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RABIES VIRUS-BASED RECOMBINANT
IMMUNOCONTRACEPTIVE
COMPOSITIONS AND METHODS OF USE

Moreover, over the past 30 years, immunocontraceptive
studies have not generated a single commercial product.
Technical limitations are one of the main factors. Therefore,
there is a long unfelt need for a novel rabies virus vaccine,
engineered With the ability to express a suitable immunocon
traceptive gene. This type of vaccine Would be an ideal can

CROSS REFERENCE TO RELATED
APPLICATIONS

didate for both rabies prevention and population control of

Wild and domestic animals, including dogs.

This is the US. National Stage of International Application
No. PCT/US2009/054502, ?led Aug. 20, 2009, Which Was
published in English under PCT Article 21 (2), Which in turn
claims the bene?t of US. Provisional Application No.

SUMMARY OF THE DISCLOSURE

Recombinant rabies viruses comprising heterologous
nucleic acid sequences encoding immunocontraceptive pro

61/097,748, ?led Sep. 17, 2008, Which is herein incorporated
by reference in its entirety.

teins are disclosed herein. The recombinant rabies viruses are

recovered using reverse genetics, replicate ef?ciently in cul
ture, and elicit high titers of rabies virus neutraliZing antibod

FIELD

ies, elicit immunocontraceptive protein-speci?c antibodies

This disclosure concerns recombinant rabies viruses as

and confer protection against rabies virus challenge in vacci

immunocontraceptive compositions for control of Wild and
domestic animal population groWth, as Well as protection of
animals against rabies virus infection.

20

BACKGROUND

Rabies is a major threat to public health, causing betWeen
50,000 and 60,000 human deaths each year (World Health

25

sequence encoding GnRH.

Also provided are immunogenic compositions comprising
30

one or more of the recombinant rabies viruses described

herein. Further provided is an immunogenic composition

35

risks of human exposure.

The rabies virus is transmitted through broken skin by the
bite or scratch of an infected animal. Exposure to rabies virus

results in its penetration of peripheral, unmyelinated nerve

endings, folloWed by spreading through retrograde axonal

tive protein. In some embodiments, the immunocontraceptive
protein is gonadotropin-releasing hormone (GnRH) or Zona
pellucida 3 (ZP3), such as dog ZP3. In some embodiments,
the genome of the recombinant rabies virus comprises a
nucleic acid sequence encoding ZP3 and a nucleic acid

Organization, April 2003). Humans get infected With the
rabies virus mostly through bites from rabid domestic and
Wildlife animals. In developing countries, dogs are respon
sible for about 94% of human rabies deaths. Dog rabies is still
epiZootic in most countries of Africa, Asia and South
America, and in these countries dogs are responsible for most
human deaths from the disease. Controlling rabies virus
infection in domestic and Wildlife animals, therefore, not only
reduces the mortality in these animals but also reduces the

nated animals.
Provided herein is a recombinant rabies virus in Which the
genome of the recombinant rabies virus includes a heterolo
gous nucleic acid sequence encoding an immunocontracep

40

comprising a ?rst recombinant rabies virus and a second
recombinant rabies virus, Wherein the genome of the ?rst
recombinant rabies virus comprises a GnRH nucleic acid
sequence and the genome of the second recombinant rabies
virus comprises a ZP3 nucleic acid sequence.
Further provided are methods of immuniZing a non-human

animal against rabies virus infection and inhibiting fertility of
the animal, by administering to the animal a therapeutically
effective amount of an immunogenic composition compris

transport, replication occurring exclusively in the neurons,

ing one or more of the recombinant rabies viruses disclosed

and ?nally arrival in the central nervous system (CNS). Infec
tion of the CNS causes cellular dysfunction and death (Rup

herein.

precht and DietZschold, Lab Invest. 57:603, 1987). Since
rabies virus spreads directly from cell to cell, it largely evades
immune recognition (Clark and Prabhakar, Rabies, In: Olson
et al., eds., “Comparative Pathology ofV1ral Disease,” 2: 165,
Boca Raton, Fla., CRC Press, 1985).

45

The foregoing and other features and advantages Will
become more apparent from the folloWing detailed descrip
tion of several embodiments, Which proceeds With reference

to the accompanying ?gures.
BRIEF DESCRIPTION OF THE FIGURES

Population control of dogs With outdated methods of cap

able to the public. Canine rabies prevention and control, and

FIG. 1 is a schematic depiction of four recombinant
ERAZP3 viruses. G* denotes the mutation at amino acid 333

appropriate population management of free-ranging dogs are

of glycoprotein (G). ZPiindicates a dog Zona pellucida

paramount for eventual disease elimination. Various

gene.

ture, restraint and euthanasia are inhumane and not accept

approaches have been proposed to interrupt canine reproduc
tive cycles, including surgical spay/neuter of animals, chemi
cal steriliZation, and immunocontraception. For example,
gonadotropin releasing hormone (GnRH) has been consid

50

FIG. 2A is a schematic depiction of the rabies virus glyco
55

protein. ArroWs indicate locations Where either one or tWo

copies of GnRH Were inserted. Recombinant viruses With
GnRH inserted at each of these locations Were successfully

ered as one approach as an immunocontraceptive peptide for

recovered by reverse genetics (Ecto:ectodomain; SP:signal

dogs. HoWever, studies to date have shoWn that GnRH needs
to be synthesiZed and conjugated With a carrier protein (or

peptide; TM?ransmembrane; IIb, II, IIa, WB+ and III refer to
60

adjuvant) to be immunogenic. Necessary scale-up of produc
tion may become problematic to meet the regulatory and
economic demands for modern vaccine supply. Thus, it is
desirable to construct a vaccine that can induce appropriate

dual immunological responses against both rabies virus and
immunocontraceptive targets, after a single administration in
animals.

65

antigenic sites). FIG. 2B is a schematic depiction of recom
binant rabies virus ERA-3-GnRH.
FIG. 3A is a table listing exemplary recombinant rabies

viruses comprising dog ZP3 (DZP3), GnRH or both. The
virus descriptions indicate the location of insertion of ZP3
and/or GnRH in the virus genome (G3:glycoprotein With the
G333 mutation). FIG. 3B is a graph shoWing survival of
unvaccinated mice (control) or mice vaccinated With either

US 8,524,247 B2
3

4

ERA-N-GnRH (virus #5), ERA-3 -GnRH (virus #7) or ERA
G3 -2GnRH (virus #8). Each group of mice Was subsequently

abbreviations for nucleotide bases, and three letter code for
amino acids, as de?ned in 37 C.F.R. 1.822. Only one strand of
each nucleic acid sequence is shoWn, but the complementary
strand is understood as included by any reference to the
displayed strand. The Sequence Listing is submitted as an
ASCII text ?le, created on Feb. 28, 2011, 158 KB, Which is

challenged With a lethal dose of rabies virus.
FIG. 4 is an image of a protein gel showing GnRH or

2GnRH peptide conjugated to keyhole limpet hemocyanin
(KLH). The proteins Were separated on 4-12% SDS-PAGE
gels. GnRH-KLH and 2GnRH-KLH are shoWn in lanes 2 and

incorporated by reference herein. In the accompanying
sequence listing:

4, respectively. Lanes 1 and 6 contain molecular Weight mark
ers. Lanes 3 and 5 shoW KLH standard.

