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VIRUSES AND THEIR USE AS A VACCINE 'AGAINST
FELINE INFECTIOUS PERITONITIS VIRUS DISEASE

Field of the Invention

The present invention pertains to the prophylaxis of disease caused by
feline infectious peritonitis virus (FIPV), using recombinant raccoon pox viruses (RRPVs)
expressing the nucleocapsid and transmembrane proteins of FIPV as vaccines.

Background of the Invention .

Feline infectious peritonitis virus (FIPV) induces a systemic infection in_
cats that is often fatal. The effusive form of the disease is characterized by accumulation
of fibrinous ascitic fluid. The non-effusive form of the disease is characterized by

granulomatous lesions in multiple organs including, but not limited to, liver, spleen,

Kidneys, lung, and intestines. Reviewed in Barlough, J.E. and C. A. Stoddart. Feline
Coronaviral Infections in C.E. Greene (Ed.). Infectious Diseases of the Dog and Cats.
W.B. Saunders Co., Philadelphia, PA, 1990, Pp- 300-312.

Feline infectious peritonitis virus is a coronavirus composed of three major
structural proteins: The S (spike) protein, the E1 or M (transmembrane) protein, and the
N (nucleocapsid) protein. Venema et al., Vu'ology 181: 327-335, 1991 and Dale, et al.,
EPO 0,376, 744.

Prior vaccines intended to prevent FIPV infection have actually been
shown to exacerbate the disease caused by this virus. Pedersen, N. C; and J.W. Blgck,
Am. J. Vet. Res. 44; 229-234, 1983; Vennema H., et al., J. Virol. 64: 1407-1409,
1990; Barlough, J.E., Can. J. Comp. Med. 49: 303-307, 1985; Barlough J.E. et al.,
Lab. Anim. Sci. 34: 592-597, 1984; Stoddart, C.A., etal., Res. Vet. Sci. 45: 383-338,
1988; and Pedersen, N.C., Adv. Vet. Sci. Comp. Med. 33: 413-428, 1989, This
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phenomenon apparently reflects an immune enhancement of infection mediated by
immunoglobulins produced in response to the virus, in particular by those antibodies
directed against the S protein. Olsen C. W. et al., J. Virol. 4: 175-189, 1981.
Therefore, the best candidate vaccine for prophylaxis of this disease would be a
preparation that induces strong cell-mediated immunity in the absence of enhancing
antibodies. This could be accomplished with a vaccine that lacks the outer envelépe
protein but contains the other structural proteins of FIPV (N and El). Prior attempts
to vaccinate cats with a recombinant vaccinia virus expressing the N or El proteins of
FIPV, however, have failed to induce strong protective immunity. Venema et al.,
Virology 181:327-335, 1991 and Dale, et al., European Patent Application 0,376,744.
See also, Venema, European Patent Application 0,411,684,

What is neéded in the art, therefore, is an effective vaccine against FIPV
that utilizes the N and E1 proteins, or.segments therefrom, as immunogens.

mmary o nventi

The present invention pertains to the induction of protective immunity to
FIPV in cats. One object of the invention is to provide recombinant raccoon poxviruses
containing the genes for the FIPV N or M/E1 proteins (RRPV-N and RRPV-El,
respectively).

A further object of the invention is to provide a feline vaccine comprising
RRPV-N or RRPV-El, either singly or in combination, or in combination with other
viruses, bacteriz, or fung1 that have been inactivated or attenuated. Astill
further object of the invention is to provide a method for preventing disease caused by
FIPV, by administering to a feline in need of such treatment a vaccine comprising
RRPV-N, RRPV-El, or combinations thereof.

These and other objects and advantages, which will be apparent from this
specification, are achieved by the invention described below.

This Sheet Has Been Replaced

LTI




10

15

20

AHP-93116-AU

Description of the Drawings

Figure 1 illustrates the nucleotide and amino acid sequence of the FIPV
El protein and the FIPV N protein (Figures 1A and 1B, respectively.)

Figure 2 illustrates the plasmid used to clone the genes encoding the FIPV
El and N proteins.

Figure 3 schematically shows the pSC11 transfer plasmids used to create
RRPVs encoding the FIPV El and N proteins (Figs 3B and 3C, respectively.)

Figure 4 illustrates the nucleotide sequence of pSC11 FIPV El and pSC11
FIPV N (Figures 4A and 4B, respectively.)

Figure 5 is a photograph of an ethidium bromide-stained agarose gel
showing the analysis of RRPV-FIPV N and RRPV-FIPV El by polymerase chain
reaction, .

Figure 6 is an immunoblot illustrating the detection of FIPV N and El
proteins in virally infected cell lysates. .

iled iption of the Invention

The vaccine of the present invention may be prepared by creating
recombinant raccoon poxviruses (RRPVs) containing the genes encoding the N or E1
proteins of FIPV or immunogenic fragments thereof. These genes are first inserted into
a transfer plasmid, which is then introduced into appropriate host cells that have been
previously infected with a raccoon poxvirus. As a result, the DNA from the transfer
plasmid is incorporated into the poxvirus DNA by homologous recombination, producing
the RRPVs that are released from the cells.

DNA encoding the FIPV N or El proteins is inserted into the transfer
plasmid immediately downstream of a poxvirus promoter. In a preferred embodiment,
the early/late 7.5 Kd protein promoter of vaccinia virus is used; however, alternate
promoter elements that are functional in poxviruses can also be used.

The preferred transfer plasmid also contains a beta-galactosidase marker
gene, which allows for selection and detection of the piasmid DNA sequences in
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recombinant viruses. It will be obvious to one skilled in the art that alternative
selectable marker genes, such as the neomycin resistance gene or the E. coli gpt gene
or others, can be used to practice the invention. Flanking the foreign gene of interest
and the selectable marker gene are thymidine kinase DNA sequences, which facilitate
recombinatorial integration of the plasmid DNA sequences into the raccoon poxvirus
DNA.

Recombinant viruses expressing the FIPV N or El genes are prepared by
first infecting a susceptible cell line such as Vero (ATCC CCL 81), BSC-1 (ATCC CCL
26), RAT-2 (ATCC CRL 1764), or CRFK (ATCC CCL 941) with wild type raccoon
poxvirus (ATCC VR-838 or similar isolates, such as, for example, RCNV71-I-854).

‘Transfer plasmid DNA containing the E1 or N gene is then transfected into the infected

cells using cationic liposome-mediated transfection, or other suitable techniques such as
electroporation or calcium phosphate precipitation. Virus replication is allowed to
proceed until cytopathic effects are noted in all cells. |

Incorporation of the FIPV El or N genes into poxvirus DNA is
accompanied by disruption of the viral thymidine kinase gene. Therefore, virus
harvested from this infection may be isolated by selecting for the absence of a thymidine
kinase gene; this is achieved by growth on tk- RAT-2 cells (ATCC CRL 1764) in the
presence of 5-bromodeoxyuridine. Viruses containing a gene insert from the transfer
piasmid are further identified by the appearance of a blue plaque color when grown in
the presence of a chromogenic substrate for beta-galactosidase such as X-gal.

Viral plaques that survive these selection and screening procedures are
then subjected to several cycles of plaque purification. Subsequently, the presence of
the E1 or N genes is confirmed by polymerase chain reaction technology, and the
presence of E1 or N protein is confirmed by immunoblot analysis using specific
antibodies. These viruses are designated RRPV-FIPV El and RRPV-FIPV N,
respectively.

In a further embodiment of the present invention, the genes encoding N
and E1 were inserted into a single transfer plasmid. Introduction of this plasmid into
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cells previously infected with wild-type raccoon poxvirus results in the production of
recombinant viruses that express both proteins simultaneously (RRPV-FIPV El/N).

In a still further embodiment, RRPVs can be produced that express less-
than-full-length segments of the FIPV E and N proteins.  The techniques used to
engineer transfer plasmids encoding partial sequences of E1 and N are well-known and
widely used in the art, as are the methods for production and screening of RRPVs as
detailed in this specification. For example, introduction of oligonucleotides containing
a stop codon at various points along E1 or N DNA will produce a nested set of
carboyxterminal-truncated versions of that gene, which can then be incorporated into
RRPVs. It will be apparent to one of ordinary skill in the art that systematic screening
of such recombinant RRPVs can establish whether the intact i:rotein, or subfragments
thereof, are most preferred in practicing the present invention. Furthermore, as stated
above, DNA encoding different fragments of E1 and N can be used in a combination
vaccine after incorporation into the same, or different, RRPVs.

For vaccine preparation, susceptible cells such as those listed above are
infected with RRPVs at a multiplicity of infection (MOI) of 0.1 infectious units/cell or
less. In this specification, an infectious unit is defined as a Tissue Culture Infectious
Dose (TCIDs,), an amount of virus yielding 50% infection under defined conditions.
A method for TCIDs determination is detailed in Example 1 below. When
cytopathology is noted in >90% of the cells, the infected cells and extracellular fluids
(both of which contain viruses) are harvested as a single virus-cell lysate,

The highly concentrated virus stock to be used as a vaccine may be stored
frozen (-50°C or colder) or lyophilized until the time of use. Compounds such as NZ-
amine, dextrose, gelatin or others designed to stabilize the virus during freezing and
lyophilization may be added. The virus initially present in the virus-cell lysate may be
further concentrated using commercially available equipment.

