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

5 Field of the Invention 

AHP-93116-AU 

The present invention pertains to the prophylaxis of disease caused by 

feline infectious peritonitis virus (FIPV), using recombinant raccoon pox viruses (RRPV s) 

expressing the nucleocapsid and transmembrane proteins of FIPV as vaccines. 

Background of the Invention 

10 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 

15 Coronaviral ~ections ~ C.B. 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 El or M (transmembrane) protein, and the 

N (nucleocapsid) protein. Venema et al., Virology 181: 327-335, 1991 and Dale, et al., 

20 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. Black, 

Am. J. Vet. Res~ 44: 229-234, 1983; Vennema H., et al., J. Yirol. 64: 1407-1409, 

1990; :Sa.dough, J.E., Can. J. Comp. Med. 49: 303-307, 1985; Barlough J.E. et al., 

25 Lab. Anim. Sci. 34: 592-597, 1984; Stoddart, C.A., et al., Res. Vet. Sci. 45: 383-388, 

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., I. Virol. 4: 175-189, 1981. 

Therefore, the best candidate vaccine for prophylaxis of this disease would be a 

S preparation that induces strong cell-mediated immunity in the absence of enhancing 

antibodies. This could be accomplished with a vaccine that lacks the outer envelope 

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., 

10 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 needed in the art, therefore, is an effective vaccine against FlPV 

that utilizes the N and El proteins, or.segments.therefrom, as immunogens. 

Summary of the Invention 

15 The present invention pertains to the induction of protective immunity to 

FIPV in cats. One object of the invention is to provide recombinant raccoQn poxviruses 

containing the genes for the FIPV Nor M/El proteins (RRPV-N and RRPV-El, 

respectively). 

A further object of the invention is to provide a feline vaccine comprising 

20 RRPV-N or RRPV-El, either singly or in combination, or in combination with other 

viruses, bacteria, or fungi that have been inactivated or attenuated. A still 

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. 

25 These and other objects and advantages, which will be apparent from this 

specification, are achieved by the invention described below. 

This' iii1l llii1!1U11iil"ced 
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Description of the Drawings 

Figure 1 illustrates the nucleotide and amino acid sequence of the FIPV 

El protein and the FIPV N protein (Figures lA and lB, respectively.) 

Figure 2 illustrates the plasmid used to clone the genes encoding the FIPV 

S El and N proteins. 

Figure 3 schematically shows the pSCll transfer plasmids used to create 

RRPVs encoding the FIPV El and N proteins (Figs 3B and 3C, respectively.) 

Figure4 illustrates the nucleotide sequence of pSCl 1 FIPV El and pSCll 

FIPV N (Figures 4A and 4B, respectively.) 

10 Figure S is a photograph of an ethidium bromide-stained agarose gel 

15 

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. 

Detai.led Pescription of the Invention 

The vaccine of the present invention may be prepared by creating 

recombinant raccoon pox.viruses (RRPVs) containing the genes encoding the Nor El 

proteins of FIPV or immunogenic fragments thereof. These genes are first inserted into 

20 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 poxvirusDNA 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 

25 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 f~r selection and detection of the plasmid DNA sequences in 

Thi•11i11~1 iU1~11~nrced 
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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 

S recombinatorial integration of the plasmid DNA sequences into the raccoon poxvirus 

DNA. 

Recombinant viruses expressing the FIPV Nor 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 

10 poxvirus (ATCC VR-838 or similar isolates, such as, for example, RCNV71-I-85A) • 

15 

. 
-Transfer plasmid DNA containing the El 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 

20 plasmid 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 Bl or N genes is confirmed by polymerase chain reaction technology, and the 

25 presence of El or N protein is confirmed by immunoblot analysis using specific 

antibodies. These viruses are designated RRPV-FIPV Bl and RRPV-FIPV N, 

respectively. 

In a further embodiment of the present invention, the genes encoding N 

and El were inserted into a single transfer plasmid. Introduction of this plasmid into 

This Sheet Has Been Replaced· 
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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 

S engineer transfer plasmids encoding partial sequences of El 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 El or N DNA will produce a nested set of 
• 

carboyxterminal-truncated versions of that gene, which can then be incorporated into 

10 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 protein, or subfragments 

thereof, are most preferred in practicing the present invention. Furthermore, as stated 

above, DNA encoding different fragments of El and N can be used in a combination 

vaccine after incorporation into the same, or different, RRPVs. 

15 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 (TCIDso), an amount of virus yielding 50% infection under defined conditions. 

A method for TCID50 determination is detailed in Example 1 below. When 

20 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 

25 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 106.s TCID50 per dose, but will typically be in the range of 107•0 to 109•0 

TCID50 per dose. At the time of vaccination, the virus is thawed (if frozen) or, if 

This Sheet Has Been Replaced· 
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lyophilized, is reconstituted with a physiologically-acceptable carrier such as deionized 

water, saline, phosphate buffered saline, or the like. 

The present 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 

5 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 

10 EMA 31 (Monsanto Co., St. Louis, MO), NEOCRYL (Polyvinyl Chemical Industries, 

Wilmington, MA), MVP (Modem Veterlnacy Products, Omaha, NE), Squalene, 

Pluronic L121, or the like. 

Individual raccoon poxviruses expressing theN or El genes may be mixed 

together for vaccination. Furthermore, the virus may be mixed with additional 

15 inactivated or attenuated viruses, bacteria, or fungi such as feline leukemia virus, feline 

panleukopenia virus, feline rhinotracheitis virus, feline calicivirus, feline 

immunodeficiency virus, felirie herpesvirus, felineenteric coronavirus, feline Chlamydia 

psittaci, Microsporum canis, or others. In addition, antigens from the above-cited 

organisms may be incorporated into combination vaccines. These antigens inay be 

20 purified from natural sources ~r from recombinant expression systems, or may comprise 

individual subunits of the antigen or synthetic peptides derived therefrom-. 

In a further embodiment of the present invention, live or inactivated 

RRPV virus-cell lysates can be incorporated into liposomes, or encapsulated in peptide-, 

protein-, or polysaccharide-tiased microcapsules prior to administration, using means 

25 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 in~asal 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. 

S Example 1 

10 

GENERATION OF RECO:MBINANT RACCOON POX VIRUSES 
EXPRESSING FIPV N AND El 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 lA and 1B, respectively, of the specification. The methods for 

cloning of the N and m genes of PIPV and their insertion into a pSCll 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 

15 Figure 2. The pSCl l 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 pSCl 1 transfer plasmid containing both N and El genes, 

a 1.0 kb DNA fragment containing the vaccinia 7.5 promoter and the El gene was 

inserted downstream of the N gene in pSCll-PIPV N. The resulting plasmid was 

designated pSCll-PIPV N/El. 

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 106 cells/100 mm tissue culture dish) were infected for 30-60 minutes 

at 37°C with wild-type raccoon pox virus (ATCC VR-8Ja) at a multiplicity of infection 

(MOI) ofO.l TCIDsJcell. The medium (2 ml) consisted of Eagle's Minimum Essential 

Medium ("MEM", Gibco BRL #410-1500) containing 0.05% lactalbumin hydrolysate 

5 and 15 µg/rnl gentamicin sulfate and adjusted to pH 7 .2 with sodium bicarbonate. 

After infection, the medium was removed and the cells were transfected with the 

pSCll-FIPVN, pSCll-FIPVEl, orpSCll N/El transfer plasmid bycationicliposome­

mediated transfection using Transfectam@ (Promega Corporation, Madison, WI) and 

DOTAP (Boehringer Mannheim, Indianapolis, IN), respectively, per manufacturer's 

10 instructions. The cells were incubated with the DNA-liposomes mixture in 3 ml of 

MBM containing 5 % fetal bovine serum (FBS) overnight at 37°C (5 % CQJ, after which 

the medium was replaced with 8 ml of fresh MEM-5% FBS. The transfected cells were 

incubated at 37°C (5% CC>,) until greater than 80% showed cytopathic effects (CPE), 

which took approximately 3-4 days. The virus~ lysates were then removed from the 

15 plates and subjected to two cycles of freeze-thawing before storage at -70°C. 

3. Isolation of Recombinant Raccoon Pox Virus Can:ying the 
FIPVNGene 
RRPVs carrying the FIPV N gene (RRPV-FIPV N) were isolated and 

purified from the pSCll-FIPV N- Vero cell transfection by standard viral plaque 

20 purification methods. Monolayers ofVero cells (50-80% confluent) were infected with 

2 ml of ten-fold serial dilutions (10-1 to lo-3) of the viral-cell lysates for 1 hour at 37°C. 

