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i nvention pertains to the prophyl axis of disease caused by

AHP-93116-aU

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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feline infectious peritonitis virus (FIPV), using reconbinant raccoon pox

viruses (RRPVs) expressing the nucl eocapsid and transnenbrane proteins of
“FI PV as vacci nes. Background of the Invention Fel i ne

i nfectious peritonitis virus (FIPV) induces a system c infecti GAHF-A3CH-AU

that is often fatal. The effusive formof the disease is characterized by

accunul ati on of fibrinous aSCItIC f1ui d. ~TRe~non- effu5| ve form of the

di sease is char acteri zed gl omant.ous | esions in pl.e or

i ncl udi ng, bh eﬁ%‘?’e!‘?%aPB%FﬁP oLy méﬁ‘l“@@ﬁ enh P%ﬁ?éﬁ‘ u%dn lated by

i nt esti nes. J,@jég‘? Cﬂ}ﬁﬁ{

Cor onavi r al ﬁﬁ]ﬁ‘act | onsfming%(% e ?esgorzsggg the Vé*lse’??l ous Darstg’ggiggég?n??}dée%o
and Cats. W BlirestadnagaiastGhe, Slmotleanlel(@ibmac W, etgdq, J. ppiroBo¢:- 373-189, 1981.
Fel i ne i nfectj t opi us. i S..a £oron |rus oged of t

el or st ruct (TIEERE: benBest GadichEyickinf 6F RBRILHE of N 3R6ns2 o e 2 ne
M (transnen é%tﬁ-)m&i @2 | ifduces Gtrohg c&n-&ﬂadﬁkﬁom&nigy P ﬁis@ncé/ﬁﬂeﬁﬁaﬁéing
al., Virology I 327- 335 1991 and Dgl e, et al PO 0,376, 744.

Prior vacci neatippdigs e Jhiseoyld-he ascompfished it a;varcing that lacks the 9“‘5%6%‘“’4%
L5 0 S g 5l sl G BV O3 5 1 b
64: 1407- 140%p 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 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
15 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

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. 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.

25 These and other objects and advantages, which will be apparent from this
specification, are achieved by the invention described below.
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9 rophyl axis of this disease would be a
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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preparation that induces strong cell-nediated inmunity in the absence of
enhanci ng anti bodi es. This could be acconplished with a vaccine that |acks
"the outer envel ope protein but contains the other structural proteins,of
FIPV (N and El). Prior attenpts to vaccinate cats with a r econBiifraiHt 16-Au
vaccinia virus expressing the Nor El proteins of FIPV, however, have
failed to induce strong protective i munity.-Venema et al ., Virology

181: 327-335, 1991 and Dale, et al., European Patent Application 0,376, 744.

See al so, Vemecumbm‘amaﬁmas Paltewill Bppdbivicassi tonofk; 4Rille®d4d . the art that alternativiédhat
I's needed in the her ef or e, é&n effecgtive vacci ne against Fl PV that

utilizes the sglecia elﬂar %gg}eﬁssucgras REMRYCIR FRSIYATICE Bene, or neRjEBRt 2enge
terms "E1" apg oti¥rs,aSin'beqled' &S Srabticd memfenﬁ&nt %Enﬁi, ttﬁ@fo}éxgﬂ‘?ﬁigé%@g% t

protein, refer to the same transmenbrane protein. ry 0
The present ianddhe salectabie marker geoe anethymidioe mDmeewithfacﬂmmo

poxvi r Bsce. o SHORMIPAGEEHSFEINE J/cHE Basmid BivA SoReaces it FeoRRo PRy iReanc

RRPV- E1, resgmqAively). A further object of the invention is
to provide a feli ne VaCCI ne congrl sing RRPV-N or RRPV-El, either singly or
i n combi nation, or erpsessing the FIREN o ks@esarempareﬁéy

that have be?ﬂsﬂiﬂéﬁﬁhﬁ@&&ﬁeﬁbl@é&lﬁm@u@ﬁu VéroWt¢C 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-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. |
15 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 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

25 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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‘further ‘6bj ect of the invention is to provide a method for preventing

di sease caused by FIPV, by admnistering to a feline in need of such
“treatnment a vacci ne conprising RRPV-N, RRPV-El, or conbinations thereaqf.
These and ot her objects and advantages, which will be apparent AFPodiifray
specification, are achieved by the invention described bel ow

2a In accordance with a first aspect50‘f the present invention there
is provided a_recaonbi nant raccoon poxvirus having at |east one internal
gene conpr i s¢ai§ RIeVRMSlY dafested ewéhéﬁ& -Hpe Ja6RORD POXEIENEIesEls Iy Bmpraductiosuef

CONsi sting Ofecombinant viruses that express both proteins simultaneously (RRPV-FIPV E1/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

5 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

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 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.

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 (TCIDs,), an amount of virus yielding 50% infection under defined conditions.
A method for TCIDs 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 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

his Sheet Has Been Replaced’

RITn




“the nucl eocapsid (N) and transmenbrane (M E1) préteins of Felinelnf%ctious

Peritonitis Virus (FIPV). In accordance with a second aspect of the
“present invention there is provided a vaccine
conpri si ng: a reconbi nant raccoon poxvi rtiP-R3t1%¢Vat

| east one internal gene conprising a DNA sequence encodi ng a nmenber
sel ected fromthe group consisting of the gucleocapsid (N) and
transmenbrane (M E1l) proteins of Feline Infectious Peritonitis Virus

(FIPV), lyophilized, is reconstitutdd RA&Y i@ﬁﬁiﬂlééi@n YacB&tad edttier ShldsUeidhized
di l uent, and pharmaceufi cal'ly acceptabl e adj uvant.

I'n accor dancavaim, ﬁa@%mm@é@béffe@ﬂ sahiee,prdbe bike.i nvention there is
provi ded . resen? lﬁ(@eﬁﬁbﬁ?s rfb?mﬁﬂ kea ttive (i.e. re ngcapon—competenﬁe

a first reconbi nant racco poOXVi rus havin ne i
conpri si ng aRR¥VseThe viraseeall dgsatgcam tﬁenibfu‘cteaeb eehtaénts' omdnly ysed in theart
consi sting of the nucleocapsjd (N) ,.and transnenbrane (M ELl) prot e| ns of

Felined | nfQ¥ardyate PB'PFQson‘FF?E‘P%‘PH% CQMpmsjng inactivated v1rus an efoeS proteig
second r econ%?&téfﬁﬁﬁ%’ih exeidin H?ot@&i(t‘eri ttﬁga‘lﬁst xf‘it Rins a subG&Ent
a er s te

conpri si ng sequence enco omt e group
quantity of FIPV protein. Tlus type of vaccine would provxde 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 (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

15 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

20 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

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 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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“consi st ng of the nucl eocapsid (N) and transnmenbrane (MEl) prote| ns of

Fel i ne I nfectious Peritonitis Virus (FIPV), a
“ pharmaceutically acceptable carrier or diluent, and AHP-93116-AU
a pharmaceutical ly acceptabl e adj uvant. In accordance with a fourth
aspect of the present invention there is prOV|ded
a nethod for prevent| ng di sease caused by TFeline Infectious Peritonitis

Virus (FIPV), i si ng, adm ni s} er to a feline in need of such
treatment °“%1 nﬁ? Fﬁr‘ﬁsgéiy tjge"g@%orrbi nant raccoon poxvirus having at
| 'east one internal ge”@fhe foll GWiRR dxdin ?%%@Nﬁeﬁ&ﬁ%%ﬁh&“ﬂ&gﬁﬂg tﬁefiﬁ%ﬁbn

selected fromthe group consisting o the nucl eocapsid (N) and
t r ansmenbr anwithdtElimitngiteiscapeof The Behniques used to infect and transfect cells, plaque

purify virus, perform immunoblot analysis are widely practiced in the art.

5 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

10 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

15 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

20 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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- 3- Description of the Draw ngs Figure 1
illustrates the nucl eotide and am no acid sequence of the FIPV El
“protein and the FIPV N protein (Figures 1A and 1B, respectivel X }-9 116-AU
Figure 2 illustrates the plasm d used to clone the genes encodlﬁg t3he My
5 El and N proteins. Figure 3 schematically
shows the pSCl 1 transfer plasm ds used4 @ create RRPVs encodi ng
the FIPV E1 and N protei nf{@éFi s 3B and 3C, respectively.)

Figure 4 il (appreximatelnd x b@lg(lﬂemrs tspue nulture disbp@erd infacked fiot 3660 misces

FI PV N ( Fi . i V. . e o i e 5
LN Dhot oo BESTC WA Sl SRRB6H s (ATCE VR-8381at a upleiplicity of infidliBn”
t he ?_nal ysi S(IGIDIPEFW.—IFT(EED,NcadeREQRMdEhPQZG i) coysigted viBa a? Miidin ¥ ' ﬂ;nlzﬁsp?]tialt o
reactl on. | IS an . | NnMmuno 0 | SUr |
erect L on of Madinm GMEMEL, Gibeo BRE 1 Tadty soniting 1S% iastalbumth bxduplysste

lysate§. 15 and 15 pg/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
10 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

15 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
20 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
25 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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Det ai | ed Description of the Invention . The vacci ne of
the present invention may be prepared by creating r econbi nant
“raccoon poxviruses (RRPVs) containing the genes encoding the N or El
proteins of FIPV or inmunogenic fragnments thereof. These genesAhP-93{if-qu
i nserted into 20 a transfer plasmd, which is then introduced into
appropriate host cells that have been previously infected with a
raccoon poxvirus. As a result, the DNA fr 8m"t he transfer pl asm d

IS incorpora ' t i odh Rat i .
pr oduci ng Bﬁgt hwﬁeﬁﬁﬂ%gs(%t%gtscc%ng%l %3@6’9??’5%4 %g %@?Pg.”é)ﬂﬂ trypsin,
DNA encodi ng vbftexed Ivilbrbuisdy, dndl ingubated as37C forsiS-3(eatin.nThe diseuptedwnizhleplagies
pl asm d i nredi attehl y .downstream of a E))IOXVi rus, promojer. In a preferred .
enbodi ment, Wwere then inoqylated:ontg/§ 18° ¥erp Reilspmoiim plagkiotngd ingpbated at /i7aC
Virus i s usedgs t@?\# , t %R { :
functional i gs%ox ?"ﬁésle%ac%!ﬁmg? ?g%bgpﬁs“éa(i oURERRE! e h§y§al?& co?;?}%mng
pref er Sed tr RRIVEFIRV 26 wert subjartedotot tvorcycles loftfreegertimsting iadd seorethak er

gene. Whi o Qg ShOhaRah T R 2 5 55 erd elela e oo EpAiES 1R
times as described above.

4, Isolation of Recombinant Raccoon Pox Virus Containing
the FIPV El Gene
10 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
15 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
20 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
25 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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-4- reconbi nant viruses. It will be obvious to one skilled in
the art that alternative sel ect abl e marker genes, such as the
~ neonycin resistance gene or the E. coli gpt gene or others, can
be used to practice the invention. Flanking the foreign gene oAHR-Rftiedy
and the sel ectable marker gene are thym di ne ki nase DNA sequences, which
facilitate 5 reconbi natorial integration of the plasmd DNA
sequences into the raccoon poxvirus

DNA.
Fecor Tent HERR BRGNS AP RO SO SR SRR B,
(ATCC CCL  deoxyribonucl@fiide tRpliophiteT S MR MZCBY) 30 pmaled-bf ¢ath@ligbfclSatide
Such a5, - of BRSHARG 2 FoRof AmpBRG BNA polyterase [BerifoFTmft. At NopHall,
contai ni ng t6g) Erheiprime@nfed In HREPCRIBP FPVINGvdrai 0 the infected
cells using cationi ¢ |iposone-nedi ated transfection, or other suitable
t echniyues such afl) 3'-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) 5'-TATGTAATGTTCGGCTTTAGTG-3'
10 (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
15 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
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
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-

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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" electroporation or cal ci um phosphate precipitation. Virus replication is

allowed to proceed until cytopathic effects are noted in all
- cel.l s. 15 I ncorporation of the FIPV El or N genes
into poxvirus DNA is acconpani ed by disruption of A’E"Fr@ﬁil?'a’lu
t hym di ne ki nase gene. Therefore, virus harvested fromthis

infection may be isolated by selecting fojjthe absence of a thym dine
ki nase gene; this is achieved by growth on tk- RAT-2 cells (ATCC CRL 1764)

in the pr eeeﬂﬂ@ex@fm&ro%@@éﬁwmamﬂ% 29/cmt RSk ¢RRLRI0! Bdlsh
gene insert fromthe transfer yp asmd are further_identified by

t he appear anvesednfegteg) Uléh[ﬂl%nfé@f@@h@'rm FENOhhor RRPV-FIPV El at amMOI of
presence of g chr %&S{Jﬁﬁt %I‘eeufx agﬁtﬂ é‘lécg‘éﬁ gjefo§u§ g(ugﬁi

Viral plaques ’tha survive these sele |on an scCr proce ured are
t hen subj ectapgroximatelyr 88% of the el shdvmduqrtmﬂu&mfﬁtlsonﬁ. ﬁmsedhéymteywas he

presence of the. E1 or N gene dby hai n
react :}gn te&ﬁ%’%f"d&@%?‘f e symple were ‘%’F@%ﬁé‘g"ﬁ P‘lﬁfaﬂﬁg‘ag?&e"@f
confirmed byt | %

These vi rusgg ar emc%lls?&ff t ?H/S & %@g@@gﬁ?s&ggg E}ylg\e/roh 0'4%%8&%5&01
respecti vel yplue, and 3% 2-8-mercaptoethanol) and| keated atr 95°C fomd autinge Mheodenatuged
present inventio enes

e oon o o ERoteRlsrbilEs RIS SodRRt by Sn8 matyrrylamide 2 opbaredR g ¥ 815%!

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 Labora:tories, 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.
15 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
20 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
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-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- cells previously infected-wth wld-type raccoon poxvirus
results in the production of reconbi nant viruses that express both
" proteins sinultaneously (RRPV-FIPV EI/N). In a still
further embodi ment, RRPVs can be produced that express |ess- AHP-93116-AU
than-full-length segments of the FIPV E and N proteins. The techni ques
used to 5 engi neer transfer plasm dq?‘encodl ng partial sequences of El
and N are wel | - known and wi dely used in the art, as are the
met hods T or g5 Oile el %@dPﬁﬁfl‘W“'dtHS AlicBENboa compleres Wil Hsuftlzdd Wifll ©
specificatio For exanple, 1ntroducti o onucq eoti des contai ni ng
a stop codonpaxom@secnhaoqnogme sabsmge ﬂﬁrbegam*dDMAPm [Laborathrics IncJ)eSuerdseet

be i ncor por BB PPV ARAURTod oot Pos o Vo BRI et i RfLeS)

skill in thetly podilioé and Siephfivd GoRedIS,Cfts@tively. A typical immunoblot is shown in
5 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

10 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).

15 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
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 cm? flask (1 X 107 cells) with
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"of such recombi nant RRPVs can est¥bli sh whether the Tntact protein, or

subfragnents thereof, are nost preferred in practicing the present
“invention. Furthernore, as stated above, DNA encodi n&iﬂbﬁggﬁpt
fragments of E1 and N can be used in a conbination vacecl after

i ncorporation into the sanme, or different, RRPVs. 15

For vacci ne preparation, susceptible cekl$3sdch as those |isted above are

infected with RRPVs at a multiplicity of infection (MJ) of 0.1 infectious
uni tsl cel | orl ml of viral-cdlElysate (apptdximatslyd 6] infectibusovirusgartiolésdcaridoineubating at s

defi ned | | nf ' Do Tl .
of virus yi o1 ot detih a1 it etesk s cbiRved GBS cays): s vitis S o
for TA O err]iygtd Yaftitdidddh Verocd@lghs 8&dcrited iy ExRiplell ,RaldRarvedtam ﬁ%master

cytopathology”is noted in >90%of the cells, the Infected cells an
extracel | uar seedivitys stock to obtajrhthe master seedotirusonThe MQI tobaoesed 4o producedbe ed

as a single wi. ;: cell t e .. . . .. .Theshi ghl

concentt ot o TEN: B sl 3egLvigusarps detesmipsd by fnochiaging 8 HOFGe cholayer of

fcgozen ((j- 50[ eﬁér]o@:dls incl stdtey bottlel Qldﬁphbabanﬁv&mt\iak—iolhkléo{!mm fa;cgmmam virus g
ounds such as - am ne, rose. gelatin_or, ers designe

tom;t abi lize € Q-lNthu&%r prQ}-fQ-QQegiW& ml ﬁﬂ)sgcell) yIpRi !“?@&q W%Be

added. The vij b 4ol Pe | ' P

further concelg{t*?oaatt? détu:?i %"’Eﬁém %‘ﬁ §6§v%%§ g%f gsg&%%hﬁmws days),

Typi cal |y, t readcthe d¢iters ofteachn infécted roller bottle was datecinined! dFhaimasten seedi viruses

T b L 855 bl Sy R Bt

~vaccination, fe&@eirus is thawed (if frozen) or, if

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
15 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
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 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
25 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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-6- - .- | yophilized, is reconstituted with a e
physi ol ogi cal | y-acceptabl e carrier such as deionized wat er,
- sal.i ne, phosphate buffered saline, or the like. The
present invention is not limted to native (i.e. replication-cARDdAGYAU
RRPVs. The virus-cell lysate can be subjected to treatnents comonly used
in the art 5 to inactivate viruses. 146\ conposi tion conprising
i nactivated virus and expressed protein will be effective in

quant i 1y of 1 Py (e Bt et REE bidnsoldeat (sbec GRS Ged M Stibue
assurance t hifawley, Madisor, W) iconiprisingi s&@nwhdles and sdsenwdemdes owasnhiget fo0us

FI PV f
as a coggrg rlljsetg(t:eeth% efﬁgacc%l gfa &xe %{PV-FIPV N vaccine. Cats were dzwded into five

groups and vaccinated twice, 21 days apart, as indicated below:

1 5 3
2 5 1
3 5 3
4 4 | RRPV-FIPVN 3 1054 sC 5
(1:10 Dilution) ;
10 5 5 Wild Type RPV 3 1054 | SC
*SC = Subcutaneous
IM = Intramuscular
Oral = Oral .
15 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-

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, 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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In addition, a physiologically-acceptable adjuvant may be added to e
virus, such as EMA 31 (Monsanto Co., St. LOUIS NECCRYL
 (Pol yvinyl Chem cal Industries, W | m ngt on, E&g%gen1

Veterinary Products, Omha, NE), Squal ene Pluronlc 318p-Althe
i ke. I ndi vi dual raccoon poxviruses expressing the
N or E1 genes nmay be m xed - toget®r-for vaccination. Furthernore,
the virus nay be m xed with additional 15 i nactivated or attenuated
viruses, bacteriaSIGN fungi such as feline | eukem a SQARE feline
panl eukopeni a virus, feline rhinotracheitis virus, feline calicivirus,

feline | pegegodef i ci ency 1@3.0us103.¢F ne Inq;oﬁ)‘maiys, feline enteric
coronavirus, feline Chlanydia  104.0- 10%594@Ci, 2 t9RIaPr un canis, or
others. In addition, antigens frgfps gegabove-ci g ints/da or gani sns nmay

be incorporated into conbination VaCCI nes. These "anti genhs may be 20

purifigd from nat 0, Iy, R¥€ #
Ty cotpri e UG cal 4l BRactne i é@f%&ﬁ%@%ﬁ? FERS pBihes Y] B Reorld
pepti des derived %rtﬁ?‘%‘#“res are If excess of 'a further enbodi nent
of the present vention, live or inactivated, RRPV virus-cell

| ysat es can Y‘gé‘éﬂ‘borat ed into |i posomes1 R?Em@%’apsul ated in peptide-,
protein-, ornﬁmm:charl de- based m crocapémﬂﬁﬁl ior to admnistration,

usi ng means ABorexia that are known in thelgoint/day’ The
fi nal 10acci nBeritoneal Swelling>r ed to cats i n al\pointfdayt hat may range

from about Olctert® about 5 ml. The vaccine tawidtadagdni ni stered by

subcut aneousWeight Loss »20% 1 point per obseryation
>30% 2 points per observation
>50% 5 points per observation
15 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
20 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
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 2/5
30 (40%) of the cats succumbed to FIPV-induced disease. However, the onset of disease
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“intranmuscul ar, oral intradermal, or intranasal routes. The nunber of
I njections and their tenporal spacing nay be varied. One to three

- vacci nations adm ni stered at intervals of

AHP-93116-AU

-7- one to three weeks are usually effective.

The foll ow ng exanples are intended to further illustrate the invention
without limting its scope. The technigueggused to infect and transfect
cells, plaque purify virus, performimmnoblot analysis are w dely

practiced i nirf theseedts 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 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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OF RECOMBI NANT RACCOON POX VI RUSES
Cloning of FIPV N and E1 Genes and Preparation of

0

Example 1 -
EXPRESSI NG FI PV N AND E1 GENES

GENERATI ON

The sequences of the E1 and N

i nvention are
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shown in Figures 1A and 1B

cloning of the
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20 I nserted downstream of the N gene in pSCl1-FIPV N. The resulting
ptasnmi d was desi gnated pSC 1-FlI PV N EL. 2.
Preparati on of Recombi nant Raccoon Poxviruses (RRPVs)

Monol ayers of Vero cells (ATCC CCL 81)§t-hat were 80% confl uent

- 8-

SRQUENCE LISTIIKS

(1) GENERAL INFORMATION:

(i} APPLICANT: Wasmoen, Terxi
Chavez, ILloyd
Chu, Hsiepn-Jue

(ii) TITLE OF INVENTION: Recombinant Raccoon Pox Viruse and Their
Use as an Effective Vaccine Against Infectious Peritonitis
Virus Disecase

(iii) NUMBER OF SBEQUENCRS: 4

" {iv) CORRESPONDENCRE ADDRRESS:
(A) ADDRESSEE: Darby & Darby BC
(B) STREET: 805 Third Avenue
{C)} CITY: New York
{D) STATE: New York
(B} COUNTRY: US
(F) ZIP: 10022

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B8) COMPUTER: IBM PC campatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
{D) SOFTWARE: PatentIn Release #1.0, Version #1.25

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

{viii) ATTORNEY/AGENT INFORMATION:
(A) NAMR: Schaffer, Robexrt
{B) REGISTRATION NOMBER: 31,194
(C) REFERENCE/DOCKET NOMBER: 9632/0866%9

{ix) TELECOMMUNICATION INFORMATION:
{(A) TELEPHONR: 212-~-527-7700
(B) TELERFAX: 212-~753-6237
(C) TELEX: 236687

{2) INFORMATION FOR SEQ ID NO:1:

(i) SRQUENCE CHARACTERISTICS:
(A) LENGTH: 789 base pairs
(B} TYPE: nucleic acid
(C)} STRANDEDNRESS: double
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: cOMNA
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(approximately 5 x 10[err] cells/ 100 mmtissue culture dish) were infected
for 30-60 m nutes at 37[err]C with wild-type raccoon pox virus
(ATCC VR-838) at a multiplicity of infection (MJ) of 0.1

TG Derr]/cell. The nmedium (2 m ) coenBl sted of Eagle's M ni num Essenti al
Medi um ("MEM', G bco BRL #410-1500) containing 0.05% 1 actal bum n

hydr ol ysate 5 and 15 [err]g/m gentamcin sulfate and adjusted to pH
7.2 Wi SREGHRADI sefRerat e. After infection, the medi um was
removed anga) horemiEksMYEr€l idenmhesdeibud gediftvnivis vinysSCl1-FI PV N,
pSCl11- FI PV EI or pSC1 1 N E1 transferplasm d by cationic |iposone-

med{vet £H nmmmsmmm Tr ansf ect am@ ( Pronega Corporation, Madi son, W)
and (B) W(Bﬁéﬂ?i%er Mannhei m | ndianapolis, IN), respectively,
per manufacturer's i nstructions. The cells were incubated with the

OSONE MEM cont ai ni ng 5% fetal bovine
ser Jﬁ‘? Mﬁ é%'gc%}rb%gé‘r r%@ (:g%b&[l(?rr] ), after which t he
ed ceI
%’W@ﬁ EENACRARY AinCodindl AHERNA Lot Racl rARIRL o0
W&Oﬂﬁéﬂ&sﬁé ATTAATCGCAVH AR RA;A R NPAPOADIRE Y 3- 41
The virus-cell lysates were then renoved fromthe 15 pl at es and

mtmmmmmm C. 180

3. | sol ati on of Reconbi nant Raccoon Pox Virs Carrying the

ATADTGATOA CTTITTATAAC AGTGTTACAA TATGGCAGAC CACAATTTAG CIGGCTCGTT 240
TATGGCATTA ARATGCTGAT CATGTCGCTA TTATGGCCIA TTGTTCTAGC GCTTACGATT 300
TTTAATGCAT ACTCTGACTA ‘CCAAGTTTCC AGATATGTAA TGTTOGGCTT TAGTGTTCCA 360
GGTGCAGTTG TAACGTTIGC ACTTTGEATG ATCTATTITIC TGAGATCTGT TCAGCTATAT 420
AGARGAACCA ARTCATGCYG GTCTTTTAAT CCTGAGACTA ATGCAATICT TIGTCTTAAT 480
GCATTGCGTA GAAGTTATGT GCTTCCCTTA GATGGTACIC CTACAGGTGT TACCCTTACT 540
CTACTTTCAG GAAATCTATA TGCTGAAGGT TTCARARTGG CTGGTGGTTT AACCATCGAG 600
CATTTGCCTA AATACGTCAT GATTGCTACA CCTAGTAGRA CCATOGTITA TACATTAGTT 660
GGAABACAAT TABARGCAAC TACTGCCACA GGATGGGCTT ACTACGTAAA ATCTARAGCT 720
GGTGATTACT CAACAGAAGC ACGTACTGAC AATTTGAGTG AACATGAAAA ATTATTACAT 780 -
ATGGTGTAA 789

-

{2) INFORMATION FOR SRQ ID NO:2:

{i) SEQURNCR CHARACTERISTICS:
(A} LENGTH: 1134 base pairs
{B) TYPR: nucleic acid
{C} STRANDEDNRESS: double
(D) TOPOLOGY: linear

(ii) MOLECUIE TYPE: cDNA

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

(vii) IMMEDIATE SOURCRE:
(B) CLONR: FIPV N
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RRPVs carrying the FIPV N gene (RRPV-FIPV N) were isolated and

. purified fromthe pSCl1-FIPV N Vero cell transfection by standard viral
pl aque 20 purification nethods. .)bnol ayers of Vero cells (50-80%
confluent) were infected with 2 m of ten-fold serial dilutions
(10[err] to 10 [err])of the viral-cell lysates for 1 hour at 37C.