SEQ ID NO: 1 is the nucleotide sequence of recombinant
rabies virus ERA recovered by reverse genetics. Mutation of

FIG. 5A is a schematic of the parental ERA and rearranged
ERAg3p genomes. To generate ERAg3p, the G gene in the

nucleotides 4370-4372 from aga to gag introduces an Arg to

ERA genome Was relocated ahead of the P gene, and Was

Glu amino acid change in the G protein.

mutated at amino acid residue 333 from AGA (denoted as G)
to GAG (denoted as G*). FIG. 5B is a one-step groWth curve

shoWing groWth characteristics of the rearranged ERAg3p
virus. The recovered virus ERAg3p greW as Well as the paren

tal ERA virus. FIG. 5C is a line graph comparing virulence of
ERA and ERAg3p. ERAg3p did not cause death in any
3-Week old mice after intracerebral injection.
FIG. 6 is a schematic shoWing insertion sites of GnRH or

2GnRH coding sequence into the G gene in ERAg3p rabies

virus.

SP:signal

peptide;

20

residue 352 is an attenuating mutation.
SEQ ID NO: 6 is the amino acid sequence of the rabies

TM?ransmembrane;

CTIcytoplasmic tail; N:amino terminus of glycoprotein;
and C:carboxyl-terminus of glycoprotein.

virus ERA L protein.
SEQ ID NOs: 7 and 8 are the nucleotide and amino acid

FIG. 7A is a schematic shoWing insertion sites of GnRH

into the ERAg3p genome to generate ERA-N-GnRH, ERA

SEQ ID NO: 2 is the amino acid sequence of the rabies
virus ERA N protein.
SEQ ID NO: 3 is the amino acid sequence of the rabies
virus ERA P protein.
SEQ ID NO: 4 is the amino acid sequence of the rabies
virus ERA M protein.
SEQ ID NO: 5 is the amino acid sequence of the rabies
virus ERA G protein. An Arg to Glu change at amino acid

25

sequences, respectively, of dog Zona pellucida 3 (ZP3).
SEQ ID NOs: 9-26 are the nucleotide sequences of the

N-2GnRH, ERA-IIa-GnRH and ERA-C-GnRH. FIG. 7B is a

line graph shoWing recovery and groWth characteristics of the

oligonucleotides use to generate fragment A of dog ZP3.

GnRH-carrying ERAg3p viruses. Recombinant virus Was
successfully recovered from 4 out of the 12 constructs.

gonucleotides used to generate fragment B of dog ZP3.

Recovered viruses contained GnRH inserted at the amino
terminus immediate after the signal sequence, the IIa anti
genic site, or the junction betWeen the ectodomain and trans

SEQ ID NOs: 27-46 are nucleotide sequences of the oli
30

SEQ ID NOs: 47 and 48 are the nucleotide and amino acid

35

sequences, respectively, of GnRH.
SEQ ID NOs: 49 and 50 are the nucleotide and amino acid
sequences, respectively, of rabies virus ERA G protein With a
single copy of GnRH inserted immediately folloWing the 19
amino acid G protein signal sequence. This construct is

membrane domain of glycoprotein.
FIG. 8A is an image of an electrophoretic gel shoWing

puri?ed ERA-N-2GnRH (lane 1), ERA-N-GnRH (lane 2)

referred to as G-N-GnRH.

and ERA-IIa-GnRH (lane 3). Puri?ed virus Was separated on

SEQ ID NOs: 51 and 52 are the nucleotide and amino acid

4-12% SDS-PAGE gels. Lanes 4 and 5 contain puri?ed gly
coprotein and puri?ed nucleoprotein from rabies virus ERA
as controls. FIG. 8B is an image of a Northern blot of puri?ed

ERA-N-2GnRH (lane 2) and ERA-N-GnRH (lane 3). Lanes 1

40

referred to as G-N-2GnRH.

and 4 contain RNA molecular Weight marker.
FIG. 9 is a line graph shoWing safety and potency of the
GnRH-carrying ERAg3p viruses in a mouse model. No obvi
ous side-effects Were observed after intramuscular injection
of ERA-N-2GnRH, ERA-N-GnRH or ERA-IIa-GnRH in

mice. Three Weeks post-inoculation, all mice survived chal
lenge With a lethal dose of approximately 2.5-10.0 MICLD5O
dog/coyote street rabies virus. The control mice (placebo
injected) died betWeen 8 and 10 days after challenge. The
surviving mice remained healthy before termination of the
experiment at 2 months.

SEQ ID NOs: 53 and 54 are the nucleotide and amino acid
sequences, respectively, of rabies virus ERA G protein With a
45

SEQ ID NO: 55 is the amino acid sequence of GnRH

peptide 1780.
SEQ ID NO: 56 is the amino acid sequence of GnRH
50

peptide 1781.
SEQ ID NO: 57 is the nucleotide sequence of 2GnRH (tWo

tandem copies of the GnRH coding sequence).
SEQ ID NOs: 58 and 59 are the nucleotide sequences of

GnRH-KLH and 2GnRH-KLH conjugates against mouse
serum immuniZed With GnRH-carrying ERA viruses and

primers used for insertion of the GnRH coding sequence into
55

GnRH-KLH and 2GnRH-KLH, respectively. ShoWn are
mouse serum from rabies virus ERA-IIa-GnRH immuniZa

tion (A); mouse serum from RV ERA-N-GnRH immuniZa
tion (B); mouse serum from ERA-N-2GnRH immunization

(C); and rabbit serum against GonaConTM (D). No differences

single copy of GnRH inserted immediately folloWing amino
acid 221 of the G protein (IIa site). This construct is referred
to as GnRH-p3 or G-IIa-GnRH.

FIGS. 10A-10D are Western blots shoWing reaction of

GonaConTM serum. For each blot, Lanes 1 and 2 contain

sequences, respectively, of rabies virus ERA G protein With
tWo copies of GnRH inserted immediately folloWing the 19
amino acid G protein signal sequence. This construct is

60

Were detected betWeen mouse and rabbit serum against the

the rabies virus G gene.
SEQ ID NOs: 60 and 61 are the nucleotide sequences of

primers used for insertion of the tandem GnRH (2GnRH)
coding sequence into the rabies virus G gene.
SEQ ID NO: 62 is the nucleotide sequence of dog ZP3,
deposited under GenBank Accession No. NMi001003224
on Aug. 5, 2004.
SEQ ID NOs: 63 and 64 are the nucleotide and amino acid

GnRH conjugates.

sequences, respectively, of rabies virus ERA G protein With
one copy of GnRH inserted at the junction of the ectodomain

SEQUENCE LISTING
65

The nucleic and amino acid sequences listed in the accom

panying sequence listing are shoWn using standard letter

and the transmembrane domain (folloWing nucleotide 1374,
amino acid 458) of glycoprotein. This construct is referred to
as G-C-GnRH.