After incubation, the media was removed and the infected cells were ~verlaid with 8-10 

ml of 1.25% Noble agar containing MEM/5% FBS. The infected cells were then 

incubated for3-4 days at37°C (5% CD,), and overlaid again with 4 ml ofl.25% Nobel 

25 agar containing 0.5X PBS and 600 11g/ml 5-bromo-4-chloro-3-indolyl-~D­

galactopyranoside (X-gal, States Biochemical Cleveland, Ohio). The plates were 

incubated at 37°C (5 % CO;J for 4-16 hours, until blue (i.e • .6-galactosidase positive) 

viral plaques were observed. The recombinant viral plaques were picked with sterile 

This 1if i ~ii1i1Ul1imrced· 
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blunt needles attached to a 1 cc syringe, suspended in 0.5 ml of 0.25 µg/ml trypsin, 

vortexed vigorously, and incubated at 37°C for 15-30 min. The disrupted viral plaques 

were then inoculated onto S x !OS Vero cells in 25 cm2 flasks and incubated at 37°C 

(5% CO:z) until greater than 80% CPE was observed. The viral-cell lysates containing 

S RRPV-FIPV N were subjected to two cycles of freeze-thawing and stored at 

10 

-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 pSCll-FlPV El-transfected Vero cells using the methods described for 

rRPV-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 

15 a monolayer of RAT-2 cells in a 75 cm2 flask (approximately 5 x 106 cells) ·in the 

presence of 5-bromodeoxyuridine (BrdU) at 30 µ.g/ml in M:EM. The infected monolayer 

was incubated at 37°C (5% CQ2l for 3-4 days until greater than 70% CPB was 

observed. The tk- virus-cell lysates were subjected to two cycles of freeze-thawing 

before storage at"-70°C. Two individual RRPV-FIPV El clones were selected and 

20 subjected to six cycles of plaque purification as described above for RRPV-FIPV N. 

S. 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 

25 using the polymerase chain reaction {PCR). 90 µ.l of a virus-cell lysate were incubated 

with 10 µI of tenfold concentrated PCR lysis buffer (100 mMTris-HCL buffer, pH 8.S; 

500 mM KCl; 25 mM MgCI2; 5% Tween 20; 3 mg/ml Protein~ K) for 16 hours at 

50°C, then boiled for 10 min. 10 µl of this lysate was used in the PCR. PCR was 

- - - -- -- - - --- -- - -- - - -- -
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performed in 100 µl of 10 mM Tris-HCL buffer, pH 8.3; 50mM KCI; 200 uM of each 

deoxyribonucleotide triphosphate, 1.5 mM MgC12; 30 pmoles of each oligonucleotide 

primer; and 2.5 units of AmpliTaq@ DNA polymerase (Perkin-Elmer Cetus, Norwalk, 

CI'). The primers used in the PCR for FIPV N were: 

5 (1) 5'-CTCGTGGTCGGAAGAATAATGATA-3' 

(2) 5'-AGCACCATAGAAAGTIGTCACATC-3', 

10 

corresponding to nucleotides 68-91 and 721-744 of the FIPV N open reading frame 

(primers 1and2, respectively). The primers used in the PCR for FIPV El were: 

(3) 5'-TATGTAATGTICGGCITrAGTG-3' 

(4) 5'-GTGCITCTGTI'GAGTAATCACC-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 

1S at 95°C, 1minat55°C, 2 min at 72°C, and, on the last cycle, a final incubation of 

8 min at 72°C. 10 µl of the PCR products were resolved by electrophoresis in a 

horizontal-submarine 4 % NuSieve agarose gel (FMC_ BioProducts, Rockland, ME) in 

TAB 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 

20 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 

pSCl 1 FIPV N and El transfer plasmids served as positive controls, and showed 

products of the predicted sizes. PCR amplifications using wild-type raccoon pox virus-

25 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 cm1 flask (1-2 x 106 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% CO:z) for 2-3 days until 

approximately 80 % of the cells showed cytopathic effects. A virus-cell lysate was 

5 prepared, and 20 µl of the sample were added to S µl 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-.6-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 

10 Cloning: A Laboratory Manual, 1982-, Cold Spring Harbor Press. After electrophoresis, 
- . 

the proteins were. transferred to nitrocellulose (Bio-Rad Laboratories, 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 50V with constant current. 

15 FIPV N and El proteins were visuaHred on the nitrocellulose filter using 

specific antibodies. Davis et al., Basic Methods in Moiecular 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-'IW"), after which non­

specific sites were blocked by overnight incubation at 4 °C in PBS containing 1 % bovine 

20 serum albumin (PBS-BSA) followed by a lS min wash in PBS-1W. 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-1W 

containing 1 % BSA ("PBS-TW-BSA "). After four 5 min washes in PBS-1W, the filter 

was incubated for 30 min at room temperature with a secondary antibody consisting of 

25 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-1W. 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-1W. 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 

S 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. Vuus 

preparations may be pretreated by dilution into an equal volume of o.s % trypsin and 

10 incubation at 37°C for 30 min in order to release virus from inclusions. Plates are 

incubated for 3-S days at 37°C (5 % COJ 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). 

15 Example2 

PREPARATION OF VACCINE AND TESTING FOR EFFICACY JN 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 

20 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 

25 in MEM containing 2.5% FBS. Each plaque purified virus clone was expanded by 

inoculating a confluent monolayer of Vero cells in a 150 cm2 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 (5% CQ2' until 100% cytopathic effect was observed (2-3 days). This virus-<:ell 

lysate was titrated on Vero cells as·described in Example 1, and served as a p~emaster 

seed virus stock to obtain the master seed virus. The MOI to be used to produce the 

S highest titer master seed virus was determined by inoculating a confluent monolayer of 

Vero cells in a roller bottle (1 X 101 cells) with various MOis of recombinant virus 

(e.g. 0. 1, 0.05, 0.01, 0.005, and 0.001 TCIDsof 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 

10 were aliquoted into l.S ml ampules, which· were sealed and stored in a liquid nitrogen 

freezer. 

2. Pre.paration of Vaccines 

3 x 107 Vero cells were seeded into 850 cm2 roller bottles in 200 ml of 

growth media (.MEM containing 0.5% lactalbumin hydrolysate and 5% FBS) and 

IS incubated for 18 hours at 37°C. The next day, the medium was removed from the cells 

and replaced with 50 ml ofRRPV-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 

20 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 10'·'7 TCIDsof'ml. 

RRPV-FIPV El stocks were prepared in the same manner, except that 

an MO! of 0.1 was used. The final virus preparation was titered and found to contain 

25 10'.s TCIDsof'ml. Wtld type raccoon poxvirus was grown using the same methods as 

described above, and contained 1<>6.44 TCID5c/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-FIPVN 3 107.44 SC 

2 s RRPV-FIPVN 1 . 1()697 IM 

3 5 RRPV-FIPVN 3 107.44 ORAL 

4 4 RRPV-FIPVN 3 106·44 SC 
(l:~O Dilution) 

5 5 Wild Type RPV 3 106.44 . SC 

*SC = Subcutaneous 
IM = Intramuscular 
Oral= Oral -

4. Cballenge 

Two weeks following the second vaccination, cats were orally inoculated 

with 103.4 TCID50 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'·4 TCID50 of FIPV (strain 79-

20 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, anorexia, 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: 

This1if 1~~ iii1i1Ul11i10ced· 
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103.0 - 103.9°F 
104.0 - 104.9°F 
~105.0°F 

SCORE 

1 point/day* 
2 points/day 
3 points/day 

~.-:... . ..; ... 

AHP-93116-AU 

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

Dehydration 
Depression 
Anorexia 
Peritoneal Swelling 
Icterus 
Weight Loss 

Leukopenia 

Hematocrit 

Death 

>20% 
>30% 
>50% 
decrease of 50% 
counts <6000 
-<25% PCV 

1 point/day 
1 point/day 
1 point/day· 
1 point/day 
1 point/day 
1 pomt per observation 
2 points per observation 
S points. per observation 
3 points per observation 
2 points per observation 
3 points per observation 

25 points 

5. Evaluation of Induced Immunity to FIPV 

Inoculation with virulent FIPV induced a fatal infection in 4/5 (80%) of 

the control cats, whicJ:i 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 

25 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 215 

30 (40%) of the cats succumbed to FIPV-mduced 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 

5 virus dose when vaccinated by this route. 

The protection conferred against FIPV-caused disease by the 

subcutaneously administered vaccine was shown to be dose-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 

104-101 TCIDso/ml, preferably 107-101 TClD.sofml. A typical dose for administration to . 
cats is 1-3 ml, and delivery by the subcutaneous route is preferred. 

·. 
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Table 1 

TOTAL CLINICAL SCORES FOLLOWING CHALLENGE WITII FIPV 

W1IQhtloe1 ~· Antml• Chernlcll Slane De•th' Totol Scot• 

0 0 0 0 0 0 
0 0 0 0 0 1 
0 0 0 0 0 ' 0 0 0 0 0 0 
0 0 0 0 0 2 

• 0 0 33 21 77 
0 0 0 0 0 2 
0 0 0 H 21 " 0 0 0 1 0 ' 0 0 0 0 0 ' 
0 4 0 0 0 6 
t 0 0 ' 0 • 1 0 0 ' 21 33 
1 • 0 • 21 40 
I 0 0 18 26 60 

I 

I 8 a II a& 101 
0 0 0 20 21 12 
0 a 0 

. • 21 40 
0 0 0 • 0 1 

3 18 :I" IJ 21 161 
0 2 0 14 26 48 
1 2 0 11 21 43 
1 • 0 ti 21 48 
0 0 0 0 0 1 
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SBQUBNCB LXSTING 

( 1) GBNBRAL :INFORMATION: 

{i) APPLICANT: Wasmoen, Terri 
Chavez, LJ.oyd 
Chu, Rsien-U\J.e 

(ii) TITLE OP DWBNTJ:ON: Recombinant Raccoon Pox Virase and Their 
Use as an Effective Vaccine Against Infectious Peritonitis 
Virus Disease 

(iii) NDMBBR. OF SBQOENCBS: 4 

. {iv) CORRBSPONDBNCB ADDRESS: 
(A) ADDRBSSEB: DaJ:by & Darby PC . 
(B) STRBBT: 805 9.I'biX'd Avenue 
(C) CITY: New York 
(D) S'l'ATB: New York 
CB) COUNTRY: US 
(F) SIP: 10022 

(v) COMPtJ"l'BR RBADABLB FORM: 
(A) MBDllJM TYPE: Floppy disk . 
(B) COMPUTER.: XBM PC compa.t:f.bl.e 
(C) OPBRATJ:NG S'J:S"l'JSM: PC-DOS/MS•DOS 
(D) SOJr.tWARB: ~atentin Rel.ease 11.0, Vex:sion #1.25 

(vi) CDRR.BNT APPLJ:CAT:ION DATA: 
(A) APPLICATI:ON NOMBBR: US 08/125 • 516 
(B) nLING DATE: 22-SBP-1993 
{Cl CLASSll'l:C!ATJ:ON: . 