Typically, the concentration of virus in the vaccine formulation will be
a minimum of 10%° TCIDj, per dose, but will typically be in the range of 107 to 10°°
TC]DSO per dose. At the time of vacéination, the virus is thawed (if frozen) or, if
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lyophilized, is reconstituted with a physiologically-acceptable carrier such as deionized
water, saline, phosphate buffered saline, or the like,

The presént invention is not limited to native (i.e. replication-competent)
RRPVs. The virus-cell lysate can be subjected to treatments commonly used in the art
to inactivate viruses. A composition comprising inactivated virus and expressed protein
will be effective in eliciting protective immunity against FIPV if it contains a sufficient
quantity of FIPV protein. This type of vaccine would provide added assurance that
recipient felines will not be exposed to infectious FIPV as a consequence of vaccination.
In addition, a physiologically-acceptable adjuvant may be added to the virus, such as
EMA 31 (Monsanto Co., St. Louis, MO), NEOCRYL (Polyv%nyl Chemical Industries,
Wilmington, MA), MVP (Modern Veterinary Products, Omaha, NE), Squalene,
Pluronic L121, or the like. '

Individual raccoon poxviruses expressing the N or El genes may be mixed
together for vaccination. Furthermore, the virus may be mixed with additional
inactivated or attenuated viruses, bacteria, or fungi such as feline Jeukemia virus, feline
panleukopenia virus, feline rhinotracheitis virus, feline calicivirus, feline
immunodeficiency virus, feline herpesvirus, feline enteric coronavirus, feline Chlamydia
psintaci, Microsporum canis, or others. In addition, antigens from the above-cited
organisms may be incorporated into combination vaccines. These antigens may be
purified from natural sources or from recombinant expression systems, or may comprise
individual subunits of the antigen or synthetic peptides derived therefront.

In a further embodiment of the present invention, live or inactivated
RRPYV virus-cell lysates can be inéorporated into liposomes, or encapsulated in peptide-,
protein-, or polysaccharide-based microcapsules prior to administration, using means
that are known in the art.

The final vaccine is administered to cats in a volume that may range
from about 0.5 to about 5 ml. The vaccine can be administered by subcutaneous,
intramuscular, oral intradermal, or intranasal routes. The number of injections and their
temporal spacing may be varied. One to three vaccinations administered at intervals of
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one to three weeks are usually effective.
The following examples are intended to further illustrate the invention

without limiting its scope. The techniques used to infect and transfect cells, plaque
purify virus, perform immunoblot analysis are widely practiced in the art.

Example 1

GENERATION OF RECOMBINANT RACCOON POX VIRUSES
EXPRESSING FIPV N AND E1 GENES

1. Cloning of FIPV N and El Genes and Preparation of
Transfer Plasmids

The sequences of the El and N genes used in the present invention are
shown in Figures 1A and 1B, respectively, of the specification. The methods for
cloning of the N and El genes of FIPV and their insertion into a pSC11 transfer vector
are detailed in European Patent Application 0,376,744, which is incorporated by -
reference. The plasmid used to clone the cDNA for the El and N genes is shown in
Figure 2. The pSC11 plasmids carrying the El and N genes are shown in Figures 3B
and 3C, respectively. The sequences of these plasmids are shown in Figures 4A and
4B.

To construct a pSC11 transfer plasmid containing both N and E1 genes,
a 1.0 kb DNA fragment containing the vaccinia 7.5 promoter and the E1 gene was
inserted downstream of the N gene in pSC11-FIPV N. The resulting plasmid was
designated pSC11-FIPV N/E1.

2. Preparation of Recombinant Raccoon Poxviruses (RRPVS)

Monolayers of Vero cells (ATCC CCL 81) that were 80% confluent
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(approximately 5 x 10° cells/100 mm tissue culture dish) were infected for 30-60 minutes
at 37°C with wild-type raccoon pox virus (ATCC VR-838) at a multiplicity of infection
MO of 0.1 TCIDs/cell. The medium (2 ml) consisted of Eagle's Minimum Essential
Medium ("MEM", Gibco BRL #410-1500) containing 0.05% lactalbumin hydrolysate
and 15 pug/ml gentamicin sulfate and adjusted to pH 7.2 with sodium bicarbonate.
After infection, the medium was removed and the cells were transfected with the
PSC11-FIPV N, pSC11-FIPV El, or pSC11 N/E1 transfer plasmid by cationic liposome-
mediated transfection using Transfectam@ (Promega Corporation, Madison, WI) and
DOTAP (Boehringer Mannheim, Indianapolis, IN), respectively, per manufacturer's
instructions. The cells were incubated with the DNA-liposomes mixture in 3 ml of
MEM containing 5% fetal bovine serum (FBS) overnight at 37°C (5% C0,), after which
the medium was replaced with 8 ml of fresh MEM-5% FBS. The transfected cells were
incubated at 37°C (5% CO0y,) until greater than 80% showed cytopathic effects (CPE),
which took approximé.tely 3-4 days. The virus-cell lysates were then removed from the
plates and subjected to two cycles of freeze-thawing before storage at -70°C.

3. Isolation of Recombinant Raccoon Pox Virus Carrving the

FIPV N Gene
RRPVs carrying the FIPV N gene (RRPV-FIPV N) were isolated and

purified from the pSC11-FIPV N- Vero cell transfection by standard viral plaque
purification methods. Monolayers of Vero cells (50-80% confluent) were infected with
2 ml of ten-fold serial dilutions (107 to 10°®) of the viral-cell lysates for 1 hour at 37°C.
After incubation, the media was removed and the infected cells were overlaid with 8-10
ml of 1.25% Noble agar containing MEM/5% FBS. The infected cells were then
incubated for 3-4 days at 37°C (5% C0,), and overlaid égain with 4 ml of 1.25% Nobel
agar containing 0.5X PBS and 600 pg/ml S-bromo-4-chloro-3-indolyl-B-D-
galactopyranoside (X-gal, States Biochemical Cleveland, Ohio). The plates were
incubated at 37°C (5% CO,) for 4-16 hours, until blue (i.e. B-galactosidase positive)
viral plaques were observed. The recombinant viral plaques were picked with sterile
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blunt needles attached to a 1 cc syringe, suspended in 0.5 ml of 0.25 ug/ml trypsin,
vortexed vigorously, and incubated at 37°C for 15-30 min. The disrupted viral plaques
were then inoculated onto 5 x 10° Vero cells in 25 cm? flasks and incubated at 37°C
(5% C0,) until greater than 80% CPE was observed. The viral-cell lysates containing
RRPV-FIPV N were subjected to two cycles of freeze-thawing and stored at
-70°C. Six individual RRPV-FIPV N clones were selected and plaque-purified five
times as described above.

4, Isolation of Recombinant Raccoon Pox Virus Containing

the FIPV El Gene

RRPVs carrying the FIPV El gene (RRPV-FIPV El) were isolated and
purified from pSC11-FIPV El-transfected Vero cells using the methods described for
IRPV-FIPV N, with some modifications. In this case, thymidine kinase deficient
(tk-) RRPVs from the initial virus-cell lysates were selected on tk- RAT-2 cells (ATCC
CRL 1764). This was performed by inoculating 1 ml of the initial virus-cell lysate onto
a monolayer of RAT-2 cells in a 75 cm? flask (approximately 5 x 10° cells) in the
presence of S-bromodeoxyuridine (BrdU) at 30 pg/ml in MEM. The infected monolayer
was incubated at 37°C (5% CO0,) for 34 days until greater than 70% CPE was
observed. The tk- virus-cell Iysates were subjected to two cycles of freeze-thawing
before storage at -70°C. Two individual RRPV-FIPV El clones were selected and
subjected to six cycles of plaque purification as described above for RRPV-FIPV N.

5. Confirmation of FIPV N and El Genes in RRPV by
Polymerase Chain Reaction
The presence of the FIPV N and El genes in the RRPVs was confirmed
using the polymerase chain reaction (PCR). 90 pl of a virus-cell lysate were incubated
with 10 ul of tenfold concentrated PCR lysis buff;r (100 mM Tris-HCL buffer, pH 8.5;
500 mM KCIl; 25 mM MgCl,; 5% Tween 20; 3 mg/ml Proteinase K) for 16 hours at
50°C, then boiled for 10 min. 10 ul of this lysate was used in the PCR. PCR was
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performed in 100 ul of 10 mM Tris-HCL buffer, pH 8.3; 50mM KCl; 200 uM of each
deoxyribonucleotide triphosphate, 1.5 mM MgCl,; 30 pmoles of each oligonucleotide
primer; and 2.5 units of AmpliTaq@ DNA polymerase (Perkin-Elmer Cetus, Norwalk,
CT). The primers used in the PCR for FIPV N were:

(1) 5'-CTCGTGGTCGGAAGAATAATGATA-3'

(2) 5'-AGCACCATAGAAAGTTGTCACATC-3',
corresponding to nucleotides 68-91 and 721-744 of the FIPV N open reading frame
(primers 1 and 2, respectively). The primers used in the PCR for FIPV El were:

(3) S'-TATGTAATGTTCGGCTTTAGTG-3'

(4) 5'-GTGCTTCTGTTGAGTAATCACC-3' )
corresponding to nucleotides 334-355 and 721-742 of the FIPV El open reading frame
(primers 3 and 4, respectively). The PCR amplifications were performed in a DNA
Thermal Cycler (Perkin-Elmer Cetus) by first heating the reaction mixes to 94°C for

. denaturation, and then performing 35 cycles of amplification, each consisting of 1 min

at 95°C, 1 min at S5°C, 2 min at 72°C, and, on the last cycle, a final incubation of
8 min at 72°C. 10 gl of the PCR products were resolved by electrophoresis in a |
horizontal-submarine 4% NuSievé agarose gel (FMC BioProducts, Rockland, ME) in
TAE buffer (40 mM Tris base, 20 mM sodium acetate, 1 mM EDTA, pH 7.2) by
applying 5 V/cm for 1-2 hours. The DNA products were visualized by staining the gels
with ethidium bromide. '

PCR amplifications with the FIPV N and El primers gave DNA fragments
of 676 and 408 nucleotides, respectively (Figure 5). PCR amplifications using the
pSC11 FIPV N and El transfér plasmids served as positive controls, and showed
products of the predicted sizes. PCR amplifications using wild-type raccoon pox virus-
Vero cell lysates served as a negative control, and no PCR products were observed in
those samples.