US 8,524,247 B2
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DETAILED DESCRIPTION

-continued

I. Introduction

i.c.
i.m.
IRES

Intracerebral
Intramuscular
Internal ribosome entry site

Rabies is a major public health concern globally. In most
instances, humans are infected With rabies virus through the

KLH

Keyhole limpet hemocyanin

L
LH
M
MALDI

Rabies virus RNA-dependent RNA polymerase
Luteinizing hormone
Rabies virus matrix protein
Matrix-assisted laser desorption/ionization

MICLD5O
N

Mouse intracerebral lethal dose 50
Rabies virus nucleoprotein

bite of a rabid domestic or Wild animal. In developing coun

tries, dogs are responsible for approximately 94% of human
deaths due to rabies. Stray or unvaccinated dogs are the pri
mary reservoir for rabies in Latin American, Asian and Afri
can countries. Furthermore, in the United States, there are
currently millions of stray or feral cats. Thus, there is a global
need to both prevent rabies and control the population of

rabies susceptible animals, particularly dogs.
Previous methods of animal population control have
included the use of immunocontraceptive vaccines. Immuno

contraception involves stimulating immune responses against
gametes or reproductive hormones to prevent conception.
Immunocontraception is a humane method for population
control of pest and overabundant populations of mammalian

20

NA

Neutralizing antibody

NLS
P

Nuclear localization signal
Rabies virus phosphoprotein

PAGE

Polyacrylamide gel electrophoresis

PVDF
pZP

Polyvinylidene di?ouride
Porcine zona pellucida

RNA

Ribonucleic acid

RNP

Ribonucleoprotein

RV

Rabies virus

SDS

Sodium dodecyl sulfate

UV

Ultraviolet

VNA

Virus neutralizing antibody

ZP

Zona pellucida

Wildlife (such as raccoons or deer). A number of studies have
focused on the use of zona pellucida glycoprotein 3 (ZP3),

III. Terms

Which is the main receptor used by sperm for fertilization of
an egg. HoWever, administration of ZP3, or other immuno

contraceptive protein, has previously required co-admini stra

25

Unless otherWise noted, technical terms are used according

tion of an adjuvant and/or booster doses to elicit a suf?cient

to conventional usage. De?nitions of common terms in

immune response against the protein such that fertilization is
inhibited. Thus, current methods of immunocontraception

molecular biology may be found in Benjamin LeWin, Genes

have signi?cant limitations, particularly for Wild animal

populations.

30

The immunogenic compositions and methods disclosed
herein provide a means of simultaneously protecting vacci

nated animals against rabies and controlling animal popula
tions by inhibiting fertility. Recombinant rabies viruses com

35

prising at least one heterologous nucleic acid sequence
encoding an immunocontraceptive protein are described

In order to facilitate revieW of the various embodiments of

herein. In particular examples, the immunocontraceptive pro

viruses, one comprising GnRH, and a second comprising
ZP3. Because the immunocontraceptive protein is encoded in
the genome of the rabies virus, When recombinant rabies virus
particles are produced, the immunocontraceptive peptides are

are provided:

Adjuvant: A substance or vehicle that non-speci?cally
40

include a suspension of minerals (alum, aluminum hydrox

eral oil (for example, Freund’s incomplete adjuvant),
45

sometimes With the inclusion of killed mycobacteria (Fre
und’s complete adjuvant) to further enhance antigenicity.
Immunostimulatory oligonucleotides (such as those includ
ing a CpG motif) can also be used as adjuvants (for example,

50

371; 6,239,116; 6,339,068; 6,406,705; and 6,429,199). Adju

tained Within the virion (non-structural protein). By incorpo
rating the immunocontraceptive protein into the rabies virus

contraceptive protein.

see US. Pat. Nos. 6,194,388; 6,207,646; 6,214,806; 6,218,
vants also include biological molecules, such as costimula

tory molecules. Exemplary biological adj uvants include IL-2,

II. Abbreviations

RANTES, GM-CSF, TNF-ot, IFN-y, G-CSF, LEA-3, CD72,
55

CMV

Cytomegalovirus

CTVT
DFA

Canine transmissible venereal tumor
Direct ?uorescent assay

DNA
ERA
FFU
FITC
FSH
G

Deoxyribonucleic acid
Evelyn-Rokitnicki-Abelseth
Focus-forming units
Fluorescein isothiocyanate

GnRH

Follicle stimulating hormone
Rabies virus glycoprotein
Glycoprotein With an Arg to Glu change at residue 333
Gonadotropin-releasing hormone

HPLC

High performance liquid chromatography

G*

enhances the immune response to an antigen. Adjuvants can

ide, or phosphate) on Which antigen is adsorbed; or Water-in
oil emulsion in Which antigen solution is emulsi?ed in min

incorporated into the virion (structural protein) or are con

particle, an adjuvant is not required to elicit a su?icient
immune response against both rabies virus and the immuno

(ISBN 1-56081-569-8).
the disclosure, the folloWing explanations of speci?c terms

tein is GnRH or ZP3. In some cases, the recombinant rabies

viruses comprise both GnRH and ZP3 . Alternatively, animals
can be immunized With tWo different recombinant rabies

V, published by Oxford University Press, 1994 (ISBN 0-19
854287-9); KendreW et al. (eds.), The Encyclopedia of
Molecular Biology, published by Blackwell Science Ltd.,
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.),
Molecular Biology and Biotechnology: a Comprehensive
Desk Reference, published by VCH Publishers, Inc., 1995

B7-1, B7-2, OX-40L and 41 BBL.
Administer: As used herein, administering a composition
to a subject means to give, apply or bring the composition into
contact With the subject. Administration can be accomplished
by any of a number of routes, such as, for example, topical,

oral, subcutaneous, intramuscular, intraperitoneal, intrave
60

nous, intrathecal and intramuscular. In some embodiments

described herein, an immunogenic composition is adminis
tered to an animal by an oral route.