(viii) A'TJ.'O'Blm'l:/AGJ!Nr J:NFORMATJ:ON: 
(Al DMl5: Schaffer, Robert 
CB} RBG:rsr.RATJ:ON BDMB'BR.: 31.,194 
(C} REP'BRBNCB/DOCXBT NOMBBR: 9632/08669 

(ix) TELBCOMMONJ:CATJ:ON mFORMATJ:ON: 
(A) 'l'ELBPBONB: 212-527-7700 
(B) TELEFAX: 212-753-6237 
(C) TEI.EX: 236687 

{2) I.N'FORMATJ:ON FOR SBQ ID N0:1: 

( i) SEQT.JBNCB CHARACTBRISTICS: 
(A) LENGTH: 789.l:>ase pairs 
(B) TYPE: nucleic acid 
(C) STRANDBDNESS: double 
(D) TOPOLOGY: 1inear 

(ii) MOLECULE TYPE: ~ 
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(vi) ORJ:GnmL SOURCE: 
(A) ORGnN.ISM: Feline infectious peritonitis virus 

(vii) 'IMMRDrATB SOUR.CB: 
(Bl CLONE: Pll'V E1 

(xi) SBQtraNCB DBSCRJ:PTION: SBQ m N0:1: . 
A'rGAAGTACA 'l'TlTGCTAAT ACTCGCGTGC ATAAT'l'GCAT GCGTTrATGG 'l'GAACGCTAC 60 

'1'G'.I'GCOmC ~ CTl'GCAG'l"GT ATTAATGGCa CAAA'.l'".I'CllG .M:G'I'CMACC 120 

TGC'l"t"!'GAA G'I'GGTGATCT ~T C'l'TGCTAAC'r GGAACTTCAG CTGGTCl'GTA :l.80 

ATA'l"l'GATTG 'l'"lTrI!A'l'AAC AGTG'rl'AOA TM'GGCAGAC ~ C'l'GGC'l'CG'l' 240 

TA9l'GGCATrA All.TGC'l'GAT CAmTGGCTA T'.I7d'GGCC'l'A T'l'GT'rCTAGC ~ 300 

~4MCAT AC'l'Cl'GAGTA "CCAAG'rrl'CC AGATAmTAA TGT'l'CX:GC'rr ~ 360 

GG'l.'GOGTTG TAACGT'l"'.rGC AC'l'TTGG1tl'G ~110•1•:L'G 'l'GAGA'I'CTGT TCAGCrATA'l' 420 

AGMGA.~ AA'l'CATGGTG GTC'l"lT'r~ CC'l'GAGACTA Ame:AAT'l'C'l' ,.-~ 480 

~ GAAG'rrATG'l' G.C'l'TCCCT'rA GA!'GGTAC'rC ~ 'l'ACCC'l"TACr 540 

~ GA.AA~ mCI'GUGG'l' ~ CTGGl'GG'lTl' AACCA'l'OOAG 600 

CM"l"'l'GCC'rA ~ GATTGC'rACA CC'rAG'rAGAA CCATCG'lTrA. TACAT'rAG"rr 660 

GGAAAACAAT ~ ~ GGA'l'GGGC'l'T ~ ~ ?20 

Gen'GATTACT 0ACAGAAGC AOOT.AC'IGAC ~ AACAmAMA A'l'm'l"l'ACAT 780 

A'mG'l"GTAA 789 
.... . 

(2) :INFORMM.-.ION' POR SEQ m NO: 2: 

(i) SBQUBHCB CBARACTBRJ:STJ:CS: 
(Al LBNGJ:H: 1134 base pairs 
{B) TYPE: nucJ.eic acid 
(C) ST.RANDBDNBSS: double 
(D) TOPOLOGY: l.inear 

(ii) MOLECOI.sl? nPB:· cDNA 

(vi) ORIGINAL SOURCE: 
(A} OR.GA?f.ISM: Feline .infectious peritonitis viJ:US 

(vii) IMMEDIATK SOORCB: 
(Bl CLONE: FI:PV N 
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(xi) SEQUENCE DESCRJ:PT:CON: SEQ ID N0:2: 

ATGGCCACAC AGGGACAACG CGTCAA.CTGG GGAGATGAAC C'TTCCAAAAG ACG'l'GGTCGT 60 

TCTAACTCTC G'roGTCGGAA GAATAATGAT ATACC'l'X-I'G'I' CATI'C'mCAA CCCCATTACC J.20 

CTCGAACAAG GATCTAAATI' TTGGAATl'TA "l'GTCCGAG.AG ACC'rl'GTrCC CMAGGAATA 180 

GGTAATAAGG ATCAACAAAT 'l'GG'l'l:ATrGG AATAGACAGA TTCG'ITATOO TM'TGTAAAA 240 

GGCCAGCGTA AGGAACTCGC ~ Tl:CI'"l"a'ACT 'l'CTl'AGGTAC AGGACC'l'CAT 300 

GCTGATGCTA AATl'CAAAGA ~ GGAG'l'C'l'TCT GGGTrGCAAG GGATGGTGCC 360 

ATGAACAAGC CCACAACGC'l' TGGCAC'XCGT GGAACCAATA ACGAATCCAA ACCACTGAGA 420 

Tr'l'GATGGTA AGATACCGCC ~ ~ ACCGT1'CTAG ~CAA'l"l"CA 480 

1\GGTC"!GGT1' CTCAGTCTAG A'l'Cl'G'r.l'TCA ~ crcuTCnG AGGAAGACAC 540 

CATTCCAATA ACCAGAATAA ~ GATACAAT'l'G -rAGCCGroe'l' 'l'GAAAAATTA 600 

GG"1'G'lT.AC'l ACJ!..AACA..2'...AG GTCACGT'l'cr AAACC'l'rn AACS'l'AG'1'GA T'.fCCAAACCT 6 60 

AGGGAQCAA CACC'l"AAGM. TGCCAACAAA CACACC'1'Ga l\GAMACTGC .AGGCAAGGGA 720 

GATGTGACAA crrrcrATGG ~ AG"1"rCAGCTA ACl"1"J:GGTGA TAGTGATCTC 780 

~ G'l'AAa;cJ.'GC CAAATGC'l'AC CCTCAGATAG Cl'GAAml'GT TCCATC!.G'l'G 840 

TC'rAGCA'l'AA 'rC'1TIGGCAG TCAATGGTC'l' GCTGAAGAAG ~ AG'm!AAGTC 90C 

ACGC'l'CAC'I'C ACACC'I'AC'l'A CC'l'GCCAAAG GA'l'GATGCCA AAACTAGTCA A'l"l'CCTAGAA 960 

~CG crrACAAGCG ACC'l"'l'CTGU GTGGCT.uGG ATCAGAGGCA AAGAAGATCC 1020 

CGTrC'1'J\AGT c.rGC:'mATAA GAAGCCTGAG GAGTl'G'l'C'm TAACTC'rrGT GGAGGCATAC l.080 

ACAGA'.I'GTGT Tl'GATGACAC ACAGGTl'GAG ATGATI'GA'l.'G .AGG'l'TACGAA crAA l.134 

{2) Dll"'ORMATJ:ON POR SBO m N0:3: 

(i) SBQOBNCB CHARACTBR.J:STJ:CS: 
(Al LENGTH: 8710 base pairs 
(BJ TYPE: nucleic acid 
(C) STRAliDBDNEsS: doubl.e 
(D) TOPOLOGY: circu1ar 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORI:GJ:NAL SOURCE:· 
(A) OR.GAIUSM: Fe1ine infectious peritonitis virus 

{vii) ~:IATB SOURCE: 

This Sheet Has Been Replaced 
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(B) CLOliih pacl.l..£.1 

(xi) SEQUB:SCS DESCR.:CP'l."l:ON: SBQ ID NO:l: 

CGAUGGGCC ~~ CCTA'.r'lT.l"r ~ "I'CM"GADA"r AA"NG'l"rl'CT 

T>Gltas~ G'l"GGCACl'TT ~ ~ CCCC'rA'l"r.l' TrrATr-1·r1-c . 
'&-~:aTJtQ\Tl' ~ ~ AGAO-~AC ~ ~ 