After incubation, the nedia was renoved and the infected cells were
overlaid with 8-10 m of 1.25% Nobl e agar contai ni ng MEM 5% FBS.
The (RfpcsREuBREESDEBERTPHEEN: SEQ ID Noeghated for 3-4 days at 37C (5%
CO[err] and overlaid again with 4 m of 1.25% Nobel 25 agar
mmacncag AGGEXCARES CAMAARSIGGE] GCABHTBAAC CTTCCAAAAG ACGTGETCET 60

5- brono-4-chl oro-3-indolyl-[err al act opyranosi de ( X-gal,

BEDRARCTEIC CRERFTEEGERcGAR | bﬂcmaﬁgg Wé‘-%A CCCCATTAGS bat edl20
37[errlC (5% err for 4- 16 hours. untli| al act osi dase
Choshhbapt EATCHRRRYY, TRERARTEA Herccliiben, SetTakrii, ChmmRabiTh | o) 180

B RRSRANE" KrPhEER AN PBaTTRINrES AATAGACAGA TTCGTTATOS TATTGTAAAA 240

GGCCAGOGTA AGGAACTCGC TGAGRAGGTIGE TTCITTITACT TCTITAGGTAC AGGACCTICAT 300
GCTGATGCTA AATTCRAAGA CAAGATTGAT GGAGTCITCT GGETIGCAAG GGATGGTGCC 360
ATGAACAAGC CCACAACGCT TGGCACTCGT GGAACCAATA ACGAATCCAA ACCACTGAGA 420
TTTGATGGTA AGATACCGCC ACACTTTCAG CITCGARGTGA ACCGTICTAG GAACAATICA fLBO
AGGTCIGETT CTCAGTCTAG ATCTGTITCA AGAAACAGRAT CTCAATCTAG AGGARGACAC 540
CATTCCAATA ACCAGAATAA TAATGTIGAG GATACAATIGC TAGCCCTGCT TGAAAAATTA &00
GGTGTTACTG ACAAACAAAG GTCACGTITCT AAACCTAGAG AACGCTAGTGA TTCCAAACCT 660
AGGGACACAA CACCTAAGAA TGCCAACAAA CACACCTGGA AGAAAACTGC AGGCAAGGGA 720
GATCTGACAR CTITCTATGE TCCTAGAAGT AGTTCAGCTA ACITIGGIGA TAGTGATCIC 780
CTTCECCAATG GTAACGCICC CARATGCTAC CCTCAGATAG CIGAATCTET TCCATCAGTG 840
TCTAGCATAA TCITTGCCAG TCAATGCTICT GCTGAAGAAG CIGGTGATCA AGTGAAAGTC 2Q¢
Ar_::c-:é'rc:e.crc ACACCTACTA CCTGCCAARG GATGATGCCA AAACTAGTCA ATTCCTAGAR 960

CAGATTGACG CTTACAAGCG ACCTTCTGAA GTGGCTAAGG ATCAGAGGCA AAGARGATCC ~ 1020
CGTTCTAAGT CTGCTGATAA GAMGCCTGAG GASTTGTICTG TAACTCITGT GGAGGCATAC 1080
ACAGATGTGT TTGATGACAC ACAGGTTGAG ATGATTGATG AGGTTACGAA CTAA 1134
(2) INFORMATION FOR SEQ ID NO:3:

(1) SEQUERNCE CHARACTERISTICS:
(A) LENGTH: 8710 base pairs
(B} TYPR: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: circular

(ii) MOLEBCULE TYPRB: DNA {(genomic)

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

{(vii) IMMEDIATE SOURCE:
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© -0-. bl unt needles attached to a 1 cc syringe, suspended in 0.5 m

of 0.25 [err]g/m trypsin, vortexed vigorously, and incubated at
. 37C for 15-30 min. The disrupted viral pliaques were t hen

i nocul ated onto 5 x 10[err] Vero cells A 25 cnferr] flasks and incubated

at 37[err]C (596CD[err]) until greater than 80% CPE was observed.

The viral - {_A r?% n| ng 5 RRPV- FI PV N were subjected to

two cycl es freeze-t Faw ng and stored at -70C. Six individual

RRPV-FI PV N cl ones were selected and plaque-purified five times ag
descri Goih SROUENCE DRSCRIFTION: SEQ4ID ®0d3o0l ati on of Reconbinant Raccoon

Pox Vi rus Cont inin the FI PV E1 Gene

pAAdecR RAhes cerarrrrTa EReTPRATCL ITATGAIAST ABGETEE 60
WW&@@@@W RRldeh il R 00
descri sone nodifications hi s cagé

t RyAAZIPATATT RPATAIGTA QCCSCTCATE ACGACAATANC CCTGATARAT GCTTCAATAZ 180
TATTCARAAA GGABGACTAT GAGTATTCAA CATITCCGTG TCGCCCTTAT TCCCTTTITT 240
GOOGCATTTT GCCTTCCTOT TITIGCICAC CCAGABACGC TEGTCAAAGT ABAAGATGCT 300
GAAGATCAGT TCOGTGCALG AGTGGGTTAC ATCEAACTCG ATCTCAACAG CGSTAAGATC 360
CTIGAGAGTT TTCGCCCOSA AGAACGTTIT CCAATGATGA GCACTTTTAA AGTICTGCTA 420
TGTEGOECEG TATTATOCCS TATIGACSCE GGGCARGAGC ARCTCGETCS. COGCATACAC 480
TATICTCAGA ATGACTTCET TGAGTACTCA CCAGYCACAG ARAAGCATCT TROGGATGEC 540
ATGACAGTAA GAGAATTATG CAGTGOTGCC ATAACCATCA GTGATRACAC TGOGGCCAAC 600
mmmmmm éso
CATCATCTAA . CTOCCCTTGA ICGTTGEGCAA COSCAGCTCA ATGARGCCAY ACCAARCGAC 720
GAGOGIGACA CCACGATGCC TCTAGCARYG GCAACARCEY TCORCAARCT ATTRACTGGE 780 °
SARCTACTTA CICIAGCITC CCGGCAACAA TTAMTAGACT GGATGGAGGC CGATARAGTT 840
GCAGGACCAC TTCIGIECTC GECCOTTOOE GOTGRCTEET TIATIGCISA TARATCIGEA 900
Wmmmmmm 960 -
COTATCGTAG TTATCTACAC GACGGGGAGT CAGGCAACTA TGGATGARCS RAATAGACRG 1020
AMWWWWM 10890
mmamr AGATTGATTT AARACTTCAT TTTTARTTTA ARAGCATCTA GOTGARGATC 1140
CTTTTTCATALATCTCATGAC CAAAATCCCT TAAGGTGAGT TTTCRITCCA CTGAGOSTCA 1200

GACCCCFTAG 3 TCAA AGGATCTTCT TCAGATCCTT TTETTCTGOC CETAATCTGC 1260
TECTTGCARA ACCGCTACCA GOGRTGEETTT GTTTOCCCGA TCABGAGCTA 1320
CCAACTCTTT AACTGACTTC AGCACAGCGC AGATACCABA TACTGTCCTT 1380
CTAGTGTAGC CCACCACTIC AAGRACTCTS TAGCACCGCS TACATACCTC 1440
GCTCIGCTAR AGTGGCTECT GCCAGTEGCE ATARGTCGTG TCITACCGGE 1500

3
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(tk-) hRPVS fromthe initial virus-cell |lysates were selected on tk- RAT-2

cells (ATCC CRL 1764). This was ,perforrred by inoculating 1 m of
the initial virus-cell lysate onto 15 a rmonol ayer of RAT-2 cells in a
75 cnR flask (approximately 5 x 10[err] cells) in the presence of

5- bronodeoxyuridine (BrdU) at 30 [err]g/m in MEM The infected nonol ayer
was i ncubated at 37[err]C (5% CO[err]) for 34 days until greater than 70%

TEREACTCAA GACGATALE! VINCCAAAS -GOGERECEET CORQOTGAME  @CEEEITCS t 0 1840

cycles of freeze-thaw n before storage at -70C. _Two_indivi dual
ﬁ@ﬂw (CRFERASGR, OTAARRACH TRPSGEAAC TRGHTAGCH FACFRIENT o5 0620
W %é% ﬁtﬁa@@@s @naww&e Fl P\hlﬂ
genes I'n s was conf| re usi ng the polynerase chal

SETTTUNEATE (CPatedaces 1800
vvl_th 10 [err]I of tenfold concentrated PCR | ysis buffer (100 nM Tris-HCL

OeHETRAAN BOGERECTET Y TROSSITOCP, GRECTEITIELE ny/i8so
Protei nase K) for 16 hours at 50C, then boiled for 10 mn. 10

TRECCHTIIG tAICACRYEDT WETRCEICCS TTRICCECTECATHEICTCGA TAACCCTATT 1820
ACCGCOTIIC AGCTGAGCTCGA TACCECICEC CCCAGOCGAR. CGACCCAGOS CAGCSAGTCA 1980/

CTGAGCEAGGS AAGCGGAAGA GOGCCCAATA CGCARACCGC CTCTCCCOSC GOGTIGRCCE 2040
ATTCATTAAT GCAGCTGGCA OGACAGGTTT CCCGACTGGR ARGCGGGCAG TGAGCGCAAC 2100
GCAATTAATC TGRAGTTAGCY CACTCATTAG GCACCCCAGG CTTTACACTT TATGCITCCS 2160
GOTCGTATGT TOTGTGCAAT TCTGAGCGGA TAACAATTTC ACACAGGAAA CAGCIATGAC 2220
CATGATTACG CCRAAGCTTTT GOGATCAATA AATGGATCAC AACCAGTATC TCITRACGAT 228
GTTCTICGCA GATGATGATT CATTTITIAA GTATITGECY AGTCAAGATC ATGRAATCTT 2340
CATTATCIGA TATATTCCAR ATCACTCAAT ATCTAGACTT TCIGTTATIA TTATTGATCC 240:&
2ATCAARAAA TAAATTAGAA GCCGTOGOIC ATIGTTATGA ATCTCTITCA GAGGRATACA 2460
GACAATTGAC RAAATTCACA GACTTTCAAGC ATTTTAMAAA ACTGTTIAAC RAGGTCCCTA 2520
TTGTTACAGA TCGAAGGETC AARCTTAATA AAGGATATIT GTTCGACTTT GIGATTAGTT 258
TCATGCGATT CRAAAAAGAA TCCTCICTAG CTACCACCGC AATAGATCOCT GTTACATACR 2640
TAGATCCTCS TCGCAATATC GCATTTICTA ACOTGATGGA TATATTARAG TCCARTAAAG 27
TCAACAATAA TTAATTCTIT ATTCTCATCA TGAACGECGE ACATATICAG TTCATAATOS mj:
GOCCCATGTT TTICAGGTAAA AGTACAGAAT TAATTAGACS AGTTAGACGT TATCAAATAG za:afo
CTCAATATAZ ATGOGTGACT ATAZARTATT CTAACGATAA TAGATACGGA ZCGGGACTAT zaa:o
- {

GGRCGCATGA TAAGAATAAT TTTGAAGCAT TGGAAGCRAC TAAACTATCOT GATCTCITGE 2940
ARTCAATTAC AGATTTCTCC GTGATAGGTA TCGATGARGE ACAGTTCTIT CCAGACATIG 3000
TIGAATTCOG AGCTTCGCIC CAGGTCEGCE ATCCCOCCTG CCCSGTTATT ATTATTITIC 3060
ACACCAGACC ARCTGGTAAT GRTAGCOGAAC GGCGCTCAGC TGAATTCCEC CGATACTGAC 3120

L =4
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) 10 - performed in 100 [err]l of 10 mM Tris-HCL buffer,

_50mM KO ; 200 uM of each

H
deoxyri bonucl eotide triphosphate, 1.
5

p

l\/gCI [err] 30 pnol es of each oligonucleotide primer; and 2.

uni ts of Arrpl | Tag@ DNA pol yner ase (Per'kl n- El mer Cetus, Norwal k,

CT). The primers used in the PCR for FIPV N were: 5

5' - CTCGTGGTCCGAAGAATAATGATA- 3 (2)

5' - AGCACCATAGAAAGITGTCACATC- 3",
CELTICAEE ZFTOCTIGCOC ARCARTECCH ATRTCGARARG (FFCEHRATT CAGCCATGETG

CCTTCTICCG CGTGCAGCAG ATGGOGATGG CTGGTTTCCA TCAGTTGCTG TTGACTGTAG
CGGCTGATGT TCGAACTGGAR GTCOGCCGCGC CACTGGIGTG GGCCATAATT CAATTCGOGC
GTCCCGCAGC GCAGACCGTT TTCGCTCGGE AAGACGTACG GGGTATACAT GTCTGACAAT
GGCAGATCCC AGCGGTCAAA ACAGGCOGGCA GTAAGGCGGT CGGGATACTT TTCTICCGGC
CCTAATCCGA GCCAGTTTAC COGCTCTGCT ACCTGOGCCA GCTGGCRGTT CAGGCCAATC
CGCGCCGGAT GOGGTGTATC GCTCGCCACT TCAACATCAA CGGTRATCGC CATTTGACCA
CTACCATCAA TCCGGTAGET TTTCCGGCIG ATRAATAAGG TTTTCCCCIG ATGCTGCCAC
GCGTGACCGG TCOGTAATCAG CACCGCATCA GCAAGTGTAT CTGCCGTGCA CTGCAACAAC
GOTGCTTCGG CCTGGTARTG GCCOGECGCC TTCCAGCGTT CGACCCAGGC GTTAGGGTCA
ATGCGGETCE CTTCACTTAC GCCAATGTCG TTATCCAGCE GTGCACGGGT GAACTGATCS
CGCAGCGECE TCAGCAGTIG TTTIITATOS CCAATCCACA TCIGTGARAS AARAGCCTGAC
TGGCEGTTAA ATTCCCAACG CTTATTACCC AGCTCGATGC AAAAATCCAT TTCGCTGGTG
GTCAGATGOG GGATGGOGTG GGACGOGGCE GGGAGCGTCA CACTGAGGTT TPCOGCCAGA
OGCCACTGCT GCCAGGOECT GATGTGCCOG CGCTTCTGACC ATGCGETCEC GTTCCETIGC
ACTACGOGTA CTGTGAGCCA GAGTTIGCCOG GOGCTCICOS GCTGCGETAG TTCAGGCAGT
TCAATCAACT GTTTACCTTG TCCAGOGACA TCCAGAGGCA CTTCACCGCT TGCCAGCCGC
TTACCATCCA GCGCCACCAT CCAGTGCAGG AGCTCGTTAT CGCTATGACG GAACAGGTAT
TOGCTGCTCA CTTOGATCET: TIGCCOGEAT AAACGGAACT GGARARACTG CTGCTGCTGT
TTTGCTTCCG TCAGCGCTCG ATCCCECETG CGGTCCGCAA AGACCAGACC GTTCATACAG
AACTGGCGAT CGTTCGGCGT ATCGCCARAA TCACCGCCGT AAGCCGACCA CGGETTECCG
TTTTCATCAT ATTTAATCAG CGACTGATCC ACCCAGTCCC AGACGAAGCC GCCCTGTAAA
OGGGGATACT GACGAAACGC CTGCCAGTAT TTAGCGARAC CGCCAARGACT GTTACCCATC
GCGTGGGCGT ATTCGCAMAG GATCAGCGGG OGCGTCTCTC CAGGTAGCGA AAGCCATTTT
TTGATGGACC ATTTCGGCAC AGCOGGEAAG GGCTGGTCTI‘ CATCCRCGOG CGCGTACATC
GGGCARATAA TATCGGTGGC CGTGETETCG GCTCCGCCEC CTTCATACTG CACCGGGCEE
GAAGGATCGA CAGATTIGAT CCAGCGATAC AGCGCGTCGT GATTAGCGCC GTGGCCIGAT

(1)

correspondi ng to nucl eoti des

31840
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
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(primers 1 and 2, respectively). The priners used in the PCR for FIPV El1

wer e: (3) 5'-TATGTAATGITCGGCTTTAGIG 3" 10 (4)
5' - GTGCTTCTGI TGAGTAATCACC- 3 c% respondi ng to nucl eoddes 334-355
and 721-742 of the FIPV El open reading trane (priners 3 and 4,

respectively). The PCR anplifications were perfornmed in a DNA
Thermal Cycler (Perkin-El nmer Cetus) by first heating the reaction mxes to |

Bocc —[‘I W@W%W &%%5 gr:?%reécm n a

—:@MW &Sctaabcarchecrenting! arpeabateen of 4geg
mn at 72C. 10 [err] of the CRproducts were resol ved by

ATTGGECTTCH OTCZACCACATUACACSCCCTR: COBETORCEQ ar 0s 4336l
(FI\/C Bi oPr oducts Rockl and, I\/E) in TAB buffer (40 mM Tri s base,

AREICTACC | MIAGOGEATS, GIFTOCGATAR. TEOGARJRALY WWV/ cAB8p

1-2 hours. The DNA products wer e vrsualrzed by stinin els 20
TOMTICARTA (POMBRTATE: c&re@mn% i oA

W pr OgUCE S Oi “;e pr ear ct es S| ZesS. E% arrpl I fi1cat I ons USI ng

negati ve CM no PCR products were omemmtshgsgzzo
CATRIFIPECE GCTTTTOGAC CTIGAGACST AGTGTGACGC GATCGGCATA ACCACCAOGC S$280
TOATOGATAA TTTCACCECC GARAGGCECS GTGCOSCTGR CBACCTGOST TTCACCCTSC 5340
CATAAAGARA CICTTACCCOS TAGGCTAGTCA OGCAACTCEC CGCACATCIGC AACTTCAGCC 5400
TCCASTACAG CROGCCTGAA ATCATCATTA AAGCCAGCTGE CAACATCGAA ATCGCTGATT 5460
TGTCTAGTCG GTTTATCCAGC CRACGAGACS TCACGSAAAA TCCCSCICAT COGCCACATA 5520
TCCTGATCTT CCAGATAACT GCOCGTCACTC CAACGCAGCA CCATCACCEC GAGGOGGTTT 5580
TCTCORGOEC GTRAABATGC GCTCRAGGTCA AATTCAGACS GCARACGALT GICCICCTOG 5640
TAACCGACCC 2GCECCCETT CCACCACAGA TEARACECOZ ACTTAACGCC ATCAAAAATA 5700

ATTOSCETCT GECCTTCCTG TAGCCAGCTT TCATCAARLAT TAAATCTGAG CGACTARCAR 5760

CCORTOREAT TCTCCGTEEE AACRAAACGGC GGATTGACCG TAATGEGATA GETTACGTIG 5820
GIGTAGATGE GOSCATCGTA ACCETECATC TGCCAGTTTG RGGGGACGAC GACAGTATCS 5880
GCCTCAGGAA W mﬁm TCOGECACCES CITCTSETOC CCGAMACCHG 5540
GCARAGCEOC ATTCGCCATT CAGGCTGCEC AACTGTTCGS AAGGCCEATC GETECEOGCC 6000
TCTICGCTAT TACGCCAGCT GGOGBARGGG GGATGTGCTG CAAGGCGATT RAGTTGGGTA 6060
ACGCCAGGGT TTTCCCAGTC ACGACGTICT AAAACGACGE ‘GATCCCICGA GGARTTCATT 6120
TATAGCATAG ARARAAACAA AATGAAATTC TACTATATTT TTACATACAT ATATTCTAAR 6180
TATGAAACTG GIGATTCETCA CTAGOGTAGC ATCGCITCTA GACATATACT ATATASTAAT 6240
ACCAATACTC AAGACTACGA AACTGATACA ATCTCITATC ATGTGGGTAA TGTTCICGAT 6300
GTCGAATAGC CATATGCOGG TAGTTGCOGAT ATACATAARC TGATCACTAA TICCRAALCC 6360 :
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6.  Confirmation of RRPV FIPV N and E1 Protein

. Expressi on by | munobl ot Anal ysis

Conf-l uent nonol ayers of Vero cells in az25 cnjerr] flask (1-2 x 10[err]
cells) were infected with cl’ ones of either RRPV-FIPV N or

RRPV-FI PV E1 at an MJ of 0.1. The infected cells were incubated
at 37[err]C (5% CO[err]) for 2-3 days until approxi mately 80% of

AGHECERTTE TR PR P EACEERCTAAATANTANSASREAATNRDR! #ANBSTCTCGE 6420
TARAAGTAGA ARATATATTC TAATTTATTG CACGGTAAGG AAGTAGAATC ATAAAGAACA 6480
GTGACGGATC CCAATTCGGG CATTTTTGGT TTGAACTAAA CAAAATGAAG TACATTTIGC 6540
TAATACTCGC GTGCATAATT GCATGCGTTIT ATGGTGAACG CTACTGTGCC ATGCAAGACA 6600
GTGGCTTGCA GTGTATTAAT GGCRCAAATT CAAGATGTCA AACCIGCTTT GAACGTGGTG 6660
ATCTTATTTIG GCATCITGCT AACTGGAACT TCAGCTGGTC TGTAATATIG ATTGTTTTTA 6720
TAACAGTGTT ACAATATGGC AGACCACAAT TTAGCTGGCT COGTTTATGEC ATTAAAATGC 6780
TGATCATGTG GCTATTATGG CCTATTGTIC TAGCGCTTAC GATTTTTAAT GCATACTCTG 6840
AGTACCAAGT TTCCAGATAT GTAATGTTCG GCTTTAGIGCT TGCACGTGCA GTTGTAACGT 6900
TIGCACTITG GATGATGTAT TITGTGAGAT CTGCTTCAGCT ATATAGAAGA Acczmu'cm' 6960
GETGGTCTTIT TAATCCIGAG ACTAATGCAA TTICTTICTCT TAATGCATIGC GGTAGAAGTT 7020
ATGTGCTTCC CTTAGATGST ACTCCTACAG GTGTTACCCT TACTCTACTT TCAGGAARTC 7080
TATATGCTGA AGGTTTCAAA ATGGCTCETG GTTTAACCAT CGAGCATITG CCTABATACG 7140
TCATGATIGC TACACCTAGT AGAACCATCG TTTATACATT AGTTCGAAAN CAATTAAZAC 7200
CAACTACTGC CACAGGATGG GCTTACTACG TAAAATCTAA AGCTCETGAT TACTCAACAG 7260
AAGCACGTAC TGACAATTTG AGCTGAACATG AARAATTATT ACATATCETG TAACTARACT 7320
TTCARATCGG GGAATTICTCT GAGCGTATGE CAARCGAAGG AAAAATTAGT TATAGTAGCC 7380
GCACTCGATG GGACATTTCA ACGTAAACCG TITAATAATA TITIGAATCT TATTCCATTA 7440
TCTGRAATGG TGCTAAAACT AACTGCTGTG TGTATGAAAT GCTTTAAGGA GGCTTICCTTT 7500
TCTAAACGAT TGCGTGAGGA AACCGAGATA GAAATAATAG GAGGTAATGA TATGTATCAA 7560
TCCGTGTGTA GAAAGTGTTA CATCGACTCA TAATATTATA TTTTTTATCT AAARAACTAA 7620
AARTAARCAT TGATTAAATT TTAATATAAT ACTTAAARAT GGATGTIGTG TCETTAGATA 7680
ARCCGTTTAT GTATTTTGAG GAAATTGATA ATGAGTTAGA TTACGAACCA GAAAGTGCAA 7740
ATGAGGTCCC AAARAAACTG CCGTATCAAG GACAGTTAAA ACTATTACTA GGAGAATTAT 7800
TTTITCTTAG TARGTTACAG CGACACGGTA TATTAGATCE TGCCACCGTA GTGTATATAG 7860
GATCTGCTCC CGGTACACAT ATACGTTATT TGAGAGATCA TTTCTATAAT TTAGCCAGTGA 7920
TCATCAAARTG GATGCTAATT GACGGCCGCC ATCATGATCC TATTTTAAAT GGATTGCETS 7980

This Sheet Has Been Repl

T




5 prepared, and 20 [err]l of the sanple were added to 5[err]l of 5X
Laemm i sanple buffer (0.3 M Tris-HCI buffer, pH 6.8, containing
5% SDS, 50% gl ycerol, 0.4% bronophenol bl ue, and 3%
2-[err]-mercaptoet hanol) and heated at %§5¢C for 5 nin. The denat ured
protein sanpl es were separated by SDS/ pol yacryl am de el ectrophoresis using
a 4-15% gradi ent pol yacryl am de gel as descri bed previously.

Wa %S% Rer é&ﬁ?&&ﬁ&&rigﬁﬁﬁh& 982, d
A@%&Wmess ATTEér e ectropnore5|s the protelns werc"eqﬂ

AEicoTice A st iA PP othihetechd aTtrdakalrer GARACEACGHS GoARATCAGH DY 3100

eI ectrotransfer using a Bio-Rad transfer apparatus per manufacturer's

OISSTACEGE CGATIEACTA AGTAATTACE STCTAMAAARCTCTCATGART 2ETANITTAR HCl 8160
buffer, containing 0.2 Mglycine and 20% met hanol , for 45
ATOOOGTSAC GINTAGTCTEOABAIGCAGHMT GACCETTTSC AGATCAATGG ATCAAGGATIP\ N 8280

E1l protelns were visualized on the n|troceIIu Qse filter usin
SRt o AR TORAC PARSTITRG, RRRTCATRY ORISR ogy 8280

qﬁw\% ﬁ%@%ﬁrpﬁﬁ%ﬁé@&ﬁmﬁ %@Wo (A9
Ag?%’%ﬁ‘gpy over n%%%a%&%s cont al ni ngW eSZ\(I)&ﬁﬂ)

W%&RM ReTeatactcN TR PTOTCIBETEMGCHYCT | | t gagmps

I ncubat ed for 30 min at roomtenperature with anti-FlPV
STECET AT  TORCACCCOAS TATSGTECAC TCTCACTACES ANCTECTONG] ADGOOCAIPY ( 8820 n
79-1146)-infected cat, diluted 1:100 in PBS-TW containing 1 %
ETAACHBES TIRGEATCCCH TATCCOTACS MCACTERRS ARCEETCHRC (KCEAGAGHT 8580

GCCAACACCC GCTGACGOGC CCTGACGEEC TIGTCIGCTC COGGCATCCE CITACAGACA 8640
AGCTETEACC GTCTCCGGGEA GCTGCATGIC TCAGACCTITT TCACCGTCAT CACCGARACG 8700

CEOGAGGCAG . 8710
{2) INFORMATION FOR SEQ XD NO:4:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 9019 base pairs
{B) TYPE: mucleic acid
{C} STRANDEDNESS: Jdouble
{D) TOPOILGY: circular

{ii) MOLECULR TYPR: DNA {(genomic)

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

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

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

GARAGGGCCT CCTGATACGC CTATTTTTAT AGGTTAATGT CATGATAATA ATGCTTITCTT 60

AGACGTCAGG TGGCACTTIT CGGGGAARATG TGCGCSGAAC CCCTATTIGT TTAITITTCT 120

AAATACATTC AAATATGTAT CCGCTCATGA GACAATAACC CTGATAAATG CTTCAATAAT 180

ATTGAAADAG GAAGAGTATG AGTATICAAC ATTTCCOGTGT CGCCCTTATT CCCITITIIG 240

QGGCATTITTG CCTTCCIGTT TTTGCTCACC CAGARACGCT GGIGARAGTA AAAGATGCTG 300
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was incubated for 30 mn at roomtenperature with a secondary anti body
-consi sting of 25 bi oti n-1 abel ed nouseanti-cat |1gG anti body
(Kirkegaard & Perry Laboratories Inc.7 =7 - Gai t hersburg, MD) that
had been diluted 1:2000 in PBS-TWBSA, followed by four 5 m n
washes in PBS-TW The filter was then incubated for 30 mn at room
t enperat ure w th horseradi sh peroxi dase-conjugated streptavidin
: A STOCETIAGCTS TCEGAACTGGA TCTCAACASGQUICETRAGRTACdi | ut ago
1: 1000 in PBS-TW After the filter was washed four tines
TTGAEAGTIT TCCCCCORRAAGARSEINTICG (RRATCGANGAG CAFTT AR IRTEOHGCERR| exeg20

were Vi sualAl zed with
GCTCGCCOGET

TTATCCCGT ATTGACGCOG GGCARGAGCR ACTCGGTOGC CGCATACACT 480
ATTCTCAGAA TGACTTGGTT GAGTACTCAC CAGTCACAGA AAAGCATCTT ACGGATGGCA 540
TGACAGTAAG AGRATTATCC AGTGCTGCCA TAACCATGAG TGATAACACT GOGGCCAACT 660
TACTTCTGAC AACGATCGGA GGACCGAAGG AGCTAACOGC TTTTTTGCAC ARCATCGCGE 660
ATCATGTAAC TCGCCTIGAT CGTTGGGAAC CGGAGCTGAA TGAAGCCATA CCAAACGACG 720
AGCGTGACAC CACGATGCCT GTAGCAATGE CAACAACGTT GCGCAARCTA TTAACTGGCG 780
AACTACTTAC TCTAGCTTCC CGGCAACAAT TAATAGACTG GATGGAGGCS GATAAAGTTG 840
CAGGACCACT TCTGCGCTCG GCCCTTCCGE CTGGCTGGTT TATTGCIGAT AAATCTGGAG 500
COGETEAICE TCEETCTORC CETATCATIC CAGCACTEGS GCCAGATGST AAGCCCTCCC 960

GTATCGTAGT TATCTACACG ACGGGGAGTC AGGCAACTAT GGATGAACGA AATAGACAGA 1020
TOGCTCAGAT AGGTGCCTCA CTGATTAAGC ATTGGTAACT GTCAGACCAA GTTTACTCAT 1080
ATATACTTTA GATTGATITA AAACTTCATT TTTAATTTAA AAGGATCTAG GYGAAGATCC 1140
TTTTTGATAA TCICATGACC AAARTCCCIT AACGTGAGTT TTCGITCCAC TGAGCGTCAG 1200
ACCCCGTAGR AAAGATCARA GGATCTTCTT GAGATCCTTT TTTTCTGCGC GTAATCTGCT 1260
GCTTGCARAC AAARRRACCA CCGCTACCAG CGGETGETTIG TTIGCCGGAT CAAGAGCTAC 1320
CAACTCTTTT TCCGAMGGTA ACTGGCTTCA GCAGAGOGCA GATACCARAT ACTGTCOTIC 1380
TAGTGTAGCC GTAGTTAGGC CACCACITCA AGAACTCTGT AGCACCGCCT ACATACCTCG 1440
CTCTGCTAAT CCTGTTACCA GTGGCTGCTG CCAGTGGCGA TAAGTOGTGT CTTACCGGGT  1500°
TGGACTCAAG ACGATAGTTA CCGGATARGE CGCAGCGETC GGGCTGARCG GGGGGTTCGT 1560
GCACACAGCC CAGCTTGGAG CGARCGACCT ACACCGAACT GAGATACCTA CAGCGTGAGC 1620
ATTGAGAARG CGCCACGCTT CCCGAAGGGA GAAAGGCGGA CAGGTATCCG GTAAGCGGCA 1680
GGGTCGGAAC ACGAGAGCEC RCGAGGGAGC TTCCAGGGGG ARACGCCTGE TATCTTTATA 1740
GTCCTGTCEG GTTTCGCCAC CTCTGACTTG AGCGTCGATT TTTGTGATGC TCGTCAGGGE 1800
CGCGGAGCCT ATGGAAARAC GCCAGCAACE CGGCCTTTTT ACGGTTCCTG GCCTTTTGCT 1860
GGCCTTTTGC TCACATGTTC TTTCCTGCGT TATCCCCTGA TTCTCTCGAT AACCCTATTA 1520
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peroxrdase chronogeni ¢ substrate (Kirkegaard & Perry Laboratories Inc.).