Animal: Living multi-cellular vertebrate organisms, a cat
egory that includes, for example, mammals and birds. The
65

term mammal includes both human and non-human mam

mals. The term “animal” includes both human and veterinary

subjects, for example, humans, non-human primates, dogs,

US 8,524,247 B2
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cats, horses, raccoons, bats, rats, mice, foxes, squirrels, opos

of the binding sites of X present in a solution. A smaller (Kd)

sum, coyotes, Wolves and coWs. As used herein, “subject” is
interchangeable With “animal.” As used herein a “domestic
animal” refers to any animal that has been tamed by humans,

indicates a stronger or higher-af?nity interaction betWeen X
andY and a loWer concentration of ligand is needed to occupy

the sites. In general, antibody binding af?nity can be affected

often for use as Work animals, a food source or as pets. Many

by the alteration, modi?cation and/or substitution of one or

domestic animals are selectively bred such that they differ
from animals in the Wild. As used herein, “Wild animal” refers
any animal living in a natural, undomesticated state.

more amino acids in the epitope recogniZed by the antibody

paratope.
In one example, antibody binding af?nity is measured by
end-point titration in an Ag-ELISA assay. Antibody binding

Antibody: A protein (or protein complex) that includes one
or more polypeptides substantially encoded by immunoglo

af?nity is substantially loWered (or measurably reduced) by

bulin genes or fragments of immunoglobulin genes. The rec

the modi?cation and/or substitution of one or more amino

ogniZed immunoglobulin genes include the kappa, lambda,

acids in the epitope recogniZed by the antibody paratope if the

alpha, gamma, delta, epsilon, and mu constant region genes,
as Well as the myriad immunoglobulin variable region genes.

end-point titer of a speci?c antibody for the modi?ed/substi
tuted epitope differs by at least 4-fold, such as at least lO-fold,

Light chains are classi?ed as either kappa or lambda. Heavy
chains are classi?ed as gamma, mu, alpha, delta, or epsilon,

at least 100-fold or greater, as compared to the unaltered

epitope.

Which in turn de?ne the immunoglobulin classes, IgG, IgM,

Antigen: A compound, composition, or substance that can

IgA, IgD and IgE, respectively.

stimulate the production of antibodies or a T-cell response in

The basic immunoglobulin (antibody) structural unit is
generally a tetramer. Each tetramer is composed of tWo iden

20

an animal, including compositions that are injected or
absorbed into an animal. An antigen reacts With the products

tical pairs of polypeptide chains, each pair having one “light”
(about 25 kDa) and one “heavy” (about 50-70 kDa) chain.

induced by heterologous immunogens.

The N-terminus of each chain de?nes a variable region of
about 100 to 110 or more amino acids primarily responsible

virus, the virus is attenuated if its ability to infect a cell or

for antigen recognition. The terms “variable light chain” (VL)
and “variable heavy chain” (VH) refer, respectively, to these
light and heavy chains.

of speci?c humoral or cellular immunity, including those
Attenuated: In the context of a live virus, such as a rabies
25

least some capacity to elicit an immune response folloWing
administration to an immunocompetent subject. In some
cases, an attenuated virus is capable of eliciting a protective

As used herein, the term “antibody” includes intact immu
noglobulins as Well as a number of Well-characterized frag

ments. For instance, Fabs, Fvs, and single-chain Fvs (SCFvs)

30

that bind to target protein (or epitope Within a protein or

fusion protein) Would also be speci?c binding agents for that
protein (or epitope). These antibody fragments are as follows:
(1) Fab, the fragment Which contains a monovalent antigen

binding fragment of an antibody molecule produced by diges

subject and/or its ability to produce disease is reduced (for
example, eliminated). Typically, an attenuated virus retains at

immune response Without causing any signs or symptoms of
infection.

cDNA (complementary DNA): A piece of DNA lacking
internal, non-coding segments (introns) and regulatory
35

sequences that determine transcription. cDNA is synthesized
in the laboratory by reverse transcription from messenger

tion of Whole antibody With the enzyme papain to yield an
intact light chain and a portion of one heavy chain; (2) Fab',

RNA extracted from cells.

the fragment of an antibody molecule obtained by treating
Whole antibody With pepsin, folloWed by reduction, to yield

chemical groups, such as contiguous or non-contiguous pep
tide sequences, on a molecule that are antigenic, that is, that
elicit a speci?c immune response. An antibody binds a par

an intact light chain and a portion of the heavy chain; tWo Fab'

Epitope: An antigenic determinant. These are particular

40

ticular antigenic epitope based on the three dimensional

fragments are obtained per antibody molecule; (3) (Fab')2, the
fragment of the antibody obtained by treating Whole antibody
With the enZyme pepsin Without subsequent reduction; (4)

structure of the antibody and the matching (or cognate) three

F(ab')2, a dimer of tWo Fab' fragments held together by tWo

disul?de bonds; (5) Fv, a genetically engineered fragment

45

containing the variable region of the light chain and the vari
able region of the heavy chain expressed as tWo chains; and

(6) single chain antibody, a genetically engineered molecule
containing the variable region of the light chain, the variable
region of the heavy chain, linked by a suitable polypeptide

dimensional structure of the epitope.
Fertility: Refers to the ability of an animal to produce
offspring. As used herein “inhibiting fertility” refers to reduc

ing the rate of, or preventing, reproduction.
Fixed: A ?xed rabies virus is a strain of rabies virus that has
undergone serial passage in a host to stabiliZe virulence of the
virus. Fixed rabies viruses include, but are not limited to CVS,
50

ERA, PV, SAD-B19 and HEP-Flury strains (Anilionis et al.,

linker as a genetically fused single chain molecule. Methods

Nature 294:275-278, 1981; Morimoto et al., I/iral. 173:465

of making these fragments are routine (see, for example,
HarloW and Lane, Using Antibodies: A Laboratory Manual,

477, 1989).

CSHL, NeW York, 1999).

nucleic acid sequence engineered from nucleic acid
sequences encoding at least a portion of tWo different (heter
ologous) proteins. To create a fusion protein, the nucleic acid

Antibodies for use in the methods and compositions of this
disclosure can be monoclonal or polyclonal. Merely by Way
of example, monoclonal antibodies can be prepared from
murine hybridomas according to the classical method of
Kohler and Milstein (Nature 256:495-97, 1975) or derivative
methods thereof. Detailed procedures for monoclonal anti

Fusion protein: A protein generated by expression of a
55

sequences must be in the same reading frame and contain to

internal stop codons.

Gonadotropin-releasing hormone (GnRH): A peptide hor
60

body production are described in HarloW and Lane, Using
Antibodies: A Laboratory Manual, CSHL, NeW York, 1999.

mone responsible for the release of follicle stimulating hor
mone (FSH) and luteiniZing hormone (LH) from the anterior

pituitary. GnRH is synthesiZed and released by the hypothala

Antibody binding af?nity: The strength of binding betWeen
ligand Y is represented by the dissociation constant (Kd),

mus and travels to the pituitary to mediate release of FSH and
LH. The GnRH precursor protein is 92 amino acids and is
processed to a decapeptide in mammals. GnRH is also knoWn
as GNRHl , luteiniZing hormone releasing hormone (LHRH),

Which is the concentration ofY that is required to occupy half

progonadoliberin-l and progonadoliberin-l precursor. The

a single antibody binding site and a ligand (e. g., an antigen or
epitope). The af?nity of an antibody binding site X for a

65
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term “GnRH” includes GnRH analogs and variants, including
GnRH molecules containing substitutions, deletions, or

under Which molecules With more than 15% mismatch Will

not hybridize, and conditions of “high stringency” are those

insertions. The nucleotide and amino acid sequences of mam
malian GnRH are set forth herein as SEQ ID NOs: 47 and 48,

under Which sequences With more than 10% mismatch Will

not hybridize. Conditions of “very high stringency” are those

respectively.

under Which sequences With more than 6% mismatch Will not

hybridize.