6. Confirmation of RRPV FIPV N and El Protein
Expression by Immunoblot Analysis
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Confluent monolayers of Vero cells in a 25 cm? flask (1-2 x 10% cells)
were infected with clones of either RRPV-FIPV N or RRPV-FIPV El at an MOI of
0.1. The infected cells were incubated at 37°C (5% CO0,) for 2-3 days until
approximately 80% of the cells showed cytopathic effects. A virus-cell lysate was
prepared, and 20 ul of the sample were added to 5 ul of 5X Laemmli sample buffer (0.3
M Tris-HCI buffer, pH 6.8, containing 5% SDS, 50% glycerol, 0.4% bromophenol
blue, and 3% 2-8-mercaptoethanol) and heated at 95°C for 5 min. The denatured
protein samples were separated by SDS/polyacrylamide electrophoresis using a 4-15%
gradient polyacrylamide gel as described previously. Maniatis et al., Molecular
Cloning: A Laboratory Manual, 1982, Cold Spring Harbor Press. After electmphoresxs,
the proteins were. transferred to nitrocellulose (Bio-Rad Laboratones, Hercules, CA) by
electrotransfer using a Bio-Rad transfer apparatus per manufacturer's instructions. The
transfer was performed in 25 mM Tris-HCI buffer, containing 0.2 M glycine and 20%
methanol, for 45 minutes at SOV with constant current.

FIPV N and E1 proteins were visualized on the nitrocellulose filter using
specific antibodies. Davis et al., Basic Methods in Molecular Biology, 1986, Elsevier
Science Publishing Company, New York, NY. The filter was rinsed in phosphate
buffered saline pH 7.4 containing 0.1% Tween-20 ("PBS-TW™), after which non-
specific sites were blocked by overnight incubation at 4°C in PBS containing 1% bovine
serum albumin (PBS-BSA) followed by a 15 min wash in PBS-TW. The filter was then
incubated for 30 min at room temperature with anti-FIPV antibodies, which consisted
of ascites fluid from a FIPV (strain 79-1146)-infected cat, diluted 1:100 in PBS-TW
containing 1% BSA ("PBS-TW-BSA"). After four 5 min washes in PBS-TW, the filter
was incubated for 30 min at room temperature with a secondary antibody consisting of
biotin-labeled mouseanti-cat IgG antibody (Kirkegaard & Perry Laboratories Inc.,
Gaithersburg, MD) that had been diluted 1:2000 in PBS-TW-BSA, followed by four 5
min washes in PBS-TW. The filter was then incubated for 30 min at room temperature
with horseradish peroxidase-conjugated streptavidin (Kirkegaard & Perry Laboratories
Inc.) that had been diluted 1:1000 in PBS-TW. After the filter was washed four times
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(5 min each) in PBS-TW, the antigen-antibody complexes were visualized with
peroxidase chromogenic substrate (Kirkegaard & Perry Laboratories Inc.). Sucrose-
gradient purified FIPV and wild-type raccoon pox virus-Vero cell lysates were used as
the positive and negative controls, respectively. A typical immunoblot is shown in
Figure 6.

7.  Raccoon Poxvirus Titration

Serial tenfold dilutions of virus are prepared in MEM and inoculated in
replicates of five onto Vero cells (1 x 10* cells per well) in a 96" well plate. Virus
preparations may be pretreated by dilution into an equal volume of 0.5% trypsin and
incubation at 37°C for 30 min in order to release virus from inclusions. Plates are
incubated for 3-5 days at 37°C (5% C0,) and observed for cytopathology typical of
raccoon poxvirus. Titers are calculated as 50% endpoints based on cytopathology using

the methods of Reed and Muench, The American Journal of Hygiene 27(3):493-497)
(1938).

Example 2
PREPARATION OF VACCINE AND TESTING FOR EFFICACY IN CATS

1. Preparation of Master Seeds of RRPV-FIPV N _and El
Viruses

A single clone of each recombinant virus was selected for large-scale
expansion to serve as a master seed virus. The criteria for selection were: 1)
Demonstration of purity. Polymerase chain reaction was utilized to insure that the clone
was uncontaminated with wild type virus. 2) Demonstration of adequate recombinant
proten expression by Western blot or other antigen detection methods.

All recombinant virus expansions and titrations were done on Vero cells
in MEM containing 2.5% FBS. Each plaque purified virus clone was expanded by
inoculating a confluent monolayer of Vero cells in a 150 cm? flask (1 X 107 cells) with
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1 ml of viral-cell lysate (approximately 107 infectious virus particles), and incubating at
37°C (§% CO0y) until 100% cytopathic effect was observed (2-3 days). This virus-cell
lysate was titrated on Vero cells as described in Example 1, and served as a premaster
seed virus stock to obtain the master seed virus. The MOI to be used to produce the
highest titer master seed virus was determined by inoculating a confluent monolayer of
Vero cells in a roller bottle (1 X 10® cells) with various MOIs of recombinant virus
(e.g. 0. 1, 0.05, 0.01, 0.005, and 0.001 TCIDsy/cell.) The infected cells were
incubated at 37°C until greater than 80% CPE was observed (approximately 3 days),
and the titers of each infected roller bottle was determined. The master seed viruses
were aliquoted into 1.5 ml ampules, which were sealed and stored in a liquid nitrogen
freezer.

2. Preparation of Vaccines

3 x 107 Vero cells were seeded into 850 cm? roller bottles in 200 ml of
growth media (MEM containing 0.5% lactalbumin hydrolysate and 5% FBS) and
incubated for 18 hours at 37°C. The next day, the medium was removed from the cells
and replaced with 50 ml of RRPV-FIPV N virus diluted to an MOI of 0.01 in infection
media (MEM containing 0.5% lactalbumin hydrolysate and 2.5% FBS). The virus used
was at the second passage beyond the master seed preparation. Virus ‘was allowed to
absorb to the cells for 30 min at 37°C, after which the volume of medium was adjusted
to 150 ml per roller bottle. Roller bottles were incubated at 37°C until 100%
cytopathology was evident (3 days). The virus-cell lysate was harvested and stored
frozen (-70°C). The virus titer was determined to be 1057 TCID;y/ml.

RRPV-FIPV El stocks were prepared in the same manner, except that
an MOI of 0.1 was used. The final virus preparation was titered and found to contain
1055 TCID,y/ml. Wild type raccoon poxvirus was grown using the same methods as
described above, and contained 10%# TCID,y/ml.

3.  ¥Vaccination
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A group of twenty-four 9-month-old cats (specific pathogen-free, Harlan Sprague

Dawley, Madison, WI), comprising seven males and seventeen females, was used to
demonstrate the efficacy of the RRPV-FIPV N vaccine. Cats were divided into five
groups and vaccinated twice, 21 days apart, as indicated below:

1 5 RRPV-FIPV N 3 104 SC

2 5 RRPV-FIPV N 1 . 10%%7 M

3 5 RRPV-FIPV N 3 1074 ORAL

4 4 RRPV-FIPV N 3 1054 SC
(1:10 Dilution)

5 5 Wild Type RPV 3 1004 sC

*SC = Subcutaneous
IM = Intramuscular
Oral = Oral .

4.  Challenge

Two weeks following the second vaccination, cats were orally inoculated
with 10°4 TCID;, of Feline Enteric Coronavirus (strain 79-1683, ATCC VR-989). This
virus induces a subclinical infection which can enhance subsequent FIPV infection.
Three weeks later, cats were orally challenged with 10°# TCID, of FIPV (strain 79-
1146, ATCC VR-990). Cats were monitored weekly for a total of 64 days after
challenge for signs of clinical disease including: fever, icterus, leukopenia, anemia,
weight loss, anoreiia, depression, dehydration, and peritoneal swelling. Cats deemed
moribund were euthanized by the attending veterinarian and post-mortem pathological
examination was performed. Clinical disease signs were scored as follows:
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SIGN SCORE
Fever 103.0 - 103.9°F 1 point/day*
104.0 - 104.9°F 2 points/day
2105.0°F 3 points/day

*For cats with baseline temperatures averaging 103°F, no points will be scored
until temperatures are in excess of 1°F above baseline.

Dehydration 1 point/day

Depression 1 point/day

Anorexia 1 point/day”

Peritoneal Swelling 1 point/day

Icterus 1 point/day

Weight Loss »20% 1 point per observation
>30% 2 points per observation
>50% 5 points per observation

Leukopenia decrease of 50% 3 points per observation
counts <6000 2 points per observation

Hematocrit <25% PCV 3 points per observation

Death 25 points

S. valuation of Induced Immunity to FIPV
Inoculation with virulent FIPV induced a fatal infection in 4/5 (80%) of
the control cats, which were vaccinated with wild type raccoon poxvirus (Table 1).
Both effusive and non-effusive forms of the disease were noted in the control cats. On
the other hand, clinical disease was essentially absent after challenge of the subcutaneous
vaccinates. The sporadic fever in these cats could be attributed to excitability and the
slight anemia on one day in cat 1264 is not a significant finding. The subcutaneous
vaccinates showed a statistically significant reduction in clinical signs (p<0.05, by
ANOVA) and death (p<0.01, by Chi Square Analysis) when compared to the control
cats.
_ The intramuscular route of vaccination was less effective in that 2/5
(40%) of the cats succumbed to FIPV-induced disease. However, the onset of disease
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in these cats was delayed when compared to the controls. The decreased efficacy may
be related to the lower titer of virus inoculated into these cats because only a 1 ml dose
could be administered by this route. There was also decreased efficacy when cats were
inoculated by the oral route (60% mortality) which may indicate the need for a higher
virus dose when vaccinated by this route.