- Sucr ose- gradient purified FIPV and w | d-type raccoon pox
virus-Vero cell lysates were used as . »5 _ the positive and negative
controls, respectively. A typical imunoblot is shown in 5 Fi gure 6.
7. Raccoon Poxvirus Titration Serial tenfold

dilutions of virus are prepared in MEM and inocul ated in

arferdoneson tacaeetoeet! achdercAA apadosaaidet peoeaeirchel N a 1%Bo
wel |l plate.. Virus preparations may be pretreated by dilution into
TamsﬁquﬁxuwaunNﬁxuﬂau;aaaccqaaraCaﬁeaaeccccc TCRHIASRAGO FCITGETZLSAr | C f204 B0
nrn in order to rel ease virus fronlrnclusions Pl at es are
FPEEECRM Gpat hAIAR

%M%M%%ﬁ%ﬁ%%‘ e i e MO
ol AR 1016A8boRhr HAL SRATRA VidBaidH) accraroacd 199820

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, TCRCCGCECC ACTGOTGTGE GCCATAATTC AATTCGOGCS 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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PREPARATI ON OF VACCI NE AND TESTI NG FOR EFI CACY | N CATS 1.
-Preparation of Master Seeds of RRPV-FIPV N and El1

Vi ruses A si ngl,p cl one of each reconbi nant virus
was sel ected for |arge-scale 20 expansion to serve as a naster seed
virus. The criteria for selection were: 1) Denonstrati on of

purity. Polynerase chain reaction was utilized to insure that the cl one

TABSABORAR etctahed-v rcicdatrcAd TaARRTARGEY THERRSERE | RficREcalasiuat esggq

reconbi nant proten expression by Western blot or other antlgen
CGPERCCCET MEAAMTAGC ACCGCATCAG CAAGCTGTATC\'TICCEEISIAD MCCAACARCEXPaANSEQHS

and titrations were done on Vero cells 25 | n MEM cont ai ni ng 2. 5% PBS.
CRECTTREEGU CTCETANTSS WICORCARGTTE THERGCOFIN GRISCACCCG TTAGEETCAML | Ng3220

confl uent nonol ayer of Vero cells |n a 150 c rr] fl ask X 10 err
TGEFFSTCRF: FICA CCAATGTCGT T. l’r&[CAO(‘lGGN é'm é ] 3780

GCAGCGECET CAGCAGTTGT TTTTTATCGC CAATCCACAT CTGTGAAAGA ARGCCTGACT 3840
GGCGGTTAAA TIGCCAACGC TTATTACCCA GCTCGATGCA AAAATCCATT TCGCIGGTGE 3900
TCAGATCCGG GATGGCGTCE GACGCGGCGE GGAGCGTCAC ACTGRGGTTT TCOGCCAGAC 3960
GCCACTGCTS CCAGGCECTG ATGTGCCOGE CITCTGACCA TGOGGTCRCG TTCGGTIGCA 4020
CTACGCGTAC TGTGAGCCAG AGTTGCCCGE CGCTCTCOGE CTGOGGTAGT TCAGGCACTT 4080
CAATCAACTG TTTACCTTGT GGAGCGACAT CCAGAGGCAC TTCACCGCTT GCCAGCGGCT 4140
TACCATCCAG CGCCACCATC CAGTGCAGGA GCTCGTTATC GCTATGACGG ARCAGGTATT 4200
CGCTGGTCAC TTCEATGETT TGCCCOGATA AACGGAACTG GABARACTGC TGCTGGTGTT 4260
TIGCTTCOST CAGCGCTGEA TEORGCCTEC GGTCGGCAAA GACCAGACCS TTCATACAGA 4320
ACTGGCGATC GTTCSGCCTA TCGCCAARAT CACCGCCGTA AGCCGACCAC GGGTIGECCET 4380
TTTCATCATA TTTAATCAGC GACTGATCCA CCCAGTCCCA GACGAAGCCG CCCTGTAAAC 4440
GGGGATACTG ACGAAACGCC TGCCAGTATT TAGCGAAACC GCCAAGACTG TTACCCATOS - 4500
CGTGGGCGTA TTCGCARAGE ATCAGCGGGC GOGTCTCICC AGGTAGCGAA AGCCATTTTT 4560
TGATCGACCA TTTCGECACA GCOGGGAAGE GCTGGTCTTC ATCCACGOGC GOGTACATCG 4620
GGCARATAAT ATCGGTEECC GTCGTGTCSE CTCCRCORCC TTCATACTGC ACCEGECGGE 4680
AAGGATCOGAC AGATTTGATC CAGCGATACA GCGCGTCRTG ATTAGCGCCG TGGCCTGATT 4740
CATTCCCCAG CGACCAGATG ATCACACTCG GGTGATTACG ATCGCGCTGC ACCATTCGCG 4800
TTACGCGTTC GCTCATCGCC GETAGCCAGC GCGGATCATC GGTCAGACGA TTGATTGGCA 4860
CCATGCCGTG GGTTTCAATA mscrrcm' CCACCACATA CAGGCCGTAG CGGTCGCACA 4920
GCGTGTACCA CAGOGGATGG TTCGCATAAT GCGAACAGCG CACGGCGTTA AAGTIETICT 4980
GCTTCATCAG CAGGATATCC TGCACCATOR TCTGCTCATC CATGACCTGA CCATGCRGAG 5040
GATGATGCTC GTGACGETTA ACGCCTCGAA TCAGCARCGG CTTGCCGTTC AGCAGCAGCA 5100
GACCATTTTC ARTCCGCACC TCGCGGAAAC CGACATCGCA GGCTTCTGCT TCARTCAGCG 5160
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- 13- 1 mM of viral-cell lysate (approximately 10[err]
.infectious virus particles), and incubating at 37C (5% C0[ err])
unti-l 100% cytopat hic effect was observed (2-3 days). This virus-cell
| ysate was titrated on Vero cells as-d&cribed in Exanple 1, and served as
a prenmaster seed virus stock to obtain the master seed virus. The
MJ to be used to produce the 5 hi ghest titer master seed virus was
TEEOETOEEEIGET NG R T AT |QetaATione AYCcBEATT Teeaccrace cel kSain a
roller bottle (1 X 10[err] cells) with various MJs of reconbinant virus
AQAGITTOGG 1GTrIISGAE® . iccpctineciorf ect gdag
cells were I ncubat ed at 37C until greater than 80% CPE was
CORECEITe TERGLCIRER | nf SGued

CRBIRATRET (APREGREARG TCCOGCTCGC, RACT

adfidcpat TR Sienl AR BRI A, AGmaenencd | | o890
cEALTRAGEC cccecTerNR FKEITCATTAA AGCGAGTEEC ARCATGAAR' Te8AEAM P! VBGE, eS
GTGTAGTCGG TITATGCAGC AACGAGACGT CACGGARAAT GCCGCTCATC CGCCACATAT 5520
CCTGATCTTC CAGATRACTG CCGTCACTCC AACGCAGCAC CATCACCGCG AGGOGGTTIT 5580
CTCCGGOGCE TAZRAATGCG CTCAGGTCAA ATTCAGACGG CAAACGACTG TCCTGGCCOGT 5640
ARCCGACCCA GOGCCCGTTG CACCACAGAT GARACGCCGA GTTAACGCCA TCAAARATAA 5700
TTOGCETCTE GCCTTCCTGT AGCCAGCTTT CATCAACATT AAATGTGAGC GRGCTAACAAC 5760
CCGTCEGATT CTCOGCTGEGA ACRAACGGCS GATTGALCOGT AATGGGATAG GTTACGTICE 5820
TCTAGATGGG CGCATCGTAA CCGTGCATCT GCCAGTTIGA GGGGACGACG ACAGTATCGGE 5880
CCTCAGGAAG ATCGCACTCC AGCCAGCTTT CCGGCACOGC TTCTGETECC GGARACCAGE 5940
CAAAGCGCCA TTCGCCATTC AGGCTCCOCA ACTCTICGGA AGCGGCGATCS GTGCGGGCCT 6000
CTTCGCTATT ACGCCAGCTS GCGAAAGGGG GATGTGCTCC AAGGCGATTA AGTTGGETAA 6060
CGCCAGGETT TTCCCAGTCA CGACGTIGTA ARACGACGGE ATCCCTCGAG GAATTCATTT 6120
ATAGCATAGA ARABRACAAA ATGAAATTCT ACTATATTTIT TACATACATA TATTCTARAT 6180
ATGAARGTGG TGATTCTGAC TAGCGTAGCA TCGCTTCTAG ACATATACTA TATAGTAATA 6240
CCRATRCTCA AGACTACGAA ACTGATACAA TCTCTTATCA TGTGGGTAAT GTTCTCGATG 6300
TCGAATACCC ATATGCCGGT AGTTGOGATA TACATAAACT GATCACTAAT TCCAAACCCA 6360
CCCGCTTTTT ATAGTAAGTT TTTCACCCAT ARATAATAAA TACAATAATT AATTTCTCGT 6420
ARAAGTAGAA AATATATTCT AATTTATTGC ACCCTAAGGA AGTAGAATCA TAAAGAACAS 6480
TGACSGATCC CCGGATGGCC Acacmceac ARCGOGTCAA CTGGCEAGAT GAACCTTCCA 6540
ARRGACGTGG TCGTTCTAAC TCTCGTGETC GCAAGAATAA TGATATACCT TTGTCATICT 6600
ACAACCCCAT TACCCTCGAA CAAGGATCTA AATTTTGGAR TTTATGTCCE AGAGACCTTG 6660
TTCCCAAAGGE AAXTAGGTAAT AAGGATCAAC AAATIGGTTA TTGCGAATAGA CAGATTCGTT 6720
ATCGTATIGT AAARGGCCAG CGTAAGGAAC TCGCTGAGAG GTGGTTCTTT TACTTCTTAG 6780
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3 x 10[err] Vero cells were seeded into 850 cnjerr]

.m of

and-5% FBS) and 15
medi um was renoved fromthe cells

RRPV- FI PV

(MEM contai nin
q-;gsg@ssacc TCA'

roller bottles

grow h nedia (MEM

N virus diluted to an MJ of 0.01 in infection

d%ﬁ#%?%ﬁhol

lo[err] TADerr]/m.

@i—g?gp emmemm
ogy was evil dent gays) The virus-cel

Qiﬁgxxdéé@ﬁtll

in 200

containing 0.5% | actal bum n hydrol ysate
i ncubated far ;18 hours at 37C. The next day, the
and replaced with 50 m of

nedi a

0.5 @6Iactalbun1n hédrol satgﬁg&%ﬁéé%é?{§g¥§ﬁ§%EEV|rus

5 80

§98Y

| ysat e was harvested and
LLTTEoCasT] GrachiTCTEY TTONAGAAAME AGKTECTOARED t 0700

RRPV- FI PV E

st ocks were

ErEECAG RANTTISPICC (FATRACCRGACATANTAATCT TCGACCATACAATIFIRGICRas uyedo

The fi nal

net hods as
GIGATTOZR: iAGETAGEGAC ACAACACCTA

virus preparation was titered and found to contain 25

AFPAGGTGIT METGACHRACT ABACGTOREW, TITANS R ARAGRAGGTRhe sTA40

descri bed above

CTGCAGGCAA GCGAGATCTG ACAACTTTICT ATGGTGCTAG AAGTAGTTICA GCTAACTTIG

GTGATAGTGA TCTCGTICCC AATGGTAACG CTGCCAAATG CTACCCICAG ATAGCTGAAT

GTGTTCCATC

AGTGTCTACC ATAATCTTIG GCAGTCAATG GTCTGCIGAA "GARCCIGCTG

ATCAAGTGAA AGTCACGCTC ACTCACACCT ACTACCTGCC AAAGGATGAT GCCAAAACTA

GTCAATTCCT AGAACAGATT GACGCTTACA AGCGACCTIC TGAAGTGECT AAGGATCAGA

GGCAAAGARG
TTCTGGAGGC
CGARCTAAAC
ATAGTAGCCE
ATTCCATTAT
GCTTCCTTIT
ATGTATCAAT
AAAARCTAMR
CGTTRGATAA
AAAGTGCAAA
. GAGBATTATY
TGTATATAGG
TAGGAGTGAT
GATTGCGTGA

AARAACAACT

ATCCCGTTCT AAGTCTGCTG ATAAGAAGCC TGAGGAGTIGC TCTGTAACTC
ATACACAGAT GTCTTTGATC ACACACAGGT TCAGATGATT GATGAGGCTTA
GCATGCCCEE GAATTCTGTG AGCGTATGGC AAACGAAGGA AAAATTAGTT
CACTCGATGG GACATTTCAA CGTARACCET TTAATAATAT TTTGAATCTT
CTGARATGGET GGTAAAACTA ACTGCTGTGT GTATGAAATG CTTTAAGGAG
CTARAOGATT GGCTGAGGAA ACCGAGATAG AAATAATAGGE AGGTAATGAT
CGGTGIGTAG AARGTCTTAC ATCGACTCAT AATATTATAT TTTTTATCTA
Aamaaacimr GATTAAATTT TAATATAATA CTTAAARATG GATGTIGTGT
ACCGTTTATG TATTTTGAGG AAATTGATAA TGAGTTAGAT TACGARCCAG
TGAGGTCGCA AAAAAACTGC CGTATCAAGG ACAGTTAAZA CTATTACTAG
TTTTCTITAGT AAGTTACAGC 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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- 14 - A group of twenty-four 9-nonth-old cats (specific
-pat hogen-free, Harlan Sprague Dawl ey, Madi son, W), conprising

seven mal es and seventeen fenal es, masyysed to

GAAATGAACC TAGTACGGCCGE GATITACTARA GTAATTACGC TCTACAAAAT GTCATGATTA
GTATTTTAAA CCCOETGGCG TCTAGCTCTTA AATCGAGATG CCOGTTTCCA GATCAATGGA
TCAAGGACTT TTATATCCCA CACGGTAATA AAATGTTACA ACCTTTTGCT CCTITCATATT
CAGGGCCGTC GTTTTACAAC GTCGTGACIG GGARAAACCCT GGCGTTACCC AACTTAATCG
CCTTIGCAGCA CATCCCCCTT TCGECCAGCTE GCGTAATAGC GAAGAGGCCC GCACCEATCOG
CCCTTCCCAA CAGCTIGOGCCA CCCTGAATGG CGAATGGOGC CIGATCUGGT ATTIITCICIT
TACGCATCIC TGCOGETATIT CACACCGCAT ATGGTGCACT CTCAGTACCA TCIGCICIGA
TCCCGCATAG TTAAGCCAGT ACACTCCGCT ATCGCTACGT GACTGGETCA TGGCIGCECC
CCEACACCCG CCAACACCCOG CTGACGOGCC CTGACGECCT TGTCTGCTCC CGECATCCOGC
TTACAGACAA GCTGCTIGACCG TCTCCOGGGAG CTGCATGTGY CAGAGGTTTIT CACCGTCATC
ACCGARAACGC GCGAGGCAL
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“denpnstate the efficacy of the RRPV-FIPV N vaccine. Cats were divided into

DU 1 R R

Of[err] * 8CL M s = 2 5 RRPV- FI PV N
.10[ err] I M - 33 - 3 5 RRPV- FPV N
3 10[ er rl] . ORAL 4 4 RRPV- FI PV
N at is ciai cerr] SC

(1:10 Dilution) 10 5 : 3

10[ err] SC 1. A rm@én ant r§u§% u{’y¥1e05§¥mg Fheast o[nﬁ/lmzternal gene

| nt ranuscul esmprising a DNA séquenda ericoding 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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15 - 4. Chal | enge weeks fol | owi ng

. the second vaccination, cats were orall Mw ﬂl‘m EHIML‘ l with 10[err]
‘TCID{ err] of Feline Enteric Coronavirus i L I ATCCAYR=BHIP-AUh| s
virus induces a subclinical infection which can enhance subsequent FI PV

I nfection. Three weeks later, cats were orally challenged with
10[err] TC Dl err] of FIPV (stain 79- 20~ 34 - 1146, ATCC VR-990). Cats were

noni t ored WedkBl frefeid of FIRV Haling4hs antoaicidsequence as set édtdh/FpaR fAI signs
of clinical disease including: fever, icterus, |eukopenia, anem a,

wei ght | oss, anorexia, depression, dehydration, and peritoneal swelling.

Cats deemed g | cifnk of %ﬁﬁ%}éﬁégxf B¥q UGs ﬂ%ste%h% ﬁggf%‘%&fﬁie”é{ an

and post-nortem pat hol ogi ca exam I 'on Was I ni"cal
di sease si gnandw¥ proteins ef FARVS ol | ows:

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
s 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

This Sheet Has Been Replaced

L




- 15- SIGN

. Fever.

gico - sossterrte 2 ool SR "ror . o s

tenperatures averaging 103[err]F, no poi nts Wwill be scored
until tenperatures are in excess of 1[err]F above baseline.

Dehydr at i on -3% poi nt/ day

1 poi nt/ day Anor exi a

10 Peritoneal Swelling 1 poi nt/day
1 point/day

the nucleocapsid (N) and transmembrane (M/E1) proteins of FIPV,

SCORE

Depr essi on
1 poi nt/ day
| cterus

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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VE&i ght Loss [err]20% - " 1 point per obsérvation

[err] 30% 2 points per observation

'err]50% 5 points per observation 15 Leukopeni a

decrease of 50% 3 poi nts per observation g 3
counts [err] 6000 p0| nts per observation Hemat o@‘m? 93116-AU
[err] 25% PCV 3 points per observ8tion Deat h

25 points 5. Eval uati on of Induced Imunity to FIPV 20

I noculation with virulent FIPV induced a fatal infection in 4/5 (80% of
the control cats, which were vaccinaé§g§ﬁhégzﬁﬁld type raccoon poxvirus
(Table 1). Both effusive an sive forns of the disease
were noted in the control cats. On t he ot her hand, clinica

di sease was essentially absent after chall enge of the subcutaneous

vacci nates. The sporadic fever in these cats could be attributed to
excitability and the Jt 64 is not a
significant finding. FES R ‘ RUS ¢
statistically significant

Teduction In cllnlcal ST gns

The invention that relates to recombinant raccoon poxvirus useful as a Vaccine Against
Feline Infectious Peritonitis Virus Disease. The recombinant raccoon poxvirus has 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).
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'ANO\/A) and death (p<0.01, by Chi SAa/r/fe@nal ysi s) when conpared to the #’

contr ol cats. The intramuscul ar route of _!_
vaceination was |less effective in that 2/5 30 (40% of the cats -
succunbed to FI PV-induced di sease. However, the onset of disease

- 16 - in these cats was del ayed when conpared to the controls.
ThesegesreRaagecllf tedi8® may

M XK Y I § L I L A € I I A C VvV Y
a a2 a @a IRANSIATIN F FIPVElLla a a a a >

S0 60 70 80 . g0
* * *

x
GGT GAA OGC TAC TGT GCC ATG CRA GAL AGT GGC TIG CAG TGT ATT AaT
G2 CTT GOG ATG ACA CGG TAC GIT CIG TCA OCG AAC GIC ACA TAA ITA
¢ E R Y € A MM @ p s 66 L Q € I w
a a a a TRANSIAMTIM CF FIFVElL a a a a & »

100 110 120 130 140
* * * * *
GGC ACA AAT TCA AGA TGT CBA ACC TGC TTT GAA CGT GGX GAT CIT AIT
9 CCG TGT TTA AGT TCT ACA GIT TGG ACG AAA CIT GCA CCA CIA GAA TAA
; 6 T ¥ S R €C @ T €C F E R G DL D
a a a a CFFIPYEla & a a a >
150 160 170 180 190
* * x * *

250 260 270 280
» « *

TAT GGC RAA ATG CIG ATC ATG TGG CTA TTA TGG CCT ATY GIT CIA
@ ATR OCG TRAA TTT TAC GAC TAG TAC ACC GAT AAT ACC GGA TAA CAA GAT
’ G K M L I M W L L ® P I v >
‘a a a a TRAMSIATION CE FIPV El a a a a a >

290 300 310 320 330
- x * * *
GCG CIT ACQG ATT TIT AAT GCA TAC TICT GAG TAC CAA GIY TCC AGA TAT
CGC GAA TGS TAA ABA TTA CGT ATG AGA CrC ATG GIT CRA AGG TCT ATA
2 L T I F N A Y S E Y Q@ VvV S§ R Y
a a a a TRANSIATION OF FIPV El1 a a a a a >
340 350 360 370 38¢
* x * * . *
CTA ATG TTC GGC TTIT AGT GIT GCA GGT GCA GIT GIA ACG TTT GCA CIT
CAT TAC A3G CCG AAA TCA CAA CGT CCA CGT CAa CAT TGC ARA CGT GAA
s

v M F G 13 v A G A v v T ¥ A >
2 a a a TRANSLATION CF FIFV ELl 2 a a a a >

Figure 1A. Nucleotide and amino acid sequence of FIPV E1 gpen reading frame.
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be related to the |lower titer of vi r@ZZ‘}/}né\ul ated into these cats because
only a 1 nml dose . could be adm histered by this route. There was

al so decreased efficacy when cats were i nocul ated by the orak route
(60% nortality) 3 ch may i f@Pcate thedifeed for ézﬁl gher 5 430  yjrus dose

Y o B ety v g e I

adm ni st ered vaccl ne was shown t ose- depe deg qbl m ng_t he
':P pr

benefit of a M <gr*}"t |¥erYRRI§/ %%ﬁ%ﬂ% g tae td 5>r5 agai nst
clinical diseas $ndu VI rus. A sui t abl € vacci ne dose

contains viral antigggn in the.;goange of 480 10[ e47] - 10[ er r Jago

TG Derr]/m, preferably 10[err]-10[err] TCIDerr]/n* A typicat dose for
admi ni si on t @CA TGG TGG FET STUTSAAL QCHAG G0 AN @%%%t?@ géﬁfaneous
route is pre\‘mﬁ-’r"’é?ﬂ:1’*"c mm‘??‘ﬂ“ chc TGA TTA

a a a a IBAESLASIG& OF.FIPV'EI a a a a a >
490 500 510 520
= * =
GCA TTIG GGT AGA AGT TAT GIG CIT CCC TTA GAT GG CCT ACA GGT
CGT ARC CCA TCT TCA ATR CAC GAA GGG AAT CTA CCA TGA GGA IGT CCa
A L G R $ ¥ v . P L P G T P T &

A T P 8 R T I VvV ¥ T L ¥ G K Qg
a a a a TRANSLATICN CF FYPV El1 a a a a a >

680 630 700 710 720

a - ! x L 4 »~

. ACT GCC ACA GGA TGG GCT TAC TAC GIA AAR TCT AAA GCT
GA

CGG TGT CCT A0C CGA ATG ATG CAT TTT 2GA TIT CGA
T aAa T 6 ®W Aa X ¥ ¥ K '§ K 3>

a a a a TRANSLATION OF FIFV E1 a & a a a >
730 740 150 760
* ” =® . 4
GGT GAT TAC TCA ACA GAA GCA CGT ACT GAC AAT TTG AGT GAA CAT Gaa
CCA CTA AIG AGT TGT CTT CGT GCA TGA CTG TTA AAC TCA CIT GIa CIT
G D Y S T E A R T D N L S E B B

a a a a TRANSLATION OF FIPV EL a a a a a >

770 730
*

AAA TTA TTA CAT ATG GG TAA
' ©1T RAT AAT GTA TaAC CAC ATT
K L L H M Vv =

TRANSLATICNY OF FIFV >
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M5 |

Sequence Range: 1 to 1134
10 20 30 40
* *

* *
ATG GCC ACR CAG GGA CAA CGC GIC AAaC TGGE GGA GAT GAA CCT TCC Aza
TAC CGE TGT GIC OCT GTT GOG CAG TTG ACC CCT CIA CIT G&R AGG TTT
M &2 T Q@ 6 Q R Vv N ¥ 6 D E P § K
a a a a TRAaSIATIN O FIEFYN a a a a a >

100 110 120 130 140
* L ] ® ~

. a a a a TREMSIATION OF FIEVN a a a ~“a a >
150 160 170 180 130
* x = ®* =

a a a a TRANSIATION CF FIPV N a a a a a
340 350 360 37¢
3 -* x* *

TIC TGG GIT GCA AGG GAT GGY GCC AIG AAC RAaG CCC ACA ACG
AAG ACC CAA CGT TCC CTA CCA CGG TAC TTG TIC GGG TGT IGC
F W V. a R D G A M N K P T T

a & a a TRANSIATION O FIPVN a a a a a >

r‘gg,ﬁ

Figure 1B. Nucleatide and amino acid sequence of FIPV N open rsading frame.

iThis Sheet Has Been Replace

A




18 NCE LISTING (1) GENERAL
| NFORMATI ON: (i) APPLI CANT: Was ) Terri Chavez,
Ll oyd Chu, Hsien-Ju (ii) TITLE OF | NVENTI ON:
Reconbi nant Raccoon Pox Viruse and Their Use as an Effective
Vacci ne Against Infectious Peritonitis Virus D sease (i)
NUMBER OF SEQUENCES: 4

330 400 410 420 430

* x * * *

ACT CGT GGA ACC AAT 2AC GAA TCC ARA CCA CTG AGR TIT GAT GGT AAG
TGA GCA CCT TGG TTA TTG CTT AGG TTT GGT GAC TCT A2A CTA CCA TTC

T R 6 T N ®N E S K P L R F D 6 ©
a a a a TRANSLATICON OF FIPV N a a a a a >

440 450 ' 460 470 480

E * * * ~

ATA CCG CCA CAG TIT CAG CIT GAA GIG AAC CGT TCT AGG AAC AAT TCA
TAT GGC GGT GYIC ARA GTC GAA CTT CaACL TTG GCA 2GA TCC TIG TIA AGT
N

I P P Q ¥ Q@ L B Vv N R S§ R N
a a a a TRANSIATION OF FIPV N & a

a a a a TRANSIATION OF FIPV N a a a a a >
580 $90 600 £10 620
»® =

a a a a TRANSIATICN OF FIPV N a a a a a >

680 630 700 710 720
* x L4 x *
CCT AAG RAT GCC AAC AAA CAC ACC TGG AAG AARA ACT GCA GGC AAG GGA
GGA TIC TTA CGG TTG TTT GIG TGG ACC TTC TTT TGA CGT CCG TIC CCT
P K W A W K 24 T w K K T A G X >

a a a a TRANSIATION QFE FIPVN &2 a2 @ a a >

730 740 750 760
* *» ~ »