Heterologous: As used herein, a “heterologous nucleic acid
sequence” is a nucleic acid sequence that is derived from a

“Speci?c hybridization” refers to the binding, duplexing,

different source or species. In some embodiments described

or hybridizing of a molecule only or substantially only to a

herein, the heterologous nucleic acid sequence is a nucleic
acid sequence encoding ZP3. In other embodiments, the het
erologous nucleic acid sequence is a nucleic acid sequence
encoding GnRH. In the context of a recombinant rabies virus,
a heterologous nucleic acid sequence is any nucleic acid
sequence that is not derived from the rabies virus.

particular nucleotide sequence When that sequence is present
in a complex mixture (for example, total cellular DNA or
RNA). Speci?c hybridization may also occur under condi

Hybridization: Oligonucleotides and their analogs hybrid
ize by hydrogen bonding, Which includes Watson-Crick,
Hoogsteen or reversed Hoogsteen hydrogen bonding,

nucleocyte, to a stimulus such as an antigen. An immune
response can include any cell of the body involved in a host

betWeen complementary bases. Generally, nucleic acid con
sists of nitrogenous bases that are either pyrimidines (cy

that secretes an interferon or a cytokine. An immune response
includes, but is not limited to, an innate immune response or

tosine (C), uracil (U), and thymine (T)) or purines (adenine
(A) and guanine (G)). These nitrogenous bases form hydro
gen bonds betWeen a pyrimidine and a purine, and the bond
ing of the pyrimidine to the purine is referred to as “base
pairing.” More speci?cally, A Will hydrogen bond to T or U,
and G Will bond to C. “Complementary” refers to the base
pairing that occurs betWeen to distinct nucleic acid sequences

tions of varying stringency.
Immune response: A response of a cell of the immune

system, such as a B-cell, T-cell, macrophage or polymorpho

defense response, including for example, an epithelial cell

20

infection (prevents infection or prevents the development of
disease associated With infection).
Immunize: To render a subject protected from a disease
25

(for example, an infectious disease), such as by vaccination.

30

Immunocontraceptive protein: Refers to a protein or pro
tein fragment (also referred to as an “antigen”) capable of
eliciting an immune response in a subject that results in inhi
bition or loss of fertility in the subject.
Immunogen: A compound, composition, or substance

or tWo distinct regions of the same nucleic acid sequence.

“Speci?cally hybridizable” and “speci?cally complemen
tary” are terms that indicate a suf?cient degree of comple

mentarity such that stable and speci?c binding occurs
betWeen the oligonucleotide (or its analog) and the DNA or

Which is capable, under appropriate conditions, of stimulat

RNA target. The oligonucleotide or oligonucleotide analog

ing an immune response, such as the production of antibodies
or a T-cell response in an animal, including compositions that

need not be 100% complementary to its target sequence to be

speci?cally hybridizable. An oligonucleotide or analog is

speci?cally hybridizable Whenbinding of the oligonucleotide

are injected or absorbed into an animal.
35

rabies virus, such as a recombinant rabies virus expressing a
40

vivo assays or systems. Such binding is referred to as speci?c

hybridization.

perature of hybridization and the ionic strength (especially
the Na+ and/or Mg++ concentration) of the hybridization
buffer Will determine the stringency of hybridization, though
Wash times also in?uence stringency. Calculations regarding

heterologous protein (such as ZP3 and/or GnRH). In some
embodiments, the immunogenic response is protective or
provides protective immunity, in that it enables the vertebrate
animal to better resist infection With or disease progression

Hybridization conditions resulting in particular degrees of
stringency Will vary depending upon the nature of the hybrid
ization method of choice and the composition and length of
the hybridizing nucleic acid sequences. Generally, the tem

Immunogenic composition: A term used herein to mean a

composition useful for stimulating or eliciting a speci?c
immune response (or immunogenic response) in a vertebrate.
The immunogenic composition includes a recombinant

or analog to the target DNA or RNA molecule interferes With
the normal function of the target DNA or RNA, and there is a

suf?cient degree of complementarity to avoid non-speci?c
binding of the oligonucleotide or analog to non-target
sequences under conditions Where speci?c binding is desired,
for example under physiological conditions in the case of in

in?ammation. As used herein, a protective immune response
refers to an immune response that protects a subject from

45

from the organism against Which the immunogenic compo
sition is directed (e. g., rabies virus). When the immunogenic
compositions comprise an immunocontraceptive peptide, the
immunogenic response elicited prevents or decreases the risk
of pregnancy in female animals.

Without Wishing to be bound by a speci?c theory, it is
50

believed that an immunogenic response induced by an immu

nogenic composition may arise from the generation of an

hybridization conditions required for attaining particular

antibody speci?c to one or more of the epitopes provided in

degrees of stringency are discussed by Sambrook et al. (ed.),

the immunogenic composition. Alternatively, the response

Molecular Cloning: A Laboratory Manual, 2”“ ed., vol. 1-3,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor,

55

may comprise a T-helper or cytotoxic cell-based response to
one or more of the epitopes provided in the immunogenic

N.Y., 1989, chapters 9 and 11; and Ausubel et al. Short Pro

composition. All three of these responses may originate from

Zocols in MolecularBiology, 4th ed., John Wiley & Sons, Inc.,

nai've or memory cells. One speci?c example of a type of

1 999.

immunogenic composition is a vaccine.

