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Fig. 9

HBS094 sequence in AAV:

variable region

afggcgacogpiicaagascticesta geatiggectgetiighigecgtogtiacaggaggactcggcaCAGATCCAGTTG
GTGCAGTCTGGACCTGAACTOAAGAAGOCTGGAGAGACAGTCAAGATCTCOTGCAAGGCTTCT
GOATATCOCTTCACAAACTATGGAATGAACTOGOTGAAGCAGGOTCCAGGAAAGGGTTITAAAG
TGEATCGGOTGGATAAACACCTACACTGCGAGAGCLAGCATGTOCTIGATGACTTCAGGGRALE
GTTIGCCATCTICTTIGGAAACCTCCGLCAGAACTCGOCTATTIGCAGATCAACAACCTCGATAAAT
GAGGACACGOCAACATATITCTGTGCAAGAACGEGGGATEETAGETACAACTATGGTATGGA
CTATTGGGEGTICAAGGAACCTICAGTCACCGTICTICCAGCGCTAAAACGACACCCCCATCTGTCTA
TCCACTGGCCCCTGGATCTGCTGCCCAAACTAACTCCATGGTGACCCTGGGATGCCTGGTCAA
GGGCTATTTCCCTGAGCCAGTGACAGTGACCTGGAACTCTGGATCCCTGTCCAGCGGTGTGE
ACACCTTCCCAGCTGTCCTGCAGTCTGACCTCTACACTCTGAGCAGCTCAGTGACTGTGCCOT
CCAGCACCTGGCCCAGCGAGACCGTCACCTGCAACGTTGCCCACCCGGCCAGCAGCACCAA
GGTGGACAAGAAAATTGTGCCCAGGGATTGTGGTTGTAAGCCTTGCATATGTACAGTCCCAGA
AGTATCATCTGTCTTCATCTTCCCCCCAAAGCCCAAGGATGTGCTCACCATTACTCTGACTCCT
AAGGTCACGTGTGTTGTGGTAGACATCAGCAAGGATGATCCCGAGGTCCAGTTCAGCTGGTTT
GTAGATGATGTGGAGGTGCACACAGCTCAGACGCAACCCCGGGAGGAGCAGTTCAACAGCAC
TTTCCGCTCAGTCAGTGAACTTCCCATCATGCACCAGGACTGGCTCAATGGCAAGGAGTTCAA
ATGCAGGGTCAACAGTGCAGCTTTCCCTGCCCCCATCGAGAAAACCATCTCCAAAACCAAAGG
CAGACCGAAGGCTCCGCAGGTGTACACCATTCCACCTCCCAAGGAGCAGATGGCCAAGGATA
AAGTCAGTCTGACCTGCATGATAACAGACTTCTTCCCTGAAGACATTACTGTGGAGTGGCAGT
GGAATGGGCAGCCAGCGGAGAACTACAAGAACACTCAGCCCATCATGGACACAGATGGCTCT
TACTTCGTCTACAGCAAGCTCAATGTGCAGAAGAGCAACTGGGAGGCAGGAAATACTTTCACC
TGCTCTGTGTTACATGAGGGCCTGCACAACCACCATACTGAGAAGAGCCTCTCCCACTCTCCT
GGTAAAEES ipaHpaieAGaHE B gcagglaatal
BGeAC ARATTGT TOTCACCCAGTCTCOAGCCATCATGTCTGCATCTCCAGGGGAGAAGGTCAD
CATAACCTOGCAGTOOCACCTCAAGTGTAAGTTACATACACTGGTTOCCAGCAGAAGCCAGGCAD
TICICCCARAACTOTGEATTTATAGCACATCCAADC TGO TTICTGEAGTCCOTGTTICEOTICAGTY
GGOAGTGOATCTORGACCTCTTACTCTCTCACAATCAGCCGAATGGAGBCTGAAGATGCTACT
ACTTATTACTGCCAGCAAAGGAGTAGTTACCOACCCACGTTCGGAGCGGEEACCAAGCTGGA
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AATAAAACCGGCAGATGCTGCAGCAACTGTATCCATCTTCCCACCATCCAGTGAGCAGTTAAC
ATCTGGAGGTGCCTCAGTCGTGTGCTTCTTGAACAACTTCTACCCCAAAGACATCAATGTCAAG
TGGAAGATTGATGGCAGTGAACGACAAAATGGCGTCCTGAACAGTTGGACTGATCAGGACAGC
AAAGACAGCACCTACAGCATGAGCAGCACCCTCACGTTGACCAAGGACGAGTATGAACGACAT
AACAGCTATACCTGTGAGGCCACTCACAAGACATCAACTTCACCCATTGTCAAGAGCTTCAACA
GGAATGAGTGTTAG {SEQ ID NO: 1)

IGLVQSGPELREPGET VRISCKASGYPETNYGMNWYKGA
SWINTYTGEPACADDFRGRIAISLETSARTAYLOINNLINEDTATYFCARTGGGHRYNY

POEGLKWM

VHTFPAVLQSDLYTLSSSVTVPSSTWPSETVTCNVAHPASSTKVDKKIVPRDCGCKPCICTVPEVS

SVFIFPPKPKDVLTITLTPKVTCVVVDISKDDPEVQFSWFVDDVEVHTAQTQPREEQFNSTFRSVSE
LPIMHOQDWLNGKEFKCRVNSAAFPAPIEKTISKTKGRPKAPQVYTIPPPKEQMAKDKVSLTCMITDF
FPEDITVEWQWNGQPAENYKNTQPIMDTDGSYFVYSKLNVQKSNWEAGNTFTCSVLHEGLHNHH
TEKSLSHSPG
| VLT QSR AIMSASPGERY TITCSAT SSVSYIHWFQQKPGTSPRKLWIYS TSNLASGVPYRFSG

SVVCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSMSSTLTLTKDEYERHNSYTCE
ATHKTSTSPIVKSFNRNEC (SEQ D NO: 2)

IGLVQSGPELKKPGETVKISCKASGYPETNYGMNWVKQA
POKGLKWMOWINTY IGEPACADDERGRIAISLETSARTAYLGINNLINEDTATYFCARTGGGRYNY
GMDYWGOGRTSVTIVSE (SEQIDNO:17)

CHOTHIA AND KABAT REGIONS INDICATED SEPARATLY. AREAS COVERED BY EITHER
METHOD ARE INDICATED IN DOUBLE UNDERLINING

CHOTHIA: GYPETNY = CDR-H1 {SEQ ID NO: 18)
KABAT: NYGMN = CDR-H1 (SEQ ID NO: 19)
CHOTHIA NTYTGE = GDA-H2 (SEQ ID NO: 20)
KABAT, WINTYTGEPACADDERG = CDR-H2 (SEQ ID NO: 21)
CHOTHIA TEGGRYNYGMEY = CDR-H3 (SEQ ID NO: 22)

Fig. 9 Cont.
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KABAT, TCGGGRYNYGMDY = CDR-H3 (SEQID NO: 23)

WLTOSPAIMSASPGERVTITCSAT SOV YIHWFQQKPGT
SPKLWIYSTaNLASGVPVRESGSGECTIYSLTISBMEAEDAATYYCQOURESYPRPTFGGGTHKLEIRR
ADAAPTVSIFPPSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYS
MSSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSFNRNEC {SEQ ID NO: 24)

CHOTHIA AND KABAT REGIONS THE SAME

SATSSVSYiH = CDR-L1 (SEQ ID NO: 25)
STSNLAS = CDR-L2 (SEQ 1D NO: 26)
QQORSSYPPT = CDR-L3 (SEQ 1D NO: 27)

Fig. 9 Cont.
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Fig. 10

SMI41 sequence in AAV:

variable region

AAGTTACTCTAA

AAGAGTCTRGCCCTGGGATATIGAGGCCUTCACACACCCTOCBATCTIGACTIGTITOTTICTICTG

GOTTTTCACTGAGCACTICTGGTCTGAGTCTAGGCTGGATTCGTCAGOCTTCAGGEAAGGETC
TOGAGTGECTIGGCACACATITGOTGGCATGATCTOAAGTACTTITAACCCATCCOTCGAAGARCA
GACTCACAATCTCOAAGGATAGCTCCAGAAACCAGGTOTTCCTCAAGATCACCAGTGTGGACA

CIGCAGATAGTGUCACATACCACTGTACTCGAGCACCTICTGGGTCACGRBATTIGACTACTGES
GCCAAGBCACTCTOOTCACTGTCTCTRCCGCTAAAACGACACCCCCATCTGTCTATCCACTGG
CCCCTGGATCTGCTGCCCAAACTAACTCCATGGTGACCCTGGGATGCCTGGTCAAGGGCTATT
TCCCTGAGCCAGTGACAGTGACCTGGAACTCTGGATCCCTGTCCAGCGGTGTGCACACCTTC

CCAGCTGTCCTGCAGTCTGACCTCTACACTCTGAGCAGCTCAGTGACTGTCCCCTCCAGCACC
TGGCCCAGCGAGACCGTCACCTGCAACGTTGCCCACCCGGCCAGCAGCACCAAGGTGGACA

AGAAAATTGTGCCCAGGGATTGTGGTTGTAAGCCTTGCATATGTACAGTCCCAGAAGTATCATC
TGTCTTCATCTTCCCCCCAAAGCCCAAGGATGTGCTCACCATTACTCTGACTCCTAAGGTCACG
TGTGTTGTGGTAGACATCAGCAAGGATGATCCCGAGGTCCAGTTCAGCTGGTTTGTAGATGAT

GTGGAGGTGCACACAGCTCAGACGCAACCCCGGGAGGAGCAGTTCAACAGCACTTTCCGCTC
AGTCAGTGAACTTCCCATCATGCACCAGGACTGGCTCAATGGCAAGGAGTTCAAATGCAGGGT
CAACAGTGCAGCTTTCCCTGCCCCCATCGAGAAAACCATCTCCAAAACCAAAGGCAGACCGAA
GGCTCCGCAGGTGTACACCATTCCACCTCCCAAGGAGCAGATGGCCAAGGATAAAGTCAGTC

TGACCTGCATGATAACAGACTTCTTCCCTGAAGACATTACTGTGGAGTGGCAGTGGAATGGGC
AGCCAGCGGAGAACTACAAGAACACTCAGCCCATCATGGACACAGATGGCTCTTACTTCGTCT
ACAGCAAGCTCAATGTGCAGAAGAGCAACTGGGAGGCAGGAAATACTTTCACCTGCTCTGTGT
TACATGAGGGCCTGCACAACCACCATACTGAGAAGAGCCTCTCCCACTCTCCTGGTAAA 1

TGTGATGACCCAAACTOCACTOTCCCTOUCTGTCAGTCTTCGAGATCAAGCCTICATCTCTICE
AGATCTAGTCAGAGOCTTGTACACAGTGATOOAAACAGOTACTTACATTGGTACCTGUAGAAG
CCAGGCCAGTCTCCAAMAGCTCOTGATCTACAAAGTTTICCAADCCATITICTOGOGICCCABAG
AGGTTCAGTGGCAGTGGATCAGGGACAGATTICACACTCAAGATCAGCAGAGTGGAGERLTGA
GOATCTGCGACTTTATTTCTGCTICTCAAACTACACATGITCCTTIGGACGITOGGTGRARGCAG
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CAAGCTGGAAATCAAALGOGCAGATGCTGCACCAACTGTATCCATCTTCCCACCATCCAGTGA
GCAGTTAACATCTGGAGGTGCCTCAGTCGTGTGCTTCTTGAACAACTTCTACCCCAAAGACATC
AATGTCAAGTGGAAGATTGATGGCAGTGAACGACAAAATGGCGTCCTGAACAGTTGGACTGAT
CAGGACAGCAAAGACAGCACCTACAGCATGAGCAGCACCCTCACGTTGACCAAGGACGAGTA
TGAACGACATAACAGCTATACCTGTGAGGCCACTCACAAGACATCAACTTCACCCATTGTCAAG
AGCTTCAACAGGAATGAGTGTTAG (SEQ 1D NO: 3)

VILKESGPGH BPSQTLDLTCSFSGEELSTSGESYEWIRG
PSGRGLEWLAHMWWDDVKYFNPSLRERLTISKDSSRNOVFLKITSVOTARSATYHOTRGPLGHGED
YWEOQGTLVIVSAAKTTPPSVYPLAPGSAAQTNSMVTLGCLVKGYFPEPVTVTWNSGSLSSGVHTF
PAVLQSDLYTLSSSVTVPSSTWPSETVTONVAHPASSTKVDKKIVPRDCGCKPCICTVPEVSSVFIF
PPKPKDVLTITLTPKVTCVVVDISKDDPEVQFSWFVDDVEVHTAQTQPREEQFNSTFRSVSELPIMH
QDWLNGKEFKCRVNSAAFPAPIEKTISKTKGRPKAPQVYTIPPPKEQMAKDKVSLTCMITDFFPEDI
TVEWQWNGQPAENYKNTQPIMDTDGSYFVYSKLNVQKSNWEAGNTFTCSVLHEGLHNHHTEKSL
SHSPGK
DVVMTOQTPLSLPYSLGDOAFISCRSSQSLVHSDGNSY LHWYLOKPGOSPKLLIYKVSNRFSGYPRD
RESGeGSGTORTLKISRYEAEDLGLYFCSQTTHYPWITFGGETKLEIKBADAAPTVSIFPPSSEQLTS
GGASVVCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSMSSTLTLTKDEYERHNSY
TCEATHKTSTSPIVKSFNRNEC (SEQ ID NO: 4)

OV TLKESGPGILRPSOTLOLTCSFSGFSLSTSGLSVEWIR
LK SRLTISKDSSRNQVELKITSYDTADSATYHGTRGPLGH
(SEQ ID NO: 28)

Fig. 10 cont.
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CHOTHIA AND KABAT REGIONS INDICATED SEPARATLY. AREAS COVERED BY EITHER
METHOD ARE INDICATED IN DOUBLE UNDERLINING

CHOTHIA: GFSLSTSGL = CDR-H1 (SEQID NO: 29)
KABAT: TSGLSVG = CDR-H1 (SEQ 1D NO: 30)
CHOTHIA: WWDDV = CDR-H2 {SEQID NO: 31)
KABAT: HIWWDDVKYPNPSLKS = CDR-H2 {SEQID NO: 32)
CHOTHIA: GPLGHGFDY = CDR-H3 {SEQID NO: 33)
KABAT: GPLGHGEFDY = CDR-H3 (SEQID NO: 34)

QYYMTQTPLSLPYSLGROAFISCRESOS! LYHGDONSYLH

WYLOKPGOSPKLLIYRVENRFSGVYPDRFSGSGEGTOFTLKISHVEAEDLGLYFOSQTTHVPWTE
GGETKLEKR {SEQ ID NO: 35)

CHOTHIA AND KABAT REGIONS THE SAME

RSSQSLVHSDGNSYLH = CDR-L1 {SEQ 1D NO: 36}
KVSNRFS = CDR-L2 {SEQ ID NO: 37)
SQTTHVPWT = CDR-L3 {SEQ 1D NO: 38)

Fig. 10 cont.
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CHOTHIA AND KABAT REGIONS INDICATED SEPARATLY. AREAS COVERED BY EITHER
METHOD ARE INDICATED IN DOUBLE UNDERLINING

CHOTHIA: GEBFSRY = CDR~HI {8EQ ID MO 39)
KABAT: GUYYHSE = CDR-HI (8EQ ID NHO: 40
CHOTHIA: NHSGS = CDR-HZ (SEQ ID NO: 413
EABAT: BEINHSCESTHYNPSLRS = CDR-HZ (BEQ ID BO: 42}
CHOTHRIA : GFMVRGIMENYYYMDY = (DR-H3 (EEQ ID NHO: 43)
KABAY . CFMVRGIMENYYYMOV = CDR-H3I (SEG ID NO: 44}

Fig. 11 Cont.
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Fig. 12

CHOTHIA AND KABAT REGIONS INDICATED SEPARATLY. AREAS COVERED BY EITHER
METHOD ARE INDICATED IN DOUBLE UNDERLINING

aceagoet
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CHOTHIA AND KABAT REGIONS THE SAME
KSSQSLLDSDGKTYLS = CDR-L1 (SEQ ID NO: 51)
LVSKLDS = CDR-L2 (SEQ ID NO: 52)

WQGTHLCT = CDR~-L3 {SEQ ID NO: 53)

Fig. 12 Cont.
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Fig. 13
E12 anti-hcg heavy chain
QVQLOQQSGGGLYKPGGSLKLSCAASGFTFSSYGMSWYVRQTPEKRL
EWVATSIGGGSYTYAAYPDSVKGRFTISRDNAKNNLYLOMSSLRSE

DTALFYCVRLYGTSPWFDYWGQG (3

e e e
LA x:«‘ R/ L VER RS

o

=0
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CHOTHIA AND KABAT REGIONS INDICATED SEPARATLY. AREAS COVERED BY EITHER
METHOD ARE INDICATED IN DOUBLE UNDERLINING

CHOTHIA: GFTFSSY = CDR-H1 {SEQ ID NO: 56)
KABAT: SYGMS = CDR-H1 {SEQ 1D NO: 57)
CHOTHIA: IGGGSYTY = CDR-H2 {SEQ ID NO: 58)
KABAT: TSIGGGSYTYAAYPDSVKG = CDR-H2 {SEQ 1D NO: 59)
CHOTHIA: LYGTSPWEDY = CDR-H3 {SEQ 1D NO: 60)
KABAT: LYGTSPWEFDY = CDR-H3 {SEQID NO: 61)

E12 anti-hcg light chain
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1
ANTIBODY-MEDIATED
IMMUNOCONTRACEPTION

STATEMENT REGARDING FEDERALLY
SPONSORED R&D

This invention was made with government support under
Grant No. OD003878 awarded by the National Institutes of
Health. The government has certain rights in the invention.

REFERENCE TO SEQUENCE LISTING

The present application is filed along with a Sequence
Listing in electronic format. The Sequence Listing is pro-
vided as a file entitled CALTE093.1xt, created Jan. 30, 2014,
which is 42,548 bytes in size. The information in the
electronic format of the Sequence Listing is incorporated
herein by reference in its entirety.

BACKGROUND

Field

The present disclosure generally relates to methods and
compositions for contraception and manipulation or other
reproduction-associated traits. In some embodiments, vector
based approaches for contraception are provided.

Description of the Related Art

Currently, one approach to achieving control over repro-
duction and sex-related behaviors is though surgery. Several
alternative methods include the use of drugs that mimic or
antagonize reproductive hormones, or injection of chemicals
directly into the testes that destroy reproductive tissues.

In some situations, groups have used vaccinations with
specific antigens to induce expression of antibodies that
inhibit the function of specific proteins. Animals and
humans can be vaccinated so as to induce the creation of
antibodies that bind to, and neutralize or destroy proteins or
pathogens foreign to the body. Animals can also be vacci-
nated so as to generate antibodies that bind to proteins
normally present in the body (self antigens), though the
responses mounted are often attenuated and transient as
compared with those mounted to non-self antigens. Of
specific importance for the discussion below, it has been
known that vaccination of humans and other animals against
specific self antigens or complex mixtures of self antigens
(i.e. whole sperm) can bring about infertility (though usually
only transient infertility, reviewed in (Gupta, S. K. and
Bansal, P. 2010 Reprod Med Biol 9: 61-71; Kirkpatrick, J. F.
etal. 2011 Am J Reprod Immunol 66: 40-50; McLaughlin, E.
A. and Aitken, R. I. 2011 Molecular and cellular endocri-
nology 335: 78-88; Gupta et al. Human Vaccines and immu-
notherapeutics 10: 4, 1-15) Where examined, these effects
are thought (with a few exceptions in which antibody or
T-cell mediated toxicity is involved) to result from the
induction of antibodies that neutralize the function of the
relevant protein through simple binding. These observations
show that in vivo antibody titers induced through vaccina-
tion can be sufficient to inhibit fertility on a very limited
basis. However, to date, this has not become a useful means
of contraception, perhaps in part, due to the fact that, as
noted above, the responses are often attenuated and tran-
sient.

SUMMARY

In some embodiments, a recombinant genetic construct is
provided. The construct can comprise an antibody gene that
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encodes an antibody or a fragment thereof that binds to a
protein, a peptide, or a small molecule specific to reproduc-
tive function. The genetic construct can be configured to be
delivered and expressed in an animal subject.

In some embodiments, a contraceptive composition is
provided that can comprise the genetic construct described
above or described herein.

In some embodiments, a contraceptive composition is
provide that is configured to be delivered to an animal
through intramuscular injection, subcutaneous injection,
intravenous injection, intraperitoneal injection, oral deliv-
ery, electroporation through the skin, sonication, or nasal
inhalation.

In some embodiments, a method of contraception in an
animal is provided. The method can comprise administering
to the animal a genetic construct described above or herein.

In some embodiments, a pharmaceutical composition is
provided. It can comprise the genetic construct described
above or herein and a pharmaceutically acceptable carrier.
The genetic construct can be present in at least 1 ug/ml. The
pharmaceutically acceptable carrier can be combined with a
nucleic acid.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B depict the binding affinity of HB9094-
HEK293T-1gG. Surface plasmon resonance binding data for
cloned antibody expressed in HEK 293T cells (A), and
original monoclonal antibody (B).

FIGS. 2A and 2B depict the binding affinity of SMI41-
HEK293T-1gG. Surface plasmon resonance binding data for
cloned antibody expressed in HEK 293T cells (A), and
original monoclonal antibody (B).

FIG. 3 depicts the binding curves for a recombinant anti
GnRHI1 antibody.

FIG. 4 depicts the binding curves for a recombinant anti
GnRHI1 antibody.

FIG. 5 depicts some embodiments of a pAAV vector
including the antiGnRH1-SMI41 construct.

FIG. 6 is a graph depicting the results of GnRH1 antibody
expression in females and the results of mating experiments.

FIG. 7 is a graph depicting the results of GnRH1 antibody
expression in males and the results of mating experiments.

FIGS. 8A-8D are graphs depicting the predicted impact of
altering Ka by 2 (8C) and 4 (8D) fold from the actual Abl
(8A) and Ab2 (8B).

FIG. 9 depicts the nucleic acid and amino acid sequences
of HB9094 in AAV (signal peptide sequence is highlighted,
variable region is underlined, F2 Aopt peptide (self-cleaving)
is in bold and italics.

FIG. 10 depicts the nucleic acid and amino acid sequences
of SMI41 in AAV (signal peptide sequence is highlighted,
variable region is underlined, F2 Aopt peptide (self-cleaving)
is in bold and italics.

FIG. 11 depicts the amino acid and nucleic acid sequence
of'a human anti-human mrtCD52 antibody (heavy and light
chains), which can be used in some embodiments provided
herein.

FIG. 12 depicts the amino acid and nucleic acid sequence
of aH3.1 mouse anti-human-ZP3 antibody (heavy and light
chains), which can be used in some embodiments provided
herein.

FIG. 13 depicts the amino acid sequences of the heavy
and light chain antibody E12, an anti-human chorionic
gonadotropin antibody, which can be used in some embodi-
ments provided herein.
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DETAILED DESCRIPTION

There are a number of contexts in which it would be
useful to be able to induce effectively permanent or long
term but reversible sterility in various organisms. These
include, for example, the vast numbers of feral cats and dogs
in the USA and other countries, feral pigs, wild horses,
burros, deer, elephants, red foxes and other invasive species
(Kirkpatrick, J. F. et al. 2011 Am J Reprod Immunol 66:
40-50; Munks, M. W. 2012 Reproduction in Domestic
Animals 47 (Suppl 4): 223-227; Pickard, A. R. and Holt, W.
V. 2007 Royal College of Obstetricians & Gynaecologists
33: 48-52). In addition, sterilization through disruption of
reproductive hormone function is also used for behavior
modification of livestock (Price, E. O. et al. 2003 Journal of
animal science 81: 411-415), to prevent boar taint in pigs
(Batorek et al., 2012), and pregnancy in cattle being pre-
pared for slaughter (Geary, T. W. et al. 2006 Journal of
animal science 84: 343-350). Long-term, non-surgical sup-
pression of fertility is also desired for a number of other
organisms, including humans. Thus, long term manipulation
of the functions of molecules involved in reproduction have
several useful applications.

Current methods of contraception either involve surgery,
which generally provides permanent sterilization, or are not
permanent (are not effectively permanent), have significant
failure rates and/or side effects, or are only applicable to one
sex (Kutzler, M. and Wood, A. 2006 Theriogenology 66:
514-525; Contraceptive Technology, Edited by Robert A.
hatcher, James Trussell and Anita L. Nelson. PDR Network,
19th edition, 2008)

Immunocontraception can be a desirable alternative to
surgery and other contraceptive technologies, assuming
various barriers can be overcome. In immunocontraception
the animal is vaccinated with the protein, peptide or small
molecule whose activity is required for reproduction. If
antibodies that bind the target are generated, this can result
in inability to reproduce (Kirkpatrick, J. F. et al. 2011 Am J
Reprod Immunol 66: 40-50; Munks, M. W. 2012 Reproduc-
tion in Domestic Animals 47 (Suppl 4): 223-227). The
vaccine may include an adjuvant of some sort designed to
stimulate an immune response. In many cases the protein or
peptide is also conjugated to other proteins or small mol-
ecules, also with the hope of stimulating an immune
response to the target molecule. A difficulty in implementing
this approach is that one is trying to induce an immune
response to a self-antigen, and endogenous protein. The
immune system is designed to make this difficult, thereby
preventing autoimmune disease.