GTG ACA ACT TTIC TAT GGT GCT AGA AGT AGT TCA GCT AAC TIT
CAC TGT TGA BAG ATA CCA CGA TCT TCA TCA AGT CGA TTG AAaa CCA
v T T 13 Y G A R ) S S A N r
a a a a TRANSLATION OF FIPV N a a a a a >

°38
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(i v) CORRESPONDANCE ADDRESS: 5 / 4( ADDRESSEE: Darby & Darby PC

(C STRET: 805 Third Avenue (/O~CI TY: New York (D)
STATE: New York (E) COUNTRY: US (F) zIP: 10022 -

(v) COWUTER READABLE FORM (A) MEDI UM TYPE: Fl oppy di sk

(B) COVWUTER | BM PC conpati bl e (C) OPERATI NG SYSTEM

PC- DOS/ Ms- DOS (D) SOFTWARE: Patentin Rel ease #1.0, Version #1.25
(vi) CURRENT APPLI CATI ON DATA: (A) APPLI CATI ON NUMBAR: US

08/ 125,516 (B), &l LI NG DATA,, 22- SEP- 3 (O

CLASSI FI CATI ORES 780 %0 s 81

GAT AGT GAT CTC GTT GOC AAT GGT AaC GCT GCC AAA TGC TAC CCT QAG
CTa GAG Caa (GG TTA COCA T1IG CGA (GG TIT ALG ATG GGA GIC
D L VvV A N G RN A A K C Y P o
a a a =a TRAMSIATIONOF FIPV N & a a a a >

g’
o

820 830 840 850 860
* & * * *

ATA GCT GAA TGT GIT CCA TCA GIG TCT AGC ATA ATC TITT GGC AGT CRA

TAT CGAR CIT ACA CAa GGFX AGT CAC 2GA TCG TAT TAG Aaa CCG TCA GIT
I A E € v p S Vv s 4 I r G § o
a a a 2 TRANSIATICN (R FIPV N a a a a a >

970 589 390 1600
* *

CAG ATT GAC GCT TAC AAG OGA CCT TCT GAA GIG GCT AAG GAT CAG AGG
GIC T2Aa CIG CGA ATG TIC &CT GGA AGA CIx CAC O3 TIC CIa G ICC
¢ I P A ¥ X R P S§ E ¥V A X D Qg B

& a &8 &8 TRANSIATIONCFE FIPVN a a a a a >

1010 1020 103¢ 1040 - 10s0
L =~ * * =

g CAA AGA AGA TCC CGT ICT AAG TCT GCT GAT AAG AAG CCT GAG GAG TIG
.GIT TCY ICT AGG GCA AGA TTC AGA CGA CIA TIC TIC GGA CTC CIC aaC

4 R R S R $§$ X S A » XK X P E E D>
& a a a TRANSIATIONCGEFIPVN a a2 a a =2 >

1060 1670 1080 1090 1100
* * = ” -

TCT GIA ALT CTT GIG GAG GCA TAL ACA GAT GIG TIT GAT GaC ACR CaG
AGA CAT TGA GAA CAC CTC CGT ATG TGT CTa CaC Aaa CYA CIG IGT GIC
$s v T L Vv E A ¥ T D VvV F D D T Q>

a a a a TEANSIATION CE FIPVN 2 a a a a >

1110 11290 1130

x * x
GIT GAG ATG ATT GAT GRG GIT ACG RAC TAA
Caa CIC TALC TAA CTA CTC Caa TGC TIG ATT

v E M I D E v T N *>
a TRANSLATICN CF FIPV N a a >
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(O REFERRENCE/ DOCKET NUMBER:

(viii) ATTORNEY/ AGENT | NFORMATI ONQ 5 (A) NAME: SchaFfer, Robert
(B) REG STRATI ON NUMBER 31, 194 /)

9632/ 08669 (1 x) TELECOVMUNI CATI | NFORVATI ON: (A -
TELEPHONE: 212-527-7700 - (t) TELEFAX: 212-753-6237 (O
TELEX: 236687 (2) 1 NFORVATON FOR SEQ I D NG 1: (1) SEQUENCE
CHARACTERI STI CS: (A) LENGTH. 789 base pairs (B) TYPE:
nucleic acid (C STRANDEDNESS: doubl e CD) TOPOLQOGY:
| i near
200 400 800 800 1000 1200 1400 1800 1800
rEcoRl
Ls;;m 1'551'-” rSphi
B
1 o >0 * 1
& 3 3
) G & 5
6 6
E1 SN
FiPY cONA
NORF

pUC18 FIPV E1N
4613 tp

FIPV cONA

Miut - Bal1

ColET replication origin

I

facZ EcoRt Sphi

Figure 2. Piasmid ptUC18:E1-N and FIPV E1 and N cDNA.

PUCTS:E1-N contains a 1.9 kbp EcoRI-Ssp! fragment containing the FIPV €1 and N

genes ligated together.
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1 -
Sma Promoter P7.5

Promoter P11 EcoR1

Figure 3C. pSCt11 FIPV N
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(vi) ORI G NAL SOURCE:

%?QGANI SM Feline infectious
SOURCE (B)

peritonitis virus (vii) 1 MVED
CLONE: fipv El (xi) SEQUENCE DESCRI PTI ON: SEQ ID NO I :
ATGAGGTACA TTTTGCTAAT ACTCGCGTGC * ATAATTGCAT GCGTTTATGG TGAACGCTAC
60 FERTOREFGCCATETmALKCAGT GG DEXTRIAGHGT ATTAATGGCA CAAATTCAAG
ATGTCAA 120 L §2 GCTT %‘% ® CTTGCTAACT  CTTGCTAACT
GGAACTTEAS CTGGTCRGEA Oy 1Y & ® AGTGTTACAA AGTGTTACAA
TATGCCAGRE CACAAEBEERAG CE-W CGHymidine Xinase L 240

signal 6250 6130 (C) Promcter P11

signal 6300 6480 Promcter P7.5

DA 6493 7329 FIEV E1l cDiva

ORE 6525 7313 1 El orF

1201 GAOCCCGYAG AAAAGATCAA AGGATCTTICT TGRGATCCIT TITTICIGCG CGTAATCISCS
1261 TGCEITGCAAR CAARAZAACC ACCGLTACCA COGGIGGITIT GITIGOCGE TCALGAGCTZ.
1321 CCARCYCTIT TICCGAAGGT AACTGGCTTC AGCAGAGOGC AGATACCRAA TACTGTCCTT
1381 CIRGIGIAGC CGTAGITAGG CCACCACTTIC AAGAACTCIG TAGCACCGCL TACATALCTC
1441 GCTCTGCIAA TCCIGTTACC AGTGGCTGECT GCCAGTGGOS ATARGICGTG TCITAOOSSG
1501 TTCGACTCAA GACRATAGIT ACCOGATAAG GOGCAGCGST OGGGCTGRRC GGGGGGEITCG
1561 TGCALACRGC CCAGCTIGGA GOGRACGACC TACACOGARC TGAGATACCT 2CAGCGTGAG
1621 CATTCMGARA GUSCCACGCT TCCCRAAGGG AGARAGGOGG ACRGGTATCC GGTAAGORSC
1681 AGGCTOGGAA CAGGAGAGCS CACGAGGGAG CTICCAGGSS GAAARCGCCTG GIATCIITAT
1741 AGTCCTGICG GGTTTCGOCA CCICIGALTT GAKGTCGAT TTITGTGATG CrOGICAGRG
1801 GGGOGGARGCC TATGGAAARA OGUCAGCAARC GUGGCCTITIT TACGGTIICCT GGOCTITITGS
1861 TGGCCITIIG CTCACATGIT CITICCIGCG TTATCCCCIG ATTCIGIGGA TARCCGTATT
1521 ACCGOCTTIG AGTGAGCTGA TACCKTOGC CGCAGCCGRA CGACCGAGCSG CAGCGAGTCA
1981

ﬁ 2041 ATTCATTAAT GCRGCTGGCA CGACAGGTIT CCCGACTGGA AAGOGGGCAG TGAGCGCAAC
2101 GCAATTAATG TGAGITAGCT CACTCATTAG GCACCOCAGG CTITTACACTT TATGCITCOG
2161 GCTCGTATGT TGIGTGGRAT TCTGAGOGGA TAACAATTIC ACACAGGAAA CAGCTATGAL
2221 CATGATTACG CCRAGCTTTT GCUGATCAATA AATGGATCRC AACCAGTATC TCITARCGAT
2281 GITCTTCGCA GATGATGAIT CATTTTTIRA GTATTIGGCT AGTCRAGATG ATGABATCTY
2341 CATTATCIGA TATATTGCAA ATCACTCAAT ARTCTAGACTT TCIGTTATTAE TTATTGATCC
2401 AATCAAAADA TAAATTAGAA GCCGTGGEIC ATIGTTATGA ATCTCTITICA GAGGAATACA
2461 GACAATTGAC AARATTCACA GACITTCAAG ATTTTAAAAA ACTGTTTAAC AAGGTCCCTA
2521 TIGITACAGA TGGAAGGGTC AARCTITAATA AAGGATATTT GTTCOGACTTT GTGATTAGIT
2581 TGATGCOGATT CRAARBAGAA TCCTCICYAG CTACCACCGC ARTAGATCCT GITAGATACA
2641 TAGATCCTCG TCGCAATATC GCATTTICTA ACGTGATGGA TATATTRAAAG TCGAATARAG
2701 TGAACAATAMA TTAATTCITT ATTGICATCA TGAACGGCGG ACATATICAG TIGATAATCG
2761 GCCCCATGTIT TTCAGGTAAA AGTACAGAAT TAATTAGACG AGTTAGACGT TATCARATAG
2821 CTCAATATAA ATGOGTGACT ATAAAATATT CTAACGATAA TAGATACGGA ACGGGACTAT
2881 GGACGCATGA TAAGAATAAT TTTGAAGCAT TGGAAGCAAC TAAACTATGT GRICTCTIGS
2941 AATCAATTAC AGATTICTCC GTGATAGGTA TCGATGAAGG ACAGTTCTIT CCAGACATIG
3001 TTGAATTCCG AGCTTGGCTG CAGGTCGGGE ATCCCCCCIG COCGGTTATY ATTATITTIYG
306: ACACCAGACC AACTGGTRAT GGTAGCGAAL GGOGCICAGC TGRATTCOGC CGATACTGAC
3121 GGGCTCCAGG AGTCGICGCC ACCAATCCCC ATATGGAAAC CGTCGATATT CAGCCATGTG

Filgure 4A. Nucleotide sequence and location of various genetic elements of
pSC11 FiPV E1. e
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TATGECATTA AAATGCTGAT CATGTGGCTA TTAT TTGTTCTAGC GCTTACGATT.
300 TTTAATGCAT ACTCTGAGTA CCAAGTTTCC AGATATGIAA ToTTCGHCT
TAGTGTTGCA 360 T GACTTS TAACGITTOE | ACTTTOGATG AT s Been Replacec
TGAGATCTGT TCAGCTATAT 420 AAAGAACEA Fl I, "
GTCTTTAAT CCTGAGACTA ATGCAATTCT TTGTGITAAT 480 GCATT

GAAGTTATGT GCTTOCCTTA GATGGTACTC — CTACAGGTGT TACCCTTACT

540 CTACTTCAG GAAATCTATA TGCTGAAGGT TTCAAAATGG  CTGGTGGTTT

CCATCOTITE v%%‘.f%
CCATCGITT#e

780

6121 TATAGCATAG AARARAACAA AATGAAATTC TACTATATTT TIACATACAT ATATTCIAAR
6181 TATGAAAGTG GIGATIGIGA CTAGCGTIAGC ATCGCITCIA GACATATACT ATATAGTAAT
€241 ACCAATACTC AAGACTACGA AACTGATACA ATCTCITATC ATGIGGGTAA TGTTCICGAT

6901 TTGCACTITG GATGATGTAT TTTGIGAGAT CIGTTCAGCT ATATAGAAGA ACCARATCAT



789 (2) | NFORMATI ON FOR SEQ/AIQ 2 (i) SEQUENCE

CHARACTRI STI CS: (A LE 1134 base pairs

(B) "TYPE: nucleic acid (C) STRANDEDNESS: doubl e :
(D) TOPOLOGY: |i near (ii) MOLECULE TYPE: cDNA (vi)
ORI G NAL SOURCE: (A) ORGANI SM Peline infectious
peritonitis virus (vii) 1 MVEDI ATE SOURCE: (B)

CLONE: FIPV N

6961 GGTGGICITT TAATOCTGAG ACTAATGCAA TICTITGIGT TAATGCATTG GGTAGRAGIT
7021 ATGTGCITCC CTITAGATGGT ACTCCTACAG GIGTTROCCT TACTCIRCIT TCAGGAAATC
7081 TATATGCIGA AGGTTTCAAA ATGGCIGGIG GTTTAACCAT CGAGCATITG CCTABRATACG
7141 TCATGATTGCC TACACCTAGT AGAACCATCG TTTATACATT AGTTGGAARA CRAATTAARAG
7201 CAACTACTGC CRCAGGATGG GCTTACTACG TARARTCTAA AGCTGGIGAT TACTCRALAG
2261 AAGCACGTAC TGACRATTTG AGTGAACATG AARAATTATT ACATATGGLG TAACTAAACT
7321 TTCAAATGGG GGEABTTCTGT GAGCGIATGG CAARCGAAGG ARAAATIAGT TATAGTAGCC
7381 GCACTCGATG GGACATTTCA ACGTAAACCG TTTAATAATA TTTTGAATCT TATTCCATTA
7441 TCTGAAATGG TGGTAAAALT AACTGCTGIG TGIATGAAAT GCTTTAAGGA GGCITCCITY
7501 TCTRAACGAT TGGGTGAGGA AACCGRGATA GABATAATAG GAGGTAATGA TATGTATCAR
7561 TCGGTGTGTA GAAAGTGITA CATCGACTCA TRAATATTATA TITTITATCT AAAARACTRA
7621 AAATRAACAT TGATTRAATT TTAATATAAT ACTTAAAMAT GGATGTTGIG TCGTTAGATA
7681 RACCGTTTAT GTATTTTIGRG GAAATTGATA ATGAGTTAGA TTBRCGAACCA GAAAGTGCAA
7741 ATGAGGTCGC ARARAAACTG COGTATCAAG GRCAGTTAAA ACTATTACTA GGAGAATTAT
7801 TTTTICTTAG TAAGTTACAG CGACACGGTA TATTAGATGS TGCCACCGTA GIGIATATAG
7861 GATCIGCTCC CGGTACACAT ATACGITATT TGAGAGATCA TTICTATAAT TTAGGAGIGR
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FEATURES Froa To/Span Description
o 1 2233 PUCL8 ori/amp resistance
(5: 18 7687 8947 Thymidine Kinase R
DA 6080 3030 (C} lac z
DNA 224¢ 3000 Thymidine Kinase L
signal 6250 6130 (C) Promoter Pl
signal 6300 6480 Promoter F7.5
ma 6496 7636 FIBV N cDNA
ORF 6496 7623 1 N CRF

2521 TTGITACAGA TCGAAGGGIC AARACTTAATA AARGGATATTT GTICGACTTIT GIGRAITAGIT
2581 TGATGCGATT CRARARAGAA TCCICICIAG CTACCACCGC AATAGATCCT GITAGRIACA
2641 TAGATCCTCG TCGCRATATC GCATTITCTA ACGTGATGGA TATATTAAAG TCGAATAAAG
2701 TGAACAATAA TTAATTCTIT ATTGTCATCA TGRACGGCGG ACATATTCRAG TTGATAATCG
2761 GCCCCATGIT TTCAGGTRAA AGTACAGART TAATTAGACG AGITAGACGT TATCAAATAG
2821 CTCAATATAA ATGCGTGACT ATAARATAIT CTARCGATAA TAGATACGGA ACGGGACTAT
2881 GGACGCATGA TBAGAATAAT TYTGARGCAT TGGAAGCAAC TARACTATGT GATCICTIGG
12941 AATCAATTAC AGATTICYCC GIGATAGGCIA TCGATGRAGG ACAGTICITT CCAGACATIG
3001 TTGAATTCCG AGCTTGGCTG CAGGTCGGGG ATCCCOCCTG CCCGGTTATT ATTATEITTIC
3061 ACACCAGRCC AACTGGTAAT GGTLAGCGARC GGCGCTCAGC TGRATICCGC CGATACTGRC
3121 GGGCTICCAGG AGTCGTCGCC ACCARATCCCC ATATGGAARC CGTCGRATATT CAGCCRIGTG

Figure 4B, Nucleotide sequence and location of various genetic elements of
pSC1t FIPV N. e
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SEQUENCE DESCRI PTI ON: SEQ I'D NO. 2t ol |« ~ ATGGOCACAC ~ AGGGACAACG
AACTGG GGAGATAAC CTTCCAAAAG ACGTGGT 60 TCTAACTCTC GTGGTCGGAA

ATGAT ATACCTTTGI CATTCTACAA CCCCATT 120 CTCGAACAAG

AAATT TTGGAATTTA  TGICCGAGG ACCTTGITCC CAAAGGAATA 180
SATAAGG ATCAACAAAT TGGITATTGG AATAGACAGA TTCGITATCG TATTGIAAAA

6301 GTCGRATAGC CATATGCCGG TAGTTGCGAT ATACATAAAC TGATCACTAA TICCARACCC
6361 ACCCGCTTTT TATAGTAAGT TTYTCACCCA TAAATAATAZ ATACRATAAT TAATTICICG

This Sheet Has Been Replaced’ '
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CGGTT  CTCAGICTAG ATCTGTTTCA AGAALé§ CTCAATCAGAT CTCAATCTAG
MAGACAC 540 CATTCCAATA
GAATAA TAATGTGAG GATACAATTG TAGCCGT TGAAAAATTA 600 .
TACTG ACAAACAAAG GTCACGTTCT AAACCTAGAG AAACCTAGAG AACGTAGTGA
SAAACCT TTCCAAACCT 660 AGGGACACAA CACCTAAGAA TGCOCAACAA CACACCTGGA
\AACTGC 720 GATGTGACAA CTTTCTATGG
900
960
1020
1080
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FRe— . - ST el e et e e e Gers s A e

baroror TreaTeacac AcacaTTaAG ATGH AGGTTACGAA CTAA

13¢ (2) I NFORVATI ON FOR SEQ I D NO. (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 8710 base pairs *
(B)g TYPE: nucleic acid (C) STRADEDNESS: doubl e
(D)§ TOPOLOGY: circul ar 1) MOLECULE TYPE: DNA (genom c)

4 ORI G NAL SOURCE: (A) ORGNI SM Feline infectious
per§tonitis virus (vii) 1 MVEDI ATE SOURCE:

s

Figure S. PCR analysis of rRPV-FIPV N and Et viral-cell lysates.

Lane 1, Base pair DNA markers; Lane 2, pSC11 FIPV N (FIPV N positive control);
tane 3, rtAPV-FIPV N; Lane 4, wild-lype racooon pax virus-cell lysates with FIPV N primers
(negative control); ; Lane 5, pSC11 FIPV Et {FIPV E1 positive control); Lane 6, (RPV-FIPV E1;
Lane 7, wild-type raccoon pox vicus-cell lysates with FIPV Et prdmers (negative control).
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21 o (B) CLO\IE pecl i f)ﬂ 5//}5 |

5
200 -

- 97 -

$ 6o -

| 48 - - — N
3¢ - — « E1

22 -

14 -

 Figure 6. Western blot analysis of (RPV-FIPV N and E1 viral-cell lysates.

‘ Lane 1, motecular weight markers (kDa):' Lane 2, purified FIPV antigen (positive cantrol};
‘% {ane 3, wild-type raccoon pox virus-cefl fysate (negative controf); Lane 4, rRPV-FIPV N:
Lane 5, rRPV-FIPV E1. : : :

i
H
{
!
i
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(xi.)” SEQUENCE DESCRI PTION: SEQ I D NO 3: CGAAAGSCC—HEGT- @M@@w@e‘{%m:r i

TAGGIAAATG TCATGATAAT AATGGTTTCT 60 | JA@A@G‘[C&G
TEEGECGAAAT GTGCGCGGAA CCCCTATTTG TTTATTTTTC: #
CAAATATGTA TCCGCTCATG AGACAATAAC CCTGATAAAT 'GCﬁ"F{W&TJAA

FCACTTT
3 TARATHCATR
¢ LBt gRepd &

LA RWL
g

106 1 2

GCGGCATTTT W CCAGAAACGC iTEGTGAAREF) AAM@AT!G&W 1250309
GAAGATCAGT T SIEEAGTEREEENG ATCGAACTGG IATCTCAAGAG COGRAMBATCD22ed360
CTTGAGAGTIT TTGGCCCCBAPIMBRACGTTTT CCATGATGA |GCACTTTTAA AGTTCTGCTA

420
480
540

5

10

15

20

TGTGGEOGCGG TATTATOSEE-FAF GACGCC GAGE: AACTCRSTEE GRaGATACAC
TATACTCAGA ATGACTTGGT TGAGTACTGA CCAGTEACAG-ARARGEATE—~TACGEATA

~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., Virology 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. Black,
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., 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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ATGACAGTAA GAGAATTATG CAGTGCTGCC ATAACCATGA GTGATAACAC TGCGGCCAAC 600
TTACTTCTGA CAACGATCGG AGGACCGAAG GAGCTAACCG CGITTTTIGCA _ CAACATGGGG

660 GATCATGTAA CTCGCCTTGA TCGTTGGGAA CCGGAGETIE M@A@A@A%E@p CGAC 720
GAGCGTGACA CCACGATGCC TGTAGCAATG GCAACAACGT TECGCAARKR 4 oGt
TGOGCAAACT ATTAACTGGC 780 GAACTACTTA ATGW&%AQAA
TTAATAGACT GGATGGAGGC GGATAAAGTT _840._ : GCAGGACCAC
TTCTGOGCTC GGCCCTTCCG GCTGGCTGGT TTATT GGT TTATTGCTGA TAAATCTGGA 900
COCCT CAGe e AT an G I HEnc AT APAR R SAARSREE by

960 ATCGTAG TTATCTACAG GACGGGGAGT  CAGGCAACTA TGGATGAACG

AAATAGACA@munoglobuling @rodtECBCTERpGHse 1o TAGEIGECRpariubTindesC AT REies\C

TCTCAACC, M I8 e S protein. OREPC. W. et aL,, J. Virol. 4: 175-189, 1981.

Therefore, the best candidate vaccine for prophylaxis of this disease would be a
5 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.,
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 FIPV
that utilizes the N and E1 proteins, or.segments therefrom, as immunogens.

umm e Inventi
15 _ 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 feiine vaccine comprising
20 RRPV-N or RRPV-E], either singly or in combination, or in combination with other
viruses, bacteria, or fungi that have been inactivated or attenuated. Astll
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.
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TATATACTTT AGATTGATTT AAAACTTCAT TTTTAATTTA AAAGGATCTA AAAGGATCTA
GGTGAAGATC 1140 CTTTTTGATA ATCTCATGAC CAAAATCCCT TAACGTGAGI TTTCGITCCA
CIGAGCGICA 1200 GACCCGTAG AAAAGATGATCAA AGGATCTTCT TGAGATCCTT
TTTTTCTGC GCTAATCTGC 1260 TGCTTGCAAA GAAAAAAACC ACCGCTACCA
GCGGTGGTTT  CTTTGCCGGA TCAAGAGCTA 1320 CCAACTCTTT TTCCGAAGGT AACTGGECTTC
AGCAGAGC AGATACCAAA TAACTGTICCTT 1 ﬁO_ CTAGTGTAGC CGTAGITAGG CCACCACTTC
AAGAACTCTG TAGCACCGCC TACATACCTC 1440 GCTCTGCTAA TCCTGITACC AGTGGECTGCT

COCACT 2 e G The Drrdiing 1500

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

5 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.)

N Figure § is a photograph of an ethidium bromide-stained agarose gel
showing the analysis of RRPV-FIPV N and RRPV-FIPV E1 by polymerase chain
reaction. '

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

Detailed Description 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 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
N previously infected with a raccoon poxvirus. As a result, the DNA from the transfer
plasmid is incorporated into the poxvirus DNA by homologous recomi:ination, 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 for selection and detection of the plasmid DNA sequences in
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22 . TTGGACTCAA GACGATAGIT ACCGGATAAG GCGCAGCGGT CGEECTGAAC GGEGEEGITCG
1560 * -~ TGCACACAGC CCAGCTTGGA GCGAACGACC TACACCGAAC
TGAGATACCT ACAGCGTGAG 1620 CATTGAGAAA GCGCCACGCT TCCCGAAGGG AGAAAGECGG
ACAGGTATCC GGTAAGCGEC 1680  AGGGTCGGAA CAGGAGAGCG CACGAGGGAG CTTCCAGEGEG
GAAACGCCTG GTATCTTTAT 1740 :

-4 -
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
5 recombinatorial integration of the plasmid DNA sequences into the raccoon poxvirus
DNA.

Recombinant viruses expressing the FIPV N or E1 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).
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.

15 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
ﬁresence of 5-bromodeoxyuridine. Viruses containing a gene insert from the transfer

20 piasnﬁd are further identified by the appearance of a blue plague color when grown in

el 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 6f plaque purification. Subsequently, the presence of
the E1 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 El 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
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-AGICCTGICG GGTTTCGCCA CCTCTGACTT GAGCGTCGAT TTTTGIGATG CTCGTCAGSG 1800
GGGCGEGAGCC TATGGAAAA CGCCAGCAAC GCGECCTTTT TACGGTTCCT GECCTTTTGC 1860
"TGECCTTTTG CTCACATGIT CTTTCCTGCG TTATCCCCTG ATTCTGIGGA TAACCGTATT 1920
ACCCCCTTTG AGTGACTGA TACCGCTCGC CGCAGCCGAA CGACCGAGCG CAGCGAGICA 1980
GIGAGCGAGG AAGCGGAAGA GCGCCAATA CGCAAACCGC CTCTCCCCEC GCGITGECCG 2040
ATTCATTAAT GCAGCTGGCA CGACAGGITT CCCGAGIGEGEA AAGCGEGECAG TGAGCGCAAC 2300
GCAATTAATG TGAGTITAGCT CACTCATTAG GCACCCCAGG CTTTACACTT TATGCTTCCG 2160

CCTCCTAT RIS GHeVGIMAL fE&E@%@@G@ﬁdTW&EHE oARNGEA %ﬁ%ﬁ&% 220
CATGATTACG CgACS%Tn GCGATCAATA GGA'I.'CAC'pgACCAGTATC TCIT CGA'%O " °§280

GTTCTTCGIAcEpmantaTyses Aat EXpresa bothroreincsimuizmsonsiX @ RRVGERAY BIYN). 2340
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
5 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
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 E1 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 (TCIDsy), an amount of virus yielding 50% infection under defined conditions.
A method for TCIDs, 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 Iysate may be
further concentrated using commercially available equipment.

Typically, the concentration of virus in the vaccine formulation will be
a minimum of 10%° TCIDs, per dose, bit will typically be in the range of 107 to 10°°
TCID,O per dose. At the time of vaccination, the virus is thawed (if frozen) or, if
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CATTATCTGA TATATTGCAA ATCACTCAAT ATCTAGACTT TCTGITATTA TTATTGATCC 2400
AATCAAAAAA TAAATTAGAA GCCGTGEGTC ATTGITATGA ATCTCTTTCA GAGGAATACA 2460
GACAATTGAC AAAATTCACA GACTTCAAG ATTTTAAAAA ACTGITAAC AGGTCCCTA 2520
TTGITACAGA TGGAAGGGTIC AAACTTAATA AAGGATATTT GITCAGACTTT GATGATTAGIT 2580
TGATGCGATT CAAAAAAGAA TCCTCTCTAG CTACCACCGC AATAGATCCT GITAGATACA 2640
TAGATCCTCG TCGCAATATC GCATTTTCTA TCGTGATGGA TATATTAAAG TCGAATAAAG 2700
TGAACAATAA TTAATTCTTT ATTGTCATCA TGAA ACATATTCAG TTFATAATCG 2760

CTAATATHRPRHEEETEART TRATAYILF B R ARIGEATACCERER I Scogg geionized
%AC&AT%&%TWSPBEW sdfife P kel ANACTATGT GATCTCTTGG 2940
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
40 EMA 31 (Monsanto Co., St. Louis, MO), NEOCRYL (Polyvinyl 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
15 inactivated or attenuated viruses, bacteria, or fungi such as feline leukemia 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
20 purified from natural sources or from recombinant expression systems, or may comprise
et individual subunits of the antigen or synthetic peptides derived therefrom.
In a further embodiment of the present invention, live or inactivated
RRPYV virus-cell lysates can be iﬁwmomted into liposomes, or encapsulated in peptide-,
protein-, or polysaccharide-based 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 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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AATCAATTAC AGATTTCTCC GTGATAGGTA TCGATGAAGG ACAGTTCTTT CCAGACATTG 3000
TTGAATTCCG AGCTTGECTG CAGGICGEEEG ATCCCCCCTG CCCGGTTATT ATTATTTTTG 3060
ACACCAGACC AACTGGTAAT GGTAGCGAAC GGCGCTCAGC CGATACTGAC 3120

-7 -
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.