For purposes of the present disclosure, “stringent condi
tions” encompass conditions under Which hybridization Will

In some embodiments, an “effective amount” or “immune
60

only occur if there is less than 25% mismatch betWeen the

stimulatory amount” of an immunogenic composition is an
amount Which, When administered to a subject, is su?icient to

hybridization molecule and the target sequence. “Stringent

engender a detectable immune response. Such a response

conditions” may be broken doWn into particular levels of
stringency for more precise de?nition. Thus, as used herein,
“moderate stringency” conditions are those under Which mol

may comprise, for instance, generation of an antibody spe
ci?c to one or more of the epitopes provided in the immuno
65

genic composition. Alternatively, the response may comprise

ecules With more than 25% sequence mismatch Will not

a T-helper or CTL-based response to one or more of the

hybridize; conditions of “medium stringency” are those

epitopes provided in the immunogenic composition. All three

US 8,524,247 B2
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of these responses may originate from na'1've or memory cells.
In other embodiments, a “protective effective amount” of an

With the second nucleic acid sequence. For instance, a pro
moter is operably linked to a coding sequence is the promoter

immunogenic composition is an amount Which, When admin

affects the transcription or expression of the coding sequence.
Generally, operably linked DNA sequences are contiguous
and, Where necessary to join tWo protein coding regions, in

istered to an animal, is su?icient to confer protective immu

nity upon the animal.
Inhibiting or treating a disease: Inhibiting the full develop

the same reading frame. If introns are present, the operably
linked DNA sequences may not be contiguous.

ment of a disease or condition, for example, in a subject Who
is at risk for a disease. A speci?c example of diseases is rabies.
“Treatment” refers to a therapeutic intervention that amelio
rates a sign or symptom of a disease orpathological condition

Pharmaceutically acceptable carriers: The pharmaceuti
cally acceptable carriers useful in this disclosure are conven

tional. Remington ’s Pharmaceutical Sciences, by E. W. Mar

after it has begun to develop. As used herein, the term “ame
liorating,” With reference to a disease, pathological condition

tin, Mack Publishing Co., Easton, Pa., 15th Edition (1975),

or symptom, refers to any observable bene?cial effect of the
treatment. The bene?cial effect can be evidenced, for

maceutical delivery of one or more therapeutic compounds or

example, by a delayed onset of clinical symptoms of the
disease in a susceptible subject, a reduction in severity of

additional pharmaceutical agents.

some or all clinical symptoms of the disease, a sloWer pro

particular mode of administration being employed. For

describes compositions and formulations suitable for phar
molecules, proteins or antibodies that bind these proteins, and
In general, the nature of the carrier Will depend on the

gression of the disease, a reduction in the number of relapses

instance, parenteral formulations usually comprise injectable

of the disease, an improvement in the overall health or Well

?uids that include pharmaceutically and physiologically
acceptable ?uids such as Water, physiological saline, bal

being of the subject, or by other parameters Well knoWn in the

20

art that are speci?c to the particular disease.

anced salt solutions, aqueous dextrose, glycerol or the like as

a vehicle. For solid compositions (for example, poWder, pill,

Isolated: An “isolated” or “puri?ed” biological component
(such as a nucleic acid, peptide, protein, protein complex, or

particle) has been substantially separated, produced apart
from, or puri?ed aWay from other biological components in
the cell of the organism in Which the component naturally

25

tablet, or capsule forms), conventional non-toxic solid carri
ers can include, for example, pharmaceutical grades of man
nitol, lactose, starch, or magnesium stearate. In addition to

biologically-neutral carriers, pharmaceutical compositions to

occurs, that is, other chromosomal and extra-chromosomal

be administered can contain minor amounts of non-toxic

DNA and RNA, and proteins. Nucleic acids, peptides and

auxiliary substances, such as Wetting or emulsifying agents,

proteins that have been “isolated” or “puri?ed” thus include

preservatives, and pH buffering agents and the like, for

nucleic acids and proteins puri?ed by standard puri?cation

30

proteins prepared by recombinant expression in a host cell, as
Well as chemically synthesiZed nucleic acids or proteins. The
term “isolated” or “puri?ed” does not require absolute purity;
rather, it is intended as a relative term. Thus, for example, an

isolated biological component is one in Which the biological
component is more enriched than the biological component is
in its natural environment Within a cell, or other production
vessel. Preferably, a preparation is puri?ed such that the bio
logical component represents at least 50%, such as at least
70%, at least 90%, at least 95%, or greater, of the total bio

35

acid residues joined together through amide bonds. When the
amino acids are alpha-amino acids, either the L-optical iso
mer or the D-optical isomer can be used, the L-isomers being

preferred for many biological uses. The terms “polypeptide”
or “protein” as used herein are intended to encompass any
40

amino acid molecule and include modi?ed amino acid mol
ecules. The term “polypeptide” is speci?cally intended to
cover naturally occurring proteins, as Well as those Which are

recombinantly or synthetically produced.

logical component content of the preparation.
Label: A detectable compound or composition that is con
jugated directly or indirectly to another molecule to facilitate

detection of that molecule. Speci?c, non-limiting examples
of labels include ?uorescent tags, enZymatic linkages, and

example sodium acetate or sorbitan monolaurate.

Plasmid: A circular nucleic acid molecule capable of
autonomous replication in a host cell.
Polypeptide: A polymer in Which the monomers are amino

methods. The term also embraces nucleic acids, peptides and

Conservative amino acid substitutions are those substitu
45

radioactive isotopes.

tions that, When made, least interfere With the properties of
the original protein, that is, the structure and especially the
function of the protein is conserved and not signi?cantly

changed by such substitutions. Examples of conservative

Nucleic acid molecule: A polymeric form of nucleotides,

substitutions are shoWn beloW.

Which may include both sense and anti-sense strands of RNA,

cDNA, genomic DNA, and synthetic forms and mixed poly

50

mers of the above. A nucleotide refers to a ribonucleotide,
deoxynucleotide or a modi?ed form of either type of nucle
otide. The term “nucleic acid molecule” as used herein is

synonymous With “nucleic acid” and “polynucleotide.” A
nucleic acid molecule is usually at least 10 bases in length,
unless otherWise speci?ed. The term includes single- and
double-stranded forms of DNA. A polynucleotide may
include either or both naturally occurring and modi?ed nucle

Original

55

Conservative

Residue

Substitutions

Ala

Ser

Arg

Lys

Asn

Gln, His

Asp
Cys

Glu
Ser

Gln

Asn

Glu

Asp

His
Ile
Leu

Asn; Gln
Leu, Val
Ile; Val

(codons) coding for amino acids Without any internal termi

Lys

Arg; Gln; Glu

nation codons. These sequences are usually translatable into
a peptide/polypeptide/protein/polyprotein.

Met

Leu; Ile

otides linked together by naturally occurring and/or non

naturally occurring nucleotide linkages.