'a'l"'l"CAhm ~T ~ CA:r! 1\X!G'l'G 'l'CGCCC'r.l'M' TCCCr-l•lfl".t 

~ ~ 'lTI'TGC'.t'CAC ~ ~ AAllGM'GC1' 

GAJ!GA"rCAG'l" ~ AG1GGG'r.?AC .ATCGMCTGG .ATC'l'CAAOG CGG'r.MQTC . 
CI"i'GAGM'l"r 'l'TCGCCCCGA AGAACG'1Trl' ~ GCAC'.r'r'.I"I AGr.l'C'MC'rA 

TG'l'GGmCGG ~ ~ ~ AACTCGG'l't:n. ccncATACAC 

~ ~ 'l'GAG'mCl'CA CCAG'tCAOG ~ ~ 

A'l'GAOGTJlA~~~~~ 

~ ~ ~ ~ Cl!!i"l!:tTl:GCA CAACATGGGG 

~·~~~~~ 

~~~~~~ 

~ c.t'C'J.7.iGC'n ca;g("1''ACAA ~ ~ ~ . . . 

~ ~ OOCCC1"l'CCG GC'1'GGC'l'OO'r ~ ~ 

~ GmGGTC'J.'CG CGGTA"l'CA'.l". GOGCACTGG GGCOGA"'J.'GG ~ ...... 
'· 

CG"tATCGTAG '1"m'!'CTAOC ~ CAGGCAAC'm ~CG ~ 

A~ ~ AC'l'GATrAIG CATmG'rAAC 'l'G'J."C"l\G AG'l'TTAC'.l'CA 
' ! • 

'm~ ~ ~'r 7""l'rl:AA"l"nA AUGGA'I'C'm GG'l'GUGATC 
t·. 

c:.t•1-i-1'1GATA~ J\.'l'C'l'C'M.'GAC CAAAATCCC'r TA.A~ ~ ~ 

GACCCCG'l"AG· If\ t:UU~~ AGGA'l"Cr1'C'r ~ 'I~ CS'r.U..'l'C'l'GC 

1'GC"l'TGCUA AOX:-C'r.ACCA GCGGTGG'l"I'T G'l."rmCCGGA ~ 

CCAAC'l'C'l"l"r AAC'l.'OOC'l'T' AGCAGAGCGC AGATACCAAA TACTG".t'CC'1T 

C'rAGTG'mGC CCACCACTI'C AAGAAC'l'C'l'G 'l'AGCAOCGCC TACATACC'I'C 

~AA ~ GCCAG'!'GGCG ~ TC'l.'TACCXJOO 

,0 
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T'l'GGAC'l'CAA GACGATJU7.l'T .Ac:CGGATA.1'G GCGOGCGGT CGGGC'l'G1tA.C GGGGGG'l"l'CG 

'l.'GCAOCAGC CCAGCT'lGGA GCGAACGACC TAQCCGAAC TGAGATACCT ACAGCGrGAG 

CAr.l'GAGAAA. GCGCCACGC'l' ~ ~ ACAGGTATCC GG'.rAAGCGGC 

~ ~ ~ C'rl'CCAGGGG GA?t.Aa:;c:cTG ~ 

AG'l'CC'l'G'rCG ~ ccrcraAC'l'T ~ ·r-1-..:"IG'mA'l"G C1"CG'lO.GGG 

~ 'rATGGAUAA ~ GmGCCT'r.L"l' TACGG'l'1'CCl' GGCC'r'rrmc 

~ ~ cr1·1~ TTATCCCCTG ~ ~ 

~~~~cxm~~ 

~ AAGCGGAAGA ~ CGCAAACCGC Cl!C'l'CCCmC ~ 

l\!l".t'CATrAAT GCAGCTGGCA. CGACAGGT'l"l' ~ AAGCGGGCAG ~ 

~WXG ~ ~ GCACCCCAGG crr.r.ACAC'l". n~l-«X!G 

~ 'lG'?G"b~d'd' 'l'G'l'GAGCGGA TAACMrr.rC ~ ~c 

CA~ CCAAGC'l'T'l"1 GCGATCAA"l"A ~TGGATCAC ~ !rel.-l.'8A03A'l' 

arrt:.t'TmCA GATGA'l'GAT.r ~ ~ ~ M'GUATC'r1' 

~ ~ A!L'CACl'CAAT A'l'C'l'AGACr.r ~ ~ 

AATCAUAAA 'rAAATrAGAA GCCG'IGGGTC ATTG'I'TM.'GA ~ ~ 

GAC.M.TD':rAC AAAA.T'1'CACA GAC'lT'I'CAAG A~ ACm'1'TTAAC AAGGTCCC".tA 

~ ~ lW\C:.".L"rAATA .AAGGATAT'l"T ~ G'IGATl'AG'l"l' 

~ ~ "l.'CCl'C'l'C'l'AG Cl'ACOCCGC ~ ~ 

~ "l.'CGCAAT.ATC ~ ACG'l'GATGGA ~ ~ 

~ ~ A'1"l"GTCATCA TGAAa;GCGG ACA~ ~ 

GCCCCA'l'GT'l' ~ JIJGTAC..2\GAAT TAA'!"l'AGACG ~ TA'l'CMATAG . 
C'lOA'.rAT.AA .ATG07.t'GAC"l' A~ CTAA<.YD.TAA TAGATAmGA AmGGA.CrAT 

GGACGCM'GA TAAGAA'l'AAT ~T "I'GGAAGCAAC ~'!'GT GA"l"C'l'C'l"'l'GG 

AATCAA-TTAC AGA!rTTCTCC G"l'GATAGGTA TCGATGMGG ACAGTl'Cl"ft CCAGM:ATI'G 

'1'TGAA4l"I'COO AGCTTGGCTG 0GGTCGGGG- A'l'CCCCCC'l'G CCCGG?mTr ATrAT'l.TrJ.'G 

ACACOWACC AACTGG"m.AT GG'I'AGCS\AC ~ TGAA'J:TCCGC am~ 

Thi•1i1ili~ ~ii1i1il1imrced 
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GGGC'l'CCAGG AGTCGTCGCC ACCAATCCCC A'l'A'l'GGAAAC CGTroATATr CAGCCATG'l'G 

CC.l.'l'C"rl'CCG a;TGCAGCAG ATGGCGATGG CTGG'ITl'CCA TCAGTrGCTG T'l'GACTG':mG 

CGGCTGA'l'GT 'l'GAACTGGAA GTCGCCGCGC CACTGGTG'l'G GGCCATAATT CAATTCGCGC 

GTCC(X;CAGC GCAGACCGTT 'l"l'C'GCTCGGG AAGACGTACG GGGTATACAT GTCTGACAAT 

GGCAGATCCC AGCX;GTCAAA ~ GTAAGGCGGT CGGGA~ ~ 

CC'l"AA'l'CCGA GCCAGTTTAC CCGCTCTGCl' ACCTGCGCCA GCrGGCl\G'rl' CAGGCCAATC 

C!GCGC(l;GAT GCGGTGTA'l"C GCTCGCCACT TOACATCAA ~'l'OOC CATT'l'GACCA 

C'.I'ACOlTCAA TCCGGTAGG'l' 'lTl'CCGGCTG ATAAATAAGG •rrr•J:CccCTG A'l'GCTGCCAC 

GCGTGACCGG 'I'O:'h"AATOG CACmCATCA GCAAGTGTA'l' CTGCCGTGCA CTGCAACAAC 

GC'.rGC'J.'7CGG CC'l'GG'1:AATG GCCCGCCGCC TrCCAGCGT'1' mACCCAGGC GT'l'AGGG'l'C!A 

.A!mCGGGTCG C'lTCACl'TAC GCCAA'l'GTCG T'a'l'CCAGCG Gm<:!ACGGGT GllC'l'GATCG 

CGCAGCGGCG '1'CAGCAG'rl'G 'l"rrl"i"I~Tm CCAATCCACA 'l'CTG'l'GAAAG AAAGCC:rGAC 

"l'GGCGG'l'TAA AT'mCCAACG ~CCC .AGCTCGA.'l'GC ~'r 'rl'mC'l'GG'l'G 

GTCAGAmCG GGA"l"GGCG'l'G GGACGCGGCG GGGAGCGTCA CAC'l'GAGGTr '.1"J:'CCGCC.M 

CGCCACTGCT GCCAGGCGCT GA'm'l'GCCCG GC'l"l.'C'MACC A'l'GCGGTCGC ~ 

AC'l"ACGOOTA crGTGAGCCA GAGT.rGCCCG GCGCTCTCCG GCTGa;GTAG 'l"l'CAGG<2GT 

TCAATCAAC'I' GT'ITACClTG ~ TCCAGASGCA C'l"l'CACCGC'l ~ 
. . 