5 Example 1

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

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

10 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

15 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

20 inserted downstream of the N gene in pSC11-FIPV N. The resulting plasmid was

designated pSC11-FIPV N/EL.

2.  Preparation of Recombinant Raccoon Poxviruses (RRPVs)

Monolayers of Vero cells (ATCC CCL 81) that were 80% confluent
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23 .. GGGCT CCAGG AGICGICGCC ACCAATCCCC ATATGGAAAC CGICGATATT CAGCCATGIG

3180 ° - CCTTCTTCCG CGTGCAGCAG ATGGCGATGG ATGGTTTCCA TCAGITCCTG
TTGACTGTAG 3240 CCGCTGATGT TGAACTGGAA GCGECCECEC CACTGGIG GECCATAATT
CAATTCGCGC 3300 GICCCGCACG GCAGACCGTIT TTCGCTCGEG AAGACGTACG
GGGTCTACAT GTCTGACAAT 3360 GGCAGATCCC AGCGGTCAAA ACAGGECGGCA

GTAAGCCGGT CGGGATAGIT TTCTTGCGEC 3470 _

(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

(MOD) of 0.1 TCIDg/cell. The medium (2 ml) consisted of Eagle's Minimum Essential

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

5 and 15 ug/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

40 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% CO0,) until greater than 80% showed cytopathic effects (CPE),

* which took approximately 3-4 days. The virus-cell 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 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 plague
20 purification methods. Monolayers of Vero cells (50-80% confluent) were infected with
2 ml of ten-fold serial dilutions (10? 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% CO0,), and overlaid again with 4 ml of 1.25% Nobel
25 agar containing 0.5X PBS and 600 ug/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 plagues were picked with sterile
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CCTAATCCGA GCCAGTTTAC CCGCTCTGCT ACCTGCGCCA GCTGGCAGTT CAGGCCAATC 3480
CGCGCOGGAT GOGGTGTATC GCTCGCCACT TCAACATCAA GGTAATCGC CATTTGACCA 3540
CTACCATCAA TCCGGTAGGT TTTCCGGCTG ATAAATAAGG TTTTCCCCTG ATGCTGCCAC 3600
GCGTGACCGG TCGTAATCAG CACCGCATCA GCAAGTGTAT CTGCCGTGCA CTGCAACAAC |, 3660
GCTGCTTCGG CCTGGTAATG GCCCGCCGCC TTCCAGCGTT CGACCCAGG ATTAGGGTCA 3720
ATGCGGGTCG CTTCACTTCA GCCAATGTCG TTATCCAGCG GTGCACGGGT GAACTGATCG 3780
CGCAGCGGCG TCAGCAGTTG TTTTTTTATCG CEASTGCACA TCTGATGAAAG AAAGCCTGAC 3840
TGGCGGTTAA TTGCCACCG CTTATTACCC AGACTCGATGC AAAAATCCAT TTCGTGGTG 3900
GTCAGAT Ghinntmasdiey attachetsioadaacringsasusprnied Gndr &t 0-26Ceglod Atypsis 6.0
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were then inoculated onto S x 10° Vero cells in 25 cm? flasks and incubated at 37°C

(5% CO0,) until greater than 80% CPE was observed. The viral-cell lysates containing
5 RRPV-FIPY 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
10 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
tRPV-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 ¢m? flask (approximately 5 x 10° cells) in the |
presence of S-bromodeoxyuridine (BrdU) at 30 ug/ml in MEM. The infected monolayer
was incubated at 37°C (5% CO0,) for 3-4 days until greater than 70% CPE was
observed. The tk- virus-cell lysates were subjected to two cycles of freeze-thawing
before storage at -70°C. Two individual RRPV-FIPV El1 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 ul of a virus-cell lysate were incubated
with 10 pl of tenfold concentrated PCR lysis buffer (100 mM Tris-HCL buffer, pH 8.5;
500 mM KCl; 25 mM MgCly; 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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ACTACGCGTA CTGIGAGCCA GAGITGCCCG GCGCTCTCCG GCTGCGGTAG TTCAGGCAGT 4080
TCAATCAACT GTTTACCTTGG TGGAGCGCACA TCCAGAGGCA CTTCACCGCT TGCCAGCGEC 4140
TTACCATCCA GCGCCACCAT CCAGIGCAGG AGCTCGTTAT CGCTATCAGC GAACAGGTAT 4200
TCGCTGGTCA CTTCGATGGT TTGCCCGGAT AAACGGAACT GAAAAACTG CTGCTGGIGT 4260
TTTGCTTCCG TCAGCGCTGG ATGCGECGTG CEERCGGCAA AGACCAGACC GITCATACAG 4320
AACTGGCGAT CGITCGECGT ATCGCCAAAA TCACCGCCGT AAGCCGACCA CGEGGITGCCG 4380
TTTTCATCAT ATTTAATCAG CGACTGATCC ACCCAGICCC AGACGAAGCC GCCCTGTAAA 4440
CGGGGATACT GACGAAACGC CTGCCAGTAT TTAGI@AAAC CGCCAAGACT GITACCCATC 4500

GCGTGGGECGT ATTCGCAAG GATCAGCGEG CGCGTCTCTC CAGGTAGCGC: AAGCCATTTT 4560
performed in 100 u! of 10 mM Tris-HCL buffer, pH 8.3; SOmM 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:
5 (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) 5'-TATGTAATGTTCGGCTTTAGTG-3'
10 (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 2 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
15 at 95°C, 1 min at 55°C, 2 min at 72°C, and, on the last cycle, a final incubation of
8 min at 72°C. 10 ul of the PCR products were resolved by electrophoresis in a
horizontal-submarine 4% NuSieve 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
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
pSC11 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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TTGATGGACC ATTTCGGCAC AGCCGGEGAAG GECTGGTCTT CATCCACGCG CGCGTACATC 4620
GGGCAAATAA TATCGGTGEC CGTCCTGICG GCTCCECCEC CTTCATACTG CACCGEECGG 4680
GAAGGATCGA CAGATTTGAT CCAGCGATAC AGCCCTCGI GIGGCCTGAT 4740

- 11 -

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
5 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
~-10 Cloning: A Laboratory Manual, 1982, Cold Spring Harbor Press. After electrophoresis,
the proteins were transferred to nitrocellulose (Bio-Rad I.abora.xo:iu, 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 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
20 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
25 biotin-labeled mouseanti-cat IgG antibody (Kirkegaard & Perry Laboratories Inc.,
Gaithérsburg, MD) that had been diluted 1:2000 in PBS-TW-BSA, followed by four §
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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24 TCATTCCCCA GCGACCAGAT . GATCACACTG GGGTGATTAC
GATCGCGCTG CACCATTCGC 4800 GITACGCGIT CGCTCATCGC CGGTAGCCAG CGCGGATCAT
CGGICAGACG ATTGATTGEC 4860 ACCATGCCGT GGITTCAAT ATTGGECTTCA TCCACCACAT
ACAGGCCGTA GCGGTCGCAC 4920 AGCGTGTACC ACAGCGGATG GITCGGATAA
TGCGAACGAC GCACGGECGGIT AAAGITGITC 4980  TGCTTCATCA GCAGGATATC CTGCACCATC
GICTGCTCAT CCATGCCTG ACCATGCAGA 5040 GGATGATCCT CGTGACGGTT AACGCCTCGA
ATCAGCAACG GCRRCCGIT CAGCAGCAGC 51062 =

(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
5 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

10 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% CO;) 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 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
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 cm? flask (1 X 107 cells) with
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AGACCATTTT CAATCCGCAC CTCGCGGAAA CCGACATCGEC AGGCTTCTGC TTCAATCAGC 5160
GIGECGTCGG CGGTGIGCAG TTCAACCACC GCACGATAGA GATTCGGGAT TTCGECGCTC 5220
GACAGITTCG GGTTTTCGAC CTTGAGACGT AGTGACGC GATCGGCATA ACCACCACGC 5280
TCATCGATAA TTTCACCGCC GAAAGECECG GIGCCGCTGG CGACCTGCGT TTCACCCTGC 5340
CATAAAGAAA CTGITACCCG TAGGTAGICA CGCAACTCGC CGCACATCTG AACTTCAGCC 5400
TCCAGTACAG CGCGCCTGAA ATCATCGITA AA GIGG CAACATGGAA ATCCCTGATT 5460
TGTGTAGTCG GITTATGCAG CAACGAGACG TCA TGCCGTCAT CCGCCACATA 5520

i e e

TAACCGACCE R %E1) LnECH08 % efopathie/ it vad oervEACE3(dapdy -/ TS Mirus-celi00
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

5 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 TCIDs/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 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
15  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
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 TCIDsy/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
25 105* TCIDsy/ml. Wild type raccoon poxvirus was grown using the same methods as
described above, and contained 1054 TCIDs,/ml.

3.  Vaccination
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ATTCGCGICT GGCCTTCCTG TAGCCAGCTT TCATCAACAT TAAATGTGAG CGAGTAACAA 5760
CCCGTCGGAT TCTCCGTGEG AACAAACGEC GGATTGACCG TAATGGGATA GGITACGITG 5820
GIGTAGATGG GCGCATCGTA ACCGTCATC TGCCAGITTG AGGGGACGAC GACAGTATCG 5880
GCCTCAGGAA CATCGCACTC CAGCCAGGIT TCCGGCACCG CTTCTGGIGC CGGAAACCAG 5940
GCAAAGCGCC ATTCGCCATT CAGGCTGCGC AACTGITGEG AAGEGCGATC GGTGCGEECC 6000
TCTTCGCTAT TACGCCAGCT GGECGAAAGEG GGATGTGCTG CAAGCCGATT AGITGGGTA 6060
ACGCCAGGGT TTTCCCAGIC ACGACGTITGT AAAACGACGG GATCCCTCGA GGAATTCATT 6120
TATAGCATAG AAAAAAACAA AATGAAATTC TACTATATTT TTACATACAT ATATTCTAAA 6280
TATGAAAGTIG GIGATTGTGA CTAGCGTAGC ATCGTTCTA GACATATACT ATATAGTAAT 6240

- 14 -

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-FIPYV N 3 1074
2 5 RRPV-FIPY N 1 . 10897
3 5 RRPV-FIPV N 3 1074
4 4 RRPV-FIPV N 3 1054 SC
(1:10 Dilution)
10 5 5 Wild Type RPV 3 1004 SC
*SC = Subcutaneous *
IM = Intramuscular
Oral = Qral
15 4, Challenge
N

Two weeks following the second vaccination, cats were orally inoculated
with 10*4 TCIDj, of Feline Enteric Coronavirus (strain 79-1683, ATCC VR-989). This
virus induces a subclinical infection which can enhance subsequent FIPV infection.
Three weeks Iater, cats were orally challenged with 10°*4 TCID;, 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 induding: 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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ACCAATACTC AAGACTACGA AACTGATACA ATCTCTTATC ATGIGGGTAA TGITCTCGAT 6300
GTCGAATAGC CATATGCCGG TAGITGCGAT ATACATAAAC TGATCACTAA TTCCAAACCC 6360
25

- 15 -
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
5 *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’
10 Peritoneal Swelling 1 point/day
N Icterus : 1 point/day
Weight Loss >20% 1 point per observation
>30% 2 points per observation
>50% 5 points. per observation
15 Leukopenia decrease of 50% 3 points per observation
counts <6000 2 points per observation
Hematocrit <25% PCV 3 points per observation
Death 25 points
5. valnation of Induced Immunity to FIPV
20 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
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 2/5
30 40%) of the cats succumbed to FIPV-induced disease. However, the onset of disease
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ACCCCCTTTT TATAGTAAGT TTTTCACCCA TAAATAATAA ATACAATAAT TAATTTCTCG -

TAAAAGTAGA AAATATATTC TAATTTATTG CACGGTAAGG AAGTAGAATC ATAAAGAACA
GIGACGGATC CCAATTCGGEG CATTTTTGGT TTGAACTAAA CAAAATGAAG TACATTTTGC
TAATACTCGC GIGCATAATT GCATGCGITT ATGGTGAACG CTACTGIGCC ATGCAAGACA
GIGGCTTGCA GTGTATTAAT GGCACAAATT CAAGATGCA AACCTCCTTT GAACGTIGGTIG
ATCTTATTTG GCATCTTGCT AACTGGACT TCAGCTGGTC TGTAATATTG ATTGITTTTA
TAACAGICTT ACAATATGEC AFACCACAAT TTAGCTGECT CGITTATGEC ATTAAAATGC

- 16 -

6420
6480
6540
6600

6660
6720
6780

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
10*-10° TCIDy,/ml, preferably 10%-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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TGATCATGIG GCTATTATGG CCTATTGITC TAGCGCTTAC GATTTTAAT GCATACTCTG 6840
AGTACCAAGT TTCCAGATAT GTAATGITCA GCTTTAVTGTI TGCAGGIGCA GITGTAACGT 6900
TTGCACTTTG GATGATGTAT TTTGIGAGAT CTGITCAGCT ATATAGAAGA ACCAAARCAT 6960
GGTGGTCTTT TAATCCTGAG ACTAATGCAA TTCTTTGIGI TAATGCATTG GGTAGAAGIT 7020
ATGIGCTTCC CTTAGATGGT ACTCCTACAG GIGITACCCT TACTCTACTT TCAGGAAATC 7080
7140

TATATGCTA AGITTCAAA ATGECTGGTG GT TTAACO&FLI_CGAGCATTTG CCTAAATACG
T AGATTGGAAAA CAATTAAAAG

TCATGATTGC TACACCTAGT. AGAACCATCG TTTATA 7200

TOTAL CLINICAL SCORES FOLLOWING CHALLENGE WITH FIPV
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- GCACTCEATG GGACATTTCA ACGTAAACCG TTTAATAATA TTTTGAATCT TTATTGCATTA 7440
" TCTGAAATGG TGGTAAAACT AACTGCTGTG TGTATGAAAT GCTTTAAGGA GGCTTCCTTT .500
TCTAACGAT TGGGTGAGGA AACCGAGATA GAAATAATAG GAGGTAATGA TATGTGTCAA -~ 7560
TCGGTGTGTA GAAAGTGITA CATCGACTCA TAATATTATA TTTTTATCT AAAAACTAA 7620
AAATAAACAT TGATTAAATT TTAATATAAT ACTTAAAAT GGATGITGTG TCGITAGATA 7680
AACCGTTTAT GTATTTTGAG GAAATTGATA ATGAGTTAGA TTACGAACCG GAAAGIGCAA 7740
ATGAGGGTCGC AAAAAAACTG CCGTATCAAG GACAGITAAA ACTATTACTA GGAGAATTAT 7800
TTTTTCTTAG TAAGITACAG CGACACGGTA TATTAGATGG TGCCACCGIG GIGTATATAG 7860
GATCTGCTCC CGGTACACAY ATACGITATT TGAGAGAT{A TTTCATATAAT TTAGGAGTGA 7920

SEQUENC2 LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: Wasmoen, Texrrxi
Chavez, Lloyd
Chu, Esien-Jdue

(ii) TITLE OF INVENTION: Recomdinant Raccoopn Pox Viruse and Their
Use as an Effective Vaccine Against Infectious Per:.tonit::.s
Virus Disease

{iii) NOMBER OF SEQUENCES: 4

{iv) CORRESPONDRNCR ADDRBESS:
{n) ADDRESSER: Darby & Darby 2C
(B} STRERT: 805 Thixd Averme
{C) CITY: New Tork
{D) STATR: New York
{B} COUNTRY: US
{¥) ZIP: 10022

{v} COMPUTER READABLE FORM:
(R) MEDIUM TYPE: Floppy disk
(B} COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
{D) SOFTWARE: Patentin Release #1.0, Version #1.25

{vi) CORRENT APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/125,516
(B) FILIRG DATR: 22-SEP-1993
{(C) CLASSIFICATION:

: (viii) ATTORNEY/AGENT INFORMATION:

N~ (A) NaMR: Schaffer, Robext

(B} RECISTRATION NUMBER: 31,194

(C) REFERENCEB/DOCKET NOMBER: 9632/08669

(ix} TELECOMMONICATION INFORMATION:
{A) TELEPHONE: 2312-527-7700
(B) TELBFAX: 212~753-6237
(C} TRLEX: 236687

{2) INFORMATION FOR SE({ ID WO:l:
(i) SEBQUENCE CHARACTERISTICS:
(A) LENGTH: 78% base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: lineayr

{ii) MOLECULE TYPB: cDNa

This is the raplacemernt sheet

Date:



"TCATCAAATG GATGCTAATT GACGGECCGCC ATCATGATCC TATTTTAAAT GGATTGCGIG
26 -

19

(vi)} ORIGINAL SCOURCR:
{Z) ORGANISM: Peline ixfectious peritcnitis wvirus

(vii) TMMEDIATE SOURCE:
{(B) CIONE: FIPV E1

{xi) SEQUENCE DESCRIPTION: SBQ ID NO:1:
ATGAAGTACA TTTTCCTAAT ACTCGCGTGC ATAATTGCAT GCGTTTATGG TGAACGCTAC
TGTGCCATEC ARGACAGTCA CTTGCAGTET ATTAATGGCA CAAATTCAAG ATGTCARACC
TGCTTTGAAC GTGGTGATCT TATTIGGCAT CTIGCIAACT GGARCTTCAG CTGETCTGTA
ATATTGATTG TTTTTATAAC AGTGTTACAA TATGGCAGAC CACARTTIAG CTGGCICGTT
TATGGCATTA ARATGCTGAT CATGTGGCTA TTATGGCCIA TTGTTCTAGC GCTTACGATT
GGTGCAGTTG TAACGTTIGC ACTTTGGATG ATGTATTTIC TGAGATCTGT TCAGCTATAT
AGAMGAACCA AATCATGGYG GTCTTTTAAT CCIGAGACTA ATGCAATTCT TTGIGITAAT
GCRTTGGGTA GAAGTTATGT GCTITCCCTTA GATGGTACTC CTACRGGTGT TACCCTTACT
CATTTGCCTA ARTACGTCAT GATTGCTACA CCTAGTAGAA CCATCGTTTA TACATTACTT
GGAARACAAT TAAARGCAAC TACTGOCACA GGATGSGCTT ACTACCTAAK ATCTAAACCT
GGTGATTACT CAACAGARGC ACGTACTGAC ARTTTGAGTG ARCATGARAA ATTATTACKT
ATGGTCTAA

~ .
{2) INPORMATTION FOR SEQ ID NO:2:

(:.) SEQURNCR CHARACTERISTICS:
{3) LENGTE: 1134 base pairs
(B} TYPB: mucleic acid
- {€) STRANDEDNESS: double
{D) TOPOLOGY: linear

. (11) MOLECULE TYPE: <DNA

{vi) ORIGINRL SOURCE:
{A) ORGANISM: Feline infectious peritonitis virus

(vii) IMMEDIATE SOURCE:
{B) CIONR: FIPV N
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ATGTGACTCT AGICACTCGG TTCGITGATG AGGAATATCT ACGATCCATC AAAAACAAC 8040

TGCATCCTTC TAAGATTATT TTAATTTCTG ATGTGAGATC CAAACGAGGA GGAAATGAAC :- 8100

CTAGTACGGC GGATTTACTA AGTAATTACG CTCTACAAAA TGTCATGATT AGT. ATTTTTAA 8140
ACCCCGTGEC GICTAGICIT AAATGGACAT GCCCGITTCC AGATCAARGG ATCAAGGACT. 8220

TTTATATCCC ACACGGTAAT AAAATGITAC AACCTTTTGC TCCTCATA TCAGGGCCGT

8280

CGITTTACAA CGICGTGACT GGGAAAACCC TGGCGTTACC CAACTTAATC GCCTTGCAGC 8340

ACATCCCCT, TTCGCCAGCT GGCATAATAG CGAAGAGGCC CGCACCGATC GCCCTTCCA

8400

ACAGTTGCGC AGCCTGAATG GCGAATGGCG CCT G%gGCGG TATTTTGIGT TTACGCATCT 8460

(i) SEQUENCE DESCRIPTION: SEQ ID NO:2:
ATCGCCACAC AGGGACAACS CSTCAACTGS GGAGATGAAC CTTCCAAAAG ACGIGGTCGT
TCTAACTCTC GTGGTCGGAA GAATAATGAT ATACCTTIGT CATTCTACAA CCCCATTACC
CTCGAACAAG GATCTARATT TTGGAATTTA TGTCCGAGAG ACCTTGTTCC CAAAGGAATA
GGTAATAAGG ATCAACAAAT TGGTTATTGG AATAGACAGA TTCGTTATCS TATTGTAARA
GGCCAGCGTA AGGRACTCGC TGAGAGGTGG TTICTTTTACT TCTTAGGTAC AGGACCTCAT
GCTGATGCTA AATTCAAAGA CAAGATTGAT GGAGTCTTCT GGGTTGCAAG GGATGGTGCC
ATGAACAAGC CCACANCGCT TGGCACTCGT GGAACCAATA ACGAATCCAA ACCACTGAGA
TTTGATGSTA AGATACCGCC ACAGTTTCAG CTTGAAGTGA ACCGTTCTAG GAACAATTCA
AGGTCTGSTT CTCAGTCTAG ATCTGTTTCA AGARACAGAT CTCAATCTAG AGGAAGACAC
CATTCCAATA ACCAGAATAA TAATGTTGAG GATACAATTG TAGCCGTGCT TGAAABATTA
GCTGTTACIG ACAAACAAAG GTCACGTTCT AARCCTAGAG AACGTAGTGA TTCCAAACCT
AGGGACACAA CACCTAAGAA TGCCAACAAA CACACCTGGA AGRAAAACTGC AGGCARGGGA
GATGTGACAA CTTTCTATGG TGCTAGAAGT AGTTCAGCTA ACTTTGGTGA TAGTGATCTC
GTTGCCARTG GTAACGCIGC CARATGCTAC CCICAGATAG CTGAATGTGT TCCATCACTG
TCTAGCATAA TCTTTGGCAG TCAATGGTCT GCTGAAGAAC CTGGTGATCA AGTGAAAGTC
ACGCTCACTC ACACCTACTA CCTGCCAAMG GATGATGCCA AAACTAGICA ATTCCTAGAR
CAGATTGACS CTTACAAGCG ACCTTCTGAA GTGGCTAAGG ATCAGAGGCA AAGAAGATCC
CGTTCTAAGT CTGCIGATAA GABGCCTGAG GAGTTGICTG TAACTCTTGT GGAGGCATAC
ACAGATGTGT TTGATGACAC ACAGGTTGAG ATGATTGATG AGGTTACGAA CTAA
(2) DNFORMATION POR SEQ ID NO:3:
(i) SEQURNCE CHARACTRRISTICS:
(A} LENGTH: e'n.oha.sepa:.rs
(B} TYPR: nucleic acid
() Tomoromr et soaane
(ii} MOLRCULE TYPR: DNA ({(gemomic)

{vi) ORIGINAL SOURCE:"
: (A) ORGANISM: Feline infectious penton:...:.s virus

{vii) DMMEDIATE SOURC.’E:
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GIGCGGTATT TCACACCGCA TATGGIGCAC TCTCAGTACC ATCTGCTCTG ATGCCGCATA - 8520
GTTAAGCCAG TACACTCCGC TATCGCTACG TGACTGGGTC ATGGCTGCGC CCCGACACCC 8580
GCCAACACCC AGCTGACECEC CCTGACEEEC TTGICTGCTC CCGGBCATCCG CTTACAGAGCA. 8640
AGCTCTGACC GTCTCCGGGA GCTGCATGIG TCAGACCTTT TCACCGTCAT CACCGAAACG 8700

CGCGAGGCAG _ 8710

(2) I NFORMATI ON FOR I D NO 4: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 9019 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: doubl e (D) TOPOLOGY: circular

21
{B} CLONE: pscllifl
(i) SEQUENCSE DESCRIPTION: S2Q ID X0:3: _

CGABNGEECT TCGTGATACS CCTATTTTTA TAGSTTAATS TCATGATAAT AATGGTTTCT €0
TAGACGTCAG GTGGCACTIT TCRGGGAAAT GTGCLCGGAA CCCCTATTTG TITATTITIC 120
TAAATACATT CAARTATGTA TCOSCTCATG AGRCAATARC CCTGATARAT GCTTCIATEA 180
ZATTGARAAA GGAAGEGTAT GAGTATTCAA CATTICCGTS TCGCCCTTAT TCOCTTTITT 240
CCEGCATTTIT GCCTTCCTET TTTIGCTCAC CCAGAAACGT TGGTGAARGT ABZAACATGCT 200

~ GAZGATCAGT TCOCTCCAOS AGCTGGGTTAC ATCGAACTGG ATCTCAACAG CGGTARGATC 360
CTTGRGACTT TTCECCCOGA AGRACGTTTT CCRETGATGA GCACITTTAA AGTTCIGCTA 420
TCICCOGCES TRTTATCOOS TATTGACSCC GESCARGAGC AACTCHGTCS, COGCATACAC 480
ATGACACTAA CACAZTTAYG CAGTGCTSOC ATAACCATGA GTGATAACAC TGCGGCCAAC €00
mmmm CTTTITIGCA CRARCATGRSG 660
CATCATGTAA CTCECCTTGA TXSTTGGEAA CCECAGCTGA ATGAAGCCAT ACCARACGAL 720
CAGOGTEACR CCACGATGCC TGTAGCARNG GCAACAACGT TCCGCEAACT ATTAACTGRC 780
mmmmmm 840
SCACGACCAC TTCIGCGCTC GECCOTTENS GCTCECTSST TTATIGCTGA TEAATCTEER 900
scmscemeercms CGGTRICATT GCAGCACTGE GGCCAGATGS TRAGCCCICS 960 -
CTTATCSTAG TTRTCTACAC GACGGGGAGT CAGGCAACTA TGGATGAACS AARTAGACRG 1020

= ATCGCTGAGA TAGETECCTC ACTGATTAAG CATTGGTRAC TGTCEGACCR AGTTTACTCA 1080
mmmmmm 13140
CITTTTGATA: ATCTCATGAC CARRATCCCT TARCGTCAGT TTTCGTICCA CTGAGOSTCA 1200
GACCCCSTAG RARAGATCAA ACGATCTTCT TGAGATCCTT TTITTCISCS COTAATSIGS 1260
TGCTTGCARA CPAARAAACC ACCGCTACCA GCGGTGGTIT GITTGCOSGA TCAAGAGCTA 1320
CCAACTCTIT TICCGANGET AACTGGCTTC AGCAGAGCOSC AGATACCARA TACTGTCCTT 1380
CTAGTSTAGC COTAGTTAGE CCACCACTTC ARGARCTCTG TASCACCGCC TACATACCTC 1440
GCTCTGCTAR TCCISTTALT AGTGGCTECT GCCRGTOACE ATARGTCGTS TCTTACCGGS 1500
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- (i11) MOLECULE TYPE: DNA (genom c) (vi) ORI GI NAL SOURCE:

(A} ORGANI SM Pel i ne i munodeficiency virus (Vii) | MVEDI ATE SOJRCE
(B) CLONE: pscllel (Xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 4:
GAAAGGGCCT CGTGATACGC CTATTTTTAT AGGTTAATGT CATGATAATA ATGGITTCTT 60
AGACGTCAGG TGGCATTTT CGGGGAAATG TGCGCGGAAC CCCTATTTGI TTATTTTTCT 120
AAATACATTC AAATATGTAT CCGCTCATGA GACAATAACC CTGATAAATG CTTCAATAAT 180
- ATTGAAAAAG GAAGAGTATG AGTATTCAAC ATTTCCGTGT CGCCTTATT CCCTTTTTTG 240