60

Open reading frame (ORF): A series of nucleotide triplets

Operably linked: A ?rst nucleic acid sequence is operably
linked With a second nucleic acid sequence When the ?rst

nucleic acid sequence is placed in a functional relationship

65

Phe

Met; Leu; Tyr

Ser
Thr

Thr
Ser

Trp

Tyr
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sequence to be ampli?ed. Longer DNA oligonucleotides may

-continued
Original

be about 10, 12, 15, 20, 25, 30, or 50 nucleotides or more in
length. Primers can be annealed to a complementary target
DNA strand by nucleic acid hybridization to form a hybrid

Conservative

Residue

Substitutions

Tyr

Trp; Phe

Val

Ile; Leu

between the primer and the target DNA strand, and then the
primer extended along the target DNA strand by a DNA
polymerase enzyme. Primer pairs can be used for ampli?ca
tion of a nucleic acid sequence, for example, by the poly

Conservative substitutions generally maintain (a) the struc

merase chain reaction (PCR) or other nucleic-acid ampli?ca
tion methods knoWn in the art. Other examples of

ture of the polypeptide backbone in the area of the substitu
tion, for example, as a sheet or helical conformation, (b) the
charge or hydrophobicity of the molecule at the target site, or

ampli?cation include strand displacement ampli?cation, as
disclosed in US. Pat. No. 5,744,311; transcription-free iso

(c) the bulk of the side chain.

thermal ampli?cation, as disclosed in US. Pat. No. 6,033,
881; repair chain reaction ampli?cation, as disclosed in WO

Amino acids are typically classi?ed in one or more catego

ries, including polar, hydrophobic, acidic, basic and aromatic,

90/01069; ligase chain reaction ampli?cation, as disclosed in

according to their side chains. Examples of polar amino acids

EP-A-320 308; gap ?lling ligase chain reaction ampli?cation,

include those having side chain functional groups such as
hydroxyl, sulfhydryl, and amide, as Well as the acidic and
basic amino acids. Polar amino acids include, Without limi

transcription-free ampli?cation, as disclosed in US. Pat. No.

tation, asparagine, cysteine, glutamine, histidine, selenocys

as disclosed in US. Pat. No. 5,427,930; and NASBATM RNA

6,025,134.
20

teine, serine, threonine, tryptophan and tyrosine. Examples of

Molecular Cloning: A Laboratory Manual, 2'” ed., VOl. 1-3,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor,

hydrophobic or non-polar amino acids include those residues

having nonpolar aliphatic side chains, such as, Without limi

tation, leucine, isoleucine, valine, glycine, alanine, proline,
methionine and phenylalanine Examples of basic amino acid

Methods for preparing and using nucleic acid probes and
primers are described, for example, in Sambrook et al. (ed.),
N.Y., 1989; Ausubel et al. Short Protocols in Molecular Biol

25

ogy, 4th ed., John Wiley & Sons, Inc., 1999; and Innis et al.

residues include those having a basic side chain, such as an

PCR Protocols, A Guide to Methods and Applications, Aca

amino or guanidino group. Basic amino acid residues include,

demic Press, Inc., San Diego, Calif., 1990. Ampli?cation

Without limitation, arginine, homolysine and lysine.

primer pairs can be derived from a knoWn sequence, for

Examples of acidic amino acid residues include those having
an acidic side chain functional group, such as a carboxy

example, by using computer programs intended for that pur
30

pose such as Primer (Version 0.5, © 1991, Whitehead Insti

35

tute for Biomedical Research, Cambridge, Mass). One of
ordinary skill in the art Will appreciate that the speci?city of a
particular probe or primer increases With its length. Thus, in
order to obtain greater speci?city, probes and primers can be
selected that comprise at least 20, 25, 30, 35, 40, 45, 50 or

group. Acidic amino acid residues include, Without limitation

aspartic acid and glutamic acid. Aromatic amino acids
include those having an aromatic side chain group. Examples

of aromatic amino acids include, Without limitation, biphe

nylalanine, histidine, 2-napthylalananine, penta?uoropheny
lalanine, phenylalanine, tryptophan and tyrosine. It is noted

more consecutive nucleotides of a target nucleotide
sequences.

that some amino acids are classi?ed in more than one group,

for example, histidine, tryptophan, and tyrosine are classi?ed
as both polar and aromatic amino acids. Additional amino
acids that are classi?ed in each of the above groups are knoWn

40

to those of ordinary skill in the art.
Substitutions Which in general are expected to produce the

greatest changes in protein properties Will be non-conserva
tive, for instance changes in Which (a) a hydrophilic residue,
for example, seryl or threonyl, is substituted for (or by) a

purity; rather, it is intended as a relative term. Thus, for

45

hydrophobic residue, for example, leucyl, isoleucyl, pheny
lalanyl, valyl or alanyl; (b) a cysteine or proline is substituted
for (or by) any other residue; (c) a residue having an electrop
ositive side chain, for example, lysyl, arginyl, or histadyl, is
substituted for (or by) an electronegative residue, for
example, glutamyl or aspartyl; or (d) a residue having a bulky
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strain, ?rst isolated from a rabid dog in Alabama (USA) in

by) one not having a side chain, for example, glycine.
Probes and primers: A probe comprises an isolated nucleic

1935. The ERA strain Was derived after multiple passages of
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molecule. Typical labels include radioactive isotopes,
enzyme substrates, co-factors, ligands, chemiluminescent or
?uorescent agents, haptens, and enzymes. Methods for label
ing and guidance in the choice of labels appropriate for vari
ous purposes are discussed, for example, in Sambrook et al.

SAD RV in mouse brains, baby hamster kidney (BHK) cells,
and chicken embryos. The complete genomic sequence of the
ERA strain is disclosed in PCT Publication No. WO 2007/

047459, and the sequence of the ERA strain recovered by
reverse genetics is set forth herein as SEQ ID NO: 1.

Recombinant: A recombinant nucleic acid, protein or virus
60

(ed.), Molecular Cloning: A Laboratory Manual, 2'” ed., VOl.
1-3, Cold Spring Harbor Laboratory Press, Cold Spring Har

is one that has a sequence that is not naturally occurring or has
a sequence that is made by an arti?cial combination of tWo

otherwise separated segments of sequence. This arti?cial
combination is often accomplished by chemical synthesis or,
more commonly, by the arti?cial manipulation of isolated

bor, N.Y., 1989 and Ausubel et al. Short Protocols in Molecu

lar Biology, 4’h ed., John Wiley & Sons, Inc., 1999.
Primers are short nucleic acid molecules, for instance DNA
oligonucleotides 6 nucleotides or more in length, for example
that hybridize to contiguous complementary nucleotides or a

example, a puri?ed protein preparation is one in Which the
subject protein is more pure than in its natural environment
Within a cell. Generally, a protein preparation is puri?ed such
that the protein represents at least 50% of the total protein
content of the preparation.
Rabies virus (RV): A member of the Rhabdoviridae family
having a non-segmented RNA genome With negative sense
polarity. Rabies virus is the prototype of the Lyssavirus genus.
The rabies virus Evelyn-Rokitnicki-Abelseth (ERA) strain is
a strain derived from the Street-Alabama-Dufferin (SAD)

side chain, for example, phenylalanine, is substituted for (or
acid molecule attached to a detectable label or other reporter

Protein: A biological molecule, particularly a polypeptide,
expressed by a gene and comprised of amino acids.
Puri?ed: The term “puri?ed” does not require absolute
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segments of nucleic acids, for example, by genetic engineer
ing techniques. In some embodiments, recombinant rabies
virus is generated using reverse genetics, such as the reverse