The protection conferred against FIPV-caused disease by the
subcutaneously administered vaccine was shown to be dosé—dependent, confirming the
benefit of a high-titer RRPV-FIPV vaccine in inducing protection against clinical disease
induced by FIPV virus. A suitable vaccine dose contains viral antigen in the range of
10*-10® TCID;y/ml, preferably 107-10° TCID;/ml. A typical dose for administration to
cats is 1-3 ml, and delivery by the subcutaneous route is preferred.
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Table |

TOTAL CLINICAL SCORES FOLLOWING CHALLENGE WITH FIPV

I

AHP-93116-AU

Chemical Signe I Death® | Total Score

CATID Faver Walght Lese Letkopenls Aremis

UBCUTANEQUS CIN. S

Tt ——r———————— —_——— — .
1260 [+ [+] (] 1] (4] ] ]
1262 1 [}) 0 (] [+] [/ ] 1
1284 1 0 [+ () 0 [ 4
1260 0 0 (] /] [} (] (4]
1208 2 0 -] (4] ] [ ] 2

NTRAMUSCULAR VACCINAT

e — —— —_—
1270 13 [} [/} 0 33 28 n
1272 2 0 [/ ] 0 ] 1] 2
1207 23 0 0 0 34 26 [ 11
1200 3 0 [/} (] ] 0 4
1301 3 0 ] [ [+] o 3
GRAL VACCINATES
—— e — e ——
1303 1 o 4 4] ] 0 [
1306 4] 1 4] 0 [ 0 []
1307 3 1 0 L] 4 a6 a3
1309 2 ] [} ) [} 28 40
131 4 3 0 /] 18 26 &0
‘ ﬁﬁ?ﬁm
——— — ———

1313 29 8 [ ] 3 38 6% 107
1318 b1 4 0 ] 1) . 20 26 62
1317 3 0 3 [ ] ] 26 40
1319 ] 0 ] L] é (] 7

ONTROLS

— ——

1321 30 3 18 ¥ [+ ] as 181
1323 8 0 2 ] " 286 48
1327 (] 1 2 0 16 28 43
1329 1 1 [} ] 11" a8 48
1337 1 ] Q (] ] [} 1
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SRQUENCE LISTIIKS

(1) GENERAL INFORMATION:

(i)

(ii)

(iii)

" {dwv)

{(+)

(vi)

{viii}

APPLICANT: Wasmoen, Terxi

Chavez, ILloyd
Chu, Hsiepn-Jue

TITLE OF INVENTION: Recombinant Raccoon Pox Viruse and Their

Use as an Effective Vaccine Against Infectious Peritonitis
Virus Disecase

NUMBER OF SEQUENCES: 4
CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: Darby & Darby BC
(B) STREET: 805 Third Avenue

{C)} CITY: New York

{D) STATE: New York

(B} COUNTRY: US

(F) ZIP: 10022

COMPUTER READABLE FORM:

(A) MEDIDM TYPE: Floppy disk

(B) COMPUTER: IBM PC campatible

(C) OPERATING SYSTEM: PC-DOS/MS-DOS

{D) SOFTWARE: PatentIn Release #1.0, Version #1.25

CURRERT APPLICATION DATA:

(A) APPLICATION NUMBER: US 08/125,516
(B) FILING DATR: 22-SEP-1993
{(C) CLASSYFICATION:

ATTORNEY/AGENT INPORMATION:

(A) NAMR: Schaffer, Robert
{B) REGISTRATION NOMBER: 31,194
(C) REFERENCB/DOCEET NUOMBER: 9632/08669

TELECOMMONICATION INFORMATION:

{(A) TELEPHONR: 212-~-527-7700
(B) TEBLRFAX: 212~753-6237
(C) TELEX: 236687

{2) INFORMATION FOR SEQ ID NO:1:

(1) SEQﬁENCE CHARACTERISTICS:

(A) LENGTH: 789 base pairs
(B} TYPE: nucleic acid

(C)} STRANDEDNRESS: double
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: cOMNA
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(vi) ORIGINAL SODRCE:
(A) ORGANISM: Feline infectious peritonitis wvirus

(vii) DMMRDIATE SOURCE:
{B) CLONE: FIPV E1L
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
ATGAAGTACA TTTIGCTAAT ACTCGCGTGC ATAATTGCAT GCGTTTATGG TGAACGCTAC
TGTGCCATGC AAGACAGTCG CTTGCAGTCT ATTAARTGGCA CAARTTCAAG ATGTCARACC
TGCTTTGAAC GTGGTGATCT TATTTGGCAT CTTGCTAACT GGAACTTCAG CTGGTCIGTA
ATATTGATTG TTTTTATAAC AGTGTTACAA TATGGCAGAC CACAATTIAG CTGECTCETT
TATGGCATTA AAATGCIGAT CATGTGGCTA TTATGGCCTA TIGTTCTAGC GCTTACGATT
GGTGCAGTTG TAACCTTTGC ACTTTGGATG ATCTATTITG TGAGATCTCT TCAGCTATAT
AGARGAACCA AATCATGCYG GTCTITTAAT CCTGAGACTA ATGCAATTCT TIGCTGTTAAT
GCATTGGGTA GAAGTTATGT GCTTCCCTTA GATGGTACIC CTACAGGIGT TACCCTTACT
CTACTTTCAG GARATCTATA TGCTGAAGGT TTCARARTGG CTGGTGGTIT AACCATCGAG
CATTTGCCTA AATACSTCAT GATTGCTACA CCTAGTAGAA CCATCGTTTA TACATTAGTT
GGAABRACAAT TAAARGCAAC TACTGCCACA GGATGGGCTT ACTACGTAAA ATCTARAGCT
GGTGATTACT CAACAGAAGC ACGTACTGAC AARTTTGAGTG AACATGAAAA ATTATTACAT
ATGCTGTRA .
(2) INFORMATION FOR SEQ ID NO:2:
' (1) SEQURNCR CHARACTERISTICS:
(A} LENGTH: 1134 base pairs
{(B) TYPR: mucleic acid
(C) STRANDEDNBSS: double
(D} TOPOLOGY: linear
(ii) MOLECULE TYPR: cDNA

{(vi) ORIGINAL SOURCE:
{3) ORGANISM: Feline infectious peritonitis wvirus

(vii) IMMEDIATE SOURCRE:
(B) CLONR: FIPV N

This Sheet Has Been R

(o

i~ .

60
120
180
240
300
360
420
480
540
600
660
720
780 -
789

T ———————————



- 20 -

(xi) SEQUENCE DESCRIPTIGN: SEQ ID NO:2:
ATGGCCACAC AGGGACAACG CGTCAACTGG GGAGATGAAC CTTCCAAAAG ACGTGCGTCGT
TCTAACTCTC GTGGTCGGAA GAATAATGAT ATACCTTIGT CATTCTACRAA CCCCATTACC
CTCGAACAAG GATCTARATT TTGGAATTTA TGTCCGAGAG ACCTTGTICC CAAAGGAATA
GGTAATAAGG ATCAACAAAT TGGTTATTGG AATAGACAGA TTCOTTATOG TATTGTAAAA
GGCCAGOGTA AGGAACTCGC TGAGAGETGGE TTCITITACT TCTTAGGTAC AGGACCTCAT
GCTGATGCTA AATTCAAAGA CAAGATTGAT GGAGTCTTCT GGGTIGCAAG GGATGGTECC
ATGAACAAGC CCACAACGCT TGECACTOGT GGAACCAATA ACGAATCCAA ACCACTGAGA
TTTGATGGTA ACGATACCGCC ACAGTTTCAG CTTGAAGTGA ACCGTTICTAG GAACAATTCA
AGGTCTGGIT CTCAGTCTAG ATCTGTITCA AGAAACAGAT CTCAATCTAG AGGAAGACAC
CATTCCAATA ACCAGAATAA TAATGTTGAG GATACAATTG TAGCCGTGCT TGAAAAATTA
GGTGTTACTG ACAAACAAAG GTCACGTTCT AAACCTAGAG AACGTAGTGA TTCCAAACCT
AGGGACACAA CACCTAAGAA TGCCAACAAA CACACCTGGA AGAAAAMCTGC AGGCAAGGGA
GATGTGACAA CTTTCTATGG TCCTAGAACT ACTTCAGCTA ACTTIGETGA T2AGTGATCTC
GCTTCCCAATG GTAACGCTGC CARATGCTAC CCTCAGATAG CTGAATETGT TCCATCACTG
TCTAGCATAA TCTTTGGCAC TCAATGGTCT GCTGAAGAAG CTGGTGATCA AGTGAAAGTC
Acsémcncrc.acaccwacma CCTGCCARAG GATGATGCCA AAACTAGTCA ATTCCTAGAA
CAGATTGACG CTTACAAGCG ACCTTCTGAA GTGGCTAAGG ATCAGAGGCA AAGAAGATCC
CGTTCTAAGT CTGCIGATAA GAAGCCTIGAG GAGTTGTICTG TAACTCITCT GGAGGCATAC
ACAGATGTCT TTGATGACAC ACAGGTIGAG ATGATIGATG AGGTTACGAA CTAA
(2} INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTRRISTICS:

(3} LENGTH: 8710 base pairs

(B} TYPR: nucleic acid

() Tororomrs ciicatas

(ii) MOLBCULE TYPR: DNA (genomic)

{(vi) ORIGINAL SOURCE:
(A) ORGANISM: Feline infectious pe.rz.tomtls virus

{(vii) IMMEDIATE SOURCE:
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{B} CLONE: pacllfl

(xi}) SEQUENCE DRSCRIPTION: SEQ ID MO:3:
CCAAAGGGCC TCSTGATACS CCTATTTTITA TACCTTAATG TCATGATAAT AATGGTITICT
TAGACGTCEG GTGGCACTIT TCCGGGAAAT GTGOZCSGAA CCCCTATTIC TTTATTITIC
TAAATACATT CAAATATGTA TCOGCTCATC AGACAATARC CCTGATARAT GCTTCAATAA
TATTCARAAA GGABGACTAT GAGTATTCAA CATITCCGTG TCGCCCTTAT TCCCTTTITT
GOOGCATTTT GCCTTCCTOT TITIGCICAC CCAGABACGC TEGTCAAAGT ABAAGATGCT
GAAGATCAGT TCOGTGCALG AGTGGGTTAC ATCEAACTCG ATCTCAACAG CGSTAAGATC
CTTGAGACTT TTCGCCCOSA AGAACGTTIT CCAATGATGA GCACTTTTAA AGTTCTOCTA
TATICTCAGA ATGACTTCET TGAGTACTCA CCAGYCACAG ARAAGCATCT TROGGATGEC
ATGACAGTAA GAGAATTATG CAGTGOTGCC ATAACCATCA GTGATRACAC TGOGGCCAAC
GAGOGIGACA CCACGATGCC TCTAGCARYG GCAACARCEY TCORCAARCT ATTRACTGGE
CGTATCGTAG TTATCTACAC GACGGGGAGT CAGGCAACTA TCGATGAACS ABATAGACHG
ATCGCTGAGA TAGGTOCCIC ACTGATTAAG CATTGGTAAC TGTCAGACCA AGTTTACTCA
mmmmrmmmmmm
mm*ammmmmmm