22
PTICCACTCAA GACGATAGTT ACCSCGATARG GOGCAGCEGT CGGGCTGAAC GGGGGSTTCS 1560
TGCACRCAGS CCAGCTTGEA GOGAACSACC TACACCGAAC TGAGATACCT ACAGCSTGALE 1620
CATTCEGAAR GCSCCACGCT TCCCGAAGGG AGAAAGGCSS ACAGGTATCC GGTAAGCGSE  1€80
ACSETCESAN CAGCAGACCS CACGAGGGAG CTTCCAGGEGG GRAACGCCTG GTATCTTTAT 1740
' AGTCCTETCG GETTTCSCOA CCTCTGACTT GAGCETOGAT TTTITCTGATG CTCGTCAGGEG 1800
GGECGEAGCE TATGGAAARA CGCCAGCRAC GOGGCCTITT TACGGTTCCT GGOCTTEITGC 1860
~ TGECOTTTIC CTCACATETT CTTTCCIGSS TTATCCOCTG ATTCICTOGA TAACCCTATT 1820

ACCGCCITTC ACTGAGCTGA TACCRCTCSC CGCAGCCGAA CGACCGAGCS CAGCGAGTCA 1880
GTCAGCEAGG AAGCCCAAGA GOGCCCAATA CGCARACOGC CTICTCOOCGEC GOSTTEGCCE 2040
ATTCATTAAT GCAGCTGGCA CGACAGGTTT CCCGACTGGA AAGCECSCAG TCAGOSCAAC 2100
GOARTTAATS TGAGTTAGCT CACTCATTAG GCACCCCAGG CTTTACACTT TATGCITCSS 2160
COTCCTATET TCTCTCGAAT TOYGAGCGEA TAACAAITIC ACACAGGAAD CAGCTATGAC 2220
CATGATIACG CCARGCTTTT GCGATCARTA AATGGATCAC AACCAGTATC TCTTRACGAT 2280
GTTCITOGCA GATGRATGATT CATTTTITAA GTATTIGECT AGCTCAAGATC ATGRRATCTT 2340
CATTATCTGA TATATTSCAA ATCACTCARY ATCTAGACTT TCIGTTATIA TIATTGATCC 2400
2ATCARARAZA TARATTAGRA GOCCTGECTC ATTGTTATSA ATCTCTTITCA GAGGRRTACA 2460
GACAATTGAC RRAAMTTCACA GACTTTCAAG ATTTTAAAAA ACTGTTTAAC RAGGTCCCTA 2520
TTGTTACAGA TCGAAGGETC AAACTTAATA AAGGATATTT GTTCGACTTT GIGATTAGTT 2580
TCATGCEATT CAARAAAAGAA TCCTCICTAG CTACCACCGC AATAGATCCT GTTAGATRACA 264D
TAGATCCTCG TCGCAATATC GCATTITCTA ACCTGATGGA TATATTAAAG TCGAATAAAG 2700
TCAACAATAA TTAATTICTTT ATTGTCATCA TCAACGGCGG ACATATTCAG TTGATAATCS 2760
GCCCCATGTT TTCAGGTAAA AGTACAGRAT TAATTAGACG ACTTAGACET TATCAAATAG 2820
CTCAATATAA ATGCCTGRCT ATAAARTATT CTAACGATAA TAGATACGGA ACGGGACTIAT 2880
GERCGCATGA TAMGAATAAT TTTGAAGCAT TGGAAGCAAC TAAACTATGT GATCTCTTGS 2540
ARTCAATTAC EEATTTCTCC GTGATAGSTRE TOGATGARGS ACAGTICTYT CCAGACATIC 3000
TTGAATTCOS AGCTTGGCIG CAGETCSGES ATCCCCOCTG CCOSGTTATT ATTATTITIG 3060
ACACCAGACC AACTGGTAAT GGTAGCSAAC GGCGCTCAGC TGAATTCCSS CGATACTGAC 3120
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CGGCATTTTG CCTTCCTGIT TTTGCTCACC CAGAAACGCT GGTGAAAGTA AAAGATGATGCT - - 300
27 . . | R

23
GGGCI‘CC‘_'AGG ACTOGTCGLC ACCAATCCCC ATATGCGARAC CCTCSATATT CAGCCATGTG 3180
CCIICTTICCS COTGCAGCAG ATGECGATGE CIGGTTICCA TCAGTITGCTG TTGACTGTAG 3240

CCGCIGATGET TGAACTGEAA GTOGCOGOGL CACTGCTIGCTG GGCCATAATT CAATTCOCCSC 3300
GTCCOGCAGE GCAGACCGTT TTCGCTCGGE AAGACGTACG GGGTATACAT GTCIGACRAT 3360
GGCAGATCCC AGCGSTCAARA ACAGGCGGCA GTAAGGOGGT CGGGATAGTT TTCTIGCSGC 3420
- CCTAATCOGA GCCAGTTTAC CCGCTCIGCT ACCTGCGCCA GCTGGCAGTT CAGGCCAATC 3480
CGCGCOSGAT GCGGTETATC GCTOGCCACT TCAACATCAA CGGTAATCGC CATTIGACCA 3540
CTACCATCAA TCCGGTAGET TTTCOGECTG ATAAATAAGE TTTTCCCCTG ATGCTGCCAC 3600
GCGTGACCGE TCGTAATCAG CACCGCATCA GCARGTGTAT CTGCCSTGCA CIGCAACRAC — 3660
GCTGCTICRE CCTECTRAATE GOCOGCOGCE TTCCAGCGTT CGACCCAGGC GTTAGSGTCA 3720
ATGCGGETCS CITCACTTAC GCCAATGTCG TTATCCAGOS GTGCACSGGT GAACTGATCG 3780
CGCAGCSECS TCAGCAGTIG TTTTITTATCS CCAATCCACA TCIGTGAZAC AARGCCTGAC 3840
TGGOGETTAA ATTGCCAACE CTTATIACCC AGCTCGATGC AAAAATCCAT TICGCTGETS 3500
GTCAGATGCE CGATEGCGTG GGACGCGSGCG GGGAGCETCA CACTGAGGTT TTCCGCCAGR 3960
CGCCACTGCT GOCAGGCECT GATGTGCCCS GCTTCTGACC ATGCGGTCSC GTICSETIGE 4020
ACTACGCGTA CTGTGAGCCA GASTTGCCCG GOGCTCTCOG GOTGCGETAG TTCAGGCAGT 4080
TCAATCAACT GTTTACCTTG TGGAGCSACA TCCAGAGGCA CTTCACCGCT TGCCBGCGGC 4140
~ TTACCATCCA GOSCCACCAT CCAGTGCAGG AGCTCGTITAT COCTATGACG GAACAGETAT 4200
TOGCTGCTCA CTTCGATGST. TTGCCCEGAT ARACCGAACT GGARAAACTG CIGCTGSTGT 4260
TTTGCTICCS TCAGCGCICS ATGCSECGTG CGGTCGCCAA AGACCAGACC GTTCATACAG 4320
AACTGGCGAT CGTTCGGCET ATCGCCARAA TCACOGCOGT ARGCCGACCA CGGGTTICCCG 4380
TTTTCATCAT ATTTAATCAG CGACTGATCC ACCCAGTCCC AGACGAAGCC GCCCTGTAAA 4440
CGGEGGATACT GACGAAACGC CTGCCAGTAT TTAGCGARAC CGCCAAGACT GTTACCCATC 4500
GOGTGEEOCT ATTCGCARAG GATCAGCGGE CGOGTCTCIC CAGGTAGCGA AAGCCATTTT 4560
TTGATGGACC ATTTCGGCAC AGCCGGGAAG GGCTGETCTT CATCCACGOS CGCSTACATC 4620
GGGCARATAA TATCGGTERC CGTGETGTCS GCTCCGCCGC CTTCATACTG CACCGGECGE 4680
GARGGATCGA CAGATTTGAT CCAGCGATAC AGCGOGTCET GATTAGOGCC GTGGCCIGAT 4740
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- AAGATGAGIT GGGTIGCACGA GIGGGTTACA TCGAACTGEAA TCTCAACAGC GGTAAGATCC 360
TTGAGAGITT TCGCCCCGAA GAACGTTTC CAATGATGAG CACTTTAAA GITCTGCTAT 420 .
GTGGCGCGGT ATTATCCCGT ATTGACGCG GGCCAAGACGA ACTCGGTCGC CGCATACACT - 480
ATTCTCAGAA TGACTTGGIT GAGTACTCAC CAGICACAGA AAAGCATCTT ACGGATGECA 540
TGACAGTAAG AGAATTATGC AGIGCTCCA TAACCATGAG TGATAACACT GCGGECCAACT 600
TACTTCTGAC AACGATCGGA GGACCGAAGG AGCTAACCGC TTTTTTGCAC AACATGGGGG 660
ATCATCTAAC TCGCCCTTGAT CGITGGGACC CGGAGCTGAA TCAAGCCATA CCAAACECG 720
AGCGTGACAC CACCCTGCCT GTAGCAATGG CAACAACGTT GCGCAAACTA TTAACTGECG 780
{

24

TCLTTCOCOR GOGACCAGAT GATCACACIC GCGIGATIAC GATCGISCIG GC."A'ITCGC 4800
STTACCGIGTT OGUITCATCEC CGOTASCORG CSOGEATAAT CGSTCAGALSE ATTGATTEGC 4860
mwmmwmcmm 4520
AGCCTCTACC ACAGCGGATG GTICCSATAA TCOGAACAGC GCACSSOSTT AAMGTTGTIC 4980
TGCTTCATCA GCAGGATATC CTCCACCRATC GTCTGCICAT CCATGACCTS ACCATGCAGA 5040
CGATGATGCT CGTGACSGETY AACCOCTCEA ATCAGCAACS GCTTGCCGIT CAGCAGCAGCE 5100
2GACCATTTT CARTCCSCAC CTCGCCGAAA COGACATOSC AGGCITCIGE TICAATCAGC 5160
mmmmmmmm 5220
CACRGTTICG GGTTITOGAL CTIGAGACST AGTGIGACOGC GATOGGCATA ACCACCAOSC 52380
TCATCGATAA TTTCACCECC GARMGGORECE CTCCCSCICE COACCIGOST TICACCCTGC 5340
CATARACAAA CIGTTACCCS TAGSTAGICA CGCAACTCGC CGCACATCYG AACTTCAGCS 5400
TCCAGTACAG CGOGGCTGAA ATCATCATTA AACCGRGTGS CAACATGGAA ATCGCTGATT 5460
TCTCTAGTCS GTTTATCCAS CRAACGAGACS TCRCGGAAAA TGCCGCTCAT COGCCACATA 5520
TCCTGRICIT CCRGATBALT GCOSTCACTC CAALGCAGCA CLATCACCORC GAGGCSETTT 3580 -
TCTCCRGOSC GTRARZATCC GOICASETCRA AATTCASACS GCARRCGALT CICCIGETCS 5640
TAACCGACCS AGCSCOCSTT GOACCACRGA TGARACSCCG AGTIBACGCC ATCAAAAATA 5700
ATTCSCETCT GECCTICCTG TAGCCRAGCTT TCATCAACAT TAAATCTGAG CGAGTAACAA 5760
CCCSTCGGAT TCTCCGTEES ARCARACGGC GGATTGACCS TAATGGGATA GSTTACGTTS 5820
CIGTAGATGEE GORCATCOGTA ACCSTGCATC TCCCACTTTC 2CGGCALGAC CACACTATCES 5880
mmmmmmmmcmm 5S40
GCARAGCECC ATTCSCCATT CAGGCTGCEC ARCTGTICES AAGGGCEATC GCTGCGECC 6000
mmmm&mmm €060

N

ACGCCAGGET TTTCOCAGTC ACGRCGTICT AAAACSACGS "GATCCOICSA GEAATTCATT 6120
TATAGCATAG ARAAAAACAA AATGAAATTC TACTATATIT TTACATACAT ATATICTAAA 6180
TATGRAAGTG GTGATTCTGA CTAGOSTAGC ATCGCITCTA GACATATACT ATATASTAAT 6240

ACCARTACTC PAGACTACGA AACTGATACA ATCTCTTATC ATGCTGEGTAA TGTTCTOGAT €300
GTCSAATAGC CATATCCOGGE TAGTTSCOGAT ATACRTAARC TGATCACTAR TTCCARACCC €360
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-~ AACTACTTAC TCTAGCTTCC CGGCAACAAT TAATAGACTG GATGGAGGCG GATAAAGTTG . /840

- CAGGACCACT TCTGFCGTCG GCCCTTCCGG CTGGCTGGTT TATTGCTGAT AAATCTGGAG:: -900
CCGGTGAGCG TGGGTCTCGC GGTATCATTG CACGCGTGG GCCAGATTG AAGCCCTCCC — 960
GTATCGTAGT TATCTACACG ACGGGGAGIC AGGCAAGTAT GGATGAACGA AATAGACAGA 1020
TCGCTGAGAT AGGTGCCTCA CTGATTAACG ATTGGTAACT GTCAGACCAA GITTACTCAT 1080
ATATACTTTA GATTGATTTA AAACTTCATT TTTAATTTAA AAGGATCAG GITGAAGATCC = 1140
TTTTTGATAA TCTCATGACC AAATCCCTT ACGTCACTT TTCGITCCAC TGAGCTCAG 1200
ACCCCGTAGA AAAGATCAAA GGATCTTCTT GAGATCCTTT TTTTCTGCG GTAATCTGCT 1260
GCTTGCAAAC AAAAAAACCA CCGCTACCAG CGGTGEAJTG TTTGCCGGAT CAAGAGCTAC 1320
CAACTCTTTT TCCGAAGGTA ACTGGCTTCA GCAGAGCGCA GATACCAAAT ACTGICCTTC 1380

ACCOGCTITT TATAGTAACT TTTTCACCCA TAAATARTAA ATACRATAAT TAATTTICTCG 6420
TAAAAGTAGA AAATATATIC TAATITAYIG CACGGTAAGGE AAGTAGAATC ATAAAGAARCA 6480
GTIGACGSATC CCARTTCGGG CATTITIGGET TIGAACTAAA CAAAATGAAG TACATTITGC 6540
TARTACTCGC GTGCATAATT GCATGOGTTT ATGGTGAACH cfacmmcc ATGCAAGACA €600
GIGGCITGCA GTGTATTIAAT GGCRCAMATT CAAGATGTCA AARCCTGCTTIT GAACGTGSIC €660
ATCITATTIG GCATCITGCT AACIGGAACT TCAGCIGETC TCTAATATIG ATIGTTITTA 6720
msm‘n ACAATATGGC AGACCACAAT TTAGCIGGCT CSTTTATGGC ATTIAAZATGC 6780
TGATCATCTG GCTATTATGG CCTATIGTTC TAGCGCTIAC GATTTTTARY GCATACICIG 6840
AGTACCAAGT TTCOCAGATAT GTAATCITCG GCTTTAGIGT TGCASGIGCA GTIGTAACGT 6900
TIGCACTIIG GATGATCTAT TTIGTGAGAT CICTTCAGCT ATATAGARGA m 6960
GETGGTCITT TAATCCTGAC ACTAATGCAA TICITIGIGT TAATGCAITG GGTAGARGTT 7020
ATCTCCITCC CITAGATEET ACTCCTACAG GIGTTACCCT TACTCTACTT TCAGGAARATC 7080
TATATGCTGA AGGTITCAAN ATGGCIGETG GITTAACCAT CGAGCATTIIG CCTAMATACG 7140
TCATGRATTGC TACRCCTACT AGBACCATCG TTTATACATT ACTTCGRAAN CARATTAMAAG 7200
CARCTACTGC CACAGGATCS GCTIACTACS TAAAATCIAA AGCIGGTGAT TACTCAACAS 7260
AAGCACGTAC TGACAATITG AGTGAACATG AARAATTATT ACATRTGSTG TAACTARACT 7320
TTCARATGGG GGAATTCIGCT GAGCOSTATGG CAAACGAAGG AAAARTTAGT TATAGTAGCC 7380
Pt GCACTCGATG GGACATTTCA ACGTRAACCG TTTAATARTA TTTIGAAICT TATTICCATTA 7440
TCTGARATGG TGGTARARACT AACTGCIGTGC TGTATGAAAT GCITTAAGGA GGCTICCTIT 7500 .
TCIAARCGAT TGGGIGAGEA AACCSAGATA Gnmms GAGGTAATCA. TATGTATCAA 7560
TCCETCTCTA GAARGTCTTA CATCGACTCA TAATATTATA TITTTTATCT AARAAACTAA 7620
ARATARACRT TGATTAAATT TTAATATAAT ACTTARAAAT GGATCTICTG TCGTTAGATA 7680
AACCGTITAT GTATTITGAG GBAA'I'IGATA ATGAGTTAGA TTACGAACCA GAAAGTGCAA 7740
ATGAGETCGC BAAARAACTG CCGTATCAAG GACAGTTAAA ACTATTACTA GGAGAATTAT 7800
TTITICITAG TARGTTACAG CGACACGGTA TATTAGATGS TGCCACCGTA GTGCTATATAG 7860
GATCTGCTCC CGGTACACAT ATACGTTATT TGAGAGATCA TTTCTATAAT TTACGAGTCA 7820
TCATCAARTG GATGCTAATT GACGGCCOGCC ATCATSATCC TATTTTAZAT GGATTGCGTG 7980
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'_TAGTGTAG»CC GTAGITAGEC CACCACTTCA AGAACTCTGT AGCACCGCCT ACATACCTCG' 1440
" ‘CTGTGCTAAT CCTGTTACCA GTGGCTGCTG CCAGTGGCGA TAAGTCGTGT CTTACCGGGT -
* TGGACTCAAG ACGATAGITA CCGGATAAGG CGCAGCGGIC GGGCTGAACG GGGGTTCTGT
GCACACAGCC CACCTTGGAG CGAACGACCT ACACCGAACT. GAGATACCTA CAGCGTGAGC
ATTGAGAAAG CGCCACGCTT 'CCCGAAGGGA GAAAGGCGGA CAGGTATCCG GTAAGCGGCA -
GGGTCGGAAC AGGAGAGCGC ACGAGGGAGC TTCCAGGGGG AAACGCTGG TATCTTTATA

1500
1560
1620
1680
- 1740

GTCCTGTCGG GTTTCGCCAC CTCTGACTTG AGCGTCGATT TTTGTGATGC TCGTCAGGGG 1800

GGCGGAGCCT ATGGAAAAAC GCCAGCAACG CGECGTITTTT ACGGITCCTG GCCTTTTGCT
GGCCTTTTGC TCACATGITC TTTCCTGCGT TATCCCCTGA TTCTGIGGAT ACCGTATTA

26

TGCATCCTTC TAAGATTATT TTAATTTCTG ATGTGAGATC CAAACGACGA GGAARTGAAC
CTAGTACGGC GGATTTACTA AGTAATTACG CTCTACAAAA TGTCATGATT AGTATTTTAA
ACCCCETGGC GTCIACTCIT AAATGGAGAT GCCCSTTICC AGATCARTGG ATCAAGGACT
TTTATATCCC ACACGGTAAT ARAATGTTAC BACCTTITGC TCCTTCATAT TCAGGGCCET
CGTTTTACAA CGTOGTGACT GGGAAAACCS TCGCSTTACC CAACTTAATC GCCTTGCAGS
ACATCCCCCT TTOGCCAGCT GGCGTAATAG CGAAGAGGCC CGCACCGATC GCCCTTCCCA
ACAGTTGCGC AGCCTGAATG GCGAATGGCG CCTGATGCGG TATTTTCTCT TTACGCATCT
GTGCGGTATT TCACACOGCA TATGGTGCAC TCTCAGTACS ATCTGCTCIG ATGCOGCATA
CTTAAGCCAG TACACTCOGC TATCGCTACS TGACTGGSTC ATGGCTGOGC CCOGRACACCE
GCCAACACCC GCTGACGOBC CCTGACGGES TIGTCIGOIC COGGCATCOS CITACAGACA
AGCTGTGACC GTCTCCGEGA GCTGCATGTG TCAGAGCTTT TCACCGTCAT CACCGARACS
CGCGAGGCAG
{2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9019 base
() STeAmDEDNESS: Sounie
(D) TOPOLOGY: circular
(ii) MOLECULR TYPB: DNA (genomic)

(vi} ORIGINAYL, SOURCRE:
(A) ORGANISM: Feline immunodeficiency virus

(vii) IMMEDIATE SOURCRE:
- {(B) CLONB: pscliliel
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
GAAAGGGCCT CGTGATAQEC CTATTITTAT AGGTTAATGT CATGATAATA ATGETTTCIT

AGACGTCAGG TGGCACTTTT CGGGGRAATG TGCGCGGAAC CCCTATTICT TTATTTTICT
ARRTACATTC AAATATCGTAT CCGCTCATGCA GACAATAACC CTGATARATG CTTCARTAAT
ATTGARRRAG GAAGAGTATG AGTATTICAAC ATTTCCGTET CGCCCTITATT CCCTTTTTIG
CGCTATTTIC CCTTCCICTT TTTGCTCACS CAGAAALGCT GGTGRAARGTA ARAGATGCTG

1860
1920

8040
8100
8160
8220
8280
8340
8400
8460
8520
8580.

- 8640

8700
8710

€0
120
180
2490

300
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AAGATCAGTT GGGTGCACGA GTGGGTTACA TCGAACTGGA TCTCAACAGC GGTRAGATCC
TTGAGAGTTT TCGCCCCGAA GRACGTTTTC CAATGATGAG CACTTTTAAA GTTCTGCTAT
GTGGCGOGET ATTATCCCGT ATTGACGCCG GGCAAGRGCA ACTCSGTCGC CGCATACACT
ATTCTCAGAA TGACTTGGTT GAGTACTCAC CAGTCACAGA AARGCATCTT ACGGATGECA
TGACAGTAAG AGRATTATGC AGTGCIGCCA TAACCATGAG TGATAACACT GOGGCCARACT
TACTTCTGAC ARCGATCGGA GGACCGAAGG AGCTAACOGC TTTTTTGCAC ARCATGEGGS
ATCATGTAAC TCGCCTIGAT CGTIGGGAAC CGGAGCIGAA TGARGCCATA CCAARCGACS
AGCGTGACAC CACGATGCCT GTAGCAATGS CAACAACGTT GCGCAARCTA TTAACTGGCS
AACTACTTAC TCTAGCTTCC CGGCAACART TAATAGACTG GATGGAGGCS GATARAGTIG
CCGGTGAGCS TGETCICGC GETATCATIG CAGCACTGGE GCCAGATGST AAGCCCTCCC
GTATCGTAGT TATCTACACG ACGGGGAGTC AGGCAACTAT GGATGARCGA AATAGACAGA
TCGCTGAGAT AGGTGCCTCA CTGATTAAGC ATTGCTAACT GTCAGACCAA GTTTACTCAT
ATATACTTTA GATTGATTTA AAACTTCATT TTTAATTTAA AAGGATCTAG GIGAAGATCC
TTTTIGATAA TCTCATGACC AAAATCCCTT AACGTGAGTT TTCCTTCCAC TGAGCGTCAG
ACCCOGTAGA ABAGATCAAA GGATCTTCTT GAGATCCTTT TTTTCTGCGC GTAATCIGCT
GCTTGCARAC ARARARACCA COGCTACCAG CGGTGGITIG TTIGCCGGAT CRAGAGCTAC
CAACTCTTTT TCCGARGGTA ACTGGCTTCA GCAGAGOGCA GATACCRART ACTGTCCTTC
TAGTGCTAGCC GTAGTTAGGC CACCACTTCA AGAACTCIGT AGCACCGCCT ACATACCTOS
CTCTGCTRAT CCTGTTRCCA GTGGCIGCTG CCAGTGGCGA TAAGTCOGTGT CTTACCGGET
TGGACTCAAG ACGATAGTTA COGGATARGG CGCAGOGCTC GGGCTGARCG GGGEGTTCRT
GCACACAGCC CAGCTTGGAG CGAACGACCT ACACCGAACT GAGATACCTA CAGCGTGAGC
ATTGAGAAAG OSCCACGCTT CCCGRAGGGA GAARGGCGGA CAGGTATCCG GTAAGCGGCA
GGGTCGGAAC ACGAGAGCEC ACGAGGGAGC TTCCAGEGGE AAACGCCTGG TATCTTTATA
GTCCIGTCGG GTTICGCCAC CTCTGACTTG AGCGTCGATT TTTCIGATGE TOGTCAGCES
GGCGGAGCCT ATGGRAAARC GCCAGCAACG CGGCCTTTTT ACGGTTCCIG GCCTTTTGCT
GGCCTTTTGC TCACATSTIC TTTCCTGCET TATCCOCCTCA TTCTCTCGAT AACCCTATTA
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~. CCCCCITTGA GTGAGCTGAT ACCGCTCGCC GCAGCCGAAC AGCGAGICAG .. 19¢€
" AGCGGAAGAG CGCCCAATAC GCAAACCGCC TCTCCCCGCG CGITGGCCRA . - 2040
-CAGCTGGCAC GACAGGTITTC CCGACTGGAA AGCGGGCAGT GAGCGCAACG 2100
GAGITAGCTC ACTCATTAGG CACCCCAGGC TTTACACTTT ATGCTTCCGG . 2160
GTGIFGGAATT GTGAGCGGAT "AACAATTTCA CACAGGAAAC AGCTATGACC 2220
CAAGCTTTTG CGATCAATAA ATGGATCACA ACCAGTATCT CTTAACGATG 2280
ATGATGATTC ATTTTTTAAG TATTTGGCTA GTCAAGATGA TGAAATCTTC 2340

1980 -

. TGAGCGAGGA
. TTGATTAATG
" CAATTAATGT
. CTCGTATGTT

"ATGATTACGC
TTCTTCGCAG

ATTATCTGAT ATATTGCAA TCACTCAATA TCTAGACTTT CTGITATTAT TATTGATCCA 2400
ATCAAAAAT AAATTAGAAG CCGTGGGTCA TTGITATGAA TCTCTTTCAG AGGAATACAG 2460
ACACTTGACA AAATTCACAG ACTTTCAAGA TTTAAAARB CTGTTTAACA AGGTCCCTAT 2520

COGCCTTTGA GTGAGCTGAT ACCGCTCGCE GCAGCCGAAC GRCOGAGCGEC AGOGAGTCAG
TGAGCGAGGA AGCGGAAGAG CGCCCRATAC GCRAACCGCC TCTCCCCGCG COTTEGCOGA
TTCATTARTG CAGCTGGCAC GACAGETITC CCGACTGGAA AGOGGGCAGT GASCGCAACE
CAATTAATGT ‘GAGTTAGCTC ACTCATTAGS CACCCCAGGE TTTACACTIT ATGCTTCCGE
CTCGTATGTT GTGTCGAATT GTGAGCGGAT AACAATTICA CACAGGAAAC AGCTATGACC
ATGATTACGC CARGCTTTTG CGATCAATAA ATGGATCACA ACCAGTATCT CTTAACGATG
TTCTTCGCAG ATGATGATTC ATTTTITAAG TATTTGGCTA GTCAAGATGA TGARATCITC
ATTATCTGAT ATATTGCAAA TCACTCARTA TCTAGACTTT CIGTTATTAT TATTGATCCA
ATCAAAAAAT AMATTAGAAG COGSTGGGTCA TICTTATGAA TCTCTITCAG AGGAATACAG
ACAATTGACA AAATTCACAG ACTTTCARGA TTTTAAAAAA CIGTTTAACA AGGTCCCTAT
TGITACAGAT GGARGGGTCA AACTTAATAA AGGATATTIG TICGACTTIG TGATTAGTTT
GATGOSATTC ARAABAGART CCTCTCTAGC TACCACCGCA ATAGATCCTG TTRGATACAT
AGATCCTCGT CGCAATATCG CATTTTCTAA CGTGATGGAT ATATTAAAGT CGAATARAGT
GABCBATART TAATTCITTA TIGTCATCAT GRACGGCGGA CATATTCAGT TGATAATCGE
CCCCATGTTT TCAGGTRAAAA GTACAGAATT AATTAGAOSA GITAGACGTT ATCABATAGC

TCAATATAAZ TGCGTGACTA TARAATATTC TAACGATAAT AGCATACGEAA CGGGACTATG . .