US 8,524,247 B2
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When signi?cantly less than the entire sequence is being

genetics system described in PCT Publication No. WO 2007/
047459. In some examples, the recombinant rabies viruses

compared for sequence identity, homologous sequences Will

comprise one or more mutations in a viral virulence factors,

typically possess at least 80% sequence identity over short
WindoWs of 10-20, and may possess sequence identities of at
least 85%, at least 90%, at least 95%, or at least 99% depend
ing on their similarity to the reference sequence. Sequence
identity over such short WindoWs can be determined using
LFASTA; methods are described at the NCSA Website. One
of skill in the art Will appreciate that these sequence identity

such as glycoprotein. In other examples, the recombinant
rabies viruses comprise a heterologous gene, such as a

sequence encoding an immunocontraceptive peptide (for
example, ZP3 or GnRH).
Reverse genetics: Refers to the process of introducing
mutations (such as deletions, insertions or point mutations)

ranges are provided for guidance only; it is entirely possible
that strongly signi?cant homologs could be obtained that fall
outside of the ranges provided. Similar homology concepts

into the genome of an organism or virus in order to determine

the phenotypic effect of the mutation. For example, introduc
tion of a mutation in a speci?c viral gene enables one to

apply for nucleic acids as are described for protein. An alter
native indication that tWo nucleic acid molecules are closely
related is that the tWo molecules hybridize to each other under

determine the function of the gene.

Sequence identity: The similarity betWeen tWo nucleic acid
sequences, or tWo amino acid sequences, is expressed in
terms of the similarity betWeen the sequences, otherWise
referred to as sequence identity. Sequence identity is fre

stringent conditions.

quently measured in terms of percentage identity (or similar
ity or homology); the higher the percentage, the more similar
the tWo sequences are.
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made using this degeneracy to produce multiple nucleic acid

Methods of alignment of sequences for comparison are
Well knoWn in the art. Various programs and alignment algo
rithms are described in: Smith and Waterman (Adv. Appl.

Math, 2:482, 1981); Needleman and Wunsch (.1. Mol. Biol.,
481443, 1970); Pearson and Lipman (Proc. Natl. Acad. Sci.,

Nucleic acid sequences that do not shoW a high degree of
identity may nevertheless encode similar amino acid
sequences, due to the degeneracy of the genetic code. It is
understood that changes in nucleic acid sequence can be
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sequences that each encode substantially the same protein.
Therapeutically effective amount: A quantity of a speci?ed
agent su?icient to achieve a desired effect in a subject being
treated With that agent. For example, this may be the amount

8512444, 1988); Higgins and Sharp (Gene, 731237-44, 1988);

of a recombinant rabies virus useful for eliciting an immune

Higgins and Sharp (CABIOS, 51151-53, 1989); Corpet et al.
(Nuc. Acids Res., 16:10881-90, 1988); Huang et al. (Comp.
Appls. Bi0sci., 81155-65, 1992); and Pearson et al. (Melh.

response in a subject and/or for preventing infection by rabies
virus. Ideally, in the context of the present disclosure, a thera

Mol. Biol., 241307-31, 1994). Altschul et al. (Nature GeneL,
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peutically effective amount of a recombinant rabies virus is an
amount suf?cient to increase resistance to, prevent, amelio

61119-29, 1994) presents a detailed consideration of

rate, and/or treat infection caused by rabies virus in a subject

sequence alignment methods and homology calculations.
The alignment tools ALIGN (Myers and Miller, CABIOS
411 1-17, 1989) or LFASTA (Pearson and Lipman, 1988) may
be used to perform sequence comparisons (Internet Pro
gram@ 1996, W. R. Pearson and the University of Virginia,

Without causing a substantial cytotoxic effect in the subject.
The effective amount of a recombinant rabies virus useful for

increasing resistance to, preventing, ameliorating, and/or
35

“fasta20u63” version 2.0u63, release date December 1996).
ALIGN compares entire sequences against one another,

While LFASTA compares regions of local similarity. These
alignment tools and their respective tutorials are available on
the Internet at the NCSA Web site. Alternatively, for compari
sons of amino acid sequences of greater than about 30 amino

herein comprise a nucleic acid sequence encoding an immu
40

45

1). When aligning short peptides (feWer than around 30 amino
acids), the alignment should be performed using the “Blast 2
sequences” function, employing the PAM30 matrix set to
default parameters (open gap 9, extension gap 1 penalties).
The BLAST sequence comparison system is available, for

Vector: A nucleic acid molecule as introduced into a host

cell, thereby producing a transformed host cell. A vector may
include nucleic acid sequences that permit it to replicate in a
host cell, such as an origin of replication (DNA sequences that
participate in initiating DNA synthesis). A vector may also
50

include one or more selectable marker genes and other

genetic elements knoWn in the art.

instance, from the NCBI Web site; see also Altschul et al., J.

Mol. Biol., 2151403-10, 1990; Gish and States, Nature GeneL,
31266-72, 1993; Madden et al., Mezh. EnzymoL, 2661131-41,
1996; Altschul et al., NucleicAcids Res., 2513389-402, 1997;
and Zhang and Madden, Genome Res., 71649-56, 1997.
Orthologs (equivalent to proteins of other species) of pro

nocontraceptive protein. For these compositions, a therapeu
tically effective amount may also refer to the amount of the
recombinant rabies virus needed to inhibit fertility, such as
preventing or reducing the rate of pregnancy in female ani
mals.

acids, the “Blast 2 sequences” function can be employed
using the default BLOSUM62 matrix set to default param
eters, (gap existence cost of 11, and a per residue gap cost of

treating infection in a subject Will be dependent on, for
example, the subject being treated, the manner of admini stra
tion of the therapeutic composition and other factors. In some
embodiments, the recombinant rabies viruses described

Virus: Microscopic infectious organism that reproduces
inside living cells. A virus typically consists essentially of a
core of a single nucleic acid surrounded by a protein coat, and
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teins are in some instances characterized by possession of
greater than 75% sequence identity counted over the full

has the ability to replicate only inside a living cell. “Viral
replication” is the production of additional virus by the occur
rence of at least one viral life cycle. A virus may subvert the

even greater similarity to a reference sequence Will shoW

host cells’ normal functions, causing the cell to behave in a
manner determined by the virus. For example, a viral infec
tion may result in a cell producing a cytokine, or responding
to a cytokine, When the uninfected cell does not normally do

increasing percentage identities When assessed by this

so.

method, such as at least 80%, at least 85%, at least 90%, at
least 92%, at least 95%, or at least 98% sequence identity. In
addition, sequence identity can be compared over the full
length of one or both binding domains of the disclosed fusion

surface of an egg that serves as the primary receptor for sperm
fertilization. ZP3 is also knoWn as zona pellucida glycopro

length alignment With the amino acid sequence of speci?c
protein using ALIGN set to default parameters. Proteins With

proteins.
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Zona pellucida 3 (ZP3): A glycoprotein expressed on the
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tein 3, zona pellucida protein C (ZPC), sperm receptor and
zona pellucida sperm-binding protein 3. As used herein, ZP3