@r@crrecman | = CIT TTEITICTGOG CETRATCTGC

X ACCGCTACCA GOSRTEETTT GTTTECCEGA TCARGAGCTA

CCARCTCTTT AACTGACTTC AGCACAGCGC AGATACCARA TACTCTCCTT
CCACCACTIC Amaz;crcm TAGCACCGOE TACATACCTC |

3
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PTICGACTCAA GACGATAGTT ACCCGATAAS GOGCAGCOGT COCGECTGAAC GLGEEETTCS
TQCACACAGC CCAGCTIGGA GOGAACGACC TACACCGAAC TGAGATACCT ACAGCGTGAS
CATTGAGAAR GOGCCACGCT TCCCGARGGG AGAARCCOGG ACAGGTATCC GGTARGCOGSGC
ACGETCCCAL CAGGAGAGCS CACGACGGAS CTTCCAGGSS GAAACGCCTG GTATCTTTAT
AGTCCIGTCG CETTTOSCCA CCICTGACTT GAGOCTOGCAT TITIGIGATE CTOSTCAGGH
GGROCGAGCE TATGGAAAAA CECCAGCAAC GOGGCCTITT TACSGTTCCT GGCCTTITGC
TCECOTTTTG CTCACATETT CTTICCIGCS TTATCCCCTS ATTCIGTGGA TAACCGTATT
ACCGCOTTIC AGCTGAGCIGA TACCGCTCSC CCCAGOCGAA CGRCCGAGG CAGCSAGTCA
CTGAGCEAGS AAGCGGAALA GOGCCCAATA CGCARACCGC CTCTCCCOSC GOGTTERCCS
ATTCATTAAT GCAGCTGGCA CGACAGGTTT CCOSACTGGA ARGCGGSCAS TGAGCGCAAC
GCRATTAATC TGAGTTAGCT CACTCATTAGC GCACCCCAGG CTTTACACTIT TATGCITCCS
GOTCGTATET TCTCTCGAAT TCTGAGOCGA TAACAATITC ACACAGRANA CAGCIATGAC
CATGATTACG CCAAGCTTTT GOGRATCAATA AATCGATCAC AACCAGTATC TCTTAACGAT
GTTCTICGCA GATGATGATT CATTITITTAA GTATITGECY AGTCAAGATC ATGRAATCTT
CATTATCIGA TATATTCCAR ATCACTCAAT ATCTAGACTT TCIGTTATIA TTATTGATCC
2ATCAAAAAA TAAATTAGAA GCCGTEGEIC ATIGTTATRA ATCTCTITCA GAGGRATACA
GACAATTGAC RAAATTCACA GACTTTICAAC ATTTTAARAA ACTGTTIAAC RASGTCCCTA
TIGTTACAGA TCGAAGGETC AAACTTAATA AAGGATATIT GTTCGACTIT GIGATTAGTT
TCATGCGATT CARAAARGKA TCCTCTICTAG CTACCACCGC AATAGATCCT GTTAGATACA
TACATCCTCOG TCCCAATATC GCATTTICTA ACCTGATGGA TATATTARAG TCGAATARAG
TCAACAATAA TTAATTCTIT ATTCTCATCA TCAACGGCGE ACATATICAG TRCATAATOR
GOCCCATGTT TTICAGGTAAA AGTACAGAAT TAATTAGACS AGTTAGACGT TATCAAATAG
CTCAATATAZ ATGOGTGACT ATAZARTATT CTAACGATAA TAGATACGGA ZCGGGACTAT
GGACGCATGA TAAGARTAAT TTTGAAGCAT TCGAAGCAAC TAAACTATCT GATCTCITCS
ARTCAATTAC AGATTTCTCC GTGATAGGTRA TCGATGARGE ACAGCTICTIT CCAGACATIC
TTCAATTCOG AGCTTCGCIG CAGGTCOGGEE ATCCCCCCTS CCCSGTTATT ATTATTITIC
ACACCAGACC ARCTGGTAAT GRTAGOGAAC GGCGCTCAGC TGAATTCCEC CGATACTGAC
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GGGCTCCAGG
CCTTCTTCCG
CGGCTGATGT

GECAGATCCC
CCTAATCCGEA
CGCGCORRAT
CTACCATCAA

ACTACGCGTA
TCAATCAACT
TTACCATCCA
TOGCTGETCA
TTTGCTTCCS
AACTGGOGAT
TTTTCATCAT
CGGGGATACT
GOGTGGEGECET
TTCATCGACT
GGGCAAATAA

GAAGGATCGA

AGTOGTCGCC ACCAATCCCC ATATGGAARC CGTCGATATT CAGCCATGTG
OGTGCAGCAG ATGGCOGATGE CTGGTTTCCA TCAGTTGCTG TTGACTGTAG
TCAACTGGAR GTCGCCGCGC CACTGGTGTG GGCCATAATT CAATTCGCGC
GCAGACCGTT TTCGCTCGGE AAGACGTACG GGGTATACAT GTCTGACAAT
AGCGGTCAAA ACAGGCGGCA GTAAGGCGGT CGGGATACTT TTCTTIGCGEC
GCCAGTTTAC CCGCTCTGCT ACCTGOGCCA GCTGGCAGTT CAGGCCAATC
GOGGTGTATC GCTCGCCACT TCAACATCAA CGGTRATCGC CATTTGACCA
TCCGGTAGET TTTCCGGCTE ATAAATAAGG TTTTCCCCIG ATGCTGCCAC
TCGTAATCAG CACCGCATCA GCAAGTGTAT CTGCCGTGCA CTGCAACAAC
CCTGGTAATG GCCCGCCGEC TTCCAGCGTT CGACCCAGGC GTTACGGTCA
CTTCACTTAC GCCAATGTCG TTATCCAGCG GTGCACCGET GAACTGATCS
TCAGCAGTIG TTTITTATOS CCAATCCACA TCTGTGAZAS ARAGCCTGAC
ATTGCCAACG CTTATTACCC AGCTCGATGC AARBATCCAT TTOGCTGETG
GGATCGCGTG GGACGCGECE GGGAGCGTCA CACTGAGGTT TPCOGCCAGA
GCCAGGOGCT GATETGCCOG GCTICTGACC ATGCGGTCOEC GTICCATTGC
CTGTGAGCCA GAGTTGCCOG GOGCTCTCCG GCTGCGETAS TTCAGGCAGT
GTTTACCTTG TGGAGCGACA TCCAGAGGCA CTTCACCGCT TGCCAGCGEGC
GCGCCACCAT CCAGTGCAGE AGCTCGTTAT CGCTATGACE GAACAGGTAT
CTTCGATGET: TIGCCOGEAT AAACGGAACT GGARAAACTG CTGCTGETGT
TCAGCGCTGE ATCCSGCGTE CGCTCGGCAA AGACCAGACC GTTCATACAG
CGTTCGGCAT ATCGCCAARA TCACCGCOGT AAGCCEACCA CGGGTTECCE
ATTTAATCAG CGACTGATCC ACCCAGTCCC AGACGAAGCC GCCCTGTAAA
GACGRAACGC CTGCCAGTAT TTAGCGAAAC CGCCAAGACT GTTACCCATC
ATTCGCAMAG GATCAGCGGG CGOGTCTCTC CAGGTAGCGA AAGCCATTTT
ATTTCCGCAC AGCOSCEAAG GGCTGGTCI‘T CATCCRACGOG CGCGTACATC
TATCGGTGGC CGTGETGTCS GCTCCGCCEC CTTCATACTG CACCGGECGE
CAGATTTGAT CCAGCGATAC AGCGOGTCGT GATTAGCGCC GTGGCCIGAT
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TCATTCCCCA GOGACCAGAT GATCACACIC GGGIGATTAC GBICGCGCTG-CBCCATTQGC
STTACGOGTT CGCICATOGC CGGTAGCCAG OSCCGATCAT COCTCASACE ATTGATTEGC
ACCATCCCGT GCCTTTCAAT ATTCGCTTCA TOCACCACAT ACACGCCGTA GOGGTOGCAC
AGCGTCTACC ACAGOGGATG GTTCGGATAZA TGOGARCAGC GCACGGCSTT AAACTTGTIC
TEOTTCATCA GCAGCATATC CTCCACCATC GTCTECTICAT CCATGACCTS ACCATGCAGA

GCTTGCCRTT
AGACCATTTT CAATCCECAC CTOGCGGARA COCACATOGC AGGCTTCIGE TTCAATCAGC
GTGCCRTOGE CGCTETECAE TTCAACCACC GCACGATAGA GATTOSGEAT TTOGGCSCTC
CACAGTTTOR GCTTITOGAC CTICACACST AGTCTGACCC GATCGGECATA ACCACCACEC
TOATOCATAR TTTCACCECC GARAGGORCS CTGCUCSCTCR CGACCTGOST TTCACCOTSC
AACTTCAGCC

CATARAGARA CICTTACCOS TAGGTACTCA CGCAACTCEC CECACATCIC
TCCAGTACAG CGOGGCTGAA ATCATCATTA AAGCCAGTCS CAACATGGAA ATCGCTGATT
CORCCRCATA

TCTCTAGTOS GITTATCCAG CRACGAGACS TCROGGAAAA TGCOSCICAT
TCCIGATCIT CCAGATAACT GCCGETCACTC CAACGCAGCA COATCACCGC GAGGOGGTTT
TCTCORGCEC GTARAAATGC GCTCACGTCA AATTCAGACE GCARACGACT GCICCICGCCS
ATCAAARATA

TAACCCACCC 2CCECCCETT GCACCACAGA TGARACCECOS AGTTAACGCE
ATTOGCGTOT GACCTTCCIC TAGCCAGOTT TCATCAACAT TAAATCTGAG CGAGTAACAA
CCCGTOGGAT TCTCCGTGEE AACRRACGEC GGATICACOS TAATGGGATA GETTACCTTS
GIGTAGATGE GOGCATCGTA ACCETECATC TGCCAGTTIC ACGGGACGAC GACAGTATCS
OGGARRLCHE