GACGCATGAT ARGARTAATT TTGAAGCATT GGAAGCAACT AAACTATSTG ATCTCTTGGA
ATCAATTACA GATTTCTCCE TGATRGGTAT CGATGARGGA CAGTTCITIC CAGACATIGT
TCARTTCCGA GCTTGECTEC AGCTOGGGGA TCCCCOCTGC COGGTTATTA TTATTTTTGA
CACCRGACCA ACTGGTARTG GTAGOGAACS GOGCTCAGCT GAATTCCSCC GATACTGACS
GECTCCAGGA GTOETCRCCA CCAATCCCCA TATGGAAACC GTCEATATTC AGCCATGTGC
CTTCTTCCAC GTCAGCRAGA TGGCGATEGC TGGTTTCCRT CAGTIGCIGT TGACTGTAGC

TCCCGCAGCS CAGACCETIT TCGCTCGGGA AGACGTACGS GGTATACATG TCTGACARTG
GCAGATCCCR GCGGTCARAR CAGGCGGCAG TAAGGCGETC GEGATAGTTT TCTTGCEGECC
CTAATCCGAG CCAGTTTACC CGCICTGCTA CCTGCGCCAG CTGGCAGTTC AGGCCARTCC
GCGCOGGATE CGGTGTATCG CTCGCCACTT CAACATCAAC GGTAATCGCC ATTTGACCAC

1880
2040
2100
2160
2220
2280
2340
2400
2460
2520
2s80
2640
2700
2760
2820
2880
2940
3000
3060
3120 ¢
3180
3240
3300
3360
3420
3480
3540



TGITACAGAT GGAAGGGTCA AACTTAATAA AGGATATTTG ATCGACTTTG TGATTAGITT . 2580
GATGCGATTC AAAAAAGAAT CCTCTCTAGC TACCACCGCA ATAGATCCTG TTAGATACAT. . 2640
. AGATCCTCGI CGCCAATATCG CATTTTCTAA CGTGATGGAT ATATTAAGT CGAATAAAGT ~ 2700
GAACAATAAT TAATTCTTTA TTGICATCAT GAACGGCGGA CATATTCAGI TGATAATCGG - 2760
CCCCATGITT TCAGGTAAAA GTACAGAATT AATTAGACGA GITAGACGIT ATCAAATAGC 2820
TCAATATAAA TGCGTGACTA TAAAATATTC TAACGATAAT AGATACGGAA CGGGACTATG - - 2880
GACGCATGAT AAGAATAATT TTGAAGCATT GGAAGCAACT AAACTATGIG ATCTCTTGRA 2940
ATCAATTACA GATTTCTCCG TGATAGGTAT CGATGAAGE\ CAGITCTTTC CAGACATTGT 3000
TGAATT-CCGA -GCTTGECTGC AGGTCGEEEGA TCCCCCCTGC CCGGTTATTA TTATTTTTGA 3060

TACCATCAAT COGGTAGSTT TTCCGGCTGA TAAATAAGET TTTICCCCTIGA TGCTIGCCACS 3600
CGTGACCGET CGTAATCAGC ACCGCATCAG CAAGTETATC TGCCGTGCAC TGCAACAACS 3860
CIGCTITCGGC CTGGTAATGS CCOGLOGLCT TCCAGCETITC GACCCALGCS TTAGGGTCAA 3720
TGCGGSTCGC TICACTTACG CCAATGTCET TATCCAGCSE TGCACGGGTS AACTGATCGS 3780
GCAGCGGCGT CAGCAGTTGT TTTTTATCGC CARTCCACAT CTGTGAAAGA AAGCCTGACT 3840
GGCGGTTAAA TIGCCAACGC TTATTACCCA GCTOGATGECA ARAATCCATT TCEOTECIGS 3500
TCAGATGOGG GATGGOSTGG GACGOGGCGG GGAGOGTCAC ACTGAGGTTT TCOGCCAGAC 3960
GCCACTGCTG CCAGCCGECTG ATGTGCCOGE CTTCIGACCA TGCGGTCGCOG TTCGGTIGCA 4020
CTACGOGTAC TGTGAGCCAG AGTTGCCOSE CGCTCTCCEE CIGOGGTAGT TCAGGCAGTT 4080
CAATCAACTG TTTACCTIGT GGAGCGACAT CCAGAGGCAC TTCACCGCTT GCCAGOGGCT 4140
TACCATCCAG CGCCACCATC CAGTGCAGGA GCTCGTTATC GCTATGACGG AACAGGTATT 4200
CGCIGETCAC TTCGATGGTT TGCCOGGATA amncm GABAAACTGC TGCTGGTGTT 4260
TTGCTTCOST CAGCGCTGGA TEOGGAGTSC GOTCGGCANA GACCAGACCSE TTCATACAGA 4320
ACTGGCGATC GTTCGGCGTA TCGCCAARAT CACCGCCGTA AGCCGACCAC GGGTTGCCST 4380
ITICATCATA TTTAATCAGC GACTGATCCA CCCAGTCCCR GALGARGCCOG CCCIGTAAAC 4440
GGGGATACTG ACGAAACGCC TGCCAGTATT TAGCGAAACC GCCAAGACTG TTACCCATCG - 4500
CCTCGGCETA TTOGCARAGG ATCAGCGGEC GOGTCICICC AGGTAGCGAR AGCCATTTIT 4560
TGATGGACCA TTTCGGCACA GCOGGGAAGE GCIGETCTTC ATCCACGCGC GOGTACATOG 4620
GGCARATAAT ATCGGTGECC GIGGTGTCGE CTCCGCORCE TICATACTGC ACCGGGOGEE 4660
ARGGATCGAC AGATTTGATC CAGCGATACA GOGCGTOGTG ATTAGOGCCS TGGCCIGATT 4740
CATTCCCCAG CGACCAGATG ATCACACTCS GGTGATTACG ATCGCGCIGC ACCATTOGCG 4800
TTACGOGTTC GCTCATCGCC GGTAGCCAGC GOCGATCATC GETCAGACED TTGATICGCA 4860
CCATGCCGTG GGTTTCAATA 'rmscrrcar CCACCACATA CAGGCCGTAG CGGTCGCACA 4920
GOGTGTACCA CAGCGGATGGE TTCGGATAAT GCGAACAGCG CACGGCGTTA AAGTIGTICT 4980
GCTTCATCAG CAGGATATCC TGCACCATCS TCTGCTCATC CATGACCTGA CCATGCRGAS 5040
GATGATGCTC GTGACGGTTA ACGCCTCGAA TCAGCARCGG CTTGCCGTTC AGCAGCAGCA 5100
GACCATTTTC AATCCGCACC TOGOGGAAAC CGACATCOGCA GGCTTCTGCT TCARTCAGCG 5160
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CACCAGACCA ACTGGTAATG GTAGCGAACG GCGCTCAGCT GAATTCCGCC GATACRGACG 3120
" GBCTCCAGGA GTCGTCGCCA CCAATCCCCA TATGGAAACC GTCGATATTC AGCCATGTGC 3180
CTTCTTCCGC FTFCAGCAGA TGGCGCTGGC TGGITTCCAT GACTTGCTGI TGACTGTAGC 3240
GECTGATGIT GAACTGGAAG TCGCCGCGCC ACTGGTGTGG GCCATAATTC AATTCGCGCG 3300
TCCCGCAGCG CAGACCGTTT TCGCTCGCGEGA AGACGTACGG GGTATAGATG TCTGACAATG 3360
GCAGATCCA GCGGICAAAA CAGGCGECAG TAAGECGGIC GGGATAGITT TCTTGCGECC 3420
CTAATCCGAG CCAGITTACC CGCTCTGCTA CCTGCGCCAG AGGCCAATCC 3480 GCGCCCEATG
- CGGTGTATCG CTCGCCACTT CAACATCAAC GGT. AAT%%CC ATTTGACCAC 3540

TGCCGTCEGC GGTCTGCAGT TCARCCACCG CACGATAGAG ATTOGGGATT TCGGCGCTCC 5320
ACAGTTTCEG GTTTTCGACC TTGAGACGTA GTGTGACGCS ATCGGCATAA CCACCACGCT  S280
CATCGATAAT TTCACCGCCS AARGGCGCSG TGOCGCTGSC GACCTGCGTT TCACCCTGSC 5340
ATARAGAAAC TGTTACCCGT AGGTAGTCAC GCAACTCGCC GCACATCTGA ACTTCAGCCT 5400
CCAGTACAGC GCGGCTGAAA TCATCATTAA AGOGAGTGGC ARCATGGAAA TCGCIGATIT 5460
GIGTAGTCSG TTTATGCAGC AACGAGACGT CACGGAAAAT GCCGCTCATC CGCCACATRAT 5520

e CCTGATCTTC CAGATAACTG CCGTCACTCC AACGCAGCAC CATCACCGCS AGGCGGTITT 5580

CTCCGGCECE TARAARTGOG CTCAGGTCAR ATTCAGACGG CAAACGACTG TCCTGGECCGT 5640
AACCGACCCA GOGCCCGTTG CACCACAGAT GARACGCCGA GTTAACGCCA TCARAAATAA 5700
TTOECSTCIS GOCTTICCTGT AGCCAGCTTT CATCAACATT ARATGTGAGC GAGTAARCAAC 5760
CCGTCGGATT CTCCCTGGGA ACAAACGGCS GATTGACCST AATGGGATAG GTTACGTIGG 5820
TCTAGATEGG CGCATCGTAA COCTGCATCT GCCAGTTTGA GGGGACGACG ACAGTATCGG 5880
CCTCAGGAAG ATCGCACTCC AGCCAGCTTT COGGCACCGC TTICTGETGCC GGAAACCAGE 5540
CAARGCGCCA TTCGCCATTC AGGCTCCSCA ACTGTTGGGA AGGGOGATCS GTSCGEGECCT 6000
CTTCGCTATT ACGCCAGCTS GOGARAGGGG GATGTGCICC AAGGCGATTA AGTTGGGTAR 6060
CCCCAGGETT TTCOCAGTCA CGACSTTGTA ARACGACGGG ATCCCTCGAG GAATTCATIT 6120
ATAGCATAGA ARABAACARA ATGAARTTCT ACTATATTIT TACATACATA TATTCTARAT 6180
ATGAAAGTGE TGATTGCTGAC TAGCGTAGCA TCGCTTCTAG ACATATACTA TATAGTARTA 6240
CCRATACTCA AGACTACGAA ACTGATACAA TCICTTATCA TCTGGGTAAT GTTCTCGATG €300
 TCRARTAGCC ATATGCCGGT AGTTGCGATA TACATARACT GATCACTAAT TCCAAACCCA 6360
CCCGCTTTTT ATAGTAAGTT TTTCACCCAT ARATAATAAA TACAATAATT RATTTCICGT 6420
AARAGTAGAR ARTATATTCT ARTTTATTGC ACGCTARGGA AGTAGAATCA TAAAGAACAG 6480
TGACSGATCE CGGGATGGCC ACACAGGGAC ARCGCGTCAA CTGGGGAGAT GAACCTTCCA 6540
ARAGACGTGG TCGTICTRAC TCICGIGSTC GGAAGAATAA TGATATACCT TTGTCATICT 6600
ACAACCCCAT TACCCTCGAA CAAGGATCTA AATTTTGGAR TTTATGTCCG AGAGACCTIG 6660
TTCCCARAGG AATAGGTAAT AAGGATCAAC ARATTGGTTA TTGGAATAGA CAGATTCCIT 6720
 ATCGTATTCT ARARGGCCAG CGTAAGGAAC TCGCTGAGAG GTGETTCTIT TACTTCTTAG 6780
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290 . TACCATCAAT COGGTAGGT TTCCGGCTGA TAAATAAGGT TTTCCCCTGA TGCTGOCAG
3600

31

GTACAGGACC TCATGCIGAT GCTAAARTTICA AAGACAAGAT TGATGGAGTC TICISGGEITS 6840
CARCGGATCG TGCCATGAAC AAGCCCACAA CGCTTGECAC TCGIGGAACC AATARCGAAT €900
CCAAACCACT GAGATTIGAT GGETARGATAC CGCCACRGTT TCAGCITGAA GTGAACCGTT 6960
CTAGGAACAA TTCAAGGTCT GGTTCTCAGT CTAGATCIGT TTCAAGAAAC AGATCTCAAT 7020
CTAGAGGAAG ACACCATTICC AATAACCAGA ATAATAATGT TGAGGATACA ATTGTAGCCS 7080
TGCTTGARAA ATTAGGTGTT ACTGACAAAC AAAGETCACG TTCTARACCT AGAGAACGTA 7140

S GIGATTCCAA ACCTAGGGAC ACRACACCTA AGAATGCCAA CAAACACACC TGGAARGAAAR 7200
CTCCAGCCAA GGGAGATGTG ACAACTTITCT ATGCIGCTAG AAGTAGTTICA GCTAACTTIIG - 7280
GTGATAGTGA TCTCETIGOC AATGGTAACS CIGCCAAATG CTACCCICAG ATAGCIGAART 7320
GIGTTCCATC AGTGTCIAGC ATRATCTTTG GCAGTCANTG GTCIGCIGAA "GAAGCIGETG 7380
ATCANGTGAA AGTCACGCTIC ACTCACACCT ACTACCTGCC AAAGGATGAT GCCARAACTA 7440
GTCARTTCCT AGAACAGRTT GACCCITACA AGOGACCTIC TGARGTGECT AAGGATCAGA 7500
GGCAAAGARG ATCCCGTICT AAGTCIGCIG ATAAGCAAGCC TGAGGACTIG TCTIGTAACTC 7560
TIGIGGAGGC ATACACAGAT GTGTTIGATC ACACACAGET TGAGATGATT GATGSAGCTIA 7620
CGRACTAAAC GCATGCCCGS GARTTCTGTG AGCCTATGGC AMACGAAGGA AAMATTAGTT 7680
ATRGTAGCCG CACTOGATGG GACATITCAA CGTARACCGT TTAATAATAT TTTGAATCIT 7740
ATTCCRTTAT CTGAARATCGT GGTARAACTA ACTCCICTGCT GTATGAAATG CTTTARGGAS 7800

v GCTTCCTTTT CTAAACGATT GGGYGAGGAA ACCGAGATAG AARATAATAGG AGGTAATGAT 7860

ATGTIATCAAT CGG‘I'GM‘J’:‘AG AABRCTGTTAC ATCGACTCAT RATATTATAT TITTTATCTA 7920
AAXARCTARA AATRAACATT GATTAAATIT TAATATAATA CTTAARAATG GATGTIGTGT 7980
CGTTAGATAA ACCGSTTTATG TATTTTGAGE AAATTGATAA TGAGTTAGAT TACGAACCAG 8040
AAAGTGCAARA TGAGGTCGCA AAAARACTGC CCTATCAAGE ACAGTTAAAAR CTATTACTAG 8100
GAGRATTATT TTITTCTITAGT AAG'I'mCAGC GACACGGTAT ATTAGATGCT GCCACCGTAG 8160
TCTATATAGG ATCTGCTCCC GGTACACATA TACGTTATTT GAGAGATCAT TTCTATAATT B220
TAGGAGTGAT CATCAAATGG ATGCTAATTG ACGECCECCA TCATGATCCT ATTTTAAATS 8280
GATICCGTCGA TCTGACTCTA GTGACTCEGT TOGTIGATGA GGAATATCTA CGATCCATCA 8340
AARAACAACT GCATCCTTCT AAGATTATIT TAATTTCIGA TGTGAGATCC AAACGAGGAC 8400
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CGTGAGCGGT CGTAATCAGC ACCGCATCAG CAAGTGTATC TGCOGRGCAC RGCAACAACG 3660
CTGCTTCGGC CTGGTAATGG CCCGCCGCCT TCCAGCGTTC GACCCAGGCG TTAGGGTCAA 3720
TGCGEGTCEC TTCACTTACG CCAATGICGT TATCCAGCGG TGCACGEGTG AACTGATCGEC 3780
" GCAGCGGCGT CAGCAGTITGT TTTTTATCGC CAATCCACAT CTGRGAAAGA AAGCCTGACT 3840
GCCGGTTAAA TTGCCAACGC TTATTACCCA GCTCGATGCA AAAATCCATT TCGCTGGIGG 3900
TCAGCTGCGEG GATGECGTGG GACGCGECAEG GGAGCGICAC ACTGAGGTTT TCCGCCAGAC 3960
GCCACTGCTG . CCAGGCGCTG ATGTGCCCGG CTTCTGACCA TGCGGTCGCG TTCGGTTGCA 4020
CTACGCCGTAC TGTGAGCCAG AGTTGCCCGG CGCTCTCCGG CTGCGGTAGT TCAGGCAGIT 4080
CAATCACTG TTTACCTTGT GGAGCGACAT CCAGAGGCAZ TTCACCGCTT GOCAGCGGCT 4140
TACCATCCAG. CGCCACCATC CAGTGCAGGA GCTCGTTATC GCTATGACGG AACAGGTATT 4200

GAAATGAACC TAGTACGGCG GATTTACTRA GTAATTACGC TCTACAAAAT GTCATGATTA 8460
GTATTTTARA CCCCGTGGCS TCTAGTCITA AATGGAGATG CCCGTTTCCA GATCAATGGA 8520
TCAAGGACTT TTATATCCCA CACGGTAATA ARATGTTACA ACCTTTTGCT CCITCATATT 8580
CAGGGCCGTC GTTTTACAAC GTCGTGACTG GGAAAACCCT GGCGTTACCC AACTTAATCG 8640
COTTGCAGCA CATCCCCCTT TCGCCAGCIC GOGTAATAGC GAAGAGGCCC GCACCGRTCE 8700
COCTTCCCAR CRGTTGOGCA GCCTGARTGS CCAATGGCSC CIGATGCGGT ATTTTCICIT 8760
e TACGCATCTG TGCGGTATIT CACACCGCAT ATGGTGCACT CTCAGTACCA TCTGCICIGA 8820
TGCOGCATAG TTARGCCAGT ACACTCOGCT ATCGCTACGT GACTGGGTCA TGGCTGOGCC 8880
COGACACCCG CCAACACCCG CTGACGOGCC CTGACGGGCT TGTCIGCTCC CGGCATCOGC 8940
TTACAGACAA GCTGTGACCE TCICOGGGAG CTGCATGICT CAGAGGTTTT CACCGTCATC 9000
ACCGARACGC GCGAGGCAG 2019

-
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CCCTGGICAC TTCGATGGTT TGCCCGGATA AACGGAACTG GAAAAACTGC TGCTGGTGIT 4260
TTGCHTTCCOGT CAGCGCTGGA TGCGGCGTGC GGTCGGCAAA GACCAGAGEG ~TTCATACAGA 4320
ACTGGCATC GTTCGGCGTA TCGCCAAAAT CACCGCCGTA AGCCGACCAC GGGTTGCCGT 4380

TTTCATCATA TTTAATCAGC GACTGATCCA CCCAGICCCA GACGAA '
GGGGATCCTG ACGAAACGCC TGCCAGTATT TAGCGAAACC GCCAAGA !
CGTGGGOGTA TTCGCAAAGG ATCAGCGGGC GOSTITETCC AGGTAGCGAA AGCCATTHT Is 560

TGATGGA TIT CA GCCGEGAAGG GCTGGTCTTC ATCCACGCGC GCGTACATCG 4620
GGCAAAT. GIGGIGICGG CTCCGCCGCC TTGATACTGC ACCGEECGEEG 4680

AAGGATCGAC AGATTTGATC CAGHBARHATRSSS ok FAVEEIG sl GRRA ene 4740
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).

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 mternal 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 phanhaceutimlly 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

This is tha raplacemert sheel
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CATTCCCCAG CGACCAGATG ATCACACTCG GGTGATTGCGATCGECGCTGC ACCATTCGCG 4800
TTACGCGITC GCTCATCGCC GGTAGCCAGC GCGGATCA (3 NGACCA S TTGATTGCCA 4860
I

CCATGCOGTG GGTTTCAATA TTGGCTTCAT CCA ‘i'i-t (W] :E«:iﬂui; ]

q CGCACA 4920

GOGTGTACCA CAGOGGATCC TCGGATAAT GCGAACAMMINAREM KW T rorTer 4980

GCTTCATCAG CAGGATATCC TGCACCATCG TCTGCTCATC CATGACCTGA CCATGCAGAG 5040

GATGATGCTC GTGACGGTTA ACGCCTCGAA T g_AACGG CTTGCCGTTC AGCAGCAGCA 5100
cgﬁ T

GACCATTTTC AATCCGCACC TCGCGGAAAC

CcC ) [ ATCGCA GECTTCTGCT TCAATCAGCG 5160
MJ/E1 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 El
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.

1. 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),

) asecondrecombinanfraccoonboxvimshaving atleast one internal
gene comprising a DNA sequence encoding a member selected from the group
consisting of the nucleocapsid (N) and transmembrane (M/EY) 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

(el 5 PR PO Y S SR ey s it
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30 . - TGCCGICGEC GGTGIGCAGT TCAACCACCG - CACGATAGCG ATTCGGGATT TCGECECTCC
5220. "ACAGTTTCGG GTTTTCGACC Tﬂmmrr GITGTGACGCG ATCGGCATAA CCACCACCECT
Mo,

5280 | Hm

-35-

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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CATCGATAAT TTCACCGCCG AAAGECECGEG TGCCECTGEEC GACCTGCGIT TCACCCTGCC 5340
ATAAAGAAAC TGTTACCCGT AGGTAGTCAG GCAACTCGCC GCACATCTGA ACTTCAGCCT 5400
CCAGTACAGC GCGGCTGAAA TCATCATTAA AGCGCGTGGC AACATGGAAA TCGCTGATTT 5460
GIGTAGICGG TTTATGCAGC AACGAGACGT CACGGAAAAT GCCGCTCATC CGCCACATAT 5520
CCTGATCTTC CAGATAACTG CCGTCACTCC AACGCACAC CATCACCGCG AGGCGGITTT 5580
CTCCGECECG TAAAAATGCG CTCAGGTCAA ATTCAGACGG CAAACGACTG TCCTGECCGT 5640
AACCGACCCA GCGCCCGITG CACCACAGAT GAA%CGA GITAACGCCA TCAAAAATAA 5700
TTCGCGTCTG GCCTTCCTGI AGCCAGGTTT CATCAACATT: AAATGTGAGC GAGTAACAAC 5760
CCGTCGGATT CTCCGTGGEA ACAAACGECG GATTGACCGT AATGGGATAG GITACGTITGG 5820

ABSTRACT
VIRUSES AND THEIR USE AS A VACCINE AGAINST
P D

The invention that relates to recombinant raccoon poxvirus useful as a Vaccine Against

e Feline Infectious Peritonitis Virus Disease. The recombinant raccoon poxvirus has 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).
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TGTAGATGGEG CGCATCGTAA CCGTGCATCT GCCAGITTGA GGGGACGACG ACAGTATCGG
CCT.CAGGAAG ATCGCACTCC AGCCAGCTTT CCGGCACCGC TTCTGGTGCC GGAAACCAGG
CAAAGCGCCA TTCGCCATTC AGGCTGCGCA ACTGITGGGA AGGGCGATCG GIGCGEECCT
CTTCCCTATT ACGCCAGCTG GCGAAAGGEG GATGTECTGCHYAAGGCGATTA AGITGGGTAA

CGCCAGGGTT TTCCCAGTCA CGACGTTGTA AAA ATCCCTCGAG GAATTCATTT
ATAGCATA: %ﬁﬁg@% ATGAAATTCT ACTATATTTT TACATACATA TATTCTAAAT
ATGAAAGT $creac TAGCGT TCGCTTCLAG ACATATACTA TATAGTAATA
CCAATACTCA AGACTA ATCTAT TCTCTT TGTGGGTAAT GTTCTCGATG
TCCAATAGC s\ RAG TRAIA CRCAEAANCT AA REAEAATed GorAAECCA

CCCGECT TTTMHGE&&% ﬂc’f CAECEAT cRAAGAALE AR ABA/TAARTS BAX ERETCGT
M K ¥ I L L I L 2 ¢ 1 I 2 C v v
a a a a TRANSIATION OF FIPV El a2 a a =a a >

50 €0 70 B0 S0

* * . * *
GGT GR2 CGC TAC TGT GCC ATG CAA GAL AGT GGC ITG CAL IGT ATT AT
CCa CIT GCG ATG ACA CGG TBC GIT CIG TCa CCG AAC GIC ACA TRA TTA
G E R Y € A MM Q » § 6 L O ¢C 1

100 110 120 130 140

* * - * =
GGC ACA AAT TCA AGA IGT (AA ACC TGC TIT GAR CGT G&X GAT CTIT &IT
. CCG TGT TTA AGT TCT ACA GIT TGG A0G AAA CIT GCA CCA CIn GAA TRA
S 6 T W s R € @ T F R G6. Dv_ L D>

Q b4 R P Q
a a a a TRANSIATICN G FIPYEl 2 2 & a a >
250 260 270 28

290 300 310 320 330

» = E 3 L ] *

GCG CIT ACG ATT TIT AAT GCA TAC TCT GAG TAC CAA GIT TCC AGA TAT
CGC GRA TGC TAZ ARA TTA CGT ATG AGA CIC ATG GIT CBRA AGG TCT ATA
A L T I F N A Y S £ Q vV 5§ R D

340 350 360 370 3

GTA ATG TIC GGC TTT AGT GTT &L GGT e T
CaT TAC 258G CCG AXA TCA Cax OGT CCA CGT CA= QAT C Axa OGT Gax
v M r G E S v A G v F

a a a a TRENSLATION CF

Figure 1A

5880
5940
6000
6060
6120
6180
6240
6300
6360
6420

Nucieotide and amino acid sequence of FIPV E1 open reading frame.
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AAAAGFAGAA AATATATTCT AATTTATGC ACGGTAAGGA AGTAGAATCA TAAAGAACAG
TGACGGATCC CGGGATGGCC ACACAGGGAC AACGCGTCAA CTGGGGACAT GAACCTTCCA
AAAGACGTGG TCGTTCTAAC TCTCGTGGTC GGAAGAATAA TCATATACCT TTGICATTCT
ACAACCCCAT TACCCTCGAA CAAGGATCTA AATTTTGGAA TTTATGICCG AGAGACCTTG
TTCCCAAAGG AATAGGTAAT AAGGATCAAC AAATTIGGITA TTGGAATAGA CAGATTCGIT
ATCGTATTGT AAAAGGCCAG CGTAAGGAAC T GIGGTTCTTT TACTTCITAG

380 400 410 420

* ” - [ ]

IGG ATG ATG TAT TIT GTG AGA ICT GiT CAG CIA TAT
ACC TAC TAC ATA 2RA CAC TCT AGA CAA GTC GAT ATA
v

W M M Y T ¥ R S§ ¥ O©
a a a a TRANSIATION O FIPV E
440 450 460 470 480
t 3 - L 4

TCR TGG TGG ICT TIT AAT CCT GG ALT 237
AGT ACC ACC AGA AAX 772 GGA CIC TGA TIZ
S W ® S F ¥ Pp B T N 2

a8 a a 2a TRARSIATINCFFIPVEl a a a a a >

490 500 510 S20
- ® L4

530 540 S50 S60 570
L 3 = = * ‘-'.
GIT ACC CTT ACT Cra CIT TCA GGA 2AT CTA TAT GCT GAA GGTTIC AAA
C2A TGG CAA TGA GAT GAA AGT OCT T2 GAT ATA CGA CTT CCA AAG TT°T
v T L £ L L § €6 N L Y A E 6 F X
a a a -3 TRANSIATION O FIPV ElL 2 a a a a >
580 530 600 610 620
x = & * *
ATG GCT GGX GGT TTA ACC ATC GAG CAT TIG OCT ARA TAL GIC ATG AT
TAC CGEA CCA CC2 AAT TGS TAG CTC GIA A2L GGR TIT ATG CAG TAC Taa
¥ 2 6 6 L T I E B L P X Y V¥ M T
a a a a TRANSIATION OF FIPV El1 a a a a 2 >
€30 640 650 660 670
- * * z =
GCT ACA CCT AGT 2GA ACC 27C GIT TAT ACA TTA GIT G& 2A2A CAA TI2
: CGA TGT GGA TCA TCT TGG TAG CAR AT2 TGT AAT CAA OCT TIT GTT AAT
~ A T P 8§ R T I VvV ¥ T L ¥ G X @ D

680 630 700 710 720

*®* * = = L]

AAA GCA ACT ACT GCC ACK GGA TGS GCT TAC TAC GIA AAR TCT AAA GCT
TIT 'CGT TGA TGA CGG TGY CCT ACC CGA ATG ATG CAT TTT AGA TIT CGA
X A T T & T G ¥ a Y b4 v K s K >