Vaccination against gonadotropin releasing hormone
(GnRH), also known as leuteinizing hormone releasing
hormone (LHRH) can inhibit reproduction in both sexes
(Fraser, H. M. and Baker, T. G. 1978 The Journal of
endocrinology 77: 85-93; Fraser, H. M. et al. 1974 The
Journal of endocrinology 63: 399-406; Fraser, H. M. 1975
The Journal of endocrinology 64: 191-192). Inhibiting
GnRH function prevents the release of downstream target
hormones leutinizing hormone (LH) and follicle stimulating
hormone (FSH), which are required for the development and
maintenance of both male and female gonads. Vaccination
against components of the zona pellucida, a glycoprotein
matrix that surrounds the egg, can also result in female
sterility (Yanagimachi, R. et al. 1976 Proc Natl Acad Sci
USA4 73: 2405-2408; Barfield, J. P. et al. 2006 Contraception
73: 6-22; Gupta, S. K. and Bansal, P. 2010 Reprod Med Biol
9: 61-71; Gupta, S. K. et al. 2011 Journral of reproductive
immunology 88: 240-246; Kirkpatrick, J. F. et al. 2009

10

15

20

25

30

35

40

45

50

55

60

65

4

Journal of reproductive immunology 83: 151-157; East, L. I.
etal. 1985 Dev Biol 109: 268-273; East, 1. J. et al. 1984 Dev
Biol 104: 49-56). A number of other proteins have also been
considered as possible candidates for immunocontraception.
For some there is good evidence that antibodies targeted to
the relevant protein have contraceptive effect (Naz, R. K. et
al. 2005 Hum Reprod 20: 3271-3283; Gupta et al. Human
Vaccines and immunotherapeutics 10: 4, 1-15). Thus, for a
short period of time, antibodies can be induced that appear
to be able to neutralize function of molecules essential for
reproduction, and these are sufficient to inhibit reproduction.
Adjuvants that enhance the efficacy of such vaccines have
been described (see, e.g., U.S. Pat. No. 7,731,939, the
entirety of which is hereby incorporated by reference).

The problems encountered with current implementations
of immunocontraception are that 1) multiple injections are
often needed to induce a strong enough immune response,
and 2) the effects of immunization decrease over time,
requiring booster injections at species-specific intervals.
Both of these problems likely relate to the fact that, in most
cases (the exception discussed further below being anti-
sperm antibodies present in females), the immune system is
being asked to mount an immune response to an endogenous
molecule, present throughout the lifetime of the animal.

Furthermore, current approaches to immunocontraception
in large populations suffer from several fatal flaws. The
immune response to vaccination varies on an individual-to-
individual basis. Some individuals never mount a strong
response, and therefore never become infertile. Often mul-
tiple boosts are needed to achieve adequate antibody titers.
Thus there can be a long time lag lasting 3 months or longer
between vaccination and achievement of antibody titers
necessary for infertility. In addition, the antibody response
usually decreases after some time, resulting in restoration of
fertility. However, there is no way of predicting if or when
this will occur. Finally, vaccination can result in unwanted
immune responses that lead to tissue damage, anaphylactic
shock or autoimmune disease. In short, the outcome of
active immunization is inherently unpredictable, making it
of limited utility in many species, including humans (re-
viewed in Cooper, D. W. and Larsen, E. 2006 Reproduction
132: 821-828; Kirkpatrick, J. F. et al. 2011 Am J Reprod
Immunol 66: 40-50; McLaughlin, E. A. and Aitken, R. I.
2011 Molecular and cellular endocrinology 335: 78-88;
Gupta et al. Human Vaccines and immunotherapeutics 10: 4,
1-15).

Provided herein is a new approach to immunocontracep-
tion that, in some embodiments, bypasses the need to induce
an immune response in each individual in which fertility
and/or fertility-associated traits (such as behavior or carcass
quality) are to be modified. The method utilizes transgene-
dependent expression of recombinant antibodies known to
induce infertility. In addition, in some embodiments, meth-
ods of reversing contraception achieved in this way are also
outlined.

Some embodiments provided herein provide tools and
methods for bringing about transient or long-term contra-
ception in any vertebrate. Genes that encode antibodies that
bind reproductive hormones, components of the egg coat, or
of sperm, can be utilized. In some embodiments, the
encoded proteins are altered so as to enhance or silence
antibody effector functions or alter their localization within
the body. The genes are introduced into an expression
cassette, and introduced into mitotic or post mitotic cells of
the target species such as liver or skeletal muscle, respec-
tively, through one of a number of possible mechanisms. In
some embodiments, antibody expression induced in the
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animal disrupts the function of the targeted molecule. In
some embodiments, this blocks reproduction. In some
embodiments this alters undesirable sex-specific adult
behaviors such as aggression and territoriality (due to loss of
testosterone in males and loss of estrogen in females), or
results in desirable changes to carcass quality. For example,
immunocontraception is used to increase the quality of meat
in several ways. A small fraction of male pigs past puberty
produce an odor/taste known as boar taint, which is gener-
ally considered undesirable. As a result, essentially all adult
male pigs are castrated. Immunocontraception can prevent
boar taint, by suppressing testosterone production (Dunshea,
F. R. et al. 2001 Journal of Animal Science 79: 2524-2535).
Male goats also produce an undesirable odor, which can be
suppressed through vaccination against GnRH, which acts
by reducing testosterone, FSH and LH (Godfrey, S. I. et al.
1996 Animal Reprod. Sci. 44: 41-54). In the case of male
cattle, vaccination against GnRH results in reduced aggres-
sive behavior, a decrease in fat, more meat, and a reduction
in the feed:weight gain ratio (Robertson, I. S. et al. 1982 Ver.
Rec 108: 529-531). Vaccination against GnRH is also used
to prevent feedlot pregnancy (Thompson, 2000 Animal
Reproduction Science 60-61: 459-469) Organisms of inter-
est include pigs (Aluwe et al, 2013 Meat Science 94:
402-407; Bonneau et al., 1994 Journal of Animal Science 72:
14-20; Meloen et al., 1994 Vaccine 12: 741-746) bulls
(Amatayakul-Chantler et al., 2013 Meat Science 95: 78-84;
D’Occhio et al., 2001 Animal Reproduction Science 66:
47-58; Price et al., 2003 81: 411-415), as well as sheep and
goats (Thompson, 2000 Arimal Reproduction Science
60-61: 459-469). Antibody-dependent immunocontracep-
tion (also known as immunocastration) is also seen in much
of Europe as a desirable alternative (from an animal welfare
perspective) to castration, which is carried out for all pigs
and many cows (Heid and Hamm, 2013 Meat Science 95:
203-211).

Some embodiments provided herein utilize cloned genes
encoding antibodies with contraceptive activity. In some
embodiments, the sequence of such a gene is modified so
that the encoded protein is seen as self in the species to be
targeted. Alternatively it is generated from the species to be
targeted. In some embodiments, the antibody can be modi-
fied so as to lack antibody effector activity, and to have a
longer half-life in the circulatory system. The modified gene
is then cloned into an expression cassette and introduced
into postmitotic cells such as skeletal muscle using a number
of possible forms of gene delivery. Antibodies expressed in
muscle are secreted and enter the circulatory system, where
they bind their target molecule, inhibiting its function and
thereby suppressing reproduction and in some cases repro-
ductive behaviors.

Definitions

The term “immunocontraception” does not require that
100% of the subjects receiving the treatment have absolutely
no chance of reproducing. Instead, unless denoted other-
wise, a subject that has received an immunocontraceptive
via gene delivery will have a reduced likelihood of repro-
ducing. In some embodiments, this is reduced by 10, 20, 30,
40, 50, 60, 70, 80, 90, 95, 99, 99.9, 99.99, or 100% (with
100% reduction indicating no chance of reproduction). In
some embodiments, the percentage reduced is maintained
for at least a satisfactory or desired amount of time. In some
embodiments, the reduction is maintained for at least 1
month, for example 2, 3,4, 5, 6,7, 8,9, 10, 11, or 12 months.
In some embodiments, the reduction is maintained for at
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least 1 year, for example, 1, 2,3, 4,5,6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, or
60 years. In some embodiments, the reduction is measured
and/or set as a fraction of the organism’s life, for example,
10, 20, 30, 40, 50, 60, 70, 80, 90, or 100% of the organism’s
life will be at the noted reduction in likelihood of ability to
reproduce. In some embodiments, the reduction is measured
and/or set as a fraction of the organism’s reproductive life,
for example, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100% of
the organism’s life will be at the noted reduction in likeli-
hood of ability to reproduce. In some embodiments, the
contraceptive can be administered in a single dose, no more
frequently than once a year. In some embodiments, the
contraceptive can be administered in a single dose, no more
frequently than once every 2 years. In some embodiments,
the contraceptive can be administered in a single dose, no
more frequently than once every 3 years. In some embodi-
ments, the contraceptive can be administered in a single
dose, no more frequently than once every 4 years. In some
embodiments, the contraceptive can be administered in a
single dose, no more frequently than once every 5 years. In
some embodiments, the contraceptive can be administered
in a single dose, no more frequently than once every 6 years.
In some embodiments, the contraceptive can be adminis-
tered in a single dose, no more frequently than once every
7 years. In some embodiments, the contraceptive can be
administered in a single dose, no more frequently than once
every 8 years. In some embodiments, the contraceptive can
be administered in a single dose, no more frequently than
once every 9 years. In some embodiments, the contraceptive
can be administered in a single dose, no more frequently
than once every 10 years.

The term “effectively permanent” denotes that the result
to be achieved will be maintained for as long as intended for
that particular application. For example, while an organism
may live for a set number of years, for example 10 years, the
organism’s effective reproductive life span may only be half
of that time (5 years). Thus, a system that results in contra-
ception for 5 years would be effectively permanent. In some
embodiments, the contraception or other process is revers-
ible. Thus, in some embodiments, the system or method is
reversibly permanent. As such, the term “permanent”
denotes the time span, not the reversibility of the arrange-
ment.

A vector that can be used herein includes, but is not
limited to, a viral vector, a plasmid, a RNA vector or a linear
or circular DNA or RNA molecule which may include a
chromosomal, nonchromosomal, semi-synthetic or synthetic
DNA. Some vectors are those capable of autonomous rep-
lication (episomal vector) and/or expression of nucleic acids
to which they are linked (expression vectors). Large num-
bers of suitable vectors are known to those of skill in the art
and commercially available.

Throughout this disclosure, the term “antibody” (Ab)
includes monoclonal antibodies, polyclonal antibodies, mul-
tispecific antibodies (for example, bispecific antibodies and
polyreactive antibodies), and antibody fragments. Thus, the
term “antibody” and “isolated antibody” are used inter-
changeably herein to refer to an isolated antibody according
to embodiments of the present invention. An antibody in any
context within this specification is meant to include, but is
not be limited to, any specific binding member, immuno-
globulin class and/or isotype (e.g., IgG1, 1gG2, 1gG3, 1gG4,
IgM, IgA, IgD, IgE and IgM); and biologically relevant
fragment or specific binding member thereof, including but
not limited to Fab, F(ab")2, Fv, and scFv (single chain or
related entity). It is understood in the art that an antibody is
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a glycoprotein comprising at least two heavy (H) chains and
two light (L) chains inter-connected by disulfide bonds, or
an antigen binding portion thereof. A heavy chain is com-
prised of a heavy chain variable region (VH) and a heavy
chain constant region (CH1, CH2 and CH3). A light chain is
comprised of a light chain variable region (VL) and a tight
chain constant region (CL). The variable regions of both the
heavy and light chains comprise framework regions (FWR)
and complementarity determining regions (CDR). The four
FWR regions are relatively conserved while CDR regions
(CDR1, CDR2 and CDR3) represent hypervariable regions
and are arranged from the NH2 terminus to the COOH
terminus as follows: FWRI1, CDR1, FWR2, CDR2, FWR3,
CDR3, FWR4. The variable regions of the heavy and light
chains contain a binding domain that interacts with an
antigen while, depending on the isotype, the constant
region(s) may mediate the binding of the immunoglobulin to
host tissues or factors. CDR1, CDR2, and CDR3 of the light
chain are referred to as CDRL1, CDRL2 and CDRLS3,
respectively. CDR1, CDR2, CDR3 of the heavy chain are
referred to as CDRH1, CDRH2, and CDRH3, respectively.

Also included in the definition of “antibody” as used
herein are chimeric antibodies, humanized antibodies, and
recombinant antibodies, human antibodies generated from a
transgenic non-human animal, as well as antibodies selected
from libraries using enrichment technologies available to the
artisan. The term “variable” refers to the fact that certain
segments of the variable (V) domains differ extensively in
sequence among antibodies. The V domain mediates antigen
binding and defines specificity of a particular antibody for its
particular antigen. However, the variability is not evenly
distributed across the 110-amino acid span of the variable
regions. Instead, the V regions consist of relatively invariant
stretches called framework regions (FRs) of 15-30 amino
acids separated by shorter regions of extreme variability
called “hypervariable regions™ that are each 9-12 amino
acids long. The variable regions of native heavy and light
chains each comprise four FRs, largely adopting a beta sheet
configuration, connected by three hypervariable regions,
which form loops connecting, and in some cases forming
part of, the beta sheet structure. The hypervariable regions in
each chain are held together in dose proximity by the FRs
and, with the hypervariable regions from the other chain,
contribute to the formation of the antigen-binding site of
antibodies. The term “hypervariable region™ as used herein
refers to the amino acid residues of an antibody that are
responsible for antigen binding. The hypervariable region
generally comprises amino acid residues from a “comple-
mentarity determining region” (“CDR”).

An antibody of the present invention may be a “human-
ized antibody”. A humanized antibody is considered to be a
human antibody that has one or more amino acid residues
introduced into it from a source that is non-human. These
non-human amino acid residues often are referred to as
“import” residues, which typically are taken from an
“import” variable region. Humanization may be performed
following known methods by substituting import hypervari-
able region sequences for the corresponding sequences of a
human antibody. (See, for example, Jones et al., Nature,
321:522-525 20 (1986); Reichmann et al., Nature, 332:323-
327 (1988); Verhoeyen et al., Science, 239:1534-1536
(1988)) the entire contents of each are incorporate herein by
reference). Accordingly, such “humanized” antibodies are
chimeric antibodies in which substantially less than an intact
human variable region has been substituted by the corre-
sponding sequence from a non-human species.
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The term antibody includes an “antibody fragment” which
includes a portion of an intact antibody, such as the antigen
binding or variable region of the intact antibody. Examples
of antibody fragments include, but are not limited to, Fab,
Fab', F(ab")2, and Fv fragments; diabodies; linear antibodies;
single-chain antibody molecules; and multispecific antibod-
ies formed from antibody fragments. (See, for example, U.S.
Pat. No. 5,641,870, the entire content of which is incorpo-
rated herein by reference).

Vectored Expression of Antibodies

In line with the above, provided herein are methods and
compositions that include vectored expression of antibodies.
A number of studies have shown that high levels of recom-
binant antibodies can be expressed in intact animals, for an
extended period of time. (Balazs, A. B. et al. 2013 Nat
Biotechnol 31: 647-652; Balazs, A. B. et al. 2012 Nature
481: 81-84; Hicks, M. J. et al. 2012 Sci Transl Med 4:
140ral87; Limberis, M. P. et al. 2013 Sci Transl Med 5:
187ral72; Rosenberg, J. B. et al. 2012 Hum Gene Ther 23:
451-459). The above referenced work utilizes AAV as a
delivery vector. Antibody-like immunoadhesins have been
similarly used (Johnson, P. R. et al. 2009 Nat Med 15:
901-906).

It has now been appreciated that the above AAV delivery
vector, as well as other DNA delivery vehicles noted below,
can also be used in immunocontraception, via the direct
expression of genes encoding antibodies known to inhibit
the function of protein essential for reproduction, in the
organism of interest. Interestingly, in some embodiments,
one or more of the above noted issues with the current state
of' the art regarding immunocontraception do not apply when
the antibody is administered via AAV or other DNA or RNA
transgene-based delivery mechanism.

In some embodiments, DNA vectors expressing antibody-
encoding nucleic acids can be introduced into a variety of
tissues. Examples that involve intramuscular or intravenous
injection include expression in skeletal muscle, liver, brain
and kidney. Examples using nasal or oral delivery include
expression in the respiratory and digestive systems, respec-
tively. Adipose tissue provides another potential site of
long-term expression accessible through injection, others
include parenteral, subcutaneous, intramuscular, intrave-
nous, intrarticular, intrabronchial, intraabdominal, intracap-
sular, intracartilaginous, intracavitary, intracelial, intracele-
bellar, intracerebroventricular, intracolic, intracervical,
intragastric, intrahepatic, intramyocardial, intraosteal,
intrapelvic, intrapericardiac, intraperitoneal, intrapleural,
intraprostatic, intrapulmonary, intrarectal, intrarenal,
intraretinal, intraspinal, intrasynovial, intrathoracic, intra-
uterine, intravesical, intralesional, bolus, vaginal, rectal,
buccal, sublingual, intranasal, or transdermal.

Thus, the immuncontraceptive molecule (e.g., an anti-
body that stops or reduces the likelihood of preganancy), can
be administered via the vector in any number of ways.

In some embodiments, non-dividing tissues such as
muscle and neurons and other nervous system tissue, which
have little or no cell turnover, can be used to provide
long-term expression. In some embodiments, dividing tis-
sues, such as liver, and others composed of epithelial cells
that turn over on a regular basis (respiratory and digestive
systems) can be used to provide long-term or more transient
expression. Long-term expression can be achieved if DNA
vectors integrate into stem cell populations in the above
tissues. Long-term expression can also be achieved using
episomal vectors that have the ability to replicate in specific
cell types (e.g. Wong, S—P and Harbottle, R. P. 2013
Molecular Therapy-Nucleic Acids 2, ell5; doi:10.1038/
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mtna.2013.40). Alternatively, if the vectors remain episomal
and non-replicating, they will be gradually lost as cells in
which they are introduced divide. This creates a straightfor-
ward mechanism for guaranteeing reversibility.

In some embodiments, implementations are muscle or
neurons (long term) and liver, respiratory and digestive
systems (shorter term). Thus, by selecting the target organ or
tissue type to inject, one can control the length of effective-
ness of the immunocontraception. In some embodiments, the
method of administration includes injecting the vector into
one or more of the above locations. In some embodiments,
the composition and mixture to be administered is formu-
lated for injection via or into one of the above locations. In
some embodiments DNA to be expressed is packaged into
delivery vehicles (including but limited to liposomes, nano-
particles, virus-like particles, phage, complexes with pep-
tides, etc) that preferentially are targeted, and/or taken up by
specific cell types.

DNA encoding for the immunocontraceptive molecule
can be introduced in a variety of forms. A vector which can
be used includes, but is not limited to, a viral vector, a
plasmid, a RNA vector or a linear or circular DNA or RNA
molecule which may include a chromosomal, nonchromo-
somal, semi-synthetic or synthetic DNA. Some vectors are
those capable of autonomous replication (episomal vector)
and/or expression of nucleic acids to which they are linked
(expression vectors). Large numbers of suitable vectors are
known to those of skill in the art and commercially avail-
able.

Implementations noted herein can use AAV-mediated
antibody expression. AAV can be useful as a vector because
it is taken up by target tissues very efficiently. It also remains
primarily episomal, limiting the possibility for unwanted
mutagenesis. Genes expressed from AAV can be expressed
for long periods of time, and may be resistant to silencing.
Also, expression from AAV is often toleragenic. AAV can be
used in some embodiments. However, because of viral
shedding, pre-existing immunity to AAV in many mammals,
and cost of generating sufficient AAV, a number of other
possible implementations of interest are noted. These
include but are not limited to the use of: an AAV chimera
(e.g., AAV2/8), used by many labs, and described in more
detail in (Balazs, A. B. et al. 2012 Nature 481: 81-84);
AAV-like replicative form DNA (Li, L. et al. 2013a PLoS
One 8: e69879); minicircles (Dong, Y. et al. 2013 Journal of
biotechnology 166: 84-87; Gracey Maniar, L. E. et al. 2013
Molecular therapy: the journal of the American Society of
Gene Therapy 21:131-138; Kay, M. A. et al. 2010 Nat
Biotechnol 28: 1287-1289); linear closed DNA (Nafissi, N.
and Slavcev, R. 2012 Microbial cell factories 11: 154;
Schakowski, F. et al. 2007 In Vivo 21: 17-23); virus like
particles (Zeltins, A. 2013 Molecular biotechnology 53:
92-107); cell penetrating peptide complexes (Alhakamy, N.
A.etal. 2013 Therapeutic delivery 4: 741-757); and various
other sorts DNA complex-forming mixtures. Mnicircles
containing scaffold/matrix attachment regions (S/MAR),
which can promote stable replication of many generations in
dividing cells such as the liver (See for example, Ronald, J.
A. et al. 2013 PLoS One €73138. doi: 10.1371/
journal.pone.0073138) can also be employed.

Viral vectors include retrovirus, adenovirus, parvovirus
(e.g., adenoassociated viruses), coronavirus, negative strand
RNA viruses such as orthomyxovirus (e.g., influenza virus),
rhabdovirus (e.g., rabies and vesicular stomatitis virus),
paramyxovirus (e.g. measles and Sendai), positive strand
RNA viruses such as picornavirus and alphavirus, and
double stranded DNA viruses including adenovirus, herpes-
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virus (e.g., Herpes Simplex virus types 1 and 2, Epstein-Barr
virus, cytomegalovirus, canine or feline herpes virus), and
poxvirus (e.g., vaccinia, fowlpox and canarypox). Other
viruses include Norwalk virus, togavirus, flavivirus, reovi-
ruses, papovavirus, hepadnavirus, and hepatitis virus, for
example. Examples of retroviruses include: avian leukosis-
sarcoma, mammalian C-type, B-type viruses, Dtype viruses,
HTLV-BLV group, lentivirus, spumavirus (Coffin, J. M.,
Retroviridae: The viruses and their replication, In Funda-
mental Virology, Third Edition, B. N. Fields, et al., Eds.,
Lippincott-Raven Publishers, Philadelphia, 1996). Other
examples include murine leukemia viruses, murine sarcoma
viruses, mouse mammary tumor virus, bovine leukemia
virus, feline leukemia virus, feline sarcoma virus, avian
leukemia virus, human T-cell leukemia virus, baboon endog-
enous virus, Gibbon ape leukemia virus, Mason Pfizer
monkey virus, simian immunodeficiency virus, simian sar-
coma virus, Rous sarcoma virus and lentiviruses. Other
examples of vectors are described, for example, in McVey et
al.,, U.S. Pat. No. 5,801,030, the teachings of which are
incorporated herein by reference.

Exemplary Antibodies

In some embodiments, a recombinant genetic construct
comprising an antibody gene that encodes an antibody or a
fragment thereof that binds to a protein, a peptide, or a small
molecule specific to reproductive function is provided. The
genetic construct can be configured to be delivered and
expressed in an animal subject. In some embodiments, the
antibody inhibits a protein specific to reproductive function.

In some embodiments, the protein specific to reproductive
function is one that, when bound by the antibody, causes
sterility. In some embodiments, the protein is a reproductive
hormone, a protein component of the egg zona pellucida, or
a protein component of the sperm plasma membrane. In
some embodiments, the antibody binds to human CD52. In
some embodiments, the antibody binds to a carbohydrate
epitope expressed specifically on CD52 in the human male
reproductive system. In some embodiments, the reproduc-
tive hormone is selected from one or more of the group
consisting of gonadotropin-releasing hormone (GnRH),
Iuteinizing hormone (LH), follicle-stimulating hormone
(FSH), chorionic gonadotropin, and testosterone.

In some embodiments, the antibody comprises an amino
acid sequence that is at least 90% identical to that in SEQ ID
NO: 2. In some embodiments, the antibody comprises 6
CDRs, wherein the 6 CDRs are 6 CDRs within SEQ ID NO:
2. In some embodiments, a nucleic acid sequence that
encodes one or more of the above is provided for use in the
vector.

In some embodiments, the antibody comprises the amino
acid sequence of SEQ ID NO: 4. In some embodiments, the
antibody comprises an amino acid sequence that is at least
90% identical to that in SEQ ID NO: 4. In some embodi-
ments, the antibody comprises 6 CDRs, wherein the 6 CDRs
are 6 CDRs within SEQ ID NO: 4. In some embodiments,
a nucleic acid sequence that encodes one or more of the
above is provided for use in the vector.

In some embodiments, the antibody comprises the amino
acid sequence of that depicted in FIG. 9. In some embodi-
ments, the antibody comprises an amino acid sequence that
is at least 90% identical to that depicted in FIG. 9. In some
embodiments, the antibody comprises 6 CDRs, wherein the
6 CDRs are 6 CDRs within FIG. 9. In some embodiments,
a nucleic acid sequence that encodes one or more of the
above is provided for use in the vector.