TrACCATCCA Ga';CCACCAT CCAGTGCAGG AGC'l'CGT'l'AT mcTA'l'GACG ~ 

~ crrcGATGG'l'- 'rl'GCCCGGAT AAACGGM.cT GGAAMACTG CTGC'l'GG'1'G'I 

T'lTGCT'.I'CCG TCAGCGCTGG A'J.'G(X;GCGTG CGGTCGGCAA AGACCAGACC G'l'TCATACAG 

AAC'l'GGCGAT CG'l'TCGGCGT ATCGCCAAAA TCACOOCCGT AAGCCGACCA CGGGT'rGCCG 

TTTl'CATCAT AT.l'TAATCAG OOACTGATCC ACCCAGTCCC AGACGAAGCC GCCCTGTAAA 

CGGGGATACT GACGlU\ACGC Cl'GCCAGTAT TTAGCGAAAC CGCCAMACT G'l".rACCCATC . 
GCGTGGGCGT ATTCGCAMG GATCAGCGGG CGCGTCTCTC CAGGTAGCGA AAGCCAT'.ITr 

TI'GATGGACC ATITCGGCAC AGCC'GGGAAG GGC'l'GGTCTT CATCCACGCG CGCGTACATC 

GGGCAAATAA TATCGG'roGC CGTGGTGTCG GCTCCGCCGC CTTCATACTG CACCGGGCGG 

GAAGGATCGA CAGATITGAT CCAGCGATAC AGCGCGTCGT GA'ITAGCGCC G'l'GGCC'I'GAT 

3180 
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l'CA'l"'I'CCCCA GCGACCAGAT GA.Ta\CACI'C ~ ~ CACCAT'rCGC 