GCCTCAGGBA.GRTCGCACTC CQGCCEGCTT'TCGGGCBCCG CTTCTEESTOC
CCARAGOREC ATTCSCCATT CAGGCTGCEC AACTGTTCGS ARGGCOSATC GCTGCGGECT
TCPTCCOTAT TACCCCAGOT GGCGAAAGGE GGATCTGCTG CARGGCGATT AAGTTGGGTA
ACGCCAGEGET TTTCCCAGTC ACGACGTICT AAAACGACGE "CATCCOTCGA GGAATTCATT
TATAGCATAG ARARAAACAA AATGAAATTC TACTATATTT TTACATACAT ATATTCTAAA
TATGAAACTG GIGATTCOTCA CTAGCOGTAGC ATCGCTTOTA CACATATACT ATATACSTAAT
ACCAATACTC AAGACTACGA AACTGATACA ATCTCTTATC ATCTGGEGTAA TGTTCTOGAT
GTCGAATAGC CATATGCOCOGE TAGTIGOEAT ATACATAAMRC TCGATCACTAA TTCCBABFCC
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ACCCGCTTIT
TAARAGTAGA
GIGACGGATC
TAATACTCGC

ATCTTATIIG
TAACAGTGTT
TGATCATCTG

ARGCACGTAC
TTCARATCGE
GCACTCGATG
TCTGAAATCGE
TCTAAACGAT

AARTAAACAT
AACCETITAT
ATGAGGTCGC

GATCTGCTCC
TCATCAAATG

|
ts
(94 )
i

TATAGTAAGT TTTTCACCCA TAAATAATAA ATACAATAAT TAATTTCICG
ARATATATTC TAATTTATIG CACGGTAAGG AAGTAGAATC ATABAGAACA
CCAATTCGGG CATTTTTGGT TTGAACTAAA CAAAATGARG TACATTTIGC
GTGCATAATT GCATGCGTTT ATEGTGAACG CTACTGTGCC ATGCAAGACA
GTGTATTAAT GGCACAAATT CAAGATGTCA AACCTGCTTT GAACGTGGETG
GCATCTTGCT AACTGGAACT TCAGCTGETC TGTAATATTG ATTGTTTTIA
ACAATATGGC AGACCACAAT TTAGCTGGCT CGTTTATGGC ATTAAAATGEC
GCTATTATGG CCTATTGTIC TAGCGCTTAC GATTTTITAAT GCATACTCIG
TTCCAGATAT GTAATETTCG GCTITAGTGT TGCAGGTGCA GTTCTRACGT
GATGATGTAT TTTGTGAGAT CIGTTCAGCT ATATAGAAGA ACCAAATCAT
TAATCCTGAG ACTAATCCAA TTCTTIGCTCT TAATGCATTC GGTAGAAGTT
CTTAGATGGT ACTCCTACAG GIGTTACCCT TACICTACTT TCAGGAAATC
AGGTTTCAAA ATGGCTCSTG GTTTAACCAT CGAGCATTTG CCTABRATACG
TACACCTAGT AGAACCATCG TTTATACATT AGTTGGAAAR CAATTAANAG
CACAGGATGG GCTTACTACG TAAAATCTAA AGCTGGTGAT TACTCAACAG
TGACAATTTG AGTGAACATG AAAAATTATT ACATATGETG TAACTAAACT
GGAATICTGCT CACCGTATCG CAARCGAAGG AARAATTAGT TATAGTAGCC
GGACATTTCA ACGTAMACCG TTTAATAATA TTTIGAATCT TATTCCATTA
TCCTAAAACT AACTGCTGTG TGTATGAAAT GCTTTAAGGA GGCTICCTIT
TGCGTGAGGA AARCCGAGATA GAAATAATAG GAGGTAATGA TATGTATCAA
GARAGTGTTA CATCGACTCA TAATATTATA TTTTTTATCT AAAAARCTAA
TGATTARATT TTAATATAAT ACTTAAAAAT GGATGTIGTG TCGTTAGATA
GTATTTTGAC GAAATTGATA ATGAGTTAGA TTACGAACCA GAAAGTGCAA
AAARAAACTG CCGTATCAAG GACAGTTAAA ACTATTACTA GGAGAATTAT
TARGTTACAG CGACACGGTA TATTAGATGG TGCCACCGTA GTGTATATAG
CGGTACACAT ATACGTTATT TGAGAGATCA TTTCTATAAT TTAGGAGTGA
GATGCTAATT GACGGCCCGCC ATCATCATCC TATTTTARAT GEATTCCETGE
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ATGTGACTCT AGTGACTCGG TTCGTIGATG AGGAAI?TCT ACCGATCCATC AARAAACAAC
TGCATCCTTC TAAGATTATT TTAATTTCIG ATCTGAGATC CAAACGAGCGA GGAAATGAAC
CTACTACGEC GGATTTACTA AGTAATTACG CICTACRAAA TGTCATGATT AGTATTITAA
ACCCCGTGGEC GTCIAGTCIT AAATGGAGAT GCCCGTITCC AGATCAATGCG ATCAAGGACT
TTTATATCCC ACACGETAAT ARAATCTIAC AACCTITIGC TCCTTCATAT TCAGGGCCCGT
CETTTTACAA CGTCGTGACT GGGAAAACCC TGGCGTTACC CARCTTAATC GCCTIGCAGC
ACATCCCCCT TTOGCCAGCT GGCGTAATAG CGAAGAGGCC CGCACCGATC GCCCITCCCA
ACACTIGCEC AGCCTGAATE GCCAATGGEOS CCTGATGCGE TATTTITCICT TTACGCAICT
mmmmmmam
GTTAAGCCAG TACACTCCGC TATCGCCTACG TGACTGEGCTIC ATCECTGCESC CCCRACACCC
GCCAACACCC GCTGACGOGC CCTGACGEEC TIGTCIGCTC COGGCATCCE CITACAGACA
AGCTETEACC GTCTCCGGGEA GCTGCATGIC TCAGACCTITT TCACCGTCAT CACCGARACG
CCOGAGGCAG
{2) INFORMATION FOR SEQ XD NO:4:
(1) SEQUERCE CHARACTERISTICS:
(A) LENGTH: 9019 base pairs
{8} TYPE: nucleic acid

{C} STRANDEDNESS: Jdouble
{D) TOPOLLGY: tixrcular

{ii) MOLECULR TYPR: DNA {(genomic)