In some embodiments, the antibody comprises the amino
acid sequence of that depicted in FIG. 10. In some embodi-
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ments, the antibody comprises an amino acid sequence that
is at least 90% identical to that depicted in FIG. 10. In some
embodiments, the antibody comprises 6 CDRs, wherein the
6 CDRs are 6 CDRs within FIG. 10. In some embodiments,
a nucleic acid sequence that encodes one or more of the
above is provided for use in the vector.

In some embodiments, the antibody comprises the amino
acid sequence of SEQ ID NO: 6, 8, or 6 and 8. In some
embodiments, the antibody comprises an amino acid
sequence that is at least 90% identical to that in SEQ ID NO:
6, 8 or 6 and 8. In some embodiments, the antibody
comprises 6 CDRs, wherein the 6 CDRs are 6 CDRs within
SEQ ID NOs: 6 and 8. In some embodiments, a nucleic acid
sequence that encodes one or more of the above is provided
for use in the vector.

In some embodiments, the antibody comprises the amino
acid sequence of SEQ ID NO: 10, 12, or 10 and 12. In some
embodiments, the antibody comprises an amino acid
sequence that is at least 90% identical to that in SEQ ID NO:
10, 12, or 10 and 12. In some embodiments, the antibody
comprises 6 CDRs, wherein the 6 CDRs are 6 CDRs within
SEQ ID NOs: 10 and 12. In some embodiments, a nucleic
acid sequence that encodes one or more of the above is
provided for use in the vector.

In some embodiments, the antibody comprises the amino
acid sequence of SEQ ID NO: 13, 14, or 13 and 14. In some
embodiments, the antibody comprises an amino acid
sequence that is at least 90% identical to that in SEQ ID NO:
13, 14, or 13 and 14. In some embodiments, the antibody
comprises 6 CDRs, wherein the 6 CDRs are 6 CDRs within
SEQ ID NOs: 13 and 14. In some embodiments, a nucleic
acid sequence that encodes one or more of the above is
provided for use in the vector.

In some embodiments, the antibody has a K, of no greater
than 1E-9(M). In some embodiments, the antibody has ak_,
of greater than 4.0E+6(1/Ms). In some embodiments, the
antibody has a k,,-of no greater than 2.8E-3(1/S). In some
embodiments, a nucleic acid sequence that encodes one or
more of the above is provided for use in the vector.

In some embodiments, the immunocontraceptive mol-
ecule can include an antibody (and thus, the immunocon-
traceptive that is administered includes a nucleic acid
sequence that encodes for the antibody). In some embodi-
ments, the immunocontraceptive molecule is an immuno-
contraceptive antibody. In some embodiments, the immu-
nocontraceptive antibody can be any that alters the ability of
an organism to reproduce to a satisfactory level for the
intended purpose. In some embodiments, the immunocon-
traceptive antibody is the mouse monoclonal antibody
HB-9094 (described in U.S. Pat. Nos. 4,676,981 and 4,879,
112) and the mouse monoclonal antibody SMI 41 (reacts
with LHRH and is specific for the C-terminal pentapeptide).
In some embodiments, a nucleic acid construct that encodes
the above can be employed. In some embodiments, the
nucleic acid sequence also encodes for a signal peptide
sequence (MATGSRTSLLLAFGLLCLPWLQEGSA; SEQ
ID NO: 15) and/or an F2Aopt peptide (RKRRSGS-
GAPVKQTLNFDLLKLAGDVESNPGP; SEQ ID NO: 16).

In some embodiments, the promoter comprises cytomega-
lovirus (CMV) immediate early promoter, chicken beta-
actin (CAG) promoter, ubiquitin C CUBC) promoter, or any
variant thereof. In some embodiments, the promoter com-
prises a splice donor, a splice acceptor, or any variant
thereof.

In some embodiments, the posttranscriptional regulatory
element is a viral posttranscriptional regulatory element. In
some embodiments, the viral posttranscriptional regulatory
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element is woodchuck hepatitis virus posttranscriptional
regulatory element (WPRE), hepatitis B virus posttranscrip-
tional regulatory element (HBVPRE), RNA transport ele-
ment (RTE), or any variant thereof.

In some embodiments, the viral vector further comprises
a transcription termination region downstream of the post-
transcriptional regulatory element. In some embodiments,
the transcription termination region comprises an SV40 late
poly(A) sequence, a rabbit beta-globin poly(A) sequence, a
bovine growth hormone poly(A) sequence, or any variant
thereof.

In some embodiments, the polynucleotide comprises a
first coding region for the heavy chain variable region of an
immunoglobulin and a second coding region for the light
chain variable region of the immunoglobulin. In some
embodiments, the first coding region and the second coding
region are separated by a 2A sequence. In some embodi-
ments, the 2A sequence is an F2A sequence.

In some embodiments, 5' of the first coding region is fused
with a first signal peptide sequence and 5' of the second
coding region is fused with a second signal peptide
sequence.

In some embodiments, the first signal peptide sequence
and the second signal peptide sequence are different.

In some embodiments, the antibody construct comprises
an amino acid sequence comprising a signal peptide, a
variable region and a F2Aopt peptide region, and wherein
the F2 Aopt peptide region includes the amino acid sequence
of SEQ ID NO: 1.

There are a number of antibodies already known to target
vital reproduction-related proteins. In some embodiments,
any one or more of the antibodies provided herein can be
used alone or in combination for the compositions and/or
methods provided herein. For example the following anti-
bodies can be used to target such reproductive proteins in
males and females of multiple species: (i) mouse anti-
GnRH: HB-9094 (USASK/DSIL-LHRH) (Silversides, D.
W. et al. 1985 Journal of reproductive immunology 7:
171-184); (ii) mouse anti-GnRH: SMI 41 (Covance). In
humans, the following antibodies can in principal be used:
a. In Females: (i) mouse anti-human ZP3: (East, 1. J. et al.
1985 Dev Biol 109: 268-273; East, 1. J. et al. 1984 Dev Biol
104: 49-56); (i) human anti-human hCG: (WO 2005095458
Al; Majumdar, R. et al. 2011 Proteins 79: 3108-3122); b. In
Females and males: human anti-human mrtCD52: (Isojima,
S. et al. 1987 Journal of reproductive immunology 10:
67-78; Komori, S. et al. 1988 Clinical and experimental
immunology 71: 508-516; Sawali, H. et al. 1995 Am J Reprod
Immunol 34: 26-34; Yamasaki, N. et al. 1987 Molecular
immunology 24: 981-985). Thus, any one or more can be
employed by employing a nucleic acid sequence that
encodes for the molecule.

In the case of proteins for which no monoclonal antibod-
ies exist, the following steps provide a straightforward path
to their identification and characterization.

In some embodiments, one may generate antibodies in
non-target species followed by conversion to a species-
specific form. Immunize mice, rabbits, or the target species
(below) using published techniques shown to induce gen-
eration of antibodies and immunocontraception in species of
interest. Monoclonal antibodies that recognize the target can
be identified through a variety of published methods. Alter-
natively, antibody phage display techniques can be used to
create antibodies that recognize the target, in a completely in
vitro setting.

In some embodiments, one may generate species-specific
antibodies (e.g., humanized antibodies) to limit immunoge-
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nicity in the target species. If antibodies and their encoding
genes of the appropriate specificity are identified in a
non-target species such as mouse or rabbit, or are generated
through phage display in a species other than the one being
targeted, the genes are engineered so that the antibody is not
seen as foreign in the species of interest (dog, cat, etc.). In
the case of antibodies generated in mouse that are re-
engineered to be invisible to the immune system of humans,
this process is known as “humanizing” (Winter, G. and
Harris, W. J. 1993 Immunology today 14: 243-246). Anti-
body-encoding genes generated in a non-target species (such
as mouse or rabbit), that target the protein or small molecule
of interest can be made to be species-specific so that they
still recognize the target of interest, but are not seen as
foreign when expressed in the target species. This approach
focuses first on identifying antibodies with the ideal target-
binding characteristics (high affinity and specificity), and
then grafting these characteristics onto antibody scaffolds
appropriate to the targeted species.

In some embodiments, one may identify antibodies
directly in the species of interest. In a second, parallel
approach, the species of interest (dogs, cats, pigs, cows,
horses, humans, etc) are vaccinated with the antigen of
interest and accompanying adjuvants. Memory B cells or
blastocysts are isolated, using published protocols, from a
simple blood draw (Kurosawa, N. et al. 2012 BMC biology
10: 80; Kurosawa, N. et al. 2011 BMC biotechnology 11: 39;
Smith, K. 2009 Nature protocols 4: 372-384). Those cells
that express antibodies that bind the molecule of interest are
isolated, using standard procedures that involve cell sorting
with fluorescently labeled antigen (Tiller, T. et al. 2009 J
Immunol Methods 350: 183-193). In this implementation
there is no need to convert the antibody to become species-
specific. Evidence that this approach is predicted to work
comes from observations such as those noted above dem-
onstrating that vaccination of dogs and cats with GnRH
results in the production of anti-GnRH antibodies and sup-
pression of reproductive function (Donovan, C. et al. 2012
Reproduction in Domestic Animals 47 (Suppl 6): 403-405;
Robbins, S. C. et al. 2004 Journal of reproductive immu-
nology 64: 107-119), and observations in a number of other
species demonstrating that vaccination with components of
the zona pellucida results in the production of anti-zona
pellucida antibodies and suppression of reproduction in
females (Gupta S K, Srinivasan V A, Suman P, Rajan S,
Nagendrakumar S B, Gupta N, Shrestha A, Joshi P, Panda A
K. Contraceptive vaccines based on the zona pellucida
glycoproteins for dogs and other wildlife population man-
agement. Am J Reprod Immunol 2011; 66: 51-62).

In some embodiments, memory B cells or blastocysts will
be isolated directly from infertile human patients. Cells will
be identified as interesting based on their ability to produce
antibodies that bind to sperm or other components of semen,
or to cells of the female reproductive tract.

In some embodiments, one may increase antibody Half-
life. The longer the serum half-life of an antibody, the less
of it needs to be synthesized in order to maintain a given
concentration. These include, but are not limited to pub-
lished mutations in the antibody-encoding gene designed to
extend half-life described in Swann et al. (Swann, P. G. et al.
2008 Current opinion in immunology 20: 493-499).

In some embodiments, one may eliminate and/or reduce
antibody effector function. For those antibodies designed to
target reproductive hormones, and for those designed to
target the ZP in humans, it can be useful for the antibodies
to not have significant off target effects that cause unwanted
tissue damage. While it can be difficult to ensure no off-
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target binding, the consequences of off-target binding can be
minimized. This is achieved by introducing published muta-
tions into the antibody-encoding gene that block the ability
of'the mature antibody to recruit effector functions that result
in cell death, phagocytosis, or activation of a cytokine storm
(Desjarlais, J. R. and Lazar, G. A. 2011 Exp Cell Res 317:
1278-1285). Antibodies so modified will only act only as
sponges, binding the relevant molecule and blocking its
ability to function. These include, but are not limited to,
V234A/G237A/P238S/H268A/V309L/29A330S/P331S
substitutions into human IgG2 (O. Vafa et al. 2014 Methods
65: 114-26).

In some embodiments, one may enhance antibody effector
function. In the case of feral animals, it may be desirable to
enhance effector functions of antibodies that target the ZP or
sperm. Enhanced complement-mediated killing, or anti-
body-dependent cellular cytotoxicity may allow levels of
antibody that are not sufficient to prevent sperm binding to
the ZP to still inhibit fertility, by eliminating the developing
follicle or damaging sperm, respectively. Published muta-
tions are introduced into the antibody encoding gene so as to
promote effector function. These include, but are not limited
to those described in Desjarlais et al. (Desjarlais, J. R. and
Lazar, G. A. 2011 Exp Cell Res 317: 1278-1285). In addi-
tion, as discussed below, immunoglobulin class switching
may be carried out to modulate antibody access to specific
tissues, and to enhance or suppress effector function. In one
specific implementation, IgG antibodies that target the ZP
will be switched to IgM, which has increased ability to
promote complement activation.

In some embodiments, one may modulate tissue distribu-
tion and effector function through class switching. Different
antibody classes: IgA, IgG1-4, IgE, and IgM, have distinct
tissue tropisms and effector functions. Standard approaches
are used to swap constant region domains that mediate these
functions in order to modulate antibody localization and
effector characteristics.

In some embodiments, infertility and/or infertility-asso-
ciated traits can be reversed. This can be achieved in several
ways. In some embodiments, site-specific recombinase tar-
get sites are introduced between the enhancer-promoter
sequences driving antibody expression and the antibody-
encoding gene itself. These sites are arranged in such a way
(as direct repeats) that recombinase activity separates the
enhancer-promoter fragment from the protein being
expressed, thereby silencing gene expression. Alternatively,
the recombinase sites are arranged so that recombinase
action results in inversion of the enhancer-promoter, also
resulting in loss of protein expression (Saunders, A. et al.
2012 Frontiers in neural circuits 6: 47). In these implemen-
tations, the recombinase itself is introduced into antibody
expressing cells either as a protein, an mRNA, or as a DNA
construct from which protein expression is induced. This
approach requires that the recombinase be introduced into
cells that express the antibody. In one implementation,
inducible expression of the recombinase may be brought
about through use of drug-dependent protein dimerization
(e.g. Chen, S-J., et al. 2013 Hum Gene Ther Methods. 24:
270-278).

In some embodiments the second protein expressed in
antibody-producing cells using approaches noted above will
be a site-specific nuclease designed to make one or more
double-standed DNA breaks within any region of the anti-
body-expressing transgene that disrupts its function when
repaired through end-joining. Examples of nucleases which
can be engineered to cleave in specific positions include zinc
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finger nucleases, TALENS, and CRISPR/Cas nucleases (re-
viewed in Gai, T. et al. 2013 Trends Biotechnol. 31: 397-
405).

In some embodiments reversibility can be achieved by
introducing into the antibody-producing cells a vector
expressing microRNAs designed to silence expression of the
engineered antibody. The appeal of this approach is that only
non-coding RNA is expressed, minimizing the possibility
that expression of the second construct will result in an
immune response. When reversibility is desired the anti-
body-expressing gene is designed so as to include multiple
target sites for the engineered microRNA. While such a
strategy may not completely eliminate expression of the
antibody, it will likely bring expression down to levels that
allow fertility. Thus, in some embodiments, kits are provided
with both the nucleic acid sequence encoding for the immu-
nocontraceptive antibody, as well as an inhibitor of the
immunocontraceptive, such as microRNAs or vectors
expressing such microRNAs. In some embodiments, tran-
sient relief from the immunocontraception can be obtained
by administering microRNAs or other blockers that block
the immunocontraceptive antibodies (such as antibodies that
bind to and block the immunocontraceptive antibody).

In some embodiments, the issue of bringing about gene
expression in cells that express the reproduction-inhibiting
antibody (the above-noted approaches) can be bypassed by
generating and/or employing monoclonal antibodies (using
standard approaches) that recognize sequences in the vari-
able region that bind the target antigen. Expression of such
an antibody, using a gene delivery system, prevents the
original antibody from carrying out its function regardless of
what tissue it is expressed in, since the antibody is secreted
into serum, where it will interact with the original contra-
ceptive antibody. A similar effect may be achieved by first
introducing one or more epitope tags into the contraceptive
antibody-encoding sequence that do not in and of them-
selves disrupt its contraceptive function. Binding of recom-
binant anti-epitope antibodies, introduced as above, can
block the ability of the contraceptive antibody to interact
productively with its target, thereby resulting in a reversal of
infertility.

Genetic Constructs:

In some embodiments, the genetic construct (that will
carry the nucleic acid sequence that encodes for the anti-
body) comprise an antibody expression cassette comprising
a ubiquitous or tissue specific promoter, a regulatory ele-
ment, and microRNA target sites. In some embodiments, the
regulatory element is a 5' untranslated region (5' UTR) or a
3' untranslated region (3' UTR). In some embodiments, the
promoter comprises cytomegalovirus (CMV) immediate
early promoter, chicken beta-actin (CAG) promoter, ubig-
uitin C CUBC) promoter, or any variant thereof. In some
embodiments, the promoter comprises a splice donor, a
splice acceptor, or any variant thereof.

In some embodiments, the posttranscriptional regulatory
element is a viral posttranscriptional regulatory element. In
some embodiments, the viral posttranscriptional regulatory
element is woodchuck hepatitis virus posttranscriptional
regulatory element (WPRE), hepatitis B virus posttranscrip-
tional regulatory element (HBVPRE), RNA transport ele-
ment (RTE), or any variant thereof.

In some embodiments, the viral vector further comprises
a transcription termination region downstream of the post-
transcriptional regulatory element. In some embodiments,
the transcription termination region comprises an SV40 late
poly(A) sequence, a rabbit beta-globin poly(A) sequence, a
bovine growth hormone poly(A) sequence, or any variant
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thereof. In some embodiments, the polynucleotide com-
prises a first coding region for the heavy chain variable
region of an immunoglobulin and a second coding region for
the light chain variable region of the immunoglobulin. In
some embodiments, the first coding region and the second
coding region are separated by a 2A sequence. In some
embodiments, the 2A sequence is an F2A sequence.

In some embodiments, 5' of the first coding region is fused
with a first signal peptide sequence and 5' of the second
coding region is fused with a second signal peptide
sequence. In some embodiments, the first signal peptide
sequence and the second signal peptide sequence are differ-
ent. In some embodiments, mir-142-3p target sites can be
included. Mir-142-3p is expressed in antigen presenting
cells. In some implementations mir-142-3p target sites are
incorporated into the antibody-encoding transcription unit.
Incorporation of these sites into the transgene transcript
reduces immunogenicity following transgene delivery. (Ma-
jowicz et al. 2013 Journal of Gene medicine. 15: 219-232).

In some embodiments, the genetic construct is incorpo-
rated into a transfection vehicle selected from the group
consisting of an adeno-associated virus (AAV), a lentivirus,
a nanoparticle (which may be composed of a variety of
molecules, but which typically has a size in at least one
dimension less than 300 nm), liposome-DNA mixture, cat-
ionic peptide-DNA mixtures, phage, virus-like particles,
polyplexes. Viral vectors include retrovirus, adenovirus,
parvovirus (e.g., adenoassociated viruses), coronavirus,
negative strand RNA viruses such as orthomyxovirus (e.g.,
influenza virus), rhabdovirus (e.g., rabies and vesicular
stomatitis virus), paramyxovirus (e.g. measles and Sendai),
positive strand RNA viruses such as picornavirus and
alphavirus, and double stranded DNA viruses including
adenovirus, herpesvirus (e.g., Herpes Simplex virus types 1
and 2, Epstein-Barr virus, cytomegalovirus), and poxvirus
(e.g., vaccinia, fowlpox and canarypox). Other viruses
include Norwalk virus, togavirus, flavivirus, reoviruses,
papovavirus, hepadnavirus, and hepatitis virus, for example.
Examples of retroviruses include: avian leukosissarcoma,
mammalian C-type, B-type viruses, Dtype viruses, HTLV-
BLV group, lentivirus, spumavirus (Coffin, J. M., Retroviri-
dae: The viruses and their replication, In Fundamental
Virology, Third Edition, B. N. Fields, et al., Eds., Lippincott-
Raven Publishers, Philadelphia, 1996). Other examples
include murine leukemia viruses, murine sarcoma viruses,
mouse mammary tumor virus, bovine leukemia virus, feline
leukemia virus, feline sarcoma virus, avian leukemia virus,
human T-cell leukemia virus, baboon endogenous virus,
Gibbon ape leukemia virus, Mason Pfizer monkey virus,
simian immunodeficiency virus, simian sarcoma virus, Rous
sarcoma virus and lentiviruses. Other examples of vectors
are described, for example, in McVey et al., U.S. Pat. No.
5,801,030, the teachings of which are incorporated herein by
reference. Phage, virus-like particles can also be employed.
In some implementations DNA or RNA encoding contra-
ceptive encoding antibodies are introduced as complexes
with inorganic particles such as calcium phosphate, silica,
gold, or magnetic particles; other synthetic or biodegradable
particles containing PLGA, PLA, PEI, chitosan, dendrimers,
polymethacrylates, cationic liposomes, cationic emulsions,
solid lipid nanoparticles, poly-1 lysine, poly arginine, as
well as other peptides that provide particle condensation
functions, endosomal escape functions, and/or nuclear trans-
port functions. Delivery of the vector may occur through,
but is not limited to, needle injection, balistic DNA injection,
electroporation, sonoporation, photoporation, magnetofec-
tion, hydroporation, and inhalation.
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In some embodiments, the genetic construct encodes an
antibody or fragment thereof that comprises an amino acid
modification that enhances or suppresses an effector func-
tion of the encoded antibody or fragment.

In some embodiments, the genetic construct that encodes
the antibody comprises the nucleic acid sequence of SEQ ID
NO: 1. In some embodiments, the genetic construct that
encodes the antibody comprises a nucleic acid sequence that
is at least 90% identical to that in SEQ ID NO: 1. In some
embodiments, the genetic construct that encodes the anti-
body comprises 6 CDR coding regions, wherein the 6 CDRs
are 6 CDRs within SEQ ID NO: 1.

In some embodiments, the genetic construct that encodes
the antibody comprises the nucleic acid sequence of SEQ ID
NO: 3. In some embodiments, the genetic construct that
encodes the antibody comprises a nucleic acid sequence that
is at least 90% identical to that in SEQ ID NO: 3. In some
embodiments, the genetic construct that encodes the anti-
body comprises 6 CDR coding regions, wherein the 6 CDRs
are 6 CDRs within SEQ ID NO: 3.

In some embodiments, the genetic construct that encodes
the antibody comprises the nucleic acid sequence of SEQ ID
NO: 5, 7, or 5 and 7. In some embodiments, the genetic
construct that encodes the antibody comprises a nucleic acid
sequence that is at least 90% identical to that in SEQ ID
NOs: 5, 7, or 5 and 7. In some embodiments, the genetic
construct that encodes the antibody comprises 6 CDR cod-
ing regions, wherein the 6 CDRs are 6 CDRs within SEQ ID
NO: 5 and 7.

In some embodiments, the genetic construct that encodes
the antibody comprises the nucleic acid sequence of SEQ ID
NO: 9, 11, or 9 and 11. In some embodiments, the genetic
construct that encodes the antibody comprises a nucleic acid
sequence that is at least 90% identical to that in SEQ ID NO:
SEQ ID NO: 9, 11, or 9 and 11. In some embodiments, the
genetic construct that encodes the antibody comprises 6
CDR coding regions, wherein the 6 CDRs are 6 CDRs
within SEQ ID NO: SEQ ID NOs: 9 and 11.

Provided herein are polynucleotides comprising a nucleo-
tide sequence encoding an immunocontraceptive molecule,
such as an antibody, or binding fragments thereof. In some
embodiments, this is provided as polynucleotides that
hybridize under stringent or lower stringency hybridization
conditions to polynucleotides that encode an antibody, pref-
erably, that specifically binds to a protein related to repro-
duction. Thus, in some embodiments, the polynucleotide can
be one that hybridizes under stringent conditions to any of
the sequences in SEQ ID NOs: 1, 3, 5, 7, 8, and/or 11. In
some embodiments, additional and/or alternative nucleic
acid sequence can be employed (and thus, the immunocon-
traceptive molecules and polynucleotides encoding the same
are not limited to those sequences provided herein).

The polynucleotides can be obtained, and the nucleotide
sequence of the polynucleotides determined, by any method
known in the art. For example, if the nucleotide sequence of
the antibody is known, a polynucleotide encoding the anti-
body may be assembled from chemically synthesized oli-
gonucleotides (e.g., as described in Kutmeier et al. 1994
BioTechniques 17: 242), which, briefly, involves the synthe-
sis of overlapping oligonucleotides containing portions of
the sequence encoding the antibody, annealing and ligating
of those oligonucleotides, and then amplification of the
ligated oligonucleotides by PCR.

In some embodiments, a polynucleotide encoding an
antibody can be generated from nucleic acid from a suitable
source. If a clone containing a nucleic acid encoding a
particular antibody is not available, but the sequence of the
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antibody molecule is known, a nucleic acid encoding the
immunoglobulin may be chemically synthesized or obtained
from a suitable source (e.g., an antibody cDNA library, or a
c¢DNA library generated from, or nucleic acid, preferably
poly A* RNA, isolated from, any tissue or cells expressing
the antibody, such as hybridoma cells selected to express an
antibody) by PCR amplification using synthetic primers
hybridizable to the 3' and 5' ends of the sequence or by
cloning using an oligonucleotide probe specific for the
particular gene sequence to identify, e.g., a cDNA clone
from a ¢cDNA library that encodes the antibody. Amplified
nucleic acids generated by PCR may then be cloned into
replicable cloning vectors using any method well known in
the art.