~ ~ CGG'l'ASCCJIG ~'1'C'AT ~ AT?GA"n'GGC 

ACCA'mCCGT ~ ~ TCCACCACAT ~ GmGTCGCAC 

~ ~TG ~ ~ GCAcx;GC'G'1'T AMG'l'TG'1'1'C 

'l'GCT'l'CATCA ~"l'C c.mo>.co.TC GTC'l'GCl'CAT CCATGACC'm ~ 

GGM'GA"l'GCT ~ llCGCC'rCQA .M'OGCAACG ~ OGOGCAGC 

~rrrr ~ CTO',;CCG.MA ~ AGGCrl."C'1'GC T'l"CAATOGC 

G'mCCGT(X;G. CGGTG"l'GCl4 T'l'CM.CCACC ~ GM"'l'CGGGAT ~ 

~ GGT?I-l'CGAC CT'I.'GASACG"r ~a;c GATCGGCAD. ~ 

~ '1T.l.'CACCGCC GMAGGCGCG ~ ~ ~ 

CATA:a.llGQ.A ~ ~ CGCAACrCGC CGCaCA'l'C'J.'G ~ 

~ CGC!GGC'l'GAA. ~ AAGCGJ!JGTGG ~ A'1'mC'rGA.TT 

m'l'G'mG'l'CG ~ ~~~~ 

~ COGh"l'AAC'r ~ CAACGCAGCA ~ ~ 

~~~AA~ Q0.2t.1tc.cDC:r G'!CCl.GGC<:n 

"1'AA.CCGACCC AGCGCCCGTr ~ ~ ~ M'CAA..UJ\TA 

AT1'CGOGTCI'~ ~~~~ 

CCCG'l'a;GAT TC'l'CCGTGSG AACUACGGC GGATmACa; TAA~TA GGT'rAUit•IG 

~ ~ ACCG'l'GCATC ~ ~ QACAG'.CA"l?CG 

GCC'l"CAGG.nA ~ OGO:AGC'r.r ~ Cr.I'ClGGTGC ~ 

~ A~ OGGC'l.'Ga3C DC'l'GT'1'GGG ~ GGTGCGGSCC 

~ 'rACGCc.AGCr GGCGAAAGGG GGA'l"G'l.'GC'l'G OAGGC'GA'.l"r .AAG'l."mGCml 

ACGCCAGGGT ~ A~ AAAACGACGG "GA4l'CCC'l."aa GGAATI'CAft 

• 
TAT.AGO.TAG AMAAAACAA AA'l'GAAAT'l'C TACTATATTI' TnlCAT'ACAT ATA~ 

TA~ GTGAT'l.'G'1'GA C'l"AGCG'I'AGC A~ ~ ~T 

ACCAA'I'ACTC l\AGACTACGA AAC'l.'GATACA.. ATC'l'C'l.'TATC A'l'GTGGGTAA ~ 

GTCGAATAGC CATM."GCCGG TAtrl."TGCGAT A:rACATAAAC TGATCACTM. "l"rCCMA(.'CC 
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ACCCGCJ:I4l"I' TATAGTAAG'r TTTTCACCCA TAArnTAA ATACAATAAT TAAT'l"I'CTCG 

TAAAAG'I'AGA AAATATATrC TAAT.l"l'Ar:rG CACGGTAAGG AAGTAGAATC ATAAAGAACA 

G'l'GAa;GATC COM"l'CGGG CA~ Tl'GAAC'l"AAA CAAAATGAAG TACArl'T'l'GC 

rmcra;c GTGCATAATl' GCA'l'GCGT!T ATGGTGAACG CTACTGTGCC ATGCAAGACA 

G'l'GGC'l"TGCA GTGTA~ GGCACAAATT OAGA'l'GTO. AACCTGCrrr GAACGTGGTG 

A'l'C'l'TATITG GCATC"rrGC'1' AACTGGAAcr TCAGCTGGTC TGTAATA'l'TG A'l'lU'l'rl'T'l:A 

TAACAGTGTl' ACAATA-.mGC AGACCACAAT T.rAGC'l'GGCT o::r1-12lTGGC ATI'AMATGC 

TGATCATGTG GC'l'AT'l'ATGG CCTATTG'rrc T.AGCGC'rme GAT'l"!Tl'AA'l' GCATACTC'l'G 

~ Tl"CCAGATA!L' GTAATG"l'TCG GC'rrl'AGTG"r "l'GOGG'IGCA G'rl'G'l'AACGT 

T.t'GCAC'l"rTG GAmA-:rG'r.AT T'l"lVmAGAT CTGTl'CAGCl' ATATAGAAGA ACCAAATCAT 

GGTGG7CI"l'"r TAATCCIGAG ACTAA'l'GCAA TI'C'rr<NTGT TMTGCA'rl'G GGTAGUGTl' 

A'1'GTGCTTCC crr.AGATGGT AC'l'CC'l'ACAG Gm'rr.ACCC"l" 'l'AC'l'CTAC'.t-r ~ 

TATATGCTGA ~ A'l.'GGC'mG'l'G G"l."lll?AACCA't CGAGCATrl'G CC'l'AAATACG 

TCA'l'GATMC 'm.CACC'rAGT AGAACCA'l'CG ~ ~ CAA.'l"l'AUAG 

OAC"mC'l"GC ~ GCrl'AC.rACG 'l'AllATC'rAA 1'GC'1'GGTGA'l' TAC'l'CAACAG 

AAGCACGTAC TGACAAT'rl'G ~CATG AAAAATl'Nrl' ACATATGGTG TAAC"l'AAAC'r 

T'l"CAUTGGG GGAA'l'"rC'l'GT GAGmTATGG CM.AOlMGG AAUA'l"l'AG'l' TA~ 

GCACTCGATG GGACAT'.l'TCA ACGTAAACOO 'l"I"l'AADATA ~ 'l'ATTCO.'l'T.A 

TC'l'GAAATGG "l"GG'mAAAC'.r- AAC'l'GC'I'GTG TGTATGAU.'l' GcrrrAAGGA GGCr.rCC'rl"l' .. 

AAATAAACA'I' TGA'l'TAAA"IT TTAA'J.'ATAAT AC'ITAAAAA'l' GGA'l'G'l'TGTG TCG1'TAGATA 

AACCG'l-l"l'AT GTA'ITrl'GAG GAAATTGATA ATGAGTl'AGA TTACGAACCA GAAAGTG0A - . 
ATGAGGTCGC AAAAAAAcTG CCGTATCAAG GACAGTTAAA ACTATl'AC'l'A GGAGAATTAT 

TTI'TTCTTAG TAAGTI'ACAG (X;ACACGGTA TATTAGATGG TGCCACCGTA G'l'GTATATAG 

GATCTGCTCC CGGTACACAT ATAanTATT 'l'GAGAGATCA 1.Tl'CTATAAT TTAGGAGTGA 

TCATCAAATG GA"lGCTAA'IT GACGGCCGCC ATCA"!'GATCC TAT'l"l"l'AAAT GGAT.I'GCGTG 
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A'l'GTGACTCT AG'l'GACTCGG 'l'l'CGTTGATG ~ ACGATCCATC AAAAAACAAC 8040 

TGCA"l'CC'rl"C TAAGAT'I'AT'l' 'l'TAATl'TCTG ~ CAAACGAGGA OOAAATGAAC Sl.00 

C'mGTACGGC GGA~crA AGTAA'l'TACG ~ TGTCATGA"l'T AGTATrl'TAA 8160 

ACCCO:';TGGC GTCTAGTC'l'T AAATGGAGAT GCCCG'l"ITCC ~ ATCMGGACl' 8220 

T'rrA'rATCCC ACACGGTAAT AAAAmTI'AC AACC'r.C"rl.'GC TCC'rrCATAT T0GGGCCGT 8280 

CGT'I"l'TACAA CGTCGTGACT GGGAAAACCC TGGCGT'rACC CAAC'l"'l'AATC GCC'l"l'GCAGC 8340 

ACATCCCCCT TJ:CGCCAGCr ooa:;TAATAG CGAAGAGGCC CGCACCGM'C ~ 8400 

ACAGTTGCGC AGCCTGAATG GCGAA'l'GGCG CCTGATGCGG ~ T'l'ACGCATC'l' 8460 

G"1'GCGG'rAT'r TCACACCGCA T.ATGG'1'GCA.C TC'l'CAG'l'ACC M"C'l'GCTC'l'G A'rGCWCA.TA 8520 

G'rl'AAGCCAG TACAcrccnc 'lW1'CGCrACG ~ U'GGC'l'Gmc CCCGACACCC 8580 

GCCAACACCC GC'IGACGCGC CCl'GACGGGC 'rl'GTCTGC'l'C CCGGCATCCG ~ 8640 

~ GTCI'CCGGGA GC'l'GCA!L'G'l' TC.AGAGG'.l'TT -TCACCGTCAT CACCGAA1'CG 8700 

CGCGAGGO\G 8710 

(2) Dm<>RMA'l'IOB POR SEO ID .N0:4: 

(i) SEQtJBHCB amu.crBIUSTICS: 
(A) LENGTH: 9019 base pai:cs 
CB> ~: nuc1eic acid 
{C) S'l'UNDEDNBSS: doub1e 
(D) "l'OPOLOGY: circular . 

(ii) MOLECULE T!PB: DNA (genomic) 

(vi) ORIGINAL .$0URCB: 
(A) O~: P'el..ine ilmmmodeficiency vi%US 

(vii) .IMMEDIA'l'B SOURCE: 
(B) CLONE: psc11e1 

(xi) SEQUBNCB DESCIUPTJ:ON: SBQ m N0:4: 

GAAAGGGCCT CG'I'GATAGGC C'l'A:ITl'TTAT AGGTTAA'l'GT CATGATAATA A'l'GG"l.'TTC'l 60 

AGACG'I'CAGG -i'GGCACI'rl'I' CGGGGAAATG 'I.'GCGC.'GGMC CCCTATT'l'GT TrAT'lTl'TCT l.2 0 

AAATACATTC AAATATGTAT CCGCTCATGA GACAATAACC CTGATAAA..m CTrCAATAAT l.80 

AT'I'GAAAAAG GAAGAGTATG AGTAT'I'CAA.C ATTTCCGTGT CGCCC'lTA'IT cccrt·1*ITTG 240. 

CGGCATI'TTG CCTTCCTGTT TTTGCTCACC CAGAM.CGC'l' GGTGAAAGTA AAAGATGCTG 300 

-···---·------·· --- -- - -
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AAGATCAG'l'T GGGTGCACGA GTGGG'ITACA TCGAAC'l'GGA TC'l'CAACAGC GGTAAGATCC 

Tl'GAGAGTIT TCGCCCCGAA GJ.\ACGTPI'ft:: CAATGATGAG CAC'l*ITl'AAA GTTCTGCTAT 

GTGGCGCGGT ATI'ATCCCGT ATTGACGCCG ~ AC'l'CGG'l'CGC CGCATACACT 

ATrCl'CAGAA TGAC'l'TGG'IT Gl\GTAC'l'CAC CAGTCACAGA AAAGCATC'rr Aa:;GATGGCA 

mACAGTAAG AGAA'l"l'A'l'GC AGTGCTGCCA 'l'AA~ 'l.'GATAACAC'I' GCGGCCAACT 

ATCATGTAAC TCGCCTl'GAT CGTrGGGAAC ~ TGAM.;CCATA CCAAACGACG 

AGCGTGACAC CACGATGCCl' G'.CAGOA.TGG CAACAACGT'r GCGCAAACTA 'I'TAAC'l'GGCG 

AAC'l"ACTTAC 'l'C'rAGC'l'TCC C'GGCAACAA'r TAATAGACrG GATGGAGGCG GATAAAGTl'G 
- ·. 

CAGGACCACT TCrGCGCTCG GCCC'r1'CCGG- C'MGC'IGG"lT "17t.Tl'GC'l'GM' AAA'.t'CTGGAG 

CCGGTGAGCG 'l'GGG'l'C'l'OO GGTA'l'CATl'G CAGCACTGGG GCCAGAcrGG'.l' .MGCCCTCCC 

GTATCGTAGT 'l'ATCTACACS ACGGGGAGTC AGGCAAC'J.'AT GGA'mAACGA .AATAGACAGA 

8J.'CGC'l'GAGAT .AGGTGCC1'CA. C'l'GATrAAGC A~. ~CCAA GT'l.'TAC'l'CA' 

A'l'ATACT'rr.A GAT'l'GMTrA .MAC'l'TCATl' '.I'TrAA-rrrAA AAGGATC'l'AG ~ 

'r'l.OZ"Tl'GATAA TCJ."CA'l'GACC A.2!..-"'ATCO:l•1• .AACG'l.'GAG'l' 'l'*l'CG'r'l'CC ~ 

ACCCOOTAGA AAAGATCAAA GGNrCTTCTT GAGATCC'l*l'I" 'r'.tTrCTGCGC G'l'AATC'l'GC'l' 

GC'l"roCAAAC AAAAMACCA CCGc.rACCAG CGGTGG'l'TTG Tl'TGCCGGA'l' CAAGAGCTAC 

CAAC'l'C'1"T'1 TCmAAGGTA AC'l'GGCTl'CA G0GAGox:A GATACCAAM' AC'l'GTCCT"l'C! 