(vi) ORIGINAL: SOURCE:
(A) ORGANISM: Feline immunodeficiency wvirus

(vii) IMMEDIATE SOURCE:
(B) CILONE: psclliel

{>ci) SEQUENéé DESCRIPTION: SEQ ID NO:4:
GARAGGGECCT CGTGATACGC CTATTTTTAT AGGTTAATGT CATGATAATA ATGGTTTCTT
AGACGTCAGG TCGGCACTTIT CGGGGARATG TGCGCGGAAC CCCTATTIGT TTATTITITCT
AAATACATTC AAATATGTAT CCGCTCATGA GACAATAACC CTGATAAATG CTTCAATAAT
ATTGAAADAG GAAGAGTATG AGTATICAARC ATITCOGTGT CGCCCTIATYT CCCTTITIIG
CGGCATTITTG CCTTCCIGTT TTITGCTCACC CAGARACGCT GGTGRAAGTA AAAGATGCTG
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AMGATCAGTT GGGTGCACGA GTGGGTTACA TCGAACTGGA TCTCAACAGC GGTAAGATCC
TTGAGAGTIT TCGCCCCGAA GAACGTTTIC CAATGATGAG CACTTTTAAA GTTCTGCTAT
GTGGCGCGET ATTATCCCGT ATTGACGCCG GGCARGAGCA ACTCGGTCGC CGCATACACT
ATTCTCAGAA TGACTTGGTT GAGTACTCAC CAGTCACAGA AAAGCATCTT ACGGATGGCA
TGACAGTAAG AGAATTATGC AGTGCTGCCA TAACCATGAG TGATAACACT GCGGCCAACT
TACTTCTGAC AACGATCGGA GGACCGAAGG AGCTAACCGC TTTTTTGCAC ARCATGGGGS
ATCATGTAAC TCGCCTTGAT CGTTGGGAAC CGGAGCIGAA TGARGCCATA CCAAACGACG
AGCGTGACAC CACGATGCCT GTAGCAATGG CAACAACGTT GCGCAARCTA TTAACTGGCE
AACTACTTAC TCTAGCTTCC CGGCAACAAT TAATAGACTG GATGGAGGCS GATAAAGTTG
CAGGACCACT TCTGCGCTCG GCCCTTCCGE CTGGCTGGTT TATTGCIGAT AAATCTGGAG
CCGGTEARCE TGGETCTOGC GGTATCATIG CAGCACTGEG GCCAGATGET AAGCCCTCCC
GTATCGTAGT TATCTACACS ACGGGGAGTC AGGCAACTAT GGATGAACGA AATAGACAGA
TCGCTCAGAT AGCTGCCTCA CTGATTAACC ATTGGTAACT GTCAGACCAR GTTTACTCAT
ATATACTTTA GATTGATITA ABACTTCATT TTTAATTTAA AAGGATCTAG GTGAAGATCC
TTTTTGATAA TCTCATGACC AAARTCCCIT AACGTGAGTT TTCSTTCCAC TGAGCGTCRG
ACCCCGTAGR ARAGATCAAA GGATCTTICTT GAGATCCTTT TTITCTGCGC GTAATCIGCT
GCTTGCAAAC RAARRBRACCA CCGCTACCAG CGGTGETTTG TTTCCCGGAT CAAGAGCTAC
CAACTCTTIT TCCGAMGGTA ACTGGCTTCA GCAGAGOGCA GATACCAAAT ACTGTCCTIC
TAGTCTAGCC GTAGTTAGGC CACCACTTCA AGAACTCTGT AGCACCGCCT ACATACCTCS
CTCTGCTAAT CCTGTTACCA GTGGCIGCTG CCAGTGGCGA TAAGTCGTGT CTTACCGGET
TCGACTCAAG ACGATAGTTA COGGATAAGG CGCAGCGGTC GGGCTGARCG GGGGGTTCGT
GCACACAGCC CAGCTTGOAG CGAACGACCT ACACCGAACT GAGATACCTA CAGCGTGAGC
ATTGAGAAAG OGCCACGCTT CCCGAAGGGA GARAGGCGGA CAGGTATCCG GTAAGCGGCA
GGGTCGGAAC ACGAGAGCGC ACGAGGGAGC TTCCAGGGGG ARACGCCIGG TATCTTTATA
GTCCTGTCEG GTTTCGCCAC CTCTGACTTG AGCGTCGATT TTTCTGATGC TCCTCAGGER
CGCGGAGCCT ATGGAAARAC GCCAGCAACE CGGCCTTTTT ACGGTTCCTG GCCTTTTGCT
GGCCTTTTGC TCACATGTTC TTTCCTGCGT TATCCCCTGA TTCTCTCGAT AACCCTATTA
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CCGCCTTTGA GTGAGCTGAT ACCGCTCGCC GCAGCCGAAC GACCGAGCGC AGCGAGTCAG 1980
TCAGCGAGEA WG CECCCAATAC GCRAACCGLC TCTCCCCGCG CGTTGECCEA 2040
TTCATTAATG CAGCTCGCAC GACAGGTTTC COGACTGGAA AGCOGEGCAGT GAGCGCAACG 2100
CAATTAATGT GAGTTAGCTC ACTCATTAGG CACCCCAGGC TTTACACTTT ATGCTTCOGG 2160
CICGTATGIT GTCTGGARTT GTGACCGGAT ARCAATTTCA CACAGGAAAC AGCTATGACC 2220
ATGATTACGC CAAGCTTTTG CGATCAATAA ATGGATCACA ACCAGTATCT CTTAACGATG 2280
TTCTTCGCAG ATGATGATTC ATTTTTTAAG TATTIGGCTA GTCAAGATGA TGARATCTIC 2340
ATTATCIGAT ATATTGCAAA TCACTCAATA TCTAGACTIT CIGTTATTAT TATTGATCCA 2400
ATCAAAAAAT ARATTAGAAG CCGTGGGTCA TIGTTATGAA TCTCTITCAG AGGAATACAG 2460
ACAATTGACA AAATTCACAG ACTTTCARGA TTTTAAAAAA CTGTTTAACA AGGTCCCTAT 2520
TGTTACAGAT GGARGGGTCA AACTTAATARA AGGATATTTIG TTCSACTTTIC TGATTAGTIT 2580
GATGCGATTC AAAAAAGAAT CCTCTCTAGC TACCACCGCA ATAGATCCIG TTAGATACAT 2640
AGATCCTCGT CGCAATATCG CATTTTCTAA CGTGATGGAT ATATTAAAGT CGAATAAAGT 2700
GAACAATAAT TAATTCTTTA TTGTCATCAT GAACGGCGGA CATATTCAGT TGATAATCGE 2760
CCCCATGTTT TCAGGTAAAA GTACAGAATT AATTAGACCA GITAGACGTT ATCAAATAGC 2820
TCAATATAAA TGCGTGACTA TAAAATATTC TAACGATAAT AGATACGGAA CGGGACTATG .. 2880
GACGCATGAT AAGAATAATT TTGAAGCATT GGAAGCAACT AAACTATCTG ATCTCTTGGA 2940
ATCAATTACA GATTTCTCCS TGATAGGTAT CGATGAAGGA CAGTTCTTTC CAGACATIGT 3000
TGAATTCCGA GCTTGECTGC AGGTCGGGEA TCCCCCCTGC COGGTTATTA TTATITTTGA 3060
CACCAGACCA ACTGGTAATG GTAGOGAACG GCGCTCAGCT GAATTCCGCC GATACTGACE 3120 -
GGCTCCAGGA GTOSTCGCCA CCAATCCCCA TATGGARACC GTCGATATTC AGCCATGTGC 3180
CTTCTTCCGC GTGCAGCAGA TCGCGATCEC TGGTTTCCAT CAGTIGCTGT TGACTGTAGC 3240
GGCTGATGTT GAACTGGAAG, TCGCCGCECC ACTGGIGTGE GCCATAATTC AATTOGCGCG 3300
TCCOGCAGCE CAGACCETIT TCOGCTCEGGA AGACGTACGS GGTATACATG TCTGACAATG 3360
GCAGATCCCA GCGETCAAAAR CAGCCGGECAL TAAGGOGETC GEGGATAGTTIT TCTIGOGGCC 3420
CTAATCCGAG CCAGTTTACC CGCTCIGCTA CCTGCCGCCAG CTGGCAGTTC AGGCCAATCC 3480
GCGCOGGATG CGCTGTATCS CTCGCCACTT CAACATCAAC GGTAATCGCC ATTTGACCAC 3540
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TACCATCAAT COGETAGGETT TTCOGGCIGA TAAATAAGET TTICCCCTGA TGCTGCCACG
CETEACCGET CGTAATCAGC ACCGCATCAG CAAGTGTATC TGCCGTGCAC TGCAACAACG
CTGCTTCGEC CTGGTAATGEG CCOGCCOGCCT TCCAGCGTTC GACCCAGGCG TTAGGGTCAA
TGCEGETCEC TTCACTTACG CCAATGTCGT TATCCAGCEG TGCACGEETG AACTGATCGT
GCAGCGGCET CAGCAGTTGT TTTTTATCGC CARTCCACAT CTGTGAAAGA AACCCTGACT
GGCGGTTAAA TIGCCAACGC TTATTACCCA GCTCGATGCA AARAATCCATT TCECTGGTEG
TCAGATCCGG GATGGOGTGG GACGCGRCGE GEAGCETCAC ACTGAGGTTT TCOGCCAGAC
GCCACTGCTG CCAGGCGCTG ATGTGCCOGE CTTCTGACCA TGCGGTCGCE TTCEGTTGCA
CTACGCGTAC TGTGAGCCAG AGTTGCCCGE CGCTCTCOGE CTGCGGTAGT TCAGGCACTT
CAATCAACTG TITACCTTGT GGAGCGACAT CCAGAGGCAC TTCACCGCTT GCCAGOGGCT
TACCATCCAG CGCCACCATC CAGTGCAGGA GCTOGTTATC GCTATGACGG ARCAGGTRATT
CGCTGGTCAC TTCEATGETT TGCCCOGATA AACGGAACTC GAAARACTGC TGCIGGTGTT
TTGCTTCOGST CAGCGCTGEA TECGEGOCTEC GETCGGCAAR GACCAGACCE TTCATACAGA
ACTGGCGATC GTTCSGCCTA TCGCCAARAT CACCGCCGTA AGCCGACCAC GGGTTECCGT
TTTCATCATA TTTAATCAGC GACTGATCCA CCCAGTCCCA GACGAAGCOG CCCTGTAAAC
GCGGATACTG ACGAAACGCC TGCCAGTATT TAGOGAAACC GCCAAGRCTG ‘TTACCCATOS
CGTGGGCGTA TTCGCARAGE ATCAGCGGEC GOGTCTCICC AGGTAGCGAR AGCCATTTTT
TGATCGACCA TTTCGGCACA GCOGGGAAGG GCTGGTCTTC ATCCACGOGC GCGTACATCG
GGCAAATAAT ATCGGTEECC GTGGTGTOSS CTCCGCCRCC TTCATACTEC ACCGEGECEEG
AAGGATCGAC AGATTTGATC CAGCGATACA GOGCGTCGTG ATTAGCGCCG TGGCCTGATT
CATTCCCCAG CGACCAGATG ATCACACTOG GGTGATTACG ATCGCGCTGC ACCATTOGCE
TTACGOGTTC GCTCATCGCC GGTAGCCAGC GCGGATCATC GGTCAGACGA TIGATIGGCA
CCATGCOGTG GGTTTCAATA mecrrcar CCACCACATA CAGGCCGTAG CGGTCGCACA
GCGTGTACCA CAGOGGATGG TTCGCATAAT GCGAACAGCG CACGGCGTTA AAGTIETICT
GCTTCATCAG CAGGATATCC TGCACCATOR TCTGCTCATC CATGACCTGA CCATGCRGAG
GATGATCCTC GTGACGETTA ACGCCTCEAA TCAGCARCGG CTTGCCGTTC AGCAGCAGCA
GACCATTTTC ARTCCGCACC TCGCGGAAAC CGACATCGCA GGCTTCTGCT TCARTCAGCG
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TGCOGTCGET

ACAGTTTCOGGE
CATCGATAAT
ATRAAAGAAAC
CCAGTACAGC
GTGTAGTCGG
CCTGATCTTC
CTCCGEORCE
AACCGACCCA
TTOGCETCTS
CCGTCGGATT
TCTAGATGGG
CCTCAGGAAG
CAAAGCGCCA
CTTCGCTATT
CGCCAGGGTT
ATAGCATAGA
ATGARAGTGG
CCAATACTCA
PCGARTACCC
CCCGCTTTTT
ARAAGTAGAA
TGACGGATCC
ARAGACGTGG
ACAACCCCAT
TTCCCARAGG
ATCGTATTGT