Once the nucleotide sequence and corresponding amino
acid sequence of the antibody is determined, the nucleotide
sequence of the antibody may be manipulated using methods
well known in the art for the manipulation of nucleotide
sequences, e.g., recombinant DNA techniques, site directed
mutagenesis, PCR, etc. (see, for example, the techniques
described in Sambrook et al., 1990, Molecular Cloning, A
Laboratory Manual, 2d Ed., Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y. and Ausubel et al., eds., 1998,
Current Protocols in Molecular Biology, John Wiley & Sons,
NY, which are both incorporated by reference herein in their
entireties), to generate antibodies having a different amino
acid sequence, for example to create amino acid substitu-
tions, deletions, and/or insertions.

In a specific embodiment, the amino acid sequence of the
heavy and/or light chain variable domains may be inspected
to identify the sequences of the complementarity determin-
ing regions (CDRs) by methods that are well known in the
art, e.g., by comparison to known amino acid sequences of
other heavy and light chain variable regions to determine the
regions of sequence hypervariability. Using routine recom-
binant DNA techniques, one or more of the CDRs may be
inserted within framework regions, e.g., into human frame-
work regions to humanize a non-human antibody, as
described supra. The framework regions may be naturally
occurring or consensus framework regions, and preferably
human framework regions (see, e.g., Chothia et al. 1998 J
Mol Biol 278: 457-479) for a listing of human framework
regions). Analogous approaches can be used to insert CDRs
into framework regions from other organisms when these
organisms are to be targeted. Framework regions from
immunoglobulins of other organisms can be identified using
computation tools such as those found at the world wide web
“bioinf.org.uk/abysis/”. Preferably, the polynucleotide gen-
erated by the combination of the framework regions and
CDRs encodes an antibody that specifically binds a poly-
peptide. Preferably, as discussed supra, one or more amino
acid substitutions may be made within the framework
regions, and, preferably, the amino acid substitutions
improve binding of the antibody to its antigen. Additionally,
such methods may be used to make amino acid substitutions
or deletions of one or more variable region cysteine residues
participating in an intra-chain disulfide bond to generate
antibody molecules lacking one or more intra-chain disulfide
bonds. Other alterations to the polynucleotide are encom-
passed by the present invention and within the skill of the
art.

In addition, techniques developed for the production of
“chimeric antibodies” (Morrison et al. 1984 Proc Natl Acad
Sci 81: 851-855; Neuberger et al. 1984 Nature 312: 604-608;
Takeda et al. 1985 Nature 314: 452-454) by splicing genes
from a mouse antibody molecule of appropriate antigen
specificity together with genes from a human antibody
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molecule (or antibody molecule from some other species of
interest) of appropriate biological activity can be used. As
described supra, a chimeric antibody is a molecule in which
different portions are derived from different animal species,
such as those having a variable region derived from a murine
mAb and a human immunoglobulin constant region, e.g.,
humanized antibodies.

Alternatively, techniques described for the production of
single chain antibodies (U.S. Pat. No. 4,946,778; Bird, 1988
Science 242: 423-442; Huston et al. 1988 Proc Natl Acad Sci
USA 85: 5879-5883; and Ward et al. 1989 Nature 334:
544-54) can be adapted to produce single chain antibodies.
Single chain antibodies are formed by linking the heavy and
light chain fragments of the Fv region via an amino acid
bridge, resulting in a single chain polypeptide. Techniques
for the assembly of functional Fv fragments in E. coli may
also be used (Skerra et al. 1988 Science 242: 1038-1041).
Monovalent single chain antibodies with a long half-life can
also be generated through manipulation of Fc sequences
(Ishino, T. et al. 2013 J Biol Chem. 2013 288: 16529-37,
Wilkinson, . C. et al. 2013 mdbs 5: 406-417)

In some embodiments, a method of contraception is
provided. The method can include administering one or
more of the immunocontraceptive molecules to a subject. As
noted herein, the administration is achieved by administer-
ing a nucleic acid sequence that encodes for the immuno-
contraceptive molecule. In some embodiments, this is
achieved by administering to said animal a genetic construct
as provided herein. In some embodiments, the genetic
construct is transiently expressed in the animal. In some
embodiments, the genetic construct is reversibly expressed
in the animal. In some embodiments, the genetic construct is
permanently expressed in said animal.

In some embodiments, the animal is not human. In some
embodiments, the animal is selected from the group con-
sisting of dog, cat, pig, cow, horse, deer, burro, fox, primate,
elephant, rodent, mouse, rat, rabbit, and marsupial.

In some embodiments, the administration can be done in
any manner. In some embodiments, the administering com-
prises a single shot administration to said animal. In some
embodiments, 2 or more administrations can be given, for
example, 2,3, 4,5, 6,7, 8,9 10 or more. However, in some
embodiments, a single administration of one or more genes
encoding one or more immunocontraceptive molecules can
be applied. In some embodiments, administering comprises
a single intramuscular administration of the genetic con-
struct. In some embodiments, the single administration last
for at least 1 year, for example, at least 2, 3, 4, 5,6,7,8, 9,
or 10 years. In some embodiments, an additional adminis-
tration is not required and/or not applied for at least 1 year,
for example, 2, 3, 4, 5, 6,7, 8, 9, or 10 years.

In some embodiments, nucleic acids comprising
sequences encoding antibodies or functional derivatives
thereof are administered as a contraceptive. The nucleic acid
sequences are part of expression vectors that express the
antibody or fragments or chimeric proteins or heavy or light
chains thereof in a suitable host. In particular, such nucleic
acid sequences have promoters operably linked to the anti-
body coding region, said promoter being inducible or con-
stitutive, and, optionally, tissue-specific. In some embodi-
ments, nucleic acid molecules are used in which the
antibody coding sequences and any other desired sequences
are flanked by regions that promote homologous recombi-
nation at a desired site in the genome, thus providing for
intrachromosomal expression of the antibody encoding
nucleic acids (Koller and Smithies 1989 Proc Natl Acad Sci
USA 86: 8932-8935; Zijlstra et al. 1989 Nature 342: 435-
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438. In some embodiments, the expressed antibody mol-
ecule is a single chain antibody; alternatively, the nucleic
acid sequences include sequences encoding both the heavy
and light chains, or fragments thereof, of the antibody.
Delivery of the nucleic acids into a patient may be either
direct, in which case the patient is directly exposed to the
nucleic acid or nucleic acid-carrying vectors, or indirect, in
which case, cells are first transformed with the nucleic acids
in vitro, then transplanted into the patient. These two
approaches are known, respectively, as in vivo or ex vivo
administration.

In some embodiments, the nucleic acid sequences are
directly administered in vivo, where it is expressed to
produce the encoded product. This can be accomplished by
any of numerous methods known in the art, e.g., by con-
structing them as part of an appropriate nucleic acid expres-
sion vector and administering it so that they become intra-
cellular, e.g., by infection using defective or attenuated
retrovirals or other viral vectors (see U.S. Pat. No. 4,980,286
and above), or by direct injection of naked DNA, or by use
of microparticle bombardment (e.g., a gene gun; Biolistic,
Dupont), or coating with lipids or cell-surface receptors or
transfecting agents, encapsulation in liposomes, micropar-
ticles, or microcapsules, or by administering them in linkage
to a peptide which is known to enter the nucleus, by
administering it in linkage to a ligand subject to receptor-
mediated endocytosis (see, e.g., Wu and Wu 1987 J Biol
Chem 262: 4429-4432) (which can be used to target cell
types specifically expressing the receptors), and see above
etc. In some embodiments, nucleic acid-ligand complexes
can be formed in which the ligand comprises a fusogenic
viral peptide to disrupt endosomes, allowing the nucleic acid
to avoid lysosomal degradation. In some embodiments, the
nucleic acid can be targeted in vivo for cell specific uptake
and expression, by targeting a specific receptor (see, e.g.,
WO 92/06180; WO 92/22635; W092/20316; W093/14188,
WO 93/20221). Alternatively, the nucleic acid can be intro-
duced intracellularly and incorporated within host cell DNA
for expression, by homologous recombination (Koller and
Smithies 1989 Proc Natl Acad Sci USA 86: 8932-8935;
Zijlstra et al. 1989 Nature 342: 435-438).

In some embodiments, viral vectors that contain nucleic
acid sequences encoding an antibody that is an immunocon-
traceptive are used. For example, a retroviral vector can be
used (see Miller et al. 1993 Meth Enzymol 217: 581-599).
These retroviral vectors contain the components necessary
for the correct packaging of the viral genome and integration
into the host cell DNA. The nucleic acid sequences encoding
the antibody to be used in the disclosed methods are cloned
into one or more vectors, which facilitates delivery of the
gene into a patient. More detail about retroviral vectors can
be found in Boesen et al. 1994 Biotherapy 6: 291-302, which
describes the use of a retroviral vector to deliver the mdrl
gene to hematopoietic stem cells in order to make the stem
cells more resistant to chemotherapy. Other references illus-
trating the use of retroviral vectors in gene delivery and
expression are: Clowes et al. 1994 J Clin Invest 93: 644-651;
Kiem et al. 1994 Blood 83: 1467-1473; Salmons and Gun-
zberg 1993 Human Gene Therapy 4: 129-141; and Gross-
man and Wilson 1993 Curr Opin in Genetics and Devel 3:
110-114.

Adenoviruses are other viral vectors that can be used in
gene delivery and expression. Adenoviruses are especially
attractive vehicles for delivering genes to respiratory epi-
thelia. Adenoviruses naturally infect respiratory epithelia
where they cause a mild disease. Other targets for adeno-
virus-based delivery systems are liver, the central nervous
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system, endothelial cells, and muscle. Adenoviruses have
the advantage of being capable of infecting non-dividing
cells. Kozarsky and Wilson 1993 Current Opinion in Genet-
ics and Development 3: 499-503 present a review of adeno-
virus-based gene delivery and expression. Bout et al. 1994
Human Gene Therapy 5: 3-10 demonstrated the use of
adenovirus vectors to transfer genes to the respiratory epi-
thelia of rhesus monkeys. Other instances of the use of
adenoviruses in gene delivery and expression can be found
in Rosenfeld et al. 1991 Science 252: 431-434; Rosenfeld et
al. 1992 Cell 68: 143-155; Mastrangeli et al. 1993 J Clin
Invest 91: 225-234; W094/12649; and Wang, et al. 1995
Gene Therapy 2: 775-783. In some embodiments, adenovi-
rus vectors are used.

Adeno-associated virus (AAV) are also use in gene deliv-
ery and expression (Walsh et al. 1993 Proc Soc Exp Biol
Med 204: 289-300; U.S. Pat. No. 5,436,146). Non-integrat-
ing AAV vectors can be employed in some embodiments.

Another approach to gene delivery and expression
involves transferring a gene to cells in tissue culture by such
methods as electroporation, lipofection, calcium phosphate
mediated transfection, or viral infection. Usually, the
method of transfer includes the transfer of a selectable
marker to the cells. The cells are then placed under selection
to isolate those cells that have taken up and are expressing
the transferred gene. Those cells are then delivered to a
patient.

In this embodiment, the nucleic acid is introduced into a
cell prior to administration in vivo of the resulting recom-
binant cell. Such introduction can be carried out by any
method known in the art, including but not limited to
transfection, electroporation, microinjection, infection with
a viral or bacteriophage vector containing the nucleic acid
sequences, cell fusion, chromosome-mediated gene transfer,
microcell-mediated gene transfer, spheroplast fusion, etc.
Numerous techniques are known in the art for the introduc-
tion of foreign genes into cells (see, e.g., Loefiler and Behr
1993 Meth Enzymol 217: 599-618; Cohen et al. 1993 Meth
Enzymol 217: 618-644; Cline 1985 Pharmac Ther 29:
69-92, and may be used, provided that the necessary devel-
opmental and physiological functions of the recipient cells
are not disrupted. The technique should provide for the
stable transfer of the nucleic acid to the cell, so that the
nucleic acid is expressible by the cell and preferably heri-
table and expressible by its cell progeny.

The resulting recombinant cells can be delivered to a
patient by various methods known in the art. Recombinant
blood cells (e.g., hematopoietic stem or progenitor cells) are
preferably administered intravenously. The amount of cells
envisioned for use depends on the desired effect, patient
state, etc., and can be determined by one skilled in the art.

Cells into which a nucleic acid can be introduced for
purposes of gene delivery and expression encompass any
desired, available cell type, and include but are not limited
to epithelial cells, endothelial cells, keratinocytes, fibro-
blasts, muscle cells, hepatocytes; blood cells such as T
lymphocytes, B lymphocytes, monocytes, macrophages,
neutrophils, eosinophils, megakaryocytes, granulocytes;
various stem or progenitor cells, in particular hematopoietic
stem or progenitor cells, e.g., as obtained from bone marrow,
umbilical cord blood, peripheral blood, fetal liver, etc.

In a preferred embodiment, the cell used for gene delivery
and expression is autologous to the patient.

In some embodiments in which recombinant cells are
used in gene delivery and expression, nucleic acid sequences
encoding an antibody are introduced into the cells such that
they are expressible by the cells or their progeny, and the
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recombinant cells are then administered in vivo for thera-
peutic effect. In a specific embodiment, stem or progenitor
cells are used. Any stem and/or progenitor cells which can
be isolated and maintained in vitro can potentially be used
in accordance with this embodiment (see e.g. WO 94/08598;
Stemple and Anderson 1992 Cell 71: 973-985; Rheinwald
1980 Meth Cell Bio 21A: 229; and Pittelkow and Scott 1986
Mayo Clinic Proc 61: 771).

In some embodiments, the nucleic acid to be introduced
for purposes of gene delivery and expression comprises an
inducible promoter operably linked to the coding region,
such that expression of the nucleic acid is controllable by
controlling the presence or absence of the appropriate
inducer of transcription.

The gene delivery and expression methods relate to the
introduction of nucleic acid (DNA, RNA and antisense DNA
or RNA) sequences into an animal to achieve expression of
an immunocontraceptive polypeptide. This method involves
a polynucleotide which codes for an immunocontraceptive
polypeptide that is operatively linked to a promoter and any
other genetic elements necessary for the expression of the
polypeptide by the target tissue. Such gene expression and
delivery techniques are known in the art, see, for example,
WO 90/11092, which is herein incorporated by reference.

Thus, for example, cells from a patient may be engineered
with a polynucleotide (DNA or RNA) comprising a pro-
moter operably linked to an immunocontraceptive poly-
nucleotide ex vivo, with the engineered cells then being
provided to a patient to be treated with the polypeptide. Such
methods are well-known in the art. For example, see Bell-
degrun et al. 1993 J Nat! Cancer Inst 85: 207-216; Ferrantini
et al. 1993 Cancer Research 53: 107-1112; Ferrantini et al.
1994 J Immunology 153: 4604-4615; Kaido, T, et al. 1995
Int J Cancer 60: 221-229; Ogura et al. 1990 Cancer
Research 50: 5102-5106; Santodonato, et al. 1996 Human
Gene Therapy 7:1-10; Santodonato, et al. 1997 Gene
Therapy 4: 1246-1255; and Zhang, et al. 1996 Cancer Gene
Therapy 3: 31-38), which are herein incorporated by refer-
ence. In one embodiment, the cells which are engineered are
arterial cells. The arterial cells may be reintroduced into the
patient through direct injection to the artery, the tissues
surrounding the artery, or through catheter injection.

As discussed in more detail below, the polynucleotide
constructs can be delivered by any method that delivers
injectable materials to the cells of an animal, such as,
injection into the interstitial space of tissues (heart, muscle,
skin, lung, liver, and the like). The polynucleotide constructs
can be delivered in a pharmaceutically acceptable liquid or
aqueous carrier.

In some embodiments, the immunocontraceptive poly-
nucleotide is delivered as a naked polynucleotide. The term
“naked” polynucleotide, DNA or RNA refers to sequences
that are free from any delivery vehicle that acts to assist,
promote or facilitate entry into the cell, including viral
sequences, viral particles, liposome formulations, lipofectin
or precipitating agents and the like. However, the immuno-
contraceptive polynucleotides can also be delivered in lipo-
some formulations and lipofectin formulations and the like
can be prepared by methods well known to those skilled in
the art. Such methods are described, for example, in U.S.
Pat. Nos. 5,593,972, 5,589,466, and 5,580,859, which are
herein incorporated by reference.

The polynucleotide vector constructs are preferably con-
structs that will not integrate into the host genome. In some
implementations the constructs may contain sequences that
promote replication in conjunction with the cell cycle,
thereby maintaining the construct over time in replicating
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cells Appropriate vectors include pWLNEO, pSV2CAT,
pOG44, pXT1 and pSG available from Stratagene; pSVK3,
pBPV, pMSG and pSVL available from Pharmacia; and
pEF1/V5, pcDNA3.1, and pRc/CMV2 available from Life
Technologies. Other suitable vectors will be readily apparent
to the skilled artisan.

Any strong promoter can be used for driving the expres-
sion of the immunocontraceptive polynucleotide. Suitable
promoters include the composite promoter illustrated in
FIG. 5, adenoviral promoters, such as the adenoviral major
late promoter; or heterologous promoters, such as the cyto-
megalovirus (CMV) promoter; the respiratory syncytial
virus (RSV) promoter; inducible promoters, such as the
MMT promoter, the metallothionein promoter; heat shock
promoters; the albumin promoter; the ApoAl promoter;
human globin promoters; viral thymidine kinase promoters,
such as the Herpes Simplex thymidine kinase promoter;
retroviral LTRs; the b-actin promoter; and human growth
hormone promoters. The promoter also may be the native
promoter for the immunocontraceptive polynucleotides.

Unlike other gene delivery techniques, one major advan-
tage of introducing naked nucleic acid sequences into target
cells is the transitory nature of the polynucleotide synthesis
in the cells. Studies have shown that non-replicating DNA
sequences can be introduced into cells to provide production
of the desired polypeptide for periods of up to six months.

The polynucleotide construct can be delivered to the
interstitial space of tissues within the an animal, including of
muscle, skin, brain, lung, liver, spleen, bone marrow, thy-
mus, heart, lymph, blood, bone, cartilage, pancreas, kidney,
gall bladder, stomach, intestine, testis, ovary, uterus, rectum,
nervous system, eye, gland, and connective tissue. Intersti-
tial space of the tissues comprises the intercellular, fluid,
mucopolysaccharide matrix among the reticular fibers of
organ tissues, elastic fibers in the walls of vessels or cham-
bers, collagen fibers of fibrous tissues, or that same matrix
within connective tissue ensheathing muscle cells or in the
lacunae of bone. It is similarly the space occupied by the
plasma of the circulation and the lymph fluid of the lym-
phatic channels. Delivery to the interstitial space of muscle
tissue is preferred for the reasons discussed below. They
may be conveniently delivered by injection into the tissues
comprising these cells. They are preferably delivered to and
expressed in persistent, non-dividing cells which are differ-
entiated, although delivery and expression may be achieved
in non-differentiated or less completely differentiated cells,
such as, for example, stem cells of blood or skin fibroblasts.
In vivo muscle cells are particularly competent in their
ability to take up and express polynucleotides.

For the naked nucleic acid sequence injection, an effective
dosage amount of DNA or RNA will be in the range of from
about 0.05 mg/kg body weight to about 50 mg/kg body
weight. Preferably the dosage will be from about 0.005
mg/kg to about 20 mg/kg and more preferably from about
0.05 mg/kg to about 5 mg/kg. Of course, as the artisan of
ordinary skill will appreciate, this dosage will vary accord-
ing to the tissue site of injection. The appropriate and
effective dosage of nucleic acid sequence can readily be
determined by those of ordinary skill in the art and may
depend on the route of administration.

The preferred route of administration is by the parenteral
route of injection into the interstitial space of tissues. How-
ever, other parenteral routes may also be used, such as,
inhalation of an aerosol formulation particularly for delivery
to lungs or bronchial tissues, throat or mucous membranes
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of the nose. In addition, naked DNA constructs can be
delivered to arteries during angioplasty by the catheter used
in the procedure.

In some embodiments, cells are engineered, ex vivo or in
vivo, using a retroviral particle containing RNA which
comprises a sequence encoding immunocontraceptive poly-
peptides. Retroviruses from which the retroviral plasmid
vectors may be derived include, but are not limited to,
Moloney Murine Leukemia Virus, spleen necrosis virus,
Rous sarcoma Virus, Harvey Sarcoma Virus, avian leukosis
virus, gibbon ape leukemia virus, human immunodeficiency
virus, Myeloproliferative Sarcoma Virus, and mammary
tumor virus. Why are we now going into a detailed descrip-
tion of several different viral vectors for in vivo and ex vivo
therapy.

The retroviral plasmid vector is employed to transduce
packaging cell lines to form producer, cell lines. Examples
of packaging cells which may be transfected include, but are
not limited to, the PES501, PA317, R-2, R-AM, PA12,
T19-14X, VT-19-17-H2, RCRE, RCRIP, GP*E-86, GP*en-
vAml2, and DAN cell lines as described in Miller, Human
Gene Therapy, 1:5-14 (1990), which is incorporated herein
by reference in its entirety. The vector may transduce the
packaging cells through any means known in the art. Such
means include, but are not limited to, electroporation, the
use of liposomes, and CaPQO, precipitation. In one alterna-
tive, the retroviral plasmid vector may be encapsulated into
a liposome, or coupled to a lipid, and then administered to
a host.

The producer cell line generates infectious retroviral
vector particles which include polynucleotide encoding
immunocontraceptive polypeptides. Such retroviral vector
particles then may be employed, to transduce eukaryotic
cells, either in vitro or in vivo. The transduced eukaryotic
cells will express immunocontraceptive polypeptides.

In some embodiments, cells are engineered, ex vivo or in
vivo, with immunocontraceptive polynucleotides contained
in an adenovirus vector. Adenovirus can be manipulated
such that it encodes and expresses immunocontraceptive
polypeptides, and at the same time is inactivated in terms of
its ability to replicate in a normal lytic viral life cycle.
Adenovirus expression is achieved without integration of the
viral DNA into the host cell chromosome, thereby alleviat-
ing concerns about insertional mutagenesis. Furthermore,
adenoviruses have been used as live enteric vaccines for
many years with an excellent safety profile (Schwartz et al.
1974 Am Rev Respir Dis 109: 233-238). Finally, adenovirus
mediated gene transfer has been demonstrated in a number
of instances including transfer of alpha-1-antitrypsin and
CFTR to the lungs of cotton rats (Rosenfeld et al. 1991
Science 252: 431-434; Rosenfeld et al. 1992 Cell 68: 143-
155). Furthermore, extensive studies to attempt to establish
adenovirus as a causative agent in human cancer were
uniformly negative (Green et al. 1979 Proc Natl Acad Sci
USA 76: 6606).

Suitable adenoviral vectors are described, for example, in
Kozarsky and Wilson 1993 Curr Opin Genet Devel 3:
499-503; Rosenfeld et al. 1992 Cel/ 68: 143-155; Engelhardt
et al. 1993 Human Genet Ther 4: 759-769; Yang et al. 1994
Nature Genet 7: 362-369; Wilson et al. 1993 Nature 365:
691-692; and U.S. Pat. No. 5,652,224, which are herein
incorporated by reference. For example, the adenovirus
vector Ad2 is useful and can be grown in human 293 cells.
These cells contain the E1 region of adenovirus and consti-
tutively express Ela and E1b, which complement the defec-
tive adenoviruses by providing the products of the genes
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deleted from the vector. In addition to Ad2, other varieties of
adenovirus (e.g., Ad3, AdS, and Ad7) are also useful.

Preferably, the adenoviruses are replication deficient.
Replication deficient adenoviruses require the aid of a helper
virus and/or packaging cell line to form infectious particles.
The resulting virus is capable of infecting cells and can
express a polynucleotide of interest which is operably linked
to a promoter, but cannot replicate in most cells. Replication
deficient adenoviruses may be deleted in one or more of all
or a portion of the following genes: Ela, Elb, E3, E4, E2a,
or L1 through L5.

In some embodiments, the cells are engineered, ex vivo or
in vivo, using an adeno-associated virus (AAV). AAVs are
naturally occurring defective viruses that require helper
viruses to produce infectious particles (Muzyczka, 1992
Curr Topics in Microbiol Immunol 158: 97). It is also one of
the few viruses that may integrate its DNA into non-dividing
cells. Vectors containing as little as 300 base pairs of AAV
can be packaged and can integrate, but space for exogenous
DNA is limited to about 4.5 kb. Methods for producing and
using such AAVs are known in the art. See, for example,
U.S. Pat. Nos. 5,139,941, 5,173,414, 5,354,678, 5,436,146,
5,474,935, 5,478,745, and 5,589,377.

For example, an appropriate AAV vector for use can
include all the sequences necessary for DNA replication,
encapsidation, and host-cell integration. The polynucleotide
construct containing immunocontraceptive polynucleotides
is inserted into the AAV vector using standard cloning
methods, such as those found in Sambrook et al., Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Press
(1989). The recombinant AAV vector is then transfected into
packaging cells which are infected with a helper virus, using
any standard technique, including lipofection, electropora-
tion, calcium phosphate precipitation, etc. Appropriate
helper viruses include adenoviruses, cytomegaloviruses,
vaccinia viruses, or herpes viruses. Once the packaging cells
are transfected and infected, they will produce infectious
AAV viral particles which contain the immunocontraceptive
polynucleotide construct. These viral particles are then used
to transduce eukaryotic cells, either ex vivo or in vivo. The
transduced cells will contain the polynucleotide construct
integrated into its genome, and will express the desired gene
product. Alternatively, in the more modern versions of AAV,
virus is generated that remains episomal.