TAGTGTAGCC G"l'AG'l."r.AG CACCAC'J."l'CA AGA.~ AGCACCGCC'r ACATACCTCG 

C'l'C'l'GCTAAT CC'l'GT1'ACO. GTGGCTGCTG CCAG'1'GGCGA TAAG"l'CGTG'l' C'l'TACCGGGT 

TGGACTCAAG ACGATAGT'l'A ~ CGCASCGG'l'C GGGC'l'GAACG GGGGGT'l'CGT 

GCACACAGCC CAGC'rl'GGAG CGAACGACCT ACACCGAACT GAGATACCTA CAGCG'n;J\GC 

AT'l'GAGAAAG ~ CCCGAAGGGA GAMGGCGGA CAGGTATCCG GTAAGCGGCA . 
GGGTOOGAAC AGGAGAGQ.;C ACGAGGGAGC TTCCAGGGGG AAAOOCCTGG TATCTTTATA 

GTCCTGTCGG G'lT.rCGCCAC CTCTGACTTG AGCG'l'CGA'l'T •rrJX;i'GATGC TCG~ 

GGCGGAGCCT ATGGAAAAAC GCCAGCAACG CGGCCTT'ITr ACGGTI"CCTG GCCTI'T'I'GCT 

GGCCT'ITJ."GC TCACATGTTC TrrCC'roCGT TATCCCC'I'GA TTCTGTGGAT A.AC!CG'n.'l'T.i 
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CCGCCI I u;A G'I'GAGCTGAT ACCGCTCGCC GCAGCCGAAC GACCGAGCGC AGCGAGTChG 

TGAGCGAGGA AGCGGAAGAG CGCCC2.ATAC GCAAAcc.GCC 'l'CTCCCCGCG CGTTGGCCGA 

TI'CATT.AA:I'G CAGCTGGCAC GACAGGTrl'C CCGACTGGAA AGCGGGCAGT GAGCGCAACG 

CAAT'l'AATGT GllGTI'AGC'l'C ACTCATI'AGG CACCCCAGGC TlTACAC'lT? A'l'GCITCa:;G 

crcG'l'ATGTT GTGTGGAATT GTGAGCGGAT AACAAT!L"TCA CACAGGAAAC AGCTATGA.CC 

ATGATrACGC CMGC'r.t'TTG CGATCAATAA A'l'GGATCACA ACCAGTATC'l' crrAACGAm 

T.rCTTCGCAG ATGAmA'l'TC ATT'lTl"TAAG TA'l'TrGGC'l"A GTCAAGA"l'GA "l'GAAATCTTC 

AT.rATC'l'GAT ATATI'GCAAA TCACTCAATA TC'l'AGAC'lTl' Cl'G.l'l'ATrAT ".rATTGATCCA 

A~ Al\AT'l'AGAAG CCGTGGGTCA T.rG"I•.fATGAA TC'l'CT'l"l'CA AGGAATACAG 

-
~ AAAT'l"CACAG ACTr1'CAAGA "l'T'l'TAAAAAA C'l'G'lT.rAACA AGGTCCCTAT 

'mTTAOGAT GGl\AGGGTCA AAcrrAATAA AGGADTl'TG ~ mA'l'TAGT'rr 

GATGCGA'rl'C AM.AAAGAAT CC'I'CTCTAGC TACCACmCA ATAGATCC'l'G ~TAO.T 

AGATCC'.rmT CGCAATATCG CATT'l'TC'1'AA a::l'GA-i"GGAT ATAT'l'AAAG'l' ~ 

GAACAATAAT TAA'l'TC'l'T'rA T'rGTCATCAT ~CGGQ;GA CATM"l'OGT TGATAATCGG 

~ "l'C!AGGTAAAA GTACAGAA'1'T AA'rl'AGAO":m. G'rl'AGACG'rr ATCAAATASC 

~ TGCGTGACrA TAAAATA'rl'C TAACGATAA'l' AGATACX;GD. CGGGAC'l'ATG 

~ MGAATAATT Tl'GAAGCATr GGllGCllCT AAAC'?ATG'l'G ATCrCTTGGA 

ATC'AATTAO. ~ 'l'GA'I'AGGTAT mA'l'GAAGGA CAG'l'TC'rl"'r CAGACA'rl'GT 

mAA'J.'TCCGA ~ AGG'l'CGGGGA TCC!CCCC'l'GC CCGGTl'A'l"l'A 'l"l'A1•1"l•rrGA 

CACCAGACCA ACTGGTAATG GT.AGC'GAAQ.; GCGC"l'CAGCT GAA'rl'CCGCC GATACTGAm 

GGCTCCAGGA GTOOTCGCCA CCAATCCCCA TATGGMACC GTOOATAT'I'C AGCCATGTGC 

CTTC'rl'CCGC GTGCAGCAGA TGGCGATGGC 'J.'OOT'rl'CCAT CAGT'l'GCTGT 'l'GAC'l'GTAGC 

GGC'l'GATG'I'T GAACTGGAAG. '1'<;GCCGCGCC ACTGGTGTGG GCCATAATrC AATI'CGCGCG 
.. 

'I"CCCGCAGCG CAGACCGT'I'T TC'GC'l'CGGGA AGACGTACGG GGTATACATG 'I'C'mACAATG 

Gel\GhTCCCA GCGGTCAAAA CAGGCGGCAG TAAGGCGG'.l'C GGGATAG'l"rl' TC'ITGCGGCC 

CTAATCCGAG CCAGTTTACC CGCTCTGCTA CCTGCGCCAG CTGGCAG'rl'C AGGCCAATCC 

GCGCCGGATG CGGTGTATCG CTCGCCACTr CAACATCAAC GGTAATCGCC ATTl'GACCAC 
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r.ACCATCAAT C~ TTCCGGC'l'GA 'l'AAATAAGGT TTTCca:::-n;A 'l'GCTGCCACG 

CGTGACCGGT CGTAATCAGC ACCGCATCAG CAAGTGTATC TGCCGTGCAC 'mCAACAACG 

C'l'GCrl'CGGC CTGGTAA"l'GG CCCGCCGCCT TCCAGCG'ITC GACCCAGGCG TTAGGGTCAA 

'l'GCGGGTCGC TrCA~ CCAA'roTCGT TATCCAGCGG TGCACGGGTG AACTGA'l'CGC 

GCAGCGGCGT CAGOGTTGT 'l*I*l'T'nTCGC CAATCCM!AT CTGTGAAAGA .MGCc-I'GACT 

GGCGGTrAAA 'l'TGCCAACGC TTATTACCCA GCTCGATGCA AAAATCCA"l"'l' 'l'CGC'I'GG'mG 

TCAGATGCGG GATGGCGTGG GACGCGGCGG GGAGCGTCA.C AC'l'GAGGT'l'T ~CAGAC! 

GCCACl'GCTG COGGCGCrG ATGTGCCa;G crrcroACCA 'l'GCGGTCGCG "rtCGGTmCA 

C'rACGCGTAC "l'GTGAGCO.G AG'l"I'GCCCGG CGC'l'C'l'CCGG C'l'GCGG"l'AG'l' ~ 

CAATCAAC'l'G '1"l'TACCTI'GT GGMCGACAT C~ Tl'CACCGC"ri' GCCAGCGGCT 

"?ACOTCCAG CGCCACCA'l'C OG'l'GO.GGA GCTCGTTA'l'C GCTAmACGG AACAGGTATT 

CGCTGGTCAC TTCGATGGTJ: "l'GCCCGGATA .AACGGAACTG GAAAAAC'l'GC TGC'l'GG'l'GT'r 

~ OGCGC'1'GGA. 'MCGGCGTGC GGTCGGCAAA GACCAGACCG 'l'TCM'ACAGA 

AC'l.'GGC..'GATC G'.l"l.'mGCGTA TCGCOAAM.' CACCGCCGTA AGCCGACCAC GGG'rl'GCCG'l' 

~ ~ GACTGATCCA CCCAGTCCCA GACGMGCOG CCCNTAMC 

GGGGA'l'ACTG ACGAAACGCC TGCCAGTATr 'TAGCGAAACC GCCAAGACTG WACCCATCG 

CGTGGGCGTA T'l'CGCAAAGG A~ GCG'I'CTCTCC :AGGTAGCGAA AGCCA'l'i'I'I"'r 

'I'GATGGACCA T'l'TCGGCACA GCCGGGAAGG GC'l'GGTCT'.I'C ATCCACGCGC GCGTACATCG 

GGC.MATAAT ~ G'l'GGTGTCGG C'l'CCGCCGCC ~ ACCGGGCGGG 

AAGGA'lmAC AGAT.l"l'GA'l'C CAGCGATACA GroCGTCGTG A'l"l'AGCGCaJ -rGGCC'I'GATI' 

CATI'CCCCAG CGACCAGATG A'l'CACAC'l'CG GGTGA.TTACG A'l'CGCGC'l'GC ACCAT'l'OOCG 

T'.mCGCGT'I'C GCTCATCGCC GG'l'AGCCAGC GCGGATCATC GGTCAGAcx.m. '1-:mATTGGCA 

CCA'I'GCCG'l'G GGTT'.l'CAATA ~ CCACCACATA CAGGCOO'l'AG cnGTCGCACA 

GCGTGTACCA CAGmGA~ TTCGGATAAT GCGAACAGCG CACGGCG'ITA ~ 

GCTTCATCAG CAGGATATCC TGCACCATCG TCTGCTCA"I'C CATGACCTGA CCA'l'GCAGAG 

GATGATGCTC GTGACGGTTA ACGCCTCGAA TCAGCAACGG CTTGCCGTTC AGCAGCAGCA 

GACCA.Tl'TTC AATCCGCACC TCGCGGAAAC CGACATCGCA GGCTrcrroCT TCAATCAGCG 
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TGCCG"l'CGGC.GGTG'l'GCA.GT TCAACCACCG CACGATAGAG ATTCGGGA'TT TCGGCGCTCC 

ACAG'TTl"CGG GTrl'TCGACC ~ GTGTGACGm ATCGGCATAA CCACCACGCT 

CATCGATAAT TTCACCGCCG AAAGGCGCGG TGCo;crGGC GACCTGCGTT· TCACCCTGCC 

ATAAAGAAAC "fi:i'l'rACCCGT AGGTAGTCAC GCAACTCGCC GCACATCTGA AC'ITCAGCCT 

CCAGTACAGC GCGGCTGAAA TCA"J.'CA'I'TAA. AGCGAG.1'GGC AACA'l'GGAAA TCGCTGATl"l' 

G'l'GTAGTCGG T'l'T'ATGCAGC AACGAGACGT CACGGAAAAT GCCGCTCATC CGCCAO.TA'l' 

CCTGA.TC'rt\! CAGATAAC'l'G CCGTCACTCC AACGCAGCAC . CATCACCGCG AGGCGGTT'rl' 

CTCCGGCGCG TAAMA'l'GOO CTCAGGTCAA ATrCAGACGG CAAACGAC'I'G TCCTGGCOOT 

AAci:GACCCA GC'GCCCGT"m CA~T GAAACGCCGA GTTAACGCCA TCAAMATAA 

TTCX;CG'l'C'1'G GCC'l'TCCrGT AGCCAGCT'l.T CA'l'CMCATl' AAATGTGMC GAGTAJ\.OAC 

CCGTCGGATT CTCCS'l'GGGA ACAM.CGGCG GATTGACO::r AATGGGATAG GTl'ACGTTGG 

TGTAGATGGG CGCATCGTAA CCGTGO.TC'r GCCAGT'l'TGA GGGGACGACG AO\GTATCGG 

CC'l'CASGAJ\G ATCGCACTCC AGCCAGCTT'l' CCGGCACCGC TTCTGGTGCC GGAAACCnGG 

OAAGCGCCA 'l"'l'CGCOT!'C AGGC'l"GCGCA AC'1'GTTGGGA AGGGCGA'rCG ~ 

C'l"J."CGC'l' .AC'GCCAGC'l'G GCGAAAGGGG GATG'1'GCTGC AAGGCGA'!TA AGTTGGGTAA 

CGCCAGGGTT 'l"TCCCAG'l'CA OOACG'l"lGTA AAACGACGGG ATCCCTOOAG GAAT'l'CA'l'TT 

ATAGCATAGA AAAAAACAAA A'l'GAAA'l'TCJ.' AC'rATA'l"'r'rr TACATACATA TA'r.t'C'l"AAA'l' 

A'l'GAru\.GTGG mATTG'l'GAC TAGmTAGCA TCGCTTCTAG ACATATAC'.rA TATAGTAATA 

CCAAtm.C'I'CA ~ AC'l'GATACAA TCTC'l'TATCA 'TGTGGGTAAT G'rlCTCGATG 

TCGAATAGCC ATA'l'GCCGGT AG'I'TGa.;ATA TACATAAACT GA-rcAC'rAAT TCCAAACCO. 

CCCGCl"'lTI"l' ATAGTAAGT'r 'l"I'TCACCCAT AAATAA'rAAA TACAATAA'lT AAT'I"l'CTCGT 