GGTGTGCAGT TCAACCACCG CACGATAGAé ATTOGGGATT TCGECECTCC
GTTTTCGACC TTGAGACGTA GTCTGACGCOG ATCGGCATAA CCACCACGCT
TTCACCGCCG AARGGCOGCGE TGCCECTGGC GACCTGCGTT TCACCCTECC
TGTTACCCGT AGETAGTCAC GCAACTCGCC GCACATCTGA ACTTCAGCCT
GCGGCTGARA TCATCATTAA AGOGAGIGEC AACATGGAAA TCGCTGATTT
TTTATGCAGC AACGAGACGT CACGGARAAT GCCGCTCATC CGCCACATAT
CAGATAACTG CCGTCACTCC AACGCAGCAC CATCACCGCS AGGCGGTTIT
TARAAATGCG CTCAGGTCAA ATTCAGACGG CAAACGACTG TCCTGGCCOGT
GOGCCCETTE CACCACAGAT GAAACGCCGA GTTAACGCCA TCAAARATAA
GCCTTCCTGT AGCCAGCTTT CATCAACATT AAATGTGAGC GRGTAACAAC
CTCCCTGCGA ACAAACGGCE GATTGACCGT AATGGGATAG GTTACGTTGE
CGCATCGTAA CCGTECATCT GCCAGTTIGA GGGGACGACG ACAGTATOGS
ATCGCACTCC AGCCAGCTTT COGGCACOGC TTICTGETECC GGAANCCALRE
TTCGCCATTC AGGCTCOGCA ACTCTTCGGA AGCGCGCEATCS GTECGEGCCT
ACGCCAGCTG GCGAAAGGSG GATSTGCICC ZAGCOGATTA AGTTGGGETAA
TTCCCAGTCA CGACCTIGTA ARACGACGEC ATCCCTOGAG GARTTCATTT
ARAARACAAA ATGAAATTICT ACTATATTTT TACATACATA TATTCTARAT
TGATTCTGAC TAGOGTAGCA TCGCTTCTAG ACATATACTA TATAGTAATA
AGACTACGAA ACTGATACAA TCTCTTATCA TGTGCCSTAAT GTTCTCGATG
ATATGCCGET AGTTGOGATA TACATARACT GATCACTAAT TCCAAACCCA
ATAGTAAGTT TTTCACCCAT ARATAATAAA TACAATAATT AATTTCICGT
AATATATTCT AATTTATTGC ACGGTAAGCGA AGTAGAATCA TAAAGAACAG
CGGGATGECC ACACAGGGAC ARCGCGTCAA CTGGGRAGAT GAACCTTCCA
TCGTTCTAAC TCTCCTGETC GGAAGAATAA TGATATACCT TTGTCATICT
TACCCTCGAA CAAGGATCTA AATTTTGGAA TTTATGTCCG AGAGACCTTG
ANTAGGTAAT AAGGATCAAC AMATTGGTTA TIGCGAATAGA CAGATTCGCTT
ARRAGGCCAG CGTAAGGAAC TCGCTGAGAG GTGGTTCTTT TACTTCTTAG
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GTACAGGACC TCATGCTIGAT GCTARATTCA AAGACAAGAT TGATGGAGTC TICIGGGTIG
CAACGGATGG TGCCATGARAC AAGCCCACAA CGCTIGGCAC TCGIGGAACC AATAACGAAT
CCAAACCACT GAGATTTGAT GGTARGATAC CGCCACAGTIT TCAGCTTGRA GIGAACCGTT
CTAGGAACAA TTCAAGGTCT GGTICTCAGT CTAGATCIGT TTCAAGAAAC AGATCTCAAT
CTAGAGGARG ACACCATTCC AATAACCAGA ATAATAATGT TGAGGATACA ATIGTAGCCG
TGCTTGARAA ATTAGGCTGTT ACTGACAAAC AARAGGTCACG TICTAAACCT AGAGAACGTA
GTGATTCCAA ACCTAGGGAC ACAACACCTA AGAATGCCAA CAAACACACC TGGAAGARRA
CTGCAGGCAA GGGAGATCTG ACAACTTTCT ATGGTGCTAG AAGTAGTICA GCTAACTTIG
GTGATAGTGA TCTCGTICCC AATGGTAACG CTGCCAAATG CTACCCICAG ATAGCTGAAT
GTCTTCCATC AGTGTCTIACGC ATAATCTTIG GCAGTCAATG GTCITGCTGAA "GARGCIGGTG
ATCAAGTGAA AGTCACGCTC ACTCACACCT ACTACCTGCC AAAGGATGAT GCCAAAACTA
GTCAATTCCT AGAACAGATT GACGCTTACA AGCGACCTIC TGAAGTGECT AAGGATCAGA
GGCAAAGARG ATCCCGTTCT AAGTCTGCTE ATAAGAACCC TGAGGAGTIC TCTGTAACTC
TTGTCCAGCGEC ATACACAGAT GTCTTICATE ACACACAGGT TGAGATGATT GATGAGGTITA
CGAACTAAAC GCATGCCCGE GAATTCIGTIG AGCGTATCGC ARACGAAGGA AAAATTAGTT

ATAGTAGCCE
ATTCCATTAT
GCTTCCTTIT
ATGTATCAAT
AAAAACTAMA
CGTTRGATAA
AAAGTGCAAA
. GAGBATTATTY
TGTATATAGG
TAGGAGTGAT
GATTGCGTGA

AARAACAACT

CACTCGATGG GACATTTCAA CGTARACCET TTAATAATAT TTTGAATCTT
CTGARATGGET GGTAAAACTA ACTGCTGTGT GTATGAAATG CTTTAAGGAG
CTARAOGATT GGCTGAGGAA ACCGAGATAG AAATAATAGGE AGGTAATGAT
CGETCICTAG ARRGTCTTAC ATCGACTCAT AATATTATAT TTTTTATCTA
AATARACATT GATTAAATTT TAATATAATA CTTAARAATG GATGTIGTGT
ACCGTTTATG TATTTTGAGG AAATTGATAA TGAGTTAGAT TACGARCCAG
TGAGGTCGCA AAAAAACTGC CGTATCAAGG ACAGTTAAZA CTATTACTAG
TTTTCTTAGT RAGTTACAGC GACACGGTAT ATTAGATGGT GCCACCGTAG
ATCTGCTCCC GGTACACATA TACGTTATIT GAGAGATCAT TTCTATAATE
CATCAAATGG ATGCTAATTG ADGGCCGCCA TCATGATCCT ATTTTAMATG
TETGACTCTA GTGACTCGGT TCCTTGATGA GGAATATCTA CGATCCATCA

GCATCCTTCT AAGATTATTT TAATTTCTGA TGTGAGATCC AAARCGAGGAG
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GAAATGAACC TAGTAOGGCOG GATTTACTAA GTAATTACGC TCTACAAAAT GTCATGATTA
GTATTTTAAA CCCCGTGGCG TCTAGTCITA AATCGAGATG CCOGTTITCCA GATCAATGGA
TCAAGGACTT TTATATCCCA CACGGTAATA AAATGTTACA ACCTTTTGCT CCTITCATATT
CAGGGCCOGTC GTTTTACAAC GTCGTGACIC GGARAAACCCT GGCGTITACCC AACTTAATCG
CCTTGCAGCA CATCCCCCTT TOECCAGCTE GUGTAATAGC GAAGAGGCCC GCACCGATOG
CCCTTCCCAA CAGCTIGOGCA GOCTGAATGG CGAATGEOGC CIGATGOGGT ATTIYTCICIT
TACGCATCIC TGOGETATIT CACACCGCAT ATGGTGCACT CTCAGTACCA TCIGCICIGA
TCCCGCATAG TTAAGCCAGT ACACTCCGCT ATCGCTACGT GACTGGGTCA TEGCTGCECC
COGACACCCG CCARCACCCG CTGACGOGCC CTGACGGECT TGTCTGCTCC CGECATCCRC
TTACAGACAA GCTGTGRCCE TCTCOGRGAG CIGCATGTGT CAGAGGTIIT CACCGTCATC
ACCGARACEC GCGAGGCAGL
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What is claimed is:
1. A recombinant raccoon poxvirus having at least one internal gene

comprising a DNA sequence encoding a member selected from the group consisting of
the nucleocapsid () and transmembrane (M/E1) proteins of Feline Infectious Peritonitis

Virus (FIPV).

2. The recombinant raccoon poxvirus of claim 1 wherein said internal
gene encodes the N protein of FIPV having the amino acid sequence as set out in Figure
1B.

3. The recombinant raccoon poxvirus of claim 1 wherein said internal
gene encodes the M/E1 protein of FIPV having the amino acid sequence as set out in
Figure 1A.

4. The recombinant raccoon poxvirus of claim 1 wherein said virus has
genes encoding the E1 and N proteins of FIPV,

S. A vaccine comprising:

a recombinant raccoon poxvirus having at least one internal gene
comprising a DNA sequence encoding 2 member selected from the group consisting of
the nucleocapsid (N) and transmembrane (M/E1) proteins of Feline Infectious Peritonitis
Virus (FIPV),

a pharmaceutically acceptable carrier or diluent, and

a pharmaceutically acceptable adjuvant.

6. The vaccine of claim 5 wherein said internal gene encodes the N
protein of FIPV having the amino acid sequence as set out in Figure 1B.

7. The vaccine of claim 5 wherein said internal gene encodes the
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M/EL protein of FIPV having the amino acid sequence as set out in Figure 1A.

8. The vaccine of claim 5 wherein said virus has genes encoding the E1
and N proteins of FIPV.

9. The vaccine of claim 5 further comprising inactivated or attenuated
viruses selected from the group consisting of feline leukemia virus, feline panleucopenia
virus, feline rhinotracheitis virus, feline calicivirus, feline immunodeficiency virus,
feline herpesvirus, feline enteric coronavirus, or mixtures thereof.

10. The vaccine of claim 5 further comprising inactivated or attenuated
feline Chlamydia psittaci, Microsporum canis, or mixtures thereof.

11, 'A vaccine comprising: .

a first recombinant raccoon poxvirus having at least one internal
gene comprising a DNA sequence encoding a member selected from the group
consisting of the nucleocapsid (N).and transmembrane (M/E1) proteins of Feline
Infectious Peritonitis Virus (FIPV),

) asecondrecombinanfraccooni:oxvirushaving atleastoneinternal
gene comprising a DNA sequence encoding a member selected from the group
consisting of the nucleocapsid (N) and transmembrane (M/E1) proteins of Feline
Infectious Peritonitis Virus (FIPV),

a pharmaceutically acceptable carrier or diluent, and

a pharmaceutically acceptable adjuvant.

12. A method for preventing disease caused by Feline Infectious
Peritonitis Virus (FIPV), comprising administering to a feline in need of such treatment
a vaccine comprising a recombinant raccoon poxvirus having at least one internal gene
comprising a DNA sequence encoding a member selected from the group consisting of
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the nucleocapsid (N) and transmembrane (M/E1) proteins of FIPV,

13.  The method of claim 12 wherein said internal gene encodes the N protein
of FIPV having the amino acid sequence as set out in Figure 1B.

14.  The method of claim 12 wherein said internal gene encodes the M/E1
protein of FIPV having the amino acid sequence as set out in Figure 1A.

15. The method of claim 12 wherein said virus has genes encoding the E1 and
N proteins of FIPV.
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