Preferably, the polynucleotide encoding a polypeptide
contains a secretory signal sequence that facilitates secretion
of the protein. Typically, the signal sequence is positioned in
the coding region of the polynucleotide to be expressed
towards or at the 5' end of the coding region. The signal
sequence may be homologous or heterologous to the poly-
nucleotide of interest and may be homologous or heterolo-
gous to the cells to be transfected. Additionally, the signal
sequence may be chemically synthesized using methods
known in the art.

Any mode of administration of any of the above-de-
scribed polynucleotides constructs can be used so long as the
mode results in the expression of one or more molecules in
an amount sufficient to provide a therapeutic effect. This
includes direct needle injection, systemic injection, catheter
infusion, biolistic injectors, particle accelerators (i.e., “gene
guns”), gelfoam sponge depots, other commercially avail-
able depot materials, osmotic pumps (e.g., ALZA®
minipumps), oral or suppositorial solid (tablet or pill) phar-
maceutical formulations, and decanting or topical applica-
tions during surgery. For example, direct injection of naked
calcium phosphate-precipitated plasmid into rat liver and rat
spleen or a protein-coated plasmid into the portal vein has

10

15

20

25

30

35

40

45

50

55

60

65

26
resulted in gene expression of the foreign gene in the rat
livers. (Kaneda et al. 1989 Science 243: 375).

A preferred method of local administration is by direct
injection. Preferably, a recombinant molecule complexed
with a delivery vehicle is administered by direct injection
into or locally within the area of arteries. In some embodi-
ments, the gene is delivered intramuscularly.

Another method of local administration is to contact a
polynucleotide construct in or around a surgical wound. For
example, a patient can undergo surgery and the polynucle-
otide construct can be coated on the surface of tissue inside
the wound or the construct can be injected into areas of
tissue inside the wound.

Therapeutic compositions useful in systemic administra-
tion, include recombinant molecules complexed to a tar-
geted delivery vehicle. Suitable delivery vehicles for use
with systemic administration comprise liposomes compris-
ing ligands for targeting the vehicle to a particular site.

Preferred methods of systemic administration, include
intravenous injection, aerosol, oral and percutaneous (topi-
cal) delivery. Intravenous injections can be performed using
methods standard in the art. Aerosol delivery can also be
performed using methods standard in the art (see, for
example, Stribling et al. 1992 Proc Natl Acad Sci USA 189:
11277-11281, which is incorporated herein by reference).
Oral delivery can be performed by complexing a polynucle-
otide construct to a carrier capable of withstanding degra-
dation by digestive enzymes in the gut of an animal.
Examples of such carriers, include plastic capsules or tab-
lets, such as those known in the art. Topical delivery can be
performed by mixing a polynucleotide construct with a
lipophilic reagent (e.g., DMSO) that is capable of passing
into the skin.

Determining an effective amount of substance to be
delivered can depend upon a number of factors including,
for example, the chemical structure and biological activity of
the substance, the age and weight of the animal, the precise
condition requiring treatment and its severity, and the route
of administration. The frequency of treatments depends
upon a number of factors, such as the amount of polynucle-
otide constructs administered per dose, as well as the health
and history of the subject. The precise amount, number of
doses, and timing of doses will be determined by the
attending physician or veterinarian. Therapeutic composi-
tions can be administered to any animal, preferably to
mammals. Preferred mammals include humans, dogs, cats,
mice, rats, rabbits sheep, cattle, horses, pigs, fox, deer,
coyote, various marsupials and others listed in table 2 and
the references provided herein.

In some embodiments, one or more of the genetic con-
structs provided herein can be part of a contraceptive
composition. In some embodiments, 2, 3,4, 5, 6,7, 8,9, 10
or more such genetic constructs, and/or such nucleic acids
encoding for an immunocontraceptive molecule can be
present in a pharmaceutical composition. In some embodi-
ments, the composition is configured to be delivered to an
animal through intramuscular injection, subcutaneous injec-
tion, intravenous injection, intraperitoneal injection, oral
delivery, electroporation through the skin, sonication, or
nasal inhalation.

In some embodiments, a pharmaceutical composition is
provided. The composition can comprise one or more of the
genetic constructs provided herein. The composition can
also include a pharmaceutically acceptable carrier. In some
embodiments, the genetic construct is present in at least 1
png/mL. In some embodiments, the pharmaceutically accept-
able carrier can be combined with a nucleic acid. In some
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embodiments, the pharmaceutically acceptable carrier can
be used with AAV. In some embodiments, this could be
combined with a rabies therapy.

In some embodiments, the AAV is resuspended in culture
media or pbs.

In some embodiments, a non-human animal or method of
making an animal that has been sterilized is provided. In
some embodiments, a transgenic animal comprising the
genetic construct is provided. The animal can include one or
more of a gene that encodes for an immunocontraceptive. In
some embodiments, the genetic construct is stably expressed
in said animal.

Provided below are further processes and alternatives to
engineering antibody-mediated immunocontraception:

In some embodiments, additional targets for immunocon-
traception (and antibodies that bind thereto) can be deter-
mined and/or employed. One target for immunocontracep-
tion in both sexes is GnRH1. GnRHI1 is a decapeptide
hormone. It is synthesized in the hypothalamus and acts in
the pituitary where it promotes the release of LH and FSH.
FSH and LH are required for development and maintenance
of gonads in males and females. Thus, inhibiting GnRH
function provides a universal method of de-sexualizing
behavior and sterilizing both males and females of a target
species. Importantly, the protein sequence of GnRHI1 is
identical in most mammals (Schneider, F. et al. 2006 The-
riogenology 66: 691-709). Therefore, it is expected that
antibodies that recognize GnRH in one species will recog-
nize it in other species as well.

Immunization of mice, rabbits, or target species of interest
can be carried out using published techniques shown to
induce generation of antibodies and immunocontraception
in species of interest. Monoclonal antibodies that recognize
the target can be identified through a variety of published
methods. Alternatively, antibody phage display techniques
can be used to create antibodies that recognize the target, in
a completely in vitro setting.

In some embodiments, one can adapt the antibody to the
species of interest. Once antibodies (and their encoding
genes) of the appropriate specificity are identified in mouse
or rabbit, the genes will be engineered so that the antibody
is not seen as foreign in the species of interest (dog, cat, etc).
In the case of antibodies generated in mouse that are
re-engineered to be invisible to the immune system of
humans, this process is known as “humanizing” (Winter, G.
and Harris, W. J. 1993 Immunology today 14: 243-246).

In some embodiments, one may increase the antibody
serum half-life. The longer the serum half-life of an anti-
body, the less of it that needs to be synthesized in order to
maintain a given concentration. Published mutations in the
antibody-encoding gene will be included that are designed to
extend half-life (Swann, P. G. et al. 2008 Current opinion in
immunology 20: 493-499).

In some embodiments, one may minimize off-target
effects by eliminating antibody effector function. It is useful
to ensure that antibodies that bind targets do not have
significant off target effects that cause unwanted tissue
damage. While it can be difficult to ensure no off-target
binding, the consequences of off-target binding can be
minimized. This is achieved by introducing published muta-
tions into the antibody-encoding gene that block the ability
of the mature antibody to recruit effector functions that result
in cell death, phagocytosis, or activation of a cytokine storm.
Examples include, but are not limited to those described in
Desjarlais and Lazar (Desjarlais, J. R. and Lazar, G. A. 2011
Exp Cell Res 317: 1278-1285). Antibodies so modified will
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only act only as sponges, binding the relevant molecule and
blocking its ability to function.

In some embodiments one may allow for reversability of
the immunocontraception. There can be contexts in which it
would be useful to be able to reverse sterility. This can be
achieved by introducing into the antibody-producing cells a
vector expressing microRNAs designed to silence expres-
sion of the engineered antibody. The appeal of this approach
is that only non-coding RNA is expressed, minimizing the
possibility that expression of the second construct will result
in an immune response. When reversibility is desired the
antibody-expressing gene is designed so as to include mul-
tiple target sites for the engineered microRNA. While such
a strategy may not completely eliminate expression of the
antibody, it will likely bring expression down to levels that
allow fertility. Thus, in some embodiments, kits are provided
with both the nucleic acid sequence encoding for the immu-
nocontraceptive antibody, as well as an inhibitor of the
immunocontraceptive, such as microRNAs or vectors
expressing such microRNAs. In some embodiments, tran-
sient relief from the immunocontraception can be obtained
by administering microRNAs or other blockers that block
the immunocontraceptive antibodies (such as antibodies that
bind to and block the immunocontraceptive antibody).

In some embodiments, the issue of bringing about gene
expression in cells that express the reproduction-inhibiting
antibody (the above-noted approaches) can be bypassed by
generating and/or employing monoclonal antibodies (using
standard approaches) that recognize sequences in the vari-
able region that bind the target antigen. Expression of such
an antibody, using a gene delivery system, prevents the
original antibody from carrying out its function regardless of
what tissue it is expressed in, since the antibody is secreted
into serum, where it will interact with the original contra-
ceptive antibody. A similar effect may be achieved by first
introducing one or more epitope tags into the contraceptive
antibody-encoding sequence that do not in and of them-
selves disrupt its contraceptive function. Binding of recom-
binant anti-epitope antibodies, introduced as above, can
block the ability of the contraceptive antibody to interact
productively with its target, thereby resulting in a reversal of
infertility.

In some embodiments, one may introduce the antibody-
expressing gene into muscle. Much work has been done to
identify methods for introducing genes into muscle cells.
Some of this work has the goal of treating diseases of
muscle. Other work utilizes muscle as a convenient expres-
sion platform for secreted products designed to function
elsewhere. Therefore, there are a variety of possible methods
to choose from.

In some embodiments, one may employ an Adeno-asso-
ciated virus (AAV). AAV vectors have been used by multiple
groups to drive long-term expression of antibody-encoding
genes in skeletal muscle (Balazs, A. B. et al. 2012 Nature
481: 81-84; Johnson, P. R. et al. 2009 Nat Med 15: 901-906).
In dog models of muscular dystrophy these vectors have
been shown to drive expression for more than 5 years (Vulin,
A. et al. 2012 The journal of the American Society of Gene
Therapy 20: 2120-2133). These vectors have also recently
been used to drive gene expression in human patients
(Nathwani, A. C. et al. 2011 The New England journal of
medicine 365: 2357-2365). They have also been used to
drive long-term expression of antibodies that target other
molecules of medical interest, such as cocaine (Rosenberg,
J. B. et al. 2012 Hum Gene Ther 23: 451-459) and nicotine
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(Hicks, M. J. et al. 2012 Sci Transl Med 4: 140ral87). Thus,
they are an obvious choice that uses off-the-shelf technol-
ogy.

In some embodiments, one may employ other gene deliv-
ery technologies. Other available gene delivery technologies
include nanoparticles, electroporation, and liposomes with
various compositions.

In some embodiments, the methods or compositions pro-
vided herein can be employed for contraception in cats and
dogs. To date, spaying and neutering occurs through surgery.
This prevents reproduction. It also eliminates hormones that
can cause behavior problems (aggression and territoriality).
Surgery costs vary depending on region and whether the
owner qualifies for reduced cost. In addition, surgery based
techniques can also require pain medication. However, in
some embodiments, the present methods and compositions
allow for contraception without pain medication.

There are large numbers of feral cats (upwards of 70
million) and dogs (numbers not clear). This population has
two sources, pets and their progeny that are abandoned, and
progeny of feral animals. These animals cause a number of
problems. These include: bites (with associated potential for
disease transmission), killing other species (cats and birds,
dogs and livestock etc.), costs associated with removal and
euthanasia. Currently the only options available are neuter-
ing through surgery or euthanasia. To summarize, it has been
appreciated that there is need for a cheap, single dose,
lifetime contraceptive that can be implemented in the clinic
and in the field.

In some embodiments, the immunocontraceptive can be
used to substitute for one of the products listed below, which
bring about vaccination of the individual with an antigen and
adjuvant. The antigen to which antibodies are to be raised
and incorporated into an expression vector is indicated in
parentheses.

1) Gonacon (GnRH): Pfizer animal health (deer, dog, cat
eastern gray squirrel) (Levy, J. K. 2011a Am J Reprod
Immunol 66: 63-70; Miller, L. A. et al. 2008 Am J
Reprod Immunol 60: 214-223; Pai, M. et al. 2011
Journal of zoo and wildlife medicine: official publica-
tion of the American Association of Zoo Veterinarians
42: 718-722; Vargas-Pino, F. et al. 2013 Vaccine 31:
4442-4447; Wu, X. et al. 2009 Vaccine 27: 7202-7209;
Yoder, C. A. and Miller, L. A. 2010 Vaccine 29:
233-239).

2) Improvac (GnRH): (pigs) (Dunshea, F. R. et al. 2001
Journal of animal science 79: 2524-2535). Horses also.
Pfizer animal health Australia.

3) Equity (GnRH): (horse) (Wenzinger, B. et al. 2010
Schweizer Avchiv fur Tierheilkunde 152: 373-377) (Ja-
nett, F. et al. 2009 Animal reproduction science 115:
88-102). Pfizer animal health Australia.

4) Bopriva (GnRH): (cow) (Amatayakul-Chantler, S. et
al. 2013 Meat science 95: 78-84; Amatayakul-Chantler,
S. et al. 2012 Journal of animal science 90: 3718-3728;
Janett, F. et al. 2012 Theriogenology 78: 182-188;
Janett, F. et al. 2012 Animal reproduction science 131:
72-80; Theubet, G. et al. 2010 Schweizer Archiv fur
Tierheilkunde 152: 459-469).

5) Spayvac (Zona pellucida): (deer) (Fraker, M. A. et al.
2002 Journal of Wildlife Management 66: 1141-1147,
Locke, S. L. et al. 2007 Journal of wildlife diseases 43:
726-730).

6) PZP (Zonastat-H. (Zona pellucida): (horse). Humane
society, USA

In some embodiments, the immunocontraceptive can be
used for, or configured for use in, any number or type of
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organisms, including, for example, those listed in Table 1,
for any one or more of the purposes listed in Table 1.

TABLE 1

TARGET SPECIES OF POTENTIAL INTEREST

Primary interest for population dog

reduction/behavior modification cat
human

Primary interest in enhancing pig

quality of meat production
Significant interest in population
control

cow
horse (control in the USA is
federally mandated)

deer

burro

fox

primates

elephants

rodents (e.g., mouse, rat)
rabbit

marsupials

Other invasive species see Cooper and Larsen, 2006

In some embodiments, there are different mechanisms of
action possible for the immunocontraceptive, including, for
example:

1. Inhibition of sperm binding

2. Induction of CDC or ADCC; use of IgM antibodies or

effectorized IgG may enhance efficacy at low dose. In
some embodiments, one can target male reproductive
tract specific glycoform of CD52 (mrtCD52, humans).
Other potential targets are the sperm or semen antigens
listed in Table 2, antibodies to which, if present in the
female reproductive tract, are predicted to prevent
fertilization. In some embodiments, alternative target
proteins for females include GnRH receptor, LH and
LH receptor, FSH and FSH receptor. In some embodi-
ments, alternative targets for males include GnRH
receptor, LH and LH receptor, FSH and FSH receptor,
and testosterone. In some embodiments, alternative
targets for males and females include TMEM95 (PLoS
Genet. 2014 January; 10(1):¢1004044. doi: 10.1371/
journal.pgen.1004044. Epub 2014 Jan. 2. A Nonsense
Mutation in TMEM95 Encoding a Nondescript Trans-
membrane Protein Causes Idiopathic Male Subfertility
in Cattle. Pausch HI, Kolle S2, Wurmser Cl1,
Schwarzenbacher H3, Emmerling R4, Jansen S1, Trott-
mann M2, Fuerst C3, Gotz KU4, Fries R1.) In some
embodiments, any one or more of the target proteins
noted below can be used as a target for the present
system. For example, antibodies to any one or more of
the proteins noted in Table 2 can be employed (for
example, expressed within the subject or encoded
within a nucleic acid to administer to a subject), for one
or more of the methods and/or goals described herein.

TABLE 2

TARGET PROTEINS

GnRH
FSH
LH
CG (hCG in human)
Zp2
ZP3
He-6

Female
Repro-
ductive
Protein

Targeted
in Fe-
male

Targeted
in Fe-
male

or

Male

Sperm or
semen
antigen

(Davies, B. et al. 2004 Mol
Cell Biol 24: 8642-8648)
(Roberts, K. P. et al. 2003
Biol Reprod 69: 572-581)
(Tollner, T. L. et al. 2008

Crisp-1

Beta
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TABLE 2-continued

TARGET PROTEINS

TARGET PROTEINS

defensins

Carbonyl
reductase
(p34H)
Catsperl-4

Catsper
beta, gamma
and delta
Ksper (slo3)
principal

K channel
of sperm
Eppin
Mrted52
SFEC,

also

known as
AAC4
ACTL7a:

Zonadhesin

Sp-17

Spam1

Adam1/2/3

Ldh-c4

Sp-10

Sp-56

Sob-2

Hspag9

Izumo

Rnasel0

Tex101

Hum Reprod 23: 2523-
2534; Yudin, A. L et al.
2003 Biol Reprod 69: 1118-
1128)

(Boue, F. and Sullivan, R.
1996 Biol Reprod 54: 1018-
1024)

(Lishko, P. V. et al. 2012
Annual review of physiology
74: 453-475)

(Lishko, P. V. et al. 2012
Annual review of physiology
74: 453-475)

(Lishko, P. V. et al. 2012
Annual review of physiology
74: 453-475)

(O’Rand M, G. 2004
Science 306: 1189-1190)
(Isojima, S. et al. 1987
Journal of reproductive
immunology 10: 67-78)
(Kim, Y. H. et al. 2007 Dev
Biol 302: 463-476)

(Fu, J. et al. 2012 Fertility
and sterility 97: 1226-1233)
(Herlyn, H. and Zischler, H.
2008 The International
Journal of developmental
biology 52: 781-790)

(Lea, I. A. et al. 1997
Fertility and sterility 67:
355-361)

(McLaughlin, E. A. et al.
1997 Molecular human
reproduction 3: 801-809)
(Primakoff, P. et al. 1988
Nature 335: 543-546)
(Chen, Y. et al. 2008
Science in China Series C,
Life sciences/Chinese
Academy of Sciences 51:
308-316; Goldberg, E. 1990
Progress in clinical and
biological research 344: 49-52)
(Herr, J. C. et al. 1990 Biol
Reprod 42: 377-382)

(Bleil, J. D. and Wassarman,
P. M. 1990 Proc Natl Acad
Sci US4 87: 5563-5567)
(Naz, R. K. and Wolf, D. P.
1994 Journal of
reproductive immunology
27: 111-121)

(Lefevre, A. et al. 1997
Molecular human
reproduction 3: 507-516)
(Jagadish, N. et al. 2006
Vaccine 24: 3695-3703)
(An, G. et al. 2009 Am J
Reprod Immunol 61: 227-
235; Wang, D. G. et al. 2008
Am J Reprod Immunol 59:
225-234; Wang, M. et al.
2009 Molecular
reproduction and
development 76: 794-801)
(Krutskikh, A. et al. 2012
FASEBR J 26: 4198-4209)
(Li, W. et al. 2013 Journal
of molecular cell biology 5:
345-347)
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GnRH
mrtCD52
Prostate-
specific
antigen
Testosterone

Targeted in male

In some embodiments, any antibody that can stop, sup-
press, and/or reduce the ability of an organism to reproduce
can be employed in an AAV for a composition or method
provided herein. In some embodiments, one or more of the
antibodies, or binding fragments thereof, provided herein
can be employed. In some embodiments, the antibody can be
at least 90% identical to any of the sequences provided
herein, including, for example, those in FI1G. 9,10, 11, or 12.
In some embodiments, the antibody can comprise one or
more of the 6 CDRs in one or more of the constructs
provided herein, including, for example, those in FIG. 9, 10,
11, or 12. In some embodiments, any one or more of the
antibodies is administered as a nucleic acid sequence, as
provided herein.

Antibodies to the above sperm antigens, in addition to
GnRH and mrtCDS52, may also be used to bring about male
infertility as well.

Viral vectors for bringing about immunocontraception
have been utilized. However, in all cases, what has been
discussed and carried out is the use of a live virus to express
an antigen, to which the animal would hopefully express an
antibody using the endogenous immune system (McLaugh-
lin, E. A. and Aitken, R. 1. 2011 Molecular and cellular
endocrinology 335: 78-88; Munks, M. W. 2012 Zuchthy-
giene 47 (Suppl 4): 223-227).

In the section below several examples of targets for
immunocontraceptive antibodies (delivered as nucleic acids)
are presented, highlighting what has been achieved, and key
reagents generated.

Mammalian oocytes and eggs are surrounded by a gly-
coprotein matrix known as the zona pellucida (ZP). The ZP
is includes of three or four (depending on the species)
glycoproteins (ZP1-4) that are synthesized specifically by,
and surround the growing oocyte and early embryo. The ZP
acts as species-selective binding site for sperm, with this
interaction being required for the sperm to ultimately pen-
etrate the ZP and fuse with the egg plasma membrane
(reviewed in Avella, M. A. et al. 2013 Molecular human
reproduction 19: 279-289). Many studies have shown that
vaccination of animals with solubilized zona pellucida or
isolated zona proteins results in female infertility (Barfield,
J. P. et al. 2006 Contraception 73: 6-22; Gupta, S. K. and
Bansal, P. 2010 Reprod Med Biol 9: 61-71; Gupta, S. K. et
al. 2011 Journal of reproductive immunology 88: 240-246;
Kirkpatrick, J. F. et al. 2009 Journal of reproductive immu-
nology 83: 151-157). Importantly, transient inhibition of
fertility or in vitro sperm-egg interactions is also observed
when mice or eggs are passively exposed to monoclonal
antibodies that bind murine ZP2 or ZP3 (East, I. J. etal. 1985
Dev Biol 109: 268-273; East, . J. et al. 1984 Dev Biol 104:
49-56). These results demonstrate that antibody-mediated
steric occlusion of sperm-ZP binding is sufficient to bring
about infertility. Mice have also been generated that carry
human ZP3 in place of murine ZP3 (Rankin, T. L. et al. 1998
Development 125: 2415-2424). These mice are fertile
because murine sperm are able to productively interact with
human ZP3 in the context of a murine egg. Passive immu-
nization of these mice with a monoclonal antibody (H3.1)
that binds human, but not murine ZP3 (Rankin, T. L. et al.
1998 Development 125: 2415-2424), results in reversible
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inhibition of fertility (Greenhouse, S. et al. 1999 Hum
Reprod 14: 593-600). This result indicates that a monoclonal
antibody with the ability to inhibit human fertilization
through disruption of sperm-ZP interaction is functional.
Because the ZP proteins are not expressed elsewhere in
females, and H3.1 acts simply by preventing sperm-zona
interaction, H3.1 is predicted to have no effect on other
aspects of reproductive physiology.

Between 2-30% of human infertility is associated with the
presence of anti-sperm antibodies in one and/or the other
partner of an infertile couple (Krause, W. K. H. and Naz, R.
K., eds. (2009) in Immune Infertility (Berlin, Germany:
Springer-Verlag)). In most cases the relevant antibodies and
their targets have not been identified. However, in a series of
studies Isojima and colleagues characterized an antisperm
activity present in infertile women (Isojima, S. et al. 1968
Am J Obstet Gynecol 101: 677-683; Isojima, S. et al. 1972
Am J Obstet Gynecol 112: 199-207), and ultimately isolated
an IgM monoclonal antibody known as H6-C34, from the
peripheral blood lymphocytes of one individual (Isojima, S.
et al. 1987 Journal of reproductive immunology 10: 67-78).
H6-C34 has potent sperm immobilizing and agglutinating
activity, suggesting it as the cause of infertility. A number of
observations indicate that the H6-C34 target, and that of
mouse monoclonal antibody known as S19 (Diekman, A. B.
etal. 1999 FASEB J 13: 1303-1313), isolated independently,
which also has sperm agglutinating activity, is a carbohy-
drate epitope unique to a male-reproductive tract glycoform
of the GPI-linked glycoprotein CD52 (mrtCD52)(Diekman,
A. B. et al. 1999 Immunological reviews 171: 203-211).
mrtCDS52 becomes associated with developing sperm as they
move through the epididymous (Kirchhoff, C. and Hale, G.
1996 Molecular human reproduction 2: 177-184). These
observations indicate that H6-C34 constitutes a fully human
contraceptive antibody, inhibiting fertilization through
sperm agglutination and inhibition of motility in the female
reproductive tract. H6-C34 cross-reactive epitope are not
present on sperm of non-human primates, making it incon-
venient to carry out animal studies. That said, the fact that
H6-C34 was isolated directly from an otherwise healthy
human indicates it is likely to be safe. Passive immunization
with recombinant antibody would provide a method for
testing short-term efficacy and safety. H6-3C4 could also be
used as a contraceptive by men, acting as it does in females,
to bind sperm, resulting in a loss of sperm motility and/or
sperm agglutination. This also could be tested through
passive immunization of volunteers. H6-3C4 sequences
have been cloned, expressed as IgGl, and shown to be
functional in sperm agglutination in vitro (Komori, S. et al.
1988 Clinical and experimental immunology 71: 508-516;
Sawai, H. et al. 1995 Am J Reprod Immunol 34: 26-34;
Yamasaki, N. et al. 1987 Molecular immunology 24: 981-
985).