AAAAGTAGAA AATA'l'ATrCT AAT'l'TA..rTGC A.CGGTAAGGA AGTAGAACJ:'CA 'l'AM.GAACAG 

TGAa.;GATCC CGGGATGGCC ACACAGGGAC AACGCG'l'CAA C'I'GGGGAGA'l' GAACC'I"l'CCA 

AAAGACGTGG TCGT'J.'CTAAC TCTCGTGGTC GGAAGAATAA 'l'GATATACCT TTGTCATTCT 

ACAACCCCAT TACCC'l'CGAA CAAGGATCTA AATI"I'TGG1\A 'lTI'ATGTCo;; AGAGACC'rl'G 

'ITCCCAAAGG AATAGGTAAT AAGGATCAAC AM.TTGGTI'A TTGGAATAGA CAGATTCGTl' 

ATCGTATTGT AMAGGCCAG CGTAAGGAAC TCGCTGAGAG GTGGTTCTTT TACTl'CTTAG 
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GTACAGGACC 'I'CATGC'l'GAT GCTA..UTI'CA AAGACAAGAT TGATGGAGTC TTC'1'GGGTTG G840 

CAAGGGATGG TGCCATGAAC AAGCCCACAA CGCT'l"GGCAC TCGTGGAACC AATAACGAAT 5900 

CCMACCACT Gl\GATTIGAT GGTAAGATAC (X;CCACAG'I'T TCAGCTTGAA G"l'GAACCGTT 6960 

CT.AGGAACAA "lTCAAGGTCT GGTTC'rCAGT CTAGA'l'CTGT Tl'CAAGAAAC AGATCTCAA'I' 7020 

CTAGAGGAAG ACACCATTCC AA™.CCAGA ATAA'l'l\ATGT TGAGGATACA ATmrAGCCG 7080 

TGCTl'GAAAA ATTAGGTGTl' ACTGACAAAC AAAGGTCACG Tl"CTAAACCT ~CGTA 7140 

G'l'GATTCCAA ACC'l'AGGGAC ACAACACCTA AGAA'I'GCCAA CAAACACACC TGGAAGAMA 7200 

CTGCAGGCAA ~ ACAA~ ~ AAG'l'AGTl'CA GCTAACTrl'G 7260 

GTGATAG'l'GA TCTCG'l"IGCC AA'l'GGTAACG C'l'GCCAllTG C'l'ACCCTCAG ATAGCTGAAT 7320 

GTGTTCCATC AGTG'l'C'l'AGC ATAATC'l".ITG GOG'l'CAA'l'G GTC'l'GC'XGAA .GMGCTGGTG 73 80 

ATCAAG'l'GAA AG'l"CACGC'.rC AC'l"CACACCT AC'l'ACCTGCC AAAGGATGAT GCCAAAACTA 7440 

GTCAA'l"'l'CCT AGAACAGATl' GACGC'l'TACA AGCGACC'l'TC TGAAGTGGCr AAGGATCAGA 7500 

GGCAMGAAG- ATCCCG'l'TCT AAGTCl'GCTG ATAAGAAGCC 'I'GAGGAGT'l.'G TCTGTAACTC 7560 

crrGTGGAGGC ADCACAGA'l' ~ ACACACAGGT ~'l'GA'rr GA-mAGG'l'TA 7620 

CGU.CTAAAC GCATGCCCGG ~ ~ AAACGAAGG.A AAAATrAGT'l' 7680 

ADS'.l"AGCCG CACTCGATGG GACATrrCAA CG'l'MACon" "rl'AATAA'l'AT Tr1'GAATCTT 7740 

ATl'CCATl'AT CTGAAATGG'l' GG'rAMACTA ACTGCTGTG'l' G'l'ATGllATG ~ 7800 

GC'rl'CCrl"rl' CTAAACGATT GGGrGJU;GAA ACCGAGATAG AAAT.AATMG AGGTAATGAT 7860 

ATGTATCAAT CGG'l'G'mTAG ™'1'G"rl'AC ATCGACTCAT AA'l'A'l'TATAT Tl'l'rrATCTA 7920 - . 

AAAAAC'I'AAA AA'l'AAACM'T GAT'l'AAA'rl'T -mATA'I'AATA C'rl'l\AAAATG GA-rG'l".l'G'l'G'I' 79 80 

CGTI'AGATAA ACCG"I'l'rAm TA'rr1"rGAGG AAATTGATAA '.l'GAGTI7\GAT TA™CCAG 8040 

AAAGTGCAAA TGAGGTCGO. AAAAAACTGC CGTATCAAGG ACAGTI'AAAA CTATTACTAG 8100 

. GAGAA'rrAT'l' ·rr"l"rcrrAGT AAGTTACAGC GACACGGTAT ATTAGA'l'GGT GCCACCGTAG 8160 

TGTATATAGG ATCTGCTCCC GGTACACATA TACG'l-1'.ATIT GAGAGATCAT Tl'CTATAATr 8220 

TAGGAGTGAT CATCAAATGG ATGCTAA'I'TG ACGGCCGCCA TCATGATCCT ATI'TTAAA!I'G 8280 

GATTGCGTGA. TG'l'GACTCTA GTGACTCGGT TCGTTGATGA GGAATATCTA CGATCCATCA 8340 

AAAAACAACT GCATCCTrCT AAGATTATTT TAAT'ITCTGA TGTGAGATCC AAACGAGGAG 8400 

.Thi•1lf 1i f1U1ffilil1imrced 
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GAAATGAACC TAGTACGGCG GATTl'AC'rAA GTAAT!'ACGC TC'l'ACAAAAT GTCA"l"GATl'A 84GO 

G'l'ATl"1'TAAA CCCCGl'GGCG TC'l"AGTCTTA AA~ CCCG'rl"I'CCA GATCAATGGA 8520 

'I'CA1\GGAC'r.r Tl'AT.ATCCCA CACGGTAATA MATGT.rACA ACcrrr.rGCT CCTTCATA'IT 8580 

CASGGCCGTC GT'l*rrACAAC GTCG'l'GAC'l'G GGAAAACCCT GGCGTTACCC AAC'l'TAATCG 8640 

CC'l'TGO.GCA CATCCCCC'lT TmCCAGC'l"G ~AGC GAAGAGGCCC GCACOOATOO 8700 

CCC'rl'CCCAA OsGrl'GCGCA GCC'rGAA'l'GG CGAATGGCX;C crGATGCGGT A'r'lTl'C'l'CT. 8760 

TACGCATC'.IG TGCGGTA'r!T CACACCGCAT ATGGTGCACT CTC.AGTACCA TC'l'GC'rCTGA 8820 

TGCCGCATAG T'.r.AAGCOG'l' ACAC'l'CCGC'l' ATCGCT.AmT GACTGGGTCA TGGCTGCGCC 8880 

CCQACACCCG CC!AACACCCG C'l'GA.CGCGCC CTGACGGGCT 'l'GTCTGC'l'CC OOGCA'l'CCGC 8940 

Tl'ACAGAOA GCTG"l'GACCQ TCTCCGGGAG CTGCM.'G'l'G'.r CAG1\GCl.t-rr1· CACCGTCATC 9000 

AC~ GCGAGGo.G 9019 
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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 (N) and transmembrane (M/El) 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 

lB. 

3. The recombinant raccoon poxvirus of claim 1 wherein said .internal 

gene encodes the M/Bl protein of FIPV having the amino acid sequence as set out .in 

Figure lA. 

4. The recombinant raccoon poxvirus of claim 1 wherein said virus has 

genes encoding the El and N proteins of FIPV. 

S. A va~e comprising: 

a recombinant raccoon poxvirus having at least one internal gene 

comprising a DNA sequen~ encoding a member selected from the group consisting of 

the nucleocapsid {N) and transmembrane (MJEl) proteins ofFelinelnfectious Peritonitis 

Vl!Us (FIPV), 

a pharmaceutically acceptable carrier or diluent, and 

a pharmaceutically acceptable adjuvant. 

6. The vaccine of claim 5 wher~ said internal gene encodes the N 

protein of FIPV having the amino acid sequence as set out in Figure lB. 

7. The vaccine of claim 5 wherein said internal gene encodes the 

---·----···--·--···-- ·-· -- ·-- .. - ····--·---- --------·-
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WEl protein of FIPV having the amino acid sequence as set out in Figure lA. 

8. The vaccine of claim S wherein said virus has genes encoding the El 

and N proteins of FIPV. 

9. The vaccine of claim S further comprising inactivated or attenuated 

viruses selected from the group consisting of feline leukemia virus, feline panleucopenia 

virus, feline rhinotracheitis vinis, feline calicivirus, feline immunodeficiency virus, 

feline herpesvirus, feline enteric coronavirus, or mixtures thereof. 

10. The vaccine of claim S further comprising inactivated or attenuated 

feline Chlamydia psittad~ Microsponun canls, 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 (M1Bl) proteins of Feline 

Infectious PeritOnitis Virus (FlPV), 

. a second recombinant raccoon poxv.irus having at least one internal 

gene comprising .a DNA sequence encoding a member selected from the group 

consisting of the nucleocapsid (N) and transme~brane (M/Bl~ proteins of Feline 

Infectious :P~tonitis Vll'Us (FIPV), 

a pharmaceutiCany acceptable carrier or diluent, and 

a pharmaceutically acceptable adjuvant. 

12. A method for preventing disease caused by Feline Infectious 

Peritonitis Virus (FlPV), 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/El) proteins ofFIPV. 

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 lB. 

14. The method of claim 12 wherein said internal gene encodes the M/El 

protein of FIPV having the amino acid sequence as set out in Figure lA. 

15. The method of claim 12 wherein said virus has ge~es encoding the El and 

N proteins of FIPV. 


