTAAACAACTCACGAGAGATAGCACGGGTAGGACATGGCGAGC
2281 TCCGGTCCCGAAAGGGCAG“GCATCAGATTATCCTACCAGAGTCACATCTGTCCTCACCA
2341 TTGGTCAAGCACAAACTGCTCTATTACTGGAAATTAACTGGCGTACCGCTTCCTGACGAA
2401 TGTGACTTCGACCACCTCATTATCAGCCGACAATGGAAGAAAATACTTGAATCGGCCACT
2461 CCTGACACTGAGAGGATGATAAAGCTCGGGCGGGCAGTACACCAGACTCTCGACCACCGC
2521 ¢
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l? 2? 3? 4? 5? 6?
GAATTCCATéACCCCCTGC&GATCTTGCAéGCGGGGACGAGCAAAGCGTéCGGTGCGGG&
AGAAAGACARGGATCGCTGTGGGTTGAAAGATGAAAAACAAATCGCCETTOTEGOTCATS
AGTGGAGGGAGGGTGCCATCTGTGATGCCCACAGGTCARACTATGTTATAAAGAAAAACH
ATGGGTGGGAAATATAATAAAGCARCCGARATGGTACATAAAAACTAAAAATACCTACAC
GGTTACACCACCGATCAGGCGAAGAAGTTCCARACCATTAACAACCGRGACGACACGTTG
CCCTTCGATCCAGGTCTCTGC T T T TTTGTATCTC T TATCCTATACCGCCECCTCOCGTC
GACGAGAGCAAGTCGCACCGUCACTCCGAGECCACAAGAAATTACGATTCTTATACCGCTS
GGCGTACCGCCTACTCGAACTATCACGTGATGTGTATGCARATGAGCAGTGCCAACGCAT
CAGCGTTCGCACTGCGAACCAATAATATATTATATTATATTATATTATTGCACTCTGGTG
CGAACGCCGAGGTGAGCCAATCGGATATGGCGATATGTTATCACGTCGACATGTACCGCCE
CAAATTCGCACTTCAGTGTTGGGGETACATGTGGEGECGECTCEGCTCTTGTATATAAAA
GAGCGGCGEGETTGCGAGGTTCCTTCTCTCTTCGCGATCCTC TCTCAGAATGGCACGGCCGA
TCCCCCATATATTTCCTGAAGGAACGCATAGCTAGGCGACGAACCAGCTGAATTTCTCLC
TTCATCAAATAAGTAATARR

Figure 34
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