Chorionic gonadotropin is a heterodimer. Its alpha chain
is shared with that of LH, FSH and TSH, while the beta
subunit is specific to hCG. In healthy individuals (hCG is
ectopically expressed in many cancers) hCG is only
expressed by the developing embryo and by endometreal
cells during the luteal phase. Both promote embryo devel-
opment. In particular, expression of hCG in the embryo
begins soon after fertilization and is required for implanta-
tion in the uterus. Thus, vaccination of marmosets with hCG
results in the creation of anti-hCG antibodies, which result
in embryo loss at a very early stage of development (Hearn,
J.P. 1976 Proc R Soc Lond B Biol Sci 195: 149-160). Similar
effects in humans are suggested by observations in an Indian
phase 1II clinical trial in the 1990s, in which almost all
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women vaccinated against hCG failed to become pregnant
s0 long as anti-hCG antibody titers remained above a critical
threshold of 50 ng/ml (Talwar, G. P. et al. 1994 Proc Natl
Acad Sci USA 91: 8532-8536; Talwar, G. P. et al. 1997 Am
J Reprod Immunol 37: 153-160). In all other respects, the
reproductive systems of these women behaved normally.
However, while all women vaccinated generated antibodies
to hCG, only 80% generated titers greater than 50 ng/ml.
Generation of these titers also required multiple boosts, over
a three month period. Finally, once super-threshold antibody
titers were achieved, they dropped over time, with booster
injections being provided every three months in order to
maintain antibody titers above the 50 ng/ml threshold
(Singh, M. et al. 1998 Am J Reprod Immunol 39: 395-398;
Talwar, G. P. et al. 1994 Proc Natl Acad Sci USA 91:
8532-8536). According to (Ferro and Garside, 2011) work
by the Indian group (G. P Talwar National Institute of
Immunology, India), ceased following these phase II trials.
It was supported in part by a US biotech company, Aphton,
which no longer exists. Talwar (Talwar, G. P. et al. 2009
Journal of reproductive immunology 83: 158-163) claims
that the US/India plan was re-initiated in 2009. A recent
review suggests a new hCG vaccine has been developed and
is being pursued (Talwar, G. P. 2013 Ann N Y Acad Sci 1283:
50-56), though no in vivo data are provided.

Anti-hCG monoclonal antibodies able to neutralize hCG
function have been generated by multiple groups. Those
whose sequences have been published include the following:
(WO 2005095458 Al; Majumdar, R. et al. 2011 Proteins 79:
3108-3122)(W02005095458 Al, PCT/IN2005/000100).
Several of these were generated using human scFV libraries.
Thus, to some extent they have been humanized.

Other developments include the development of new
hCG-carrier complexes designed to act as inducers of anti-
body responses (adjuvants) for contraception (Hao, M. et al.
2004 Journal of reproductive immunology 63: 123-135; US
2005/0032171).

Gonadotrophin releasing hormone 1 (GnRH1, also known
as Leutinizing hormone releasing hormone, LHRH; GnRH;
Iuliberin; gonadoliberin) is a master regulator of reproduc-
tive biology in males and females. It orchestrates sexual
development of immature animals and is also required for
maintaining normal reproductive function in the adult.
GnRH1 is synthesized as a precursor in neurons of the
hypothalamus. The mature decapaptide is released from
terminals of these neurons in the median eminence, from
which it diffuses into the portal capillary system. These
capillaries pass from the hypothalamus to the anterior pitu-
itary, where GnRH1 stimulates the release of LH and FSH
from gonadotropes into the general circulation. LH and FSH
are required for male and female reproductive development
and function in a number of ways. GnRH1 is also required
for many reproductive behaviors. Interestingly, while LH
and FSH protein sequences show typical evolutionary diver-
gence, mature GnRH1 is (with the exception of the guinea
pig), identical in all mammals sequenced thus far. While
receptors sensitive to GnRH1 exist outside the pituitary in
peripheral tissues, it is likely that these normally respond to
other related GnRH peptides (GnRHII and GnRHIII) pro-
duced peripherally, since GnRH1 has a very short half-life
and is only produced by the hypothalamus. In consequence,
molecules that silence GnRH1 function have long been seen
as a very specific method for inhibiting reproductive behav-
iors and fertility in a number of mammals.

Many kinds of mammals have been vaccinated against
GnRH so as to bring about infertility and/or behavior
modification. Early examples include sheep (Clarke, 1. J. et
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al. 1978 The Journal of endocrinology 78: 39-47; Jeffcoate,
1. A. et al. 1978 Theriogenology 10: 323-335), cattle (Rob-
ertson, L. S. et al. 1982 The Veterinary record 111: 529-531;
Robertson, 1. S. et al. 1979 The Veterinary record 105:
556-557; Robertson, 1. S. et al. 1981 The Veterinary record
108: 381-382), rats (Fraser, H. M. and Baker, T. G. 1978 The
Journal of endocrinology 77: 85-93; Fraser, H. M. and
Gunn, A. 1973 Nature 244: 160-161; Fraser, H. M. et al.
1974 The Journal of endocrinology 63: 399-406; Fraser, H.
M. and Sandow, J. 1977 The Journal of endocrinology 74:
291-296; Takahashi, M. et al. 1978 Biol Reprod 18: 754-
761), rabbits (Arimura, A. et al. 1973 Endocrinology 93:
1092-1103; Fraser, H. M. and Gunn, A. 1973 Nature 244:
160-161; Jeffcoate, S. L. et al. 1974 Immunochemistry 11:
75-77), and primates (Hodges, J. K. and Hearn, J. P. 1977
Nature 265: 746-748). Human males have also been vacci-
nated against GnRH in prostate cancer trials (Talwar, G. P.
1997 Human rveproduction update 3: 301-310).

More recently active immunization against GnRH has
been used to bring about infertility in many species, includ-
ing, dogs (Gupta, S. K. et al. 2011 Am J Reprod Immunol 66:
51-62; Walker, J. et al. 2007 Vaccine 25: 7111-7119), cats
(Levy, J. K. 2011 Am J Reprod Immunol 66: 63-70; Levy, .
K. et al. 2011 Theriogenology 76: 1517-1525), deer and elk
(Powers, J. G. et al. 2011 Biol Reprod 85: 1152-1160),
elephant (Benavides Valades, G. et al. 2012 Reproductive
biology and endocrinology 10: 63; De Nys, H. M. et al. 2010
Journal of the South African Veterinary Association 81:
8-15; Druce, H. C. et al. 2011 PLoS One 6: €27952).

Importantly, passive immunization with anti-GnRH anti-
bodies generated in other organisms inhibits fertility or
expression of hormones required for fertility, thereby dem-
onstrating that antibodies are the relevant component
required for inhibition of fertility. Examples include ferret
(Gledhill, B. et al. 1982 J Reprod Fertil 64: 19-23), rat
(Koch, Y. et al. 1973 Biochem Biophys Res Commun 55:
623-629), hamster (de la Cruz, A. et al. 1976 Endocrinology
98: 490-497), ram (Lincoln, G. A. and Fraser, H. M. 1979
Biol Reprod 21: 1239-1245), primate (McCormack, J. T. et
al. 1977 Endocrinology 100: 663-667), marsupial (Short, R.
V. et al. 1985 J Reprod Fertil 75: 567-575). In addition, in
1988 Silversides showed that passive infusion of a mouse
monoclonal antibody resulted in infertility in female rats and
altered cycling in the female dog (Silversides, D. W. et al.
1985 Journal of reproductive immunology 7: 171-184).

Recent efforts to make anti-GnRH approaches to immu-
nocontraception work better involve development of novel
ways of presenting GnRH to the immune system. Examples
include display on phage (Samoylov, A. et al. 2012 Zuch-
thygiene 47 (Suppl 6): 406-411) and presentation in the
context of a live virus (Munks, M. W. 2012 Zuchthygiene 47
(Suppl 4): 223-227; U.S. Pat. Nos. 6,013,770, 6,284,733).

Possible uses of monoclonal antibodies for one or more of
the above target molecules, introduced through passive
immunization, are outlined in (Van Der Lende, T. 1994
Biotechnology advances 12: 71-87).

In some embodiments, reproduction and reproduction-
associated behaviors can be targeted for inhibition at a
number of points.

In some embodiments, reproduction can be targeted more
generally (rather than the specific targets noted above).
Reproduction requires the careful orchestration of many
different variables: the production, action and regulation of
multiple hormones, gamete production, fusion of sperm and
egg, and maintenance of pregnancy. Each of the molecules
involved in these processes identifies a possible point at
which to intervene, and thereby inhibit fertility. Points of
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intervention can be divided into three broad categories:
those that interfere with gamete production, those that
interfere with gamete function, including fertilization, and
those that interfere with embryonic development. Molecules
of greatest interest for targeting (that is, for the creation of
nucleic acid sequences that encode for antibodies that block
the function of the molecule) are those that are required for
reproduction, but not for any other physiological process. In
some embodiments, they are extracellular and thus available
for antibody binding.

In some embodiments, immunocontraception (also
known as immunocastration) can also be used in agriculture
to increase the quantity and quality of meat, to alter behav-
ior, to increase efficiency of feed use, and to prevent feedlot
pregnancy (Thompson, D. L. 2000. Animal reproduction
science 60-61: 459-469). Organisms of interest include pigs
(Aluwe, M. et al. 2013 Meat science 94: 402-407; Bonneau,
M. et al. 1994 Journal of animal science 72: 14-20; Meloen,
R. H. et al. 1994 Vaccine 12: 741-746); bulls (Amatayakul-
Chantler, S. et al. 2013 Meat science 95: 78-84; D’Occhio et
al. 2001 Animal reproduction science 66: 47-58; Price, E. O.
et al. 2003 Journal of animal science 81: 411-415), as well
as sheep and goats (Thompson, D. L. 2000. Arimal repro-
duction science 60-61: 459-469). Immunocastration is also
seen in much of Europe as a desirable alternative (from an
animal welfare perspective) to castration, which is carried
out for all pigs and many cows (Heid, A. and Hamm, U.
2013 Meat science 95: 203-211).

In some embodiments, mouse anti-human ZP3: (East et
al., 1985; East et al., 1984), can be introduced into a vector
such as AAV and delivered through IM injection. A human-
ized version of the constant region could be generated by
simply replacing the mouse constant regions with those of
human IgG1l. In some embodiments, the sequence is that
depicted in FIG. 12.

In some embodiments, human anti-human hCG: (Kabeer
et al., 2005; Majumdar et al., 2011), can be introduced into
a vector such as AAV and delivered through IM injection. In
some embodiments, the construct can include modifications
that can minimize off-target effects involve eliminating
effector function from the heavy chain constant region. In
some embodiments, the sequence is that depicted in FIG. 11.

In some embodiments the E12 anti-hCG antibody can be
introduced into a vector such as AAV and delivered through
IM injection (see, e.g., Gadkari, R. A., Sandhya, S., Sowd-
hamini, R., and Dighe, R. R. (2007). The antigen binding
sites of various hCG monoclonal antibodies show homology
to different domains of LH receptor. Molecular and cellular
endocrinology 260-262, 23-32; and Majumdar, R., Railkar,
R., and Dighe, R. R. (2011). Docking and free energy
simulations to predict conformational domains involved in
hCG-LH receptor interactions using recombinant antibod-
ies. Proteins 79, 3108-3122.) In some embodiments, the
construct can include modifications that can minimize off-
target effects involve eliminating effector function from the
heavy chain constant region. In some embodiments, the
sequence is that depicted in FIG. 12.

In some embodiments, any construct that demonstrates in
vitro sperm agglutinating activity can be employed. In some
embodiments, one can use human anti-human mrtCD52
introduced into a vector such as AAV, delivered through IM
injection. Possible modifications that minimize off-target
effects involve use of different IgG isotypes, such as IgG1 or
1gG3. In particular, IgG3 has an increased ability to bring
about complement activation, which is at least in part how
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this antibody causes sperm agglutination (Isojima et al.,
1987; Komori et al., 1988; Sawai et al., 1995; Yamasaki et
al., 1987)

In some embodiments, any of the genetic constructs
and/or immunocontraception molecules provided herein (in-
cluding molecules encoding said immonucontraception mol-
ecules) can be incorporated into a transfection vehicle.

In some embodiments, the construct is configured to
allow for transient expression of the immunocontraception
molecule.

In this application, the use of the singular can include the
plural unless specifically stated otherwise or unless, as will
be understood by one of skill in the art in light of the present
disclosure, the singular is the only functional embodiment.
Thus, for example, “a” can mean more than one, and “one
embodiment” can mean that the description applies to mul-
tiple embodiments.

Example 1

Antibody Binding

The immunocontraception molecules (antibodies
HB-9094 and SMI41) were expressed in HEK 293T cells.
Purified epitope protein was tested for binding to GnRH
protein (FIGS. 1A, 1B, 2A, and 2B.) Surface plasmon
resonance (SPR) based technology was used to study biomo-
lecular interactions between the expressed antibody epitopes
and GnRH protein in real time.

Referring to FIGS. 1A and 1B, the expressed HB-9094-
HEK293T-IgG construct (1A) showed a binding affinity
very similar to the binding affinity of the original HB-9094
monoclonal antibody (1B). Indeed the K, of HEK293T-IgG
was 9.18%107!°M, the k, was 2.715%10°/Ms, and the k , was
2.494%10™%s, while the K, of the original HB9094
hybridoma IgG was 8.753*107'°M, the k, was 2.697*10°/
Ms, and the k, was 2.361%107%/s.

Similarly, referring to FIG. 2, the expressed SMI41-
HEK293T-IgG construct (panel A) showed a binding affinity
very similar to the binding affinity of the original SMI-41
monoclonal antibody (panel B). Indeed the K, of SMI41-
HEK293T-1gG was 5.920%107'°M, the k, was 4.760%10°%
Ms, and the k, was 2.818*107%/s, while the K, of SMI41
ascites IgG was 8.19%1071°M, the k, was 8.993*10%/Ms, and
the k,, was 4.674%107%/s.

Example 2

Isolation of Monoclonal Antibodies

Two anti-GnRH1 monoclonal antibodies, HB9094, (Sil-
versides et al., 1985) and SMI41 (Covance) were cloned.

In the case of HB9094 the hybridoma expressing the
anti-GnRH antibody was acquired from ATCC. It was then
cultured in standard media to allow for expression of the
heavy and light chains, and their purification from cell
culture media using protein G. Two methods to clone the
genes encoding antibody heavy and light chains were used.
In the first, mass spectrometry was used on the purified
antibody derived from the cell culture supernatant. This
identified a number of peptide fragments that were identical
or similar to other sequences in the NCBI database. For the
second mRNA were isolated from these cells and used to
carry out RNA-seq to provide the transcriptome of the
hybridoma. The RNA-seq raw reads were assembled into
transcription units using standard procedures. These were
then blasted using mouse immunoglobulin constant region
sequences to identify those transcripts likely to be encoding
immunoglobulin heavy or light chains. These putative
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immunoglobulin sequences were then fed into the database
used for analysis of mass spectrometry as predicted proteins.
The mass spectrometry data from HB9094 was then blasted
against these new predicted protein sequences and perfect
matches were identified.

From a combination of the above procedures—RNA-seq
and mass spectrometry—consensus protein sequences were
arrived at for both heavy and light chains. This was used to
synthesize DNA designed to encode these heavy and light
chains protein sequences. The sequences are shown in FIG.
9.

The sequences were cloned into vectors from Invivogen
(pFUSE2ss-CLIg-mk for the light chain; pFUSEss-CHIg-
mG1 for the heavy chain) that allow expression of secreted
versions of antibody heavy and light chains.

These plasmids were transfected into 293 cells and
secreted antibody isolated using protein G affinity columns.

For SM141 mass spectrometry analysis was carried out on
antibody purified using protein G, from ascites provided by
Covance. This identified a number of sequence hits in the
NCBI protein database. However, there were a number of
gaps. To fill these, an aliquot of the ascites provided by
Covance were taken, isolated genomic DNA was obtained,
and PCR was carried out using degenerate primers expected
to amplify rearranged heavy or light chain variable regions.
PCR products from the above reactions were sequenced and
translated into potential coding sequences. These were then
fed back into the database used for analysis of mass spec-
trometry data and perfect matches identified. As above, these
resulted in perfect matches between the DNA and mass spec
peptide data. DNA sequences designed to encode these
sequences were synthesized, inserted into Invivogen vec-
tors, and expressed as above. Secreted antibody was isolated
using protein G. The sequence is shown in FIG. 10

Example 3

Antibody Binding

Both recombinant immunoglobulins were characterized
for GnRH1 binding using the biacore system. Goat anti-
mouse IgG (H+L) was immobilized to the CMS5 chip surface
using an amine coupling kit. In brief, N-hydroxysuccinimide
(NHS) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC) were mixed and pumped across the
chip to activate the carboxymethyl-dextran surface. 1 uM
Goat anti-mouse IgG in 10 mM acetate buffer pHS was
injected over the chip surface at the flow rate of 1 ul/min for
420 s. Ethanolamine was then injected to block the remain-
ing activated NHS-ester groups on the sensor chip. Kinetic
measurements were performed with constant flow of HBS-
EP+ buffer, which also served as the diluent for Abs and
GnRH. One cycle of Ab-GnRH binding begins with the
injection of 50 nM anti-GnRH Ab1 or 200 nM anti-GnRH
Ab 2 over the chip surface at the rate of 5 ul/min for 80 s,
followed by injection of GnRH at a series of 2-fold dilutions,
beginning at 1024 nM. The chip surface was then regener-
ated by three X injection of 10 mM Glycine Ph 1.5 at a rate
of 30 ul/min for 30 s before the next cycle. The surface
response on the chip was recorded by a Biacore T200.
Kinetics and affinity analysis was performed by the Biacore
T200 evaluation software. Kinetic rate constants determined
from this data are plotted in FIGS. 3 and 4. For HB9094, the
affinity K,, was 2.7¥107'°(M), the k,, was 2.288*10°
(1/Ms), and the k- was 2.494*107* (1/s). For SMI41, the
affinity K,, was 5.920%107'°(M), the k_, was 4.760%10°
(1/Ms), and the k,, was 2.818*107> (1/s). One cycle of
Ab-GnRH binding began with the injection of 50 nM
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anti-GnRH Abl or 200 nM anti-GnRH Ab2 over a chip
surface bound with goat anti-mouse IgG at the rate of 5
ul/min for 80 s, followed by injection of GnRH at a series
of 2-fold dilutions, beginning at 1024 nM. The chip surface
was then regenerated by three X injection of Glycine pH1.5
at a rate of 30 ul/min for 30 s before the next cycle. The
surface response on the chip was recorded by Bicore T200.
Kinetics and affinity analysis was performed by the Biaore
T200 evaluation software.

Example 4

Recombinant AAV Vector Production

Genes encoding both antibodies were introduced into an
AAV2/8 vector developed in David Baltimore’s lab (illus-
trated for anti-GnRH1 antibody SMI41 in FIG. 5) (see also,
Balazs, A. B., Chen, J., Hong, C. M., Rao, D. S., Yang, L.,
and Baltimore, D. (2012). Antibody-based protection against
HIV infection by vectored immunoprophylaxis. Nature 481,
81-84). Nucleotide sequences for the encoded heavy and
light chains, signal sequences, and protease cleavage sites
used to separate heavy and light chains post protein synthe-
sis, are provided below.

To generate virus, 293T cells were seeded in 15 cm plates
at 3.75x1076 cells per plate in 25 ml DMEM medium
supplemented with 10% fetal bovine serum, 1% penicillin-
streptomycin mix and 1% glutamine in a 5% CO?2 incubator
at 37° C. After three days culture, media was changed to 15
ml of fresh media and two hours later, the AAV backbone
vector, which contained either anti-GnRH Ab-encoding
genes or luciferase, was co-transfected with helper vectors
pHELP (Applied Viromics) and pAAV 2/8 SEED (Univer-
sity of Pennsylvania Vector Core) at a ratio of 1:4:8 using
BioT transfection reagent (Bioland Scientific). AAV virus
was then collected from culture supernatant at 36, 48, 72, 96
and 120 h after transfection and these fractions pooled.

A first virus batch was purified by filtering the virus
culture supernatant through a 0.2 mm filter, followed by
centrifugation at 110,527 g for 1.5 h. The virus pellet was
dissolved in DMEM and stored at —80° C. The second virus
batch was obtained from the supernatant after spinning. PEG
solution (40% polyethylene glycol in 2.5M NaCl) was added
to the supernatant at a volume ratio of 1:4, and gently mixed
at 4° C. overnight to precipitate virus. Precipitated virus was
pelleted at 4,000 g for 30 min and re-suspended in 10 ml
MEM. To remove PEG residue and concentrate, the virus,
this solution was loaded onto 100 kDa MWCO centrifugal
filters (Millipore) and spun at 3220 g at 4° C. until ~1 ml
retentate remained. Fresh MEM was added to the filter and
this process was repeated three times. Final virus solution
was about 2 ml total and stored at —80° C. Biacore experi-
ments (not shown) confirmed that antibodies expressed in
this AAV format still bind GnRH1 with high affinity.

Example 5

AAV-Dependent Anti-GnRH Antibody Production

Mice were anesthetized and injected with 50 microliters
of viral particles, at several different dilutions. Mice were
anesthetized and injected with a range of virus particle
numbers, which resulted mice expressing a range of anti-
GnRHI1 antibody concentrations. Antibody titers determined
by ELISA are indicated at different time points by vertical
bars in FIG. 6 for females, and FIG. 7, for males.

The ELISA assay used to determine anti-GnRH1 antibody
concentrations in serum was as follows: 96 well plates were
allowed to bind streptavidin at a concentration of 100
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ng/well, in carbonate buffer pH 9.6, at room temperature for
3 h. Plates were then washed 3 times with PBST. Biotin-
GnRH1 in PBS was added to plates at a concentration of 175
nmole/well and the plates were incubated at 4° C. overnight.
Following this incubation plates were washed again to
remove unbound biotin-GnRH1. 200 ul of 1% BSA in PBS
was then added to all wells as a blocking solution to prevent
non-specific binding of antibodies to the plates. After several
washes, serum samples and 1gG standards at known con-
centrations (recombinant anti-GnRH SMI41 and anti-
GnRH1-HB9094) were diluted in 1% BSA-PBST and incu-
bated in wells (60 ul/well) for 2 h. After washing, Peroxidase
labeled goat anti-mouse IgG (H+L) was diluted 1:20000 in
1% BSA-PBST and incubated into each well at 100 ul/well
for 30 min. Plates were then washed 4 times with PBST.
Finally, the enzyme substrate Amplex® UltraRed Reagent
(Invitrogen) was added to plates at 100 ul/well for 15 min.
Amplex® Red/UltraRed Stop Reagent was then added to the
plates at 20 ul/well to stop the reaction and stabilize the
fluorescent signal. Plates were read at 540/590 nm using a
Thermo Max Microplate Reader (Bio-Tek).

Fertility experiments: females. Females injected with
AAV expressing Anti-GnRH1 HB9094 (FIG. 6, upper
panel), and AAV expressing anti-GnRH1 SMI41 (FIG. 6,
lower panel) were characterized. These were compared with
females that had been injected at the same time with AAV
expressing luciferase as a control. Each female was placed
into a cage with a male in the afternoon. The next morning
females were examined for the presence of mating plugs.
Males were separated from females for the bulk of the day
and then reintroduced to them in the late afternoon. Intro-
ductions were made each weekday, with males and females
being kept separate on weekends. Mating plugs were found
in all luciferase females, and they became pregnant. Mating
plugs were found in a number of the low titer females, and
all of these mice became pregnant. Pregnant females were
euthanized after two weeks and the number of developing
embryos counted. These numbers are indicated at the bottom
of each panel, for each female. Females expressing higher
titers of anti-GnRH1 antibody were not mated (as evidenced
by the lack of mating plugs), and did not become pregnant.
This is indicated by a zero in the embryo number row. For
both antibodies there is a clear trend towards animals with
higher antibody titers having fewer embryos. Once a thresh-
old titer is reached the animals do not mate and therefore do
not become pregnant. Females that have failed to mate have
been with males now for ~3 months, and we continue to
monitor them.

Fertility experiments: males. Six males injected with AAV
expressing Anti-GnRH1-HB9094 (FIG. 7, #s 1-6) and AAV
expressing anti-GnRH1-SMI41 (FIG. 7, #s 7-12) were char-
acterized. All but one of the animals had high ftiters of
anti-GnrH1 antibodies in serum. Two non-AAV-injected
females were introduced into each male cage and cages were
characterized for three weeks. Subsequently, new females
were rotated into the male cages. The results of these
introductions were compared similar experiments involving
AAV-luciferase injected males. All anti-GnRH]1-expressing
males other than #1 showed no behavioral interest in mating
(mounting behavior), and no females have become pregnant
as determined through visual inspection (3 months). Male #1
mated and produced 13 progeny. All AAV-luciferase males
showed immediate interest in mating, and introduced
females became pregnant. We continue to monitor the cages
for pregnant females.

Range of Ab on Rates

The value of using an anti-GnRH1 antibody with a fast
on-rate can be understood by looking more closely at the
biology of GnRH1 secretion and transport to its site of
action. GnRH1 is synthesized as a precursor in neurons of
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the hypothalamus. The mature decapaptide is released from
terminals of these neurons into the median eminence, from
which it diffuses into the portal capillary system. These
capillaries pass from the hypothalamus to the very nearby
anterior pituitary, where GnRH1 stimulates the release of
LH and FSH from gonadotropes into the general circulation.
Inhibiting GnRH1 is challenging because GnRH1 is secreted
and acts within a very local environment. The plasma
GnRH1 is irrelevant because GnRH1 has a very short
half-life, and is diluted to physiologically insignificant levels
in the general circulation. Therefore, anti-GnRH1 antibodies
must be at a high concentration in the portal capillary
circulation, and act quickly, before GnRH1 moves the very
short distance to the pituitary. Direct measurements of
GnRH1 and LH in portal plasma in the ewe (where mea-
surements of this sort can be made because of the animals
large size) show a delay between GnRH1 and LH pulses of
1.26+/-0.43 minutes (Midgley Jr. A. R., et al. 1997 Endo-
crine 6: 133-143) In short, anti-GnRH1 antibodies need to
inactivate the bulk of secreted GnRH1 in probably less than
a minute in order to inhibit LH/FSH release. An important
variable in terms of enhancing inactivation of GnRHI is
therefore the antibody on-rate (the rate of GnRH1 binding).
Without intending to be limited by theory, the off-rate is less
relevant since once GnRH1 enters the general circulation it
is diluted enormously and rapidly degraded.

Example 6

Range of Ab on Rates

The relevance of on-rate can be seen by considering the
predicted ability of the two anti-GnRH1 antibodies to bind
~90% of a 100 pg/ml pulse of GnRH1 within 30 sec to 1
min, in FIGS. 8A-8D. While the choice of this specific
endpoint is somewhat arbitrary, as the size of GnRH1 pulses
can be significantly lower, and the fraction that must be
inhibited can be determined, it represents a conservative
estimate of what must be achieved in order to inhibit
fertility, based on the sum of the literature in many different
species (reviewed in Clarke, 1. J. 2002 Reproduction Supple-
ment 59: 1-13; Vidal, A. and Clement, F. 2010 J. Neuroed-
nocrinology 22: 1251-1266). FIGS. 8A-8D suggests that a
4-fold increase in on-rate of anti-GnRH1 SMI41 would
result in inhibition of fertility with concentrations of anti-
body as low as 1 ug/ml. FIGS. 8A and 8B depict the
predicted amounts of free GnRH (assuming 100 pM initial
concentration) over time for different concentrations of
anti-GnRH-HB9094 and anti-GnRH-SMI41, using the asso-
ciation rates calculated from FIG. 3 and FIG. 4, respectively.
These observations suggest that anti-GnRH-HB9094 could
lose effectiveness somewhere between 10 and 100 ug/mlL,
while anti-GnRH-SMI41 could lose effectiveness some-
where between 1 and 10 ug/mL (the fertility data illustrated
in FIG. 6 and FIG. 7 suggests that SMI41 works better than
HB9094, supporting this concept). However a version of
antiGnRH-SMI41 with a 2 to 4 fold increase in on rate
(FIGS. 8C and 8D) would be expected to be effective at
significantly lower concentrations.
Range of Ab on Rates

Having an antibody that works well at low concentrations
is also useful because, in some embodiments, one may want
to have the antibody present initially in a significant
excess—in a young animal—of that which is needed. This is
because, while skeletal muscle is post-mitotic, and therefore
the AAV or other antibody-expressing episomes will not be
diluted out by cell division over time as they would be if
introduced into the liver, wear and tear with aging inevitably
leads to some muscle cell injury, death and replacement
from stem cell populations (reviewed in Jang, Y. C. et al.
2011 Cold Spring harb Symp Quant Biol. 76: 101-111). This
would be expected to lead to an age-dependent decrease in
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AAV-dependent antibody expression. In some embodiments,
the desired amount to be injected into the subject can be
approximately 1 ug/mL or less, so as to assist in keeping the
cost of contraception per animal low enough to be cost
effective.

Example 7

Pest Control

A population of feral cats is identified. Male and female
cats are collected and injected intramuscularly with AAV
expressing Anti-GnRH1 HB9094 or SMI41. The cats are
placed back into the population. The population of cats will
stop increasing as rapidly over time.

Example 8

Pest Control

A population of feral dogs is identified. Male and female
dogs are collected and injected intramuscularly with AAV
expressing Anti-GnRH-SMI41 or HB9094 and AAV
expressing anti-GnRH1 Ab2. The dogs are placed back into
the population. The population of dogs will stop increasing
as rapidly over time.

Example 9

Behavior Control

An aggressive or territorial dog or cat is identified. The
animal is administered AAV expressing Anti-GnRHI1-
HB9094 or SMI41. The animal’s behavioral patterns will
change given the reduced levels of GnRH1 available.

Example 10

Fertility Control in Captive, Owned or Managed Wild Popu-
lations

An animal is identified for which sterility is desired.
Examples include owned dogs and cats, animals kept in
700s, and managed populations of horses, burros, coyotes,
elephants. The animal is administered AAV expressing Anti-
GnRH1-HB9094 or SMI41. Fertility is inhibited.

It is understood that the examples and embodiments
described herein are for illustrative purposes only and that
various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
any appended claims.

INCORPORATION BY REFERENCE

All references cited herein, including patents, patent
applications, papers, text books, and the like, and the refer-
ences cited therein, to the extent that they are not already, are
hereby incorporated by reference in their entirety. In the
event that one or more of the incorporated literature and
similar materials differs from or contradicts this application;
including but not limited to defined terms, term usage,
described techniques, or the like, this application controls.
All figures, tables, and appendices, as well as publications,
patents, and patent applications, cited herein are hereby
incorporated by reference in their entirety for all purposes.

EQUIVALENTS

The foregoing description and Examples detail certain
preferred embodiments of the invention and describes the
best mode contemplated by the inventors. It will be appre-
ciated, however, that no matter how detailed the foregoing
may appear in text, the invention may be practiced in many
ways and the invention should be construed in accordance
with the appended claims and any equivalents thereof.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 66

<210> SEQ ID NO 1
<211> LENGTH: 2229

<212> TYPE:

DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 1

atggcgacgg
ttacaggagg
ggagagacag
aactgggtga
actggagagc
tcegecagaa
ttctgtgcaa
acctcagtca
ggatctgetyg
cctgagecag
ccagetgtec
acctggecca
gacaagaaaa
gtatcatctyg
cctaaggtca
tggtttgtag
aacagcactt
aaggagttca
tccaaaacca
cagatggcca
attactgtgg
atcatggaca
tgggaggcag
actgagaaga
ccagtaaage
ccaggtccaa
ctaccgtgge
tctgecatete
atacactggt
aacctggett
ctcacaatca
agttacccac
ccaactgtat
gtgtgettet

agtgaacgac

gttcaagaac

geteggcaca

tcaagatctce

agcaggctec

cagcatgtge

ctgectattt

gaacgggggy

cegtetecag

cccaaactaa

tgacagtgac

tgcagtctga

gecgagaccegt

ttgtgcccag

tcttecatctt

cgtgtgttgt

atgatgtgga

tccgeteagt

aatgcagggt

aaggcagacc

aggataaagt

agtggcagtg

cagatggetce

gaaatacttt

gectetecca

agacattaaa

tggcaacagg

tccaagaggyg

caggggagaa

tccagcagaa

ctggagtece

gccgaatgga

ccacgttegyg

ccatcttece

tgaacaactt

aaaatggegt

ttcectactt

gatccagttyg

ctgcaaggcet

aggaaagggt

tgatgacttc

gcagatcaac

tggtaggtac

cgctaaaacy

ctccatggtyg

ctggaactct

cctctacact

cacctgcaac

ggattgtggt

cccecccaaag

ggtagacatc

ggtgcacaca

cagtgaactt

caacagtgca

gaaggctecyg

cagtctgacc

gaatgggcag

ttacttegte

cacctgetet

ctctectggt

ctttgatttyg

gagccgaace

ctcggcacaa

ggtcaccata

gccaggcact

tgttegette

ggctgaagat

aggggggace

accatccagt

ctaccccaaa

cctgaacagt

cttgcatttyg

gtgcagtcetyg

tctggatatce

ttaaagtgga

aggggacggt

aacctcataa

aactatggta

acacccccat

accctgggat

ggatcecctgt

ctgagcaget

gttgcccace

tgtaagcett

cccaaggatg

agcaaggatg

gctcagacge

cccatcatge

gettteccety

caggtgtaca

tgcatgataa

ccagcggaga

tacagcaagc

gtgttacatg

aaacgaaaaa

ctgaaacttyg

tctetgetee

attgttctca

acctgcagtyg

tctcccaaac

agtggcagtg

getgecactt

aagctggaaa

gagcagttaa

gacatcaatg

tggactgatc

gectgetttyg

gacctgaact

ccttcacaaa

tgggctggat

ttgccatcte

atgaggacac

tggactattyg

ctgtctatce

gectggtcaa

ccagceggtgt

cagtgactgt

cggccageag

gcatatgtac

tgctcaccat

atcccgaggt

aaccceggga

accaggactyg

cccecatega

ccattccacce

cagacttett

actacaagaa

tcaatgtgca

agggcctgea

gaagatcagg

caggtgatgt

ttgctttegg

cccagtetee

ccacctcaag

tctggattta

gatctgggac

attactgcca

taaaacgggce

catctggagyg

tcaagtggaa

aggacagcaa

tttgcegtygy

gaagaagcct

ctatggaatg

aaacacctac

tttggaaacc

ggcaacatat

gggtcaagga

actggeccect

gggctattte

gcacacctte

ccectecage

caccaaggtyg

agtcccagaa

tactctgact

ccagttcage

ggagcagtte

gctcaatgge

gaaaaccatc

tcccaaggag

ccctgaagac

cactcagece

gaagagcaac

caaccaccat

ttcgggtgcg

agagtcaaat

getectttge

agccatcatg

tgtaagttac

tagcacatcc

ctcttactct

gcaaaggagt

agatgctgea

tgcctecagte

gattgatgge

agacagcacc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100
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tacagcatga gcagcaccct cacgttgacce aaggacgagt atgaacgaca taacagctat 2160
acctgtgagg ccactcacaa gacatcaact tcacccattg tcaagagctt caacaggaat 2220
gagtgttag 2229
<210> SEQ ID NO 2

<211> LENGTH: 742

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 2

Met Ala Thr Gly Ser Arg Thr Ser Leu Leu Leu Ala Phe Gly Leu Leu
1 5 10 15

Cys Leu Pro Trp Leu Gln Glu Gly Ser Ala Gln Ile Gln Leu Val Gln
20 25 30

Ser Gly Pro Glu Leu Lys Lys Pro Gly Glu Thr Val Lys Ile Ser Cys
35 40 45

Lys Ala Ser Gly Tyr Pro Phe Thr Asn Tyr Gly Met Asn Trp Val Lys
50 55 60

Gln Ala Pro Gly Lys Gly Leu Lys Trp Met Gly Trp Ile Asn Thr Tyr
65 70 75 80

Thr Gly Glu Pro Ala Cys Ala Asp Asp Phe Arg Gly Arg Phe Ala Ile
85 90 95

Ser Leu Glu Thr Ser Ala Arg Thr Ala Tyr Leu Gln Ile Asn Asn Leu
100 105 110

Ile Asn Glu Asp Thr Ala Thr Tyr Phe Cys Ala Arg Thr Gly Gly Gly
115 120 125

Arg Tyr Asn Tyr Gly Met Asp Tyr Trp Gly Gln Gly Thr Ser Val Thr
130 135 140

Val Ser Ser Ala Lys Thr Thr Pro Pro Ser Val Tyr Pro Leu Ala Pro
145 150 155 160

Gly Ser Ala Ala Gln Thr Asn Ser Met Val Thr Leu Gly Cys Leu Val
165 170 175

Lys Gly Tyr Phe Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ser
180 185 190

Leu Ser Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Asp Leu
195 200 205

Tyr Thr Leu Ser Ser Ser Val Thr Val Pro Ser Ser Thr Trp Pro Ser
210 215 220

Glu Thr Val Thr Cys Asn Val Ala His Pro Ala Ser Ser Thr Lys Val
225 230 235 240

Asp Lys Lys Ile Val Pro Arg Asp Cys Gly Cys Lys Pro Cys Ile Cys
245 250 255

Thr Val Pro Glu Val Ser Ser Val Phe Ile Phe Pro Pro Lys Pro Lys
260 265 270

Asp Val Leu Thr Ile Thr Leu Thr Pro Lys Val Thr Cys Val Val Val
275 280 285

Asp Ile Ser Lys Asp Asp Pro Glu Val Gln Phe Ser Trp Phe Val Asp
290 295 300

Asp Val Glu Val His Thr Ala Gln Thr Gln Pro Arg Glu Glu Gln Phe
305 310 315 320

Asn Ser Thr Phe Arg Ser Val Ser Glu Leu Pro Ile Met His Gln Asp
325 330 335

Trp Leu Asn Gly Lys Glu Phe Lys Cys Arg Val Asn Ser Ala Ala Phe
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48

Pro

Ala

Asp

385

Ile

Asn

Lys

Cys

Leu

465

Pro

Leu

Ala

Gly

545

Ile

Tyr

Ser

Glu

Thr

625

Pro

Gly

Asn

Asn

Ser
705

Thr

Phe

Ala

Pro

370

Lys

Thr

Thr

Leu

Ser

450

Ser

Val

Glu

Leu

Gln

530

Glu

His

Ser

Gly

Asp

610

Phe

Thr

Ala

Val

Ser
690
Thr

Cys

Asn

Pro

355

Gln

Val

Val

Gln

Asn

435

Val

His

Lys

Ser

Ala

515

Ile

Lys

Trp

Thr

Ser

595

Ala

Gly

Val

Ser

Lys

675

Trp

Leu

Glu

Arg

340

Ile

Val

Ser

Glu

Pro

420

Val

Leu

Ser

Gln

Asn

500

Phe

Val

Val

Phe

Ser

580

Gly

Ala

Gly

Ser

Val

660

Trp

Thr

Thr

Ala

Asn
740

<210> SEQ ID NO

Glu

Tyr

Leu

Trp

405

Ile

Gln

His

Pro

Thr

485

Pro

Gly

Leu

Thr

Gln

565

Asn

Thr

Thr

Gly

Ile

645

Val

Lys

Asp

Leu

Thr
725

Glu

Lys

Thr

Thr

390

Gln

Met

Lys

Glu

Gly

470

Leu

Gly

Leu

Thr

Ile

550

Gln

Leu

Ser

Tyr

Thr

630

Phe

Cys

Ile

Gln

Thr
710

His

Cys

Thr

Ile

375

Cys

Trp

Asp

Ser

Gly

455

Lys

Asn

Pro

Leu

Gln

535

Thr

Lys

Ala

Tyr

Tyr

615

Lys

Pro

Phe

Asp

Asp

695

Lys

Lys

Ile

360

Pro

Met

Asn

Thr

Asn

440

Leu

Arg

Phe

Met

Cys

520

Ser

Cys

Pro

Ser

Ser

600

Cys

Leu

Pro

Leu

Gly

680

Ser

Asp

Thr

345

Ser

Pro

Ile

Gly

Asp

425

Trp

His

Lys

Asp

Ala

505

Leu

Pro

Ser

Gly

Gly

585

Leu

Gln

Glu

Ser

Asn

665

Ser

Lys

Glu

Ser

Lys

Pro

Thr

Gln

410

Gly

Glu

Asn

Arg

Leu

490

Thr

Pro

Ala

Ala

Thr

570

Val

Thr

Gln

Ile

Ser

650

Asn

Glu

Asp

Tyr

Thr
730

Thr

Lys

Asp

395

Pro

Ser

Ala

His

Arg

475

Leu

Gly

Trp

Ile

Thr

555

Ser

Pro

Ile

Arg

Lys

635

Glu

Phe

Arg

Ser

Glu
715

Ser

Lys

Glu

380

Phe

Ala

Tyr

Gly

His

460

Ser

Lys

Ser

Leu

Met

540

Ser

Pro

Val

Ser

Ser

620

Arg

Gln

Tyr

Gln

Thr
700

Arg

Pro

Gly

365

Gln

Phe

Glu

Phe

Asn

445

Thr

Gly

Leu

Arg

Gln

525

Ser

Ser

Lys

Arg

Arg

605

Ser

Ala

Leu

Pro

Asn

685

Tyr

His

Ile

350

Arg

Met

Pro

Asn

Val

430

Thr

Glu

Ser

Ala

Thr

510

Glu

Ala

Val

Leu

Phe

590

Met

Tyr

Asp

Thr

Lys

670

Gly

Ser

Asn

Val

Pro

Ala

Glu

Tyr

415

Tyr

Phe

Lys

Gly

Gly

495

Ser

Gly

Ser

Ser

Trp

575

Ser

Glu

Pro

Ala

Ser

655

Asp

Val

Met

Ser

Lys
735

Lys

Lys

Asp

400

Lys

Ser

Thr

Ser

Ala

480

Asp

Leu

Ser

Pro

Tyr

560

Ile

Gly

Ala

Pro

Ala

640

Gly

Ile

Leu

Ser

Tyr
720

Ser
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<211> LENGTH: 2241
<212> TYPE: DNA
<213> ORGANISM: Mus musculus
<400> SEQUENCE: 3
atggcgacgg gttcaagaac ttccctactt cttgcatttyg gectgetttyg tttgecgtgg 60
ttacaggagg gctcggcaca agttactcta aaagagtctyg gecctgggat attgaggcce 120
tcacagaccce tcgatctgac ttgttcettte tcectgggtttt cactgagcac ttcectggtcetg 180
agtgtaggcet ggattcgtca gecttcaggg aagggtctgg agtggetgge acacatttgg 240
tgggatgatg tgaagtactt taacccatcc ctgaagagca gactcacaat ctccaaggat 300
agctccagaa accaggtgtt cctcaagatce accagtgtgg acactgcaga tagtgccaca 360
taccactgta ctcgaggacc tctgggtcac ggatttgact actggggceca agggactctg 420
gtcactgtet ctgccgctaa aacgacacce ccatctgtet atccactgge cectggatcet 480
gctgeccaaa ctaactccat ggtgaccctg ggatgectgg tcaagggcta tttecctgag 540
ccagtgacag tgacctggaa ctctggatcce ctgtccageg gtgtgcacac ctteccaget 600
gtectgcagt ctgacctcta cactctgage agctcagtga ctgtccectce cagcacctgg 660
cccagegaga ccgtcacctg caacgttgec cacccggeca gcagcaccaa ggtggacaag 720
aaaattgtgc ccagggattg tggttgtaag ccttgcatat gtacagtccce agaagtatca 780
tctgtettea tettecccce aaagcccaag gatgtgctea ccattactet gactectaag 840
gtcacgtgtyg ttgtggtaga catcagcaag gatgatccceg aggtccagtt cagetggttt 900
gtagatgatyg tggaggtgca cacagctcag acgcaaccce gggaggagca gttcaacagce 960
actttceget cagtcagtga acttcccatce atgcaccagg actggctcaa tggcaaggag 1020
ttcaaatgca gggtcaacag tgcagctttc cctgcceccca tcgagaaaac catctccaaa 1080
accaaaggca gaccgaaggc tccgcaggtg tacaccatte cacctcccaa ggagcagatg 1140
gccaaggata aagtcagtct gacctgcatg ataacagact tcecttccectga agacattact 1200
gtggagtgge agtggaatgg gcagccagceg gagaactaca agaacactca gcccatcatg 1260
gacacagatg gctcttactt cgtctacagc aagctcaatg tgcagaagag caactgggag 1320
gcaggaaata ctttcacctg ctcectgtgtta catgagggcc tgcacaacca ccatactgag 1380
aagagcctcet cccactctece tggtaaacga aaaagaagat caggttcggg tgcgccagta 1440
aagcagacat taaactttga tttgctgaaa cttgcaggtg atgtagagtc aaatccaggt 1500
ccaatggcaa cagggagccg aacctctctg ctececttgett tegggcectcect ttgectaccg 1560
tggctccaag agggctcgge agatgttgtg atgacccaaa ctccactcte cectgectgte 1620
agtcttggag atcaagcctt catctcttge agatctagtc agagccttgt acacagtgat 1680
ggaaacagct acttacattg gtacctgcag aagccaggcec agtctccaaa gctectgatce 1740
tacaaagttt ccaaccgatt ttctggggtc ccagacaggt tcagtggcag tggatcaggg 1800
acagatttca cactcaagat cagcagagtg gaggctgagg atctgggact ttatttctgce 1860
tctcaaacta cacatgttcecc ttggacgttc ggtggaggca ccaagctgga aatcaaacgg 1920
gcagatgctg caccaactgt atccatcttc ccaccatcca gtgagcagtt aacatctgga 1980
ggtgcctcag tegtgtgcett cttgaacaac ttctacccca aagacatcaa tgtcaagtgg 2040
aagattgatg gcagtgaacg acaaaatggc gtcctgaaca gttggactga tcaggacagc 2100
aaagacagca cctacagcat gagcagcacc ctcacgttga ccaaggacga gtatgaacga 2160
cataacagct atacctgtga ggccactcac aagacatcaa cttcacccat tgtcaagagc 2220



US 10,570,200 B2
51

-continued

ttcaacagga atgagtgtta g 2241

<210> SEQ ID NO 4

<211> LENGTH: 746

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 4

Met Ala Thr Gly Ser Arg Thr Ser Leu Leu Leu Ala Phe Gly Leu Leu
1 5 10 15

Cys Leu Pro Trp Leu Gln Glu Gly Ser Ala Gln Val Thr Leu Lys Glu
20 25 30

Ser Gly Pro Gly Ile Leu Arg Pro Ser Gln Thr Leu Asp Leu Thr Cys
35 40 45

Ser Phe Ser Gly Phe Ser Leu Ser Thr Ser Gly Leu Ser Val Gly Trp
50 55 60

Ile Arg Gln Pro Ser Gly Lys Gly Leu Glu Trp Leu Ala His Ile Trp
Trp Asp Asp Val Lys Tyr Phe Asn Pro Ser Leu Lys Ser Arg Leu Thr
85 90 95

Ile Ser Lys Asp Ser Ser Arg Asn Gln Val Phe Leu Lys Ile Thr Ser
100 105 110

Val Asp Thr Ala Asp Ser Ala Thr Tyr His Cys Thr Arg Gly Pro Leu
115 120 125

Gly His Gly Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser
130 135 140

Ala Ala Lys Thr Thr Pro Pro Ser Val Tyr Pro Leu Ala Pro Gly Ser
145 150 155 160

Ala Ala Gln Thr Asn Ser Met Val Thr Leu Gly Cys Leu Val Lys Gly
165 170 175

Tyr Phe Pro Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ser Leu Ser
180 185 190

Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Asp Leu Tyr Thr
195 200 205

Leu Ser Ser Ser Val Thr Val Pro Ser Ser Thr Trp Pro Ser Glu Thr
210 215 220

Val Thr Cys Asn Val Ala His Pro Ala Ser Ser Thr Lys Val Asp Lys
225 230 235 240

Lys Ile Val Pro Arg Asp Cys Gly Cys Lys Pro Cys Ile Cys Thr Val
245 250 255

Pro Glu Val Ser Ser Val Phe Ile Phe Pro Pro Lys Pro Lys Asp Val
260 265 270

Leu Thr Ile Thr Leu Thr Pro Lys Val Thr Cys Val Val Val Asp Ile
275 280 285

Ser Lys Asp Asp Pro Glu Val Gln Phe Ser Trp Phe Val Asp Asp Val
290 295 300

Glu Val His Thr Ala Gln Thr Gln Pro Arg Glu Glu Gln Phe Asn Ser
305 310 315 320

Thr Phe Arg Ser Val Ser Glu Leu Pro Ile Met His Gln Asp Trp Leu
325 330 335

Asn Gly Lys Glu Phe Lys Cys Arg Val Asn Ser Ala Ala Phe Pro Ala
340 345 350

Pro Ile Glu Lys Thr Ile Ser Lys Thr Lys Gly Arg Pro Lys Ala Pro
355 360 365
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Gln Val Tyr Thr Ile Pro Pro Pro Lys Glu Gln Met Ala Lys Asp Lys
370 375 380

Val Ser Leu Thr Cys Met Ile Thr Asp Phe Phe Pro Glu Asp Ile Thr
385 390 395 400

Val Glu Trp Gln Trp Asn Gly Gln Pro Ala Glu Asn Tyr Lys Asn Thr
405 410 415

Gln Pro Ile Met Asp Thr Asp Gly Ser Tyr Phe Val Tyr Ser Lys Leu
420 425 430

Asn Val Gln Lys Ser Asn Trp Glu Ala Gly Asn Thr Phe Thr Cys Ser
435 440 445

Val Leu His Glu Gly Leu His Asn His His Thr Glu Lys Ser Leu Ser
450 455 460

His Ser Pro Gly Lys Arg Lys Arg Arg Ser Gly Ser Gly Ala Pro Val
465 470 475 480

Lys Gln Thr Leu Asn Phe Asp Leu Leu Lys Leu Ala Gly Asp Val Glu
485 490 495

Ser Asn Pro Gly Pro Met Ala Thr Gly Ser Arg Thr Ser Leu Leu Leu
500 505 510

Ala Phe Gly Leu Leu Cys Leu Pro Trp Leu Gln Glu Gly Ser Ala Asp
515 520 525

Val Val Met Thr Gln Thr Pro Leu Ser Leu Pro Val Ser Leu Gly Asp
530 535 540

Gln Ala Phe Ile Ser Cys Arg Ser Ser Gln Ser Leu Val His Ser Asp
545 550 555 560

Gly Asn Ser Tyr Leu His Trp Tyr Leu Gln Lys Pro Gly Gln Ser Pro
565 570 575

Lys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro Asp
580 585 590

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile Ser
595 600 605

Arg Val Glu Ala Glu Asp Leu Gly Leu Tyr Phe Cys Ser Gln Thr Thr
610 615 620

His Val Pro Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg
625 630 635 640

Ala Asp Ala Ala Pro Thr Val Ser Ile Phe Pro Pro Ser Ser Glu Gln
645 650 655

Leu Thr Ser Gly Gly Ala Ser Val Val Cys Phe Leu Asn Asn Phe Tyr
660 665 670

Pro Lys Asp Ile Asn Val Lys Trp Lys Ile Asp Gly Ser Glu Arg Gln
675 680 685

Asn Gly Val Leu Asn Ser Trp Thr Asp Gln Asp Ser Lys Asp Ser Thr
690 695 700

Tyr Ser Met Ser Ser Thr Leu Thr Leu Thr Lys Asp Glu Tyr Glu Arg
705 710 715 720

His Asn Ser Tyr Thr Cys Glu Ala Thr His Lys Thr Ser Thr Ser Pro
725 730 735

Ile Val Lys Ser Phe Asn Arg Asn Glu Cys
740 745

<210> SEQ ID NO 5

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 5

tcttetgaac tgactcagga
acatgccaag gagacagcect
caggccectyg tacttgteat
ttctetgget ccacctcagyg
gatgaggctyg actattactg

ggagggacca agctgaccgt

<210> SEQ ID NO 6
<211> LENGTH: 108
<212> TYPE: PRT

cecctgttgty

cagaacctat

ctatgatgaa

aaacacagct

taactccegyg

ccta

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Ser Ser Glu Leu Thr
1 5
Thr

Val Ile

20

Arg Thr

Ser Trp Tyr Gln Gln

35

Glu
50

Asp Asn Asn Arg

Thr
65

Ser Gly Asn Thr

Asp Glu Ala Asp Tyr

85
Val Phe

Leu Gly

100

Gly

<210>
<211>
<212>
<213>

SEQ ID NO 7
LENGTH: 372
TYPE: DNA

<400> SEQUENCE: 7

caggtgcage tacagcagtg

acttgcgatyg tctatggtgg

ccagggaagg ggctggagtg

cegteectca ggagtcegagt

aagctgaggt ctgtgaccge

gttcggggaa ttatgtggaa

accgtetece ca

<210> SEQ ID NO 8
<211> LENGTH: 124
<212> TYPE: PRT

Gln

Cys

Lys

Pro

Ala

70

Tyr

Gly

Asp Pro

Gln Gly

Pro Arg

40

Ser
55

Gly
Ser Leu
Asn

Cys

Thr Lys

ORGANISM: Homo sapiens

dggcgeagga

gtcettcagt

gattggggaa

caccatatca

cgcggacacyg

ctactactac

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

tctgtggect tgggacagac

catgcaagct ggtaccagca

aacaaccggce cctcagggat

tccttgacca tcactgggge

gacagcagtyg gtaaccgtcet

Val Val

10

Ser Val Ala

Asp Ser Thr

25

Leu Arg Tyr

30

Gln Ala Pro Val Leu Val

45

Ile Pro Asp Arg Phe Ser

60

Thr Ile Thr Gly Ala

75
Ser

Ser Arg

90

Asp Ser

Leu Thr Val Leu

105

ctgttgaage ctteggagac
ggttactact ggagttggat
atcaatcata gtggaagcac
gtagacacgt ccaagaatca
getgtgtatt actgtgegag

atggacgtct ggggcaaagg

Leu

Gln

Gly

agtcaggatc
gaagccaaga
cccagaccga

tcaggcggaa

ggtattcgge

Gly Gln

15

His Ala

Ile Tyr

Gly Ser

Ala Glu

80

Asn
95

Arg

cctgteccte
cecgecagece
caactacaac
gttctecetyg
aggctttatg

gaccacggte

Gln Val Gln Leu Gln Gln Trp Gly Ala Gly Leu Leu Lys Pro Ser Glu

1 5

10

15

Thr Leu Ser Leu Thr Cys Asp Val Tyr Gly Gly Ser Phe Ser Gly Tyr

20

25 30

60

120

180

240

300

324

60

120

180

240

300

360

372
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58

Tyr Trp Ser
35

Gly Glu Ile
50

Ser Arg Val
65

Lys Leu Arg

Arg Gly Phe

Val Trp Gly
115

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

Trp Ile Arg Gln Pro

40

Asn His Ser Gly Ser

55

Thr Ile Ser Val Asp

70

Ser Val Thr Ala Ala

85

Met Val Arg Gly Ile

100

Lys Gly Thr Thr Vval

D NO 9
H: 348
DNA

120

ISM: Mus musculus

<400> SEQUENCE: 9

cagatccagt

tcctgcaagy

ccaggaaagg

gcagatgact

ttggagatca

tegggecttyg

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

tggtgcagtc
cttctggtta
gtttaaagtg
tcaggggacy
acaacctcaa
cttattgggg
D NO 10

H: 96
PRT

tggacctgag
taagttcaca
gatgggctgg
gtttgactte
aaatgacgac

ccaagggact

ISM: Mus musculus

<400> SEQUENCE: 10

Gln Ile Gln
1

Thr Val Lys
Ser Ile His
35

Gly Trp Ile
50

Arg Gly Arg

Ser Gly Leu

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

Leu Val Gln Ser Gly

Ile Ser Cys Lys Ala

20

Trp Val Lys Gln Val

40

Asp Thr Glu Thr Gly

55

Phe Asp Phe Ser Leu

70

Ala Tyr Trp Gly Gln

85
D NO 11
H: 336

DNA

ISM: Mus musculus

<400> SEQUENCE: 11

gatgctgtge

tgacccagac

tccactcact

Pro

Thr

Thr

Asp

Met

105

Thr

Gly

Asn

Ser

Thr

90

Trp

Val

Lys

Tyr

Lys

75

Ala

Asn

Ser

gtgaagaagc

gactattcaa

atagacactg

tctttggaaa

acgactacat

ctggtcactg

Pro

Ser

25

Pro

Glu

Glu

Gly

Glu

10

Gly

Gly

Ser

Thr

Thr
90

Val

Tyr

Lys

Thr

Ser

75

Leu

ttgtcggtta

atctcttgca agtcaagtca gagectctta gatagtgatg

ttgttacaga ggccaggcca gtctccaaag tgectgatet

tctggagtec

ctgacaggtt

cactggcagt

ggatcaggga

Gly Leu Glu
45

Asn Pro Ser
60

Asn Gln Phe

Val Tyr Tyr

Tyr Tyr Tyr

110

Pro

ctggagagac
ttcactgggt
agactggtga
cttetgteag
atttttgtge

tctetgea

Lys Lys Pro

Lys Phe Thr
30

Gly Leu Lys
45

Tyr Ala Asp
60

Val Ser Thr

Val Thr Val

ccagtggaca
gaaagacata
atctggtgte

cagatttcac

Trp Ile

Leu Arg

Ser Leu
80

Cys Ala
95

Met Asp

agtcaagatc
gaagcaggtt
gtcaacatat

cactgectet

tagatgggga

Gly Glu

Asp Tyr

Trp Met

Asp Phe

Ala Ser
80

Ser Ala
95

accagectee
tttgagttgg
taaactggac

actgaaaatc

60

120

180

240

300

348

60

120

180

240
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60

aacagagtgg aggctgagga tttgggagtt tattgttget ggcaaggaac acacttgtge

acctteggag gggggaccaa gctggagata aaacgg

<210> SEQ ID NO 12

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 12

Asp Ala Val Leu Thr Gln Thr Pro Leu Thr Leu Ser Val Thr Ser Gly
1 5 10 15

Gln Pro Ala Ser Ile Ser Cys Lys Ser Ser Gln Ser Leu Leu Asp Ser
20 25 30

Asp Gly Lys Thr Tyr Leu Ser Trp Leu Leu Gln Arg Pro Gly Gln Ser
35 40 45

Pro Lys Cys Leu Ile Tyr Leu Val Ser Lys Leu Asp Ser Gly Val Pro
50 55 60

Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
65 70 75 80

Asn Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Cys Cys Trp Gln Gly
85 90 95

Thr His Leu Cys Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg
100 105 110

<210> SEQ ID NO 13

<211> LENGTH: 114

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 13

Gln Val Gln Leu Gln Gln Ser Gly Gly Gly Leu Val Lys Pro Gly Gly
1 5 10 15

Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Gly Met Ser Trp Val Arg Gln Thr Pro Glu Lys Arg Leu Glu Trp Val
35 40 45

Ala Thr Ser Ile Gly Gly Gly Ser Tyr Thr Tyr Ala Ala Tyr Pro Asp
50 55 60

Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Asn
65 70 75 80

Leu Tyr Leu Gln Met Ser Ser Leu Arg Ser Glu Asp Thr Ala Leu Phe
85 90 95

Tyr Cys Val Arg Leu Tyr Gly Thr Ser Pro Trp Phe Asp Tyr Trp Gly
100 105 110

Gln Gly

<210> SEQ ID NO 14

<211> LENGTH: 109

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 14

Asp Ile Gln Met Thr Gln Ser Pro Ala Ile Leu Ser Val Ser Pro Gly
1 5 10 15

Glu Arg Val Ser Phe Ser Cys Arg Ala Ser Gln Ser Ile Gly Thr Ser
20 25 30

300

336
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Ile His Trp Tyr Gln Gln Arg Thr Asn Gly Ser Pro Arg Leu Leu Ile
35 40 45

Ala Ala Ala Tyr Ser Ala Ser Glu Ser Tyr Ala Pro Ser Arg Phe Ser
50 55 60

Gly Ser Arg Ser Gly Thr Asp Ala Thr Leu Ser Ile Asn Ser Val Glu
65 70 75 80

Ser Glu Asp Ile Ala Asp Tyr Tyr Cys Gln Gln Ser Asn Ser Trp Pro
85 90 95

Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu Ile Lys Arg
100 105

<210> SEQ ID NO 15

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 15

Met Ala Thr Gly Ser Arg Thr Ser Leu Leu Leu Ala Phe Gly Leu Leu
1 5 10 15

Cys Leu Pro Trp Leu Gln Glu Gly Ser Ala
20 25

<210> SEQ ID NO 16

<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 16

Arg Lys Arg Arg Ser Gly Ser Gly Ala Pro Val Lys Gln Thr Leu Asn
1 5 10 15

Phe Asp Leu Leu Lys Leu Ala Gly Asp Val Glu Ser Asn Pro Gly Pro
20 25 30

<210> SEQ ID NO 17

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 17

Met Ala Thr Gly Ser Arg Thr Ser Leu Leu Leu Ala Phe Gly Leu Leu
1 5 10 15

Cys Leu Pro Trp Leu Gln Glu Gly Ser Ala Gln Ile Gln Leu Val Gln
20 25 30

Ser Gly Pro Glu Leu Lys Lys Pro Gly Glu Thr Val Lys Ile Ser Cys
35 40 45

Lys Ala Ser Gly Tyr Pro Phe Thr Asn Tyr Gly Met Asn Trp Val Lys
50 55 60

Gln Ala Pro Gly Lys Gly Leu Lys Trp Met Gly Trp Ile Asn Thr Tyr
65 70 75 80

Thr Gly Glu Pro Ala Cys Ala Asp Asp Phe Arg Gly Arg Phe Ala Ile
85 90 95

Ser Leu Glu Thr Ser Ala Arg Thr Ala Tyr Leu Gln Ile Asn Asn Leu
100 105 110

Ile Asn Glu Asp Thr Ala Thr Tyr Phe Cys Ala Arg Thr Gly Gly Gly
115 120 125
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Arg Tyr Asn Tyr Gly Met Asp Tyr Trp Gly Gln Gly Thr Ser Val Thr
130 135 140

Val Ser Ser
145

<210> SEQ ID NO 18

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 18

Gly Tyr Pro Phe Thr Asn Tyr
1 5

<210> SEQ ID NO 19

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 19

Asn Tyr Gly Met Asn
1 5

<210> SEQ ID NO 20

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 20

Asn Thr Tyr Thr Gly Glu
1 5

<210> SEQ ID NO 21

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 21

Trp Ile Asn Thr Tyr Thr Gly Glu Pro Ala Cys Ala Asp Asp Phe Arg
1 5 10 15

Gly

<210> SEQ ID NO 22

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 22

Thr Gly Gly Gly Arg Tyr Asn Tyr Gly Met Asp Tyr
1 5 10

<210> SEQ ID NO 23

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 23

Thr Gly Gly Gly Arg Tyr Asn Tyr Gly Met Asp Tyr
1 5 10

<210> SEQ ID NO 24

<211> LENGTH: 239

<212> TYPE: PRT

<213> ORGANISM: Mus musculus
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-continued
<400> SEQUENCE: 24
Met Ala Thr Gly Ser Arg Thr Ser Leu Leu Leu Ala Phe Gly Leu Leu
1 5 10 15
Cys Leu Pro Trp Leu Gln Glu Gly Ser Ala Gln Ile Val Leu Thr Gln
20 25 30
Ser Pro Ala Ile Met Ser Ala Ser Pro Gly Glu Lys Val Thr Ile Thr
35 40 45
Cys Ser Ala Thr Ser Ser Val Ser Tyr Ile His Trp Phe Gln Gln Lys
50 55 60
Pro Gly Thr Ser Pro Lys Leu Trp Ile Tyr Ser Thr Ser Asn Leu Ala
65 70 75 80
Ser Gly Val Pro Val Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr
85 90 95
Ser Leu Thr Ile Ser Arg Met Glu Ala Glu Asp Ala Ala Thr Tyr Tyr
100 105 110
Cys Gln Gln Arg Ser Ser Tyr Pro Pro Thr Phe Gly Gly Gly Thr Lys
115 120 125
Leu Glu Ile Lys Arg Ala Asp Ala Ala Pro Thr Val Ser Ile Phe Pro
130 135 140
Pro Ser Ser Glu Gln Leu Thr Ser Gly Gly Ala Ser Val Val Cys Phe
145 150 155 160
Leu Asn Asn Phe Tyr Pro Lys Asp Ile Asn Val Lys Trp Lys Ile Asp
165 170 175
Gly Ser Glu Arg Gln Asn Gly Val Leu Asn Ser Trp Thr Asp Gln Asp
180 185 190
Ser Lys Asp Ser Thr Tyr Ser Met Ser Ser Thr Leu Thr Leu Thr Lys
195 200 205
Asp Glu Tyr Glu Arg His Asn Ser Tyr Thr Cys Glu Ala Thr His Lys
210 215 220
Thr Ser Thr Ser Pro Ile Val Lys Ser Phe Asn Arg Asn Glu Cys
225 230 235
<210> SEQ ID NO 25
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Mus musculus
<400> SEQUENCE: 25
Ser Ala Thr Ser Ser Val Ser Tyr Ile His
1 5 10
<210> SEQ ID NO 26
<211> LENGTH: 7
<212> TYPE: PRT
<213> ORGANISM: Mus musculus
<400> SEQUENCE: 26
Ser Thr Ser Asn Leu Ala Ser
1 5
<210> SEQ ID NO 27
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM: Mus musculus
<400> SEQUENCE: 27
Gln Gln Arg Ser Ser Tyr Pro Pro Thr
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<210> SEQ ID NO 28

<211> LENGTH: 145

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 28

Met Ala Thr Gly Ser Arg Thr Ser Leu Leu Leu Ala Phe Gly Leu Leu
1 5 10 15

Cys Leu Pro Trp Leu Gln Glu Gly Ser Ala Gln Val Thr Leu Lys Glu
20 25 30

Ser Gly Pro Gly Ile Leu Arg Pro Ser Gln Thr Leu Asp Leu Thr Cys
35 40 45

Ser Phe Ser Gly Phe Ser Leu Ser Thr Ser Gly Leu Ser Val Gly Trp
50 55 60

Ile Arg Gln Pro Ser Gly Lys Gly Leu Glu Trp Leu Ala His Ile Trp
65 70 75 80

Trp Asp Asp Val Lys Tyr Phe Asn Pro Ser Leu Lys Ser Arg Leu Thr
85 90 95

Ile Ser Lys Asp Ser Ser Arg Asn Gln Val Phe Leu Lys Ile Thr Ser
100 105 110

Val Asp Thr Ala Asp Ser Ala Thr Tyr His Cys Thr Arg Gly Pro Leu
115 120 125

Gly His Gly Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser
130 135 140

Ala
145

<210> SEQ ID NO 29

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 29

Gly Phe Ser Leu Ser Thr Ser Gly Leu
1 5

<210> SEQ ID NO 30

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 30

Thr Ser Gly Leu Ser Val Gly
1 5

<210> SEQ ID NO 31

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 31

Trp Trp Asp Asp Val
1 5

<210> SEQ ID NO 32

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Mus musculus



US 10,570,200 B2
69

-continued

70

<400> SEQUENCE: 32

His Ile Trp Trp Asp

1 5

<210> SEQ ID NO 33

<211> LENGTH: 9
<212> TYPE: PRT

<213> ORGANISM: Mus
<400> SEQUENCE: 33

Gly Pro Leu Gly His

1 5

<210> SEQ ID NO 34

<211> LENGTH: 9
<212> TYPE: PRT

<213> ORGANISM: Mus
<400> SEQUENCE: 34

Gly Pro Leu Gly His

1 5

<210> SEQ ID NO 35

<211> LENGTH: 139
<212> TYPE: PRT

<213> ORGANISM: Mus
<400> SEQUENCE: 35

Met Ala Thr Gly Ser

1 5

Cys Leu Pro Trp Leu

20

Thr Pro Leu Ser Leu

35

Cys Arg Ser Ser Gln

50

His Trp Tyr Leu Gln

Lys Val Ser Asn Arg
85

Gly Ser Gly Thr Asp

100

Asp Leu Gly Leu Tyr

115

Phe Gly Gly Gly Thr

130

<210> SEQ ID NO 36

<211> LENGTH: 16
<212> TYPE: PRT

<213> ORGANISM: Mus
<400> SEQUENCE: 36

Arg Ser Ser Gln Ser

1 5

<210> SEQ ID NO 37

<211> LENGTH: 7
<212> TYPE: PRT

<213> ORGANISM: Mus

Asp Val Lys Tyr Pro Asn Pro Ser Leu Lys Ser
10 15

musculus

Gly Phe Asp Tyr

musculus

Gly Phe Asp Tyr

musculus

Arg Thr Ser Leu Leu Leu Ala Phe Gly Leu Leu
10 15

Gln Glu Gly Ser Ala Asp Val Val Met Thr Gln
25 30

Pro Val Ser Leu Gly Asp Gln Ala Phe Ile Ser
40 45

Ser Leu Val His Ser Asp Gly Asn Ser Tyr Leu
55 60

Lys Pro Gly Gln Ser Pro Lys Leu Leu Ile Tyr
70 75 80

Phe Ser Gly Val Pro Asp Arg Phe Ser Gly Ser
90 95

Phe Thr Leu Lys Ile Ser Arg Val Glu Ala Glu
105 110

Phe Cys Ser Gln Thr Thr His Val Pro Trp Thr
120 125

Lys Leu Glu Ile Lys Arg
135

musculus

Leu Val His Ser Asp Gly Asn Ser Tyr Leu His
10 15

musculus
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<400> SEQUENCE:

Lys Val Ser Asn
1

<210> SEQ ID NO
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ser Gln Thr Thr
1

<210> SEQ ID NO
<211> LENGTH: 7
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Gly Gly Ser Phe
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Gly Tyr Tyr Trp
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Asn His Ser Gly

1

<210> SEQ ID NO
<211> LENGTH: 16
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Arg Phe Ser

38

Mus musculus
38

His Val Pro Trp Thr
5

39

Homo sapiens
39
Ser Gly Tyr
5

40

Homo sapiens
40

Ser

41

Homo sapiens
41

Ser

42

Homo sapiens

42

Glu Ile Asn His Ser Gly Ser Thr Asn Tyr Asn Pro Ser Leu Arg Ser

1

<210> SEQ ID NO
<211> LENGTH: 16
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

5

43

Homo sapiens

43

15

Gly Phe Met Val Arg Gly Ile Met Trp Asn Tyr Tyr Tyr Met Asp Val

1

<210> SEQ ID NO
<211> LENGTH: 16
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

5

44

Homo sapiens

44

15
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Gly Phe Met Val
1

<210> SEQ ID NO
<211> LENGTH: 7
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Gly Tyr Lys Phe
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Asp Tyr Ser Ile
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Asp Thr Glu Thr
1

<210> SEQ ID NO
<211> LENGTH: 17
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Trp Ile Asp Thr
1

Gly

<210> SEQ ID NO
<211> LENGTH: 7
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Trp Gly Ser Gly
1

<210> SEQ ID NO
<211> LENGTH: 7
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Trp Gly Ser Gly

1

<210> SEQ ID NO
<211> LENGTH: 16
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Arg

45

Mus
45

Thr

46

Mus
46

His

47

Mus
47

Gly

48

Mus
48

Glu

49

Mus
49

Leu

50

Mus
50

Leu

51

Mus

51

Gly Ile Met Trp Asn Tyr Tyr Tyr Met Asp Val
10 15

musculus

Asp Tyr

musculus

musculus

Glu

musculus

Thr Gly Glu Ser Thr Tyr Ala Asp Asp Phe Arg
10 15

musculus

Ala Tyr

musculus

Ala Tyr

musculus
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Lys Ser Ser Gln Ser

1 5

<210> SEQ ID NO 52

<211> LENGTH: 7
<212> TYPE: PRT

<213> ORGANISM: Mus
<400> SEQUENCE: 52

Leu Val Ser Lys Leu

1 5

<210> SEQ ID NO 53

<211> LENGTH: 8
<212> TYPE: PRT

<213> ORGANISM: Mus
<400> SEQUENCE: 53

Trp Gln Gly Thr His

1 5

<210> SEQ ID NO 54

<211> LENGTH: 342
<212> TYPE: RNA

<213> ORGANISM: Mus

<400> SEQUENCE: 54

Leu Leu Asp Ser Asp Gly Lys Thr Tyr Leu Ser

musculus

Asp Ser

musculus

Leu Cys Thr

musculus

caggugcage ugcagcaguc cggeggegge

uccugegecg ccuccggcuu caccuucucc

ccegagaage ggcuggagug gguggecace

gecuacceeg acuccgugaa gggeogguuc

cuguaccuge agauguccuc ccugeggucce

cuguacggca ccucceccug guucgacuac

<210> SEQ ID NO 55

<211> LENGTH: 342
<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 55

caggtgcage tgcagcagte cggeggegge

tcectgegeeg ccteeggett caccttetece

ccegagaage ggctggagtg ggtggecace

gectacceeg actcegtgaa gggecggtte

ctgtacctge agatgtecte cctgeggtece

ctgtacggca ccteeeectg gttegactac

<210> SEQ ID NO 56

<211> LENGTH: 7
<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 56

Gly Phe Thr Phe Ser Ser Tyr

1 5

<210> SEQ ID NO 57

<211> LENGTH: 5

10

cuggugaagc

uccuacggca

uccaucggcyg

accaucuccc

gaggacaccyg

uggggecagyg

ctggtgaage

tcctacggea

tccateggeyg

accatctcce

gaggacaccyg

tggggccagg

ceggeggeuc
uguccugggu
geggeuccua
gggacaacgce

cccuguucua

gc

ceggeggete

tgtcctgggt

geggetecta

gggacaacgce

ccctgtteta

gc

15

ccugaagceug

geggcagace

caccuacgcc

caagaacaac

cugcgugegy

cctgaagetyg
geggcagace
cacctacgee

caagaacaac

ctgcgtgegg

60

120

180

240

300

342

60

120

180

240

300

342
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<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 57

Ser Tyr Gly Met Ser

1 5

<210> SEQ ID NO 58

<211> LENGTH