& a a a TRANSIATION OF FI¥PV E1 a a a a a >
730 740 750 1760
-« ” = k4

K L L B M
TRANSIATICON OF TIPV >
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31 ., GATCAGGACC TCATGCTGAT GCTAAATTCA AAGACAAGAT TGATGGAGIC TTCTGGGITG
6840 .~ CAAGGGATGG TGCCATGAAC AAGCCCACAA CCCTTGGCAC TCGIGGAACC AATAACGAAT
6900 CCAAACCACT GAGATTTGAT GGTAAGATAC CGCCACAGIT TCAGCTTGAA GIGAACCGIT

6960
- e - T SELUENCe. range: @

1 to 1134
10 20 30 40
® * x %
2ATG GCC RCA CAG GGA CAA CGC GIC AAC TGG GGA GAT GRA CCT TCC A2aa
AL CGG TGT GIC CCT GIT &CG Ca% TTG ACC CCT CIA CTT GGA AGG TIT
M A2 T Q G Q R N W 6 D E P 5 ®

S0 €0 70 80 50

= = » * *

AGE CGT GGT CGT TCT AAC TCT OGT GGT (GG AAG AAT AAT GAT ATA OCT

TCT GCA OCA GCA AGA TIG AGA GCA CCA GCC TIC TTA TTA CTR TAT &G

R R € R § N 8§ B &§ R XK W ® » I 22
a a a a TRANSIATION ¢F FIPV N a a a a a >

Figure 1B

Nucleatide and amino acid sequence of FIPV N open reading frame.
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CTAGGAACAA TTCAAGGICT GGITCTCAGI CTAGATCTGI TTCAAGAAAC AGATCTCAAT
CTAGAGGAAG ACACCATTCC AATAACCAGA ATAATAATGT TGAGGATACA ATTGTAGCCG
TGCTTGAAAA ATTAGGTGIT ACTGACAAAC AAAGGTCACG TTCTAAACCT AGAGAACGTA
GIGATTCCAA ACCTAGGGAC ACAACACCTA AGAATGCCAA CAAACACACC TGGAAGAAAA
CTGCAGGCAA GGGAGATGTG ACAACTTTCT ATGGTGCTAG AAGTAGITCA GCTAACTTTG
GTGATAGTGA TCTCGITGCC AATGGTAACG CTGREARALG CTACCCTCAG ATAGCTGAAT
GIGITCCATC AGIGICTAGC ATAATCTTTG G ‘ GICTGCTGAA GAAGCTGGT

ATCAAGTGAA AGICACGCTC ACTCACACCT ACTACSSHECC AAAGGATGAT GCCAAAACTA
GICAATTCCT AGAACAGATT GACGCTTACA AGCGACCTTC TGAACTGECR AAGGCTCAGA
GGCAAAGAAG ATCs¥IGTTCT AAGIMEDGCTG ATAAGRAGCC TGA@&AGT TG TCT @?\ACT C

* ® *

ACT CGT GG ACC AAT 2AC GAA TCC ARA CCA CTG AGA TIT GAT GGT AAG
TCA CCA COT TGS TTA TTG CTT AGG TIT GGT GAC ICT A2A CTA CCA TXC

T R 6 T W ¥ E S K P L R F D ¢ B

a a a a TRANSLATION OF FIPV N & a a a a >
440 450 460 470 480
* ® * L4 ”

I v A4 v L E K L GG V T D K Q

. 630 ! 640 650 660 670
p—g » * » * *
CGT TCT A2a CCT AGA GAa CGT ACT GAT TCC 2aa CCT AGG GAL ACA ACA
R S K P R E R S D S K P R D T ™
a a a a TRANSLATION OF FIPV N 2 a a a a >
€80 €50 700 7X0 720
* * - x *

K B T w N X

740 750 760
* = ®
TIC TAT GGT GCT AGA AGT AGT TCA GCT AAC TIT GGT
LTa & GT TGN AAG ATN CCA CGa TCT TCA TCA ACGT CGA TTG Aan CCA
13 Y "6 A R s s
a 2 a a TRANSLATION OF FIZV N a a a a a >

7020
7080
7140
7200
7260
7320

7380
7440
7500
7560
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TTGIGGAGGEC ATACACAGAT GIGITTGATG ACACACAGGT TGAGATGATT GATGAGGTTA 7650
CGAACTAAAC GCATGCCCGG GAATTCTGIG AGCGTATGGC AAACGAAGGA AAAATTAGTT 7680

ATAGTAGCCG CACTCGATGG GACATTTCAA CGTAAACCGT TTAATAATAT TTTGAATCTT 7740
ATTCCATTAT CTGAAATGGT GGTAAAACTA ACTCCTGIGI GTATGAAATG CTTTAAGGAG 7800

GCTTCCTTTT CTAAACGATT GGGTGAGGAA ACCGAI TAATAGG AGGTAATGAT 7860
ATGTATCAAT CGGIGTGTAG AAAGTGITAC ATCGAQTGXESAATATTATAT TTTTTATCTA 7920
AAAAACTAAA AATAAACATT GATTAAATTT TAATA TAAAAATG GATGITGTGI 7980
CGTTAGATAA TTATG JEATTTGAGG TGATAA TENGTTAGAT JALCGAACCAG 8040

AAAGT GCAAA GGTCGCA CTGC ATCAAGG AAGITAAAA GTATTACTAG 8100

GaAT AGT GAT CTC &XT GCC ALT GGT AAC GCT GCC AAA TGC TAC CCT a6
CT2 TCA CTa &6 CAR GG TIA CCa TIG CGA GG TIT ACG ATG GGA GIC
pD 8§ D L ¥ a2 N G RN A A K C Y ?» o

a a a2 & TRANSIATIONOF FZVN a a & a a >

820 B30 840 850 860
* ] _ *

870 880 830 300 910
x = - ® -
TGG TCT GCT GA2 GAA GCT GGT GT C2A GIG AARA GIC ACG CIC ACT Cal
~ ACC 262 CGRA CIT CIT CGA CCA CTA GIT CaC TIT CAG TGC GG TGA GIG
¥ S A BE E A 6 D Q V K v T LT B
a a a a TRARSIZTION O FIPVN 2 a a2 a a >
820 830 940 950 960 .
= t 4 - ” -
ACC TAC IALC CIG CCA AAG GaT GAT GCC ARA ALCT AGT CAA TIC Cra Gaxa
TGG ATG ATG GAC GGT TIC CTA CI2 CGG TIT TGA TCA GIT AAG GAT CIT
T b 4 b 4 L P X D D X T S Q F L B>

1010 1020 1030 1040 1050
w = ® ® L 3
CAR BGE MG TCC CGT TCT AAG TCT GCT GAT AAG AAG CCT GAG GAG TTG
— GIT ICT TCT AGG GCA AGA TIC 2GA CGA CTA TIC TIC GGA CTC CIC AAC
¢ R R S R § XK S A D K XK P E E I>

& a2 a a TRANSIATINCGEFERVN a2 a a a a >
1060 1070 1080 1090 1100
L] " ~

TCT GIR ACT CIT GIG GAG GCA TAC ACA GAT GIG TIT &2 Gal G
AGR CAT TG Gaa CaLC CIC CGT ATG TGT CTa CacC Axa Cra CIG TGT GIC
s v T L VvV E A Y T D VvV F D D >

a a a a TRANSILATION OF FIPV N a a a a a >

1110 1120 1130
x ® L 4

GIT GAG ATG AIT GaAT GAG GIT ACG aal TAa

Cza CTC TAC TAA CTA CTC CAx TGC TIG &%

v E M I D E v T N >

a TRANSIATION OF FIPV N a a >
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GAGAATTATT TTTTCTTAGT AAGTTACAGC GACACGGTAT ATTAGATGGI GCCACCGTAG 8160
" TGTATATAGG ATCTGCTCCC GGTACACATA TACGITATTT GAGAGATCAT TTCTATAATT 8220
TAGGAGTGAT CATCAAATGG ATGCTAATTG ACGGCCGCCA TCATGATCCT ATTTTAAATG 8280
GATTGCGTGA TGIGAGICTA GIGACTCGGT TCGTTGATGA GGAATATCTA CGATCCATCA 8340
AAAAAACAACT GCATCCTTCT AAGATTATTT TAATTTCTGA TGTGAGATCC AAACGAGGAG 8400

200 400 600 800 1000 1200 1400 1600 1800

rEcoRl
{Spm I-Sspi rSphi
R R T T S aaaS aRammsS ESEEaaAaAass aaAEaannnNmL.
- - 1
3+ z
2 3 3
T & 4
: Os5 S
S € 6
£ ..
FIPY cDNA
NORF
Sspt
Ampicllia resistance

FIPV cONA

Miut - galy

ColE1 repiication ongin

I

Figure 2. Plasmid pUC18:E1-N and FIPV E1 and N cDNA.

pUCT8:E1-N contains a 1.9 kbp EcoRI-Ssp! fragment containing the FIPV €1 and N
genes ligated together,
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32 - GAAATGAACC TAGTACGGECG GATTTACTAA GTAATTACGC TCTACAAAAT GICATGATTA
8460 GTATTTTAAA CCCGTGGECG TCTAGICTTA AATGGAGATG CCCGITTCCA GATCAATGGA :
8520 TCAAGGACTT TTATATTCCCA CACGGTAATA AAATGITACA ACCTTTTGCT CCTTCATATT
8580 CAGGECECCGTG GITTTACAAC GICGTGACTG GGAAAACCCT GGECGTTACCC AACTTAATCG
8640 CCTTGCAGCA CATCCCCCTT TCGCCACCTG-GCGTAATAGC GAAGAGGECCC GCACCGATCG

s

Promoter P7.5

Promoter P11 EcoR1

Figure 3C, pSCi1 FIPV N
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CCCTTCCCAA CAGITGCGCA GCCTGAATGG CGAATGECGC CTGATGECGGT ATTTTCTCTT 8760

TACGCATCTG TGCGGTATTT CACACCGCAT ATGGT GCACT CTCAGTACCA TCTGCTCTGA 8820
TGCCGCATAG TTAAGCCAGI ACACTCCGCT ATCGCTACGT GACTGGGICA TGGECTGCGCC 8880
CCGACACCCG CCAACACCCG CTGACGCGECC CTGACGGECT TGICTGCTCC CGGCATCCGC 8940
TTACAGACAA GCTGTGACCG TCTCCGGAG CTGCAFSRGT CAGAGGITTT CACCGICATC 9000
ACCGAAACGC GCGAGGCAG w - 9019
FEATORES From To/Sp'a.n Description

21N 1 2233 $OC18 ozifaxp zesistance

oNA 7377 8637 Thy=midine Kiszase R

D €080 3030 () lac Z gene

ra 2240 2000 Thyaidine Xinase L

signal 6250 6130 (C) Promotex P11

si 6300 6480 Promcter P7.5

D 6483 7328 FIZEV EI o

oRE 6325 783 1R

1 CEARAGECCT TOSTGATACS COmMITTTITA TREEITRAATC TCATGATAAT AATGCITICT
6l TAERACTTOAG GIGSCALTTIT TCCGGGARAT GTGOGOGGRA C&“.’.:‘Zn.;uu m.ﬂ.lﬂ—

1801 GGGCGGALCT TATGGAAAAL CCCCAGCARC GOSGLITTITIT TALGEIICCT GGCCITITGS
1861 TGGCCITITG CICACATGIT CITICCIGES TTATCCCCIS ATICIGIGEA TAACCGIATT
1521 ACORCCITIG AGIGAGCTGEA TACCECTIRC CGOAGCCGRA CRCCGAGTG CAGTGRGTCA
1981 GIGAGTGAGS ARGUGGAAGA GCGCCCAATA CGCAAACTHEC CTCICCICGC GOGTIGGUCG
2041 ATTCAZTAAT GCBGUTGGCA CGACRGGIIT CCCGACTGGA AAGUGGGCAG TGRGTECRAC
2101 GCAATTAATG TGAGTIAGCT CACTCATTAG GCACCCONGG CTTTACACIT TATGCTICCG
2161 GCTCGTATGT TGIGTGGRAT TGTGAGOGGA TAACARITTIC ACRCAGGBAR CAGCTRTGAL

2221
2281
2341
2401
2461
2521
2582
2541
2701
2761
2821
2581

2841

320z
306:
312

Figure 4A.
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GITCTTOGCR
CAITATCIGA
A2TCALAARS
GACAATTGAC
TIGITACAGA
TEGRAICOGAST
TAGATTCICG
TGRACRATAL
[covearlvcryy
CTCAATATRA
GRALEATGA
ARTCHRATTAS
T':GAE""I‘CCG
ACACCAGALT
GGGCTCIALG

pSC11 FIPV E1.

TASGRRTARS
AGRITICTCC
AGTITGERIG
AACTGOTRAT
AGTCGICGECC

TTTGAAGCAT

CTGATAGGTA T

CAGETCGEGS
TARGCGAAC
ACCBATOCTC

TCITAMCEAT
ATGARATCTT
TTATTGAICC
GAGGRATCR

CTAaACGATAA TAGATACGER
TGGAMGCAAC TAAACTRTGT
CEATGRAGG ACAGITCTIIT
ATTCCCOCIG OCCGGTIATT
GEOGCTCAGT TGAATTCCGT
ATATGGARAC CGTTGRIATT
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BAGGTCCCTA
GTGATTAGTT
GITRGATACR
TCGARTARAG
TIGRTRATCS

T TATCARATIAG

ACGGGACTAT
EICTCTTIGS
CIAGACATTG
ATTACTTTIG
CIATACTGAC
CAGCERTCTG
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VWhat i.s clainmed is: 1. A reconbi nant raccoon poxvirus
havi ng*at | east one internal gene conprising a DNA sequence encadi ng a
menber sel ected fromthe group consisting of the nucl eocapsid (N and
transmeMane (M El) proteins of Feline Infectious Peritonitis Virus (FIPV).
2. The reconbi nant raccoon poxvirus of claim1 wherein said internal
gene encodes the N protein of FIPV having the am no acid sequence as set

out ‘in Figure 1B. 3. combi nant raccoon poxvirus of
claim1l wherein said internal gene encof

the am no acid sequence as set out
3181 CCTTCTTCSS COTGEGCAG ATGOCGATGS CIGGITTCR TCASTIRTG TICHCIGTAG
3241 OGGOTEETET TGALTGEAR GICSCOCSEST CACIGGIGIG GCTCATAAIT QAATICEGC
3301 GTCOCGTRGC GORGRESETT TICKICRSS ARGACGIACS GGGIAIRCAT GICIGALAAT
3361 COCAGATOCC AGCCSTCARA ACAGGCGGCA GIAAGGOGET CGGGRIRGTT TTCTTGIGGC
3421 COTAATCOG GOCRAGTTTAC COGCTCTIGCT ACCIGCGCCA GCIGGCAGIT CAGECCRATC
3481MM‘E.&4‘€WM% AATCEE CATTTEELCA
3541 CIACCRTCEA TCOGEIAGET TYTCCGGCTG ATAAATAAGS :
3501
3651
3721
3781
3841
3301
3961

s

TALGTIG
TCCTAGTIIGC AGGGGALIGAL GACAGTATICG
TCOGGCACOG CITCTGRIGT CCRAARCAS
AACTGTTEEG AACEESCRIT GoRIGTEEECC
GEATGTGCIG CAAGGOGRTT AAGITGES

AAAACGACGG GeICCCTOGA GGAATTCATT
TASTATATTT TIZACATACKT ATATICTAMA
ATOGCTTCIA GATRATRCY ATATAGTAAT
ATCICTITATC ATCIGGEGTAA TEITOIC:T

TCTCCETGGG RECARMCGGC
GCGCATCGTR ACCGIGCATC
RICECACIC GRGOCRGCTIT
ATTCGCLATT CaGGLTEIGC
TACGCCAGCT GGCGRAARGGG
TTICCCAGTC ACGACSTIGT
AAARRSAALSA AMTGAAATTC
GIGATIGIGA CTAGCGIAGC
BAGACTACGR AACTGRIACA

\Jlm.w

T TRIAGTRAGT

ASATATATTIC
CQARITTSESG
GIGCATAATT
GIGIAZSIAAT
GEATTTTECE
ACARTEDGGC
GCOATTATGS
TICCRGRTAT

Aot t o ¢

GIGRIGTRT

TAGTTGIGAT

ey~
o

ATACATASAC TGATCACTEA TICCAAACCC
TAAATAATAZ PTRACRATALT TAATTTCICG

A e Am
GRTTTIGGT
GIGISTTT
c-ﬁ‘ﬂ\ c‘ - n F’
ARCIGGARLT
AGRCCACAAS
CSTETIGTIC
GIARTGITCS

—— o

e r——
PAPAEFRET S

CACGGTAAGSG ARGTAGAATC A AGRACA
TTGAACTAAS CGRAAATGRAG TACAITTIIGC
ATGGIGARLG TIALTIGIGIC . AIGCARGALA.
CAAGATGETICA ARCCIGCTIT GAACGIGEIG
TCAGCIGGIC TGIAETATIG ATIGIIITTA
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4. The- reconbi nant raccoon poxvirus of claim1l wherein said virus has genes
encodlng the El and N prons of FIPV. 5. A vacci ne )
conpri si ng: a reconbi nant raccoon poxvirus having at

| east one internal gene conprising a DNA sequence encodi ng a nenber
selected fromthe group consisting of the nucleocapsid (N and
transnenbrane (M El) proteins of Feline Infectious Peritonitis Virus

(FI PV), a pharma i cally acceptable carrier or

di l uent, and ceutically acceptabl e adjuvant.
6. The vaccine of claim5 wherein I nternal gene encodes the N

protein of EﬁP% ving_the amno acid sequence as set, o lLn Eiqure 1B.
7 e v e el e el el

7081 TATATGCIGA AGGITICAAA ATGGCIGGTG GITIRACCAT CGAGCAITIG CCIRAATALG
7141 TCATGATTCC TACACCTAGT ARACCATCG TTTATRCATIT AGTIGGAAZA CRATTAARAG
7201 CRaCIACTGE CACAGGATGSG GCITACTALG TRRAATCTAR AGCIGGIGAT TACTCAACAG
7261 2AGCACGTAC TGACAATTIC AGIGAACATG RAARAITATT RCATATGGIGC TRACTAAACT
7321 TTCRAATGGG GGAATTICIGT GAGCGIATGG CRAACGAAGG AAAAATIAGT TATAGTAGCC
7381 GALICGATGE GRLATITCA ACGTANACCG TTTAATAATZ TTTTIGAATCT TATICCATIR
7441 ICIGAAATGG TGGTRAAAALCT AACIGCIGIG YGIATGAAAT GCITTAAGGER GECITCCITT
7503 TCIRAACGAT TGGEGIGAGGA AACCGRGATA GARATAATAG GAGGIAATGA TATGTRAICAA
7561 TCGOTIGIGIA (RA2GTGITA CATCEACTCA TRATATIATA TITTITATCT AXAARACTAA
7621 AAATRAACAT TEATTAAMLT TTAATATAAT ACTTARARAT GGATGITGIG TCGITAGATA
7681 RACCGTTIAT GIATTITIGAS GAAATTGETA ATGAGITAGRE TTRACGRACCA GAAAGTGCAA

T g iR e i r@%mm

% Wl
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-~ 34"« MELl protein of FIPV having the am no acid sequence as set out in

Fi gure 1A 8. The vaccine of claim5 wherein said virus has
genes encoding the El and N proteins of FIPV. 9. The
vaccine of- claim5 further conprising inactivated or attenuated viruses

sel ected fromthe group consisting of TNe. | eukeni a virus, feline
panl eucopeni a

FEATGRES From To/Span Description
o319 1 2233 POCLE orifamp resistance
A 7687 8947 Thymidire Kinase R
DNA 6080 3030 (C} lac Z gene
DA 2240 3000 Thymidice Kinase L
signal 6250 6130 (C) Promotexr P11
signal 6300 6480 Promoter P7.5
A 6496 1636 FIBV N oA
CRF 6496 7628 1N CRE

e 2221 CATERITALG CCAAGCTTIT GOGATCAAND. AATGGATCAL ARCCAGTATC TCTTAACGAT

312) GGGCTCCAGG AGTCGTCGCC ACCAATCCCC ATATGGAARC CGTCGATATT CAGCCETGIG

Figure 4B. Nucleotide sequence and location of various genetic elements of
pSCit FIPY N.
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virusy feline rhinotracheitis virus, feline calicivirus, feline
|nnunodef|C|ency virus, feline herpesvirus, feline enteric coronavirus, or

m xtures thereof. 10. The vaccine of claimb5 further
conprising inactivated or attenuated feline Chlanydia psittaci, M crosporum
canis, or mxtures thereof. 11. A vaccine conpri sing:

a first reconbi nant raccoon poxvirus having at |east one internal gene
conprising a DNA sequence encoding a nenber selected fromthe group

consi sting of the nucleocapsid (N and ansnenbrane (M E1l) proteins of .
Feline Infectious Peritonitis Virus (ﬂ/FW), a second
reconbi nant raccoon poxvirus havi ng east one internal gene conprising a
DNA sequence 3133 mmwmm ToEsESei Nng of the

nucl eocapsi d %ﬁaﬁ > Wu@ﬁcﬁ nf ecti ous
conopsld B8l SR e FEEe

Peritoni'tis Va3su SR ACAGGEOGCE GIRAGECGST CacbarTmceridscal | y -
acceptabl e ca 4r2 ,_ @h SO ACTIGOGCLA GUaGGasTT rmaceutically
accept abl e adfd} TOAR. TeCGE =4 S e ey

-~ b

TCCEETAGGT TITCCGICIG ATBARIRAGS TTITCCCICIG ATGTIECAC

3601 GOGTGACCSS TCETAMAG CACCECATCA GRAAGTGIRT CIGTCGIGRA CIGCRACAAC

3661 GCIGCITCGS COTGGIARTG GOCUSCIGD TICCAGIGIY CGACCCAGET GITAGSGSTOA

3721 ATGOGEEICG CICQACTTAL GOCAATGICS TIASCCRGIG GIGCALGEEET GRACTGATCS

3781 CGIRGCSEEG TCAGCEGTIC TITTIIATICG CORICCACE TCIGTGRARMG ARAGCCIGRS

i 3841 TGGCSGITRA ATTGOCARCG CTTASTACTT AGCICEATGT ARAMATCCAT TTCGIIGEIG
3801 GICRGATGCS GEATGECGIC GEACGIIGTG GGRAGTGTCA CACIGAGGIT TTCCSCIRGA,

N~ 4141 TTACCATCCA GOGCTACCAT CORGIGAGS AGCICGITAT CGCIATGACE GRACAGGIAT

$941 GC’.AAGCGO: a:-rcscmr QAGECIGEEC AACTIGTIGEG AAGEEORAIC GEIGEEEET

6001 TCITCGCTAT TACCICARTY GGCHRAAAGGE GGATGTIGCIG CAAGGCGATT AAGTTGGGIA
6061 ACGCCAGSST TTTCOCAGTC ACGACGIICT AAAMACGACES GATCICICGA GGAATTICAIT
6122 TATAGCETAG AAAALAACAD AATGRAJMATTC TACTATATIT TIACATACZAT ATRATTICTARA
6181 TAIGCAAACGTIG GIGATTGIGA CIAGCSIAGT ATCGTITCTIA GACATATACT ATETAGTIARZT
6241 ACCAATACTC RAAGACTACGA AACTGATACE ATCICITARATC ATGIGEGTRA TGITCICEAT
6301 GICSAATAGC CATATGCCGG TAGTITSCGAT ATACATAARC TGATCACTIAA TICCARACCC
6361 ACCOGOTITT TATAGIARGT TTITTACCCA TAAATIATAZA RTACALTAAT TAATTICICG
6421 TAZAAGTAGA BJAATRTATTIC TARITTATTC CACGSTANGS AASTAGAATC ATAANGAACA
6481 GCTGACGGATC CCGSGATGEE CACACAGGGA CAACCCSICA ACTGGGSAGA TERALTITCC
6541 AAAAGACGTG GITGITCIAA CICICEIGST COGAAGAATA ATGETATACT TTIGIZATTC
6601 TACRACCCCA TIALTCOTOGA ACAMGEATCT AMATITITGSA ATTTATETSS GAGAGAZCTT
6661 GRTCCCAARG GAATAGGTAA TAAGGETITAA CAAATTGETT ATTGGAATAG ACAGATTCGT
6721 TATTOTATIC TRAAAAGGTCR GOGTAAGGAA CIooCTGAGA GOTGoTITIT TIALTTCTTA
£781 GGTACRGGAC CTCRIGCTIGA TCCTAAATTC AMAGASAASA TISITCIAGT CTIoTGGaTT
$841 GCAAGGGRIG CIGCETGAA m AZGTTIGEIA CICOTGERAL CRaTAaCRA
5901 TCCANZCOAC TGAGSITIGR TGOIRAGATA COSOCASAGT TICASITTC ASTIGAATCST
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12. .A nmethod for preventing di sease caused by Feline Infectious
Peritonitis Virus (FIPV), conprising admnistering to a feline in need of
such treatnent a vaccine conprising a reconbinant raccoon poxvirus having
at | east one internal gene conprising a DNA sequence encodi ng a nenber
selected fromthe group consisting of

- 35-
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t he nuel eocapsid (N) and transnmenbrane (M E1l) proteins of FIPV. . o
13. The met hod of claim 12 wherein said internal gene encodes the N
protein of FIPV having the am no acid sequence as set out in Figure 1B.
14. The nethod of claim 12 wherein said internal gene encodes the MEL
protein of FIPV having the am no acid sequence as set out in Figure 1A
15. The nmethod of claim 12 wherein said virus has genes encoding the El1

and N proteins of FIPV.

'.\_»‘ -

Figure S. PCR anatysis of rRPV-FIPV N and Et viral-cell lysates.
L Lane 1, Base pair DNA markers; Lane 2, pSC11 FiPV N (FIPV N positi ;
2 ; positive control);
_ . Lane 3, rRPV-FIPV N; Lane 4, wild-lype raccoon pox virus-cell lysates with FHPV N primers

(negative c-:omm!): : Lane S, pSC11 FIPV Et (FiPV E1 positive controf); Lane §, (RPV-FIPV E1;
Lane 7, wild-type raccoon pox virus-cell lysates with FIPV E1 primers (negative cantrol).
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Figure 6. Western blot analysis of (RPV-FIPV N and E1 virai-cell lysates.
Lane 1. moteculer weight markers (kDa): Lane 2, purified FIPV antigen (positive control);

Lane 3, wild-type raccoon pox virus-cell fysate {negative control); Lane 4, rRPV-FIPV N:
Lane 5, rRPV-FIFV E1.
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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.

Backeground 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 imited 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 (also known as the M) (trans:ﬁéxﬁbrane)
protein, and the N (nucleocapsid) protein. Venema et al.,, Virology 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. Black,
Am. J. Vet. Res. 44: 229-234, 1983; Vennema H., etal,, . Virol. 64: 1407-1:109,
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: 383-388,
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 2., 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 envelope
protein but contains the other structural proteins of FIPV (N and E1). 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,

Yhat is needed in the art, therefore, is an effective vaccine against FIPV
that utilizes the N and E1 proteins, or segments therefrom, as immunogens.
The terms "E1" and "M" as used herein, in the context of the transmembrane protein,

refer to the same transmembrane protein.

Summary of the Invention

The present invention pertzins 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, bacteria, or fungi that have been inactivated or attenuated. Astll
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
RRPVY-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.
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In accordance with a first aspect of the present invention there is provided
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 (V) and transmembrane (M/E1) proteins of Feline Infectious Peritonitis
Virus (FIPV).

In accordance with a second aspect of the present invention there is provided
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
the nucleocapsid (N} and transmembrane (M/E?) proteins of Feline Infectious Peritonitis
Virus (FIPV),

a pharmaceutically acceptable carrier or diluent, and

a pharmaceutically acceptable adjuvant.

In accordance with a third aspect of the present invention there is provided
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),

a second recombinant raccoon poxvirus having atleast 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),

a pharmaceutically acceptable carrier or diluent, and

a pharmaceutically acceptable adjuvant.

In accordance with a fourth aspect of the present invention there is provided
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 2 DNA sequence encoding a member selected from the group consisting of
the nucleocapsid (N) and transmembrane (M/E1) proteins of FIPV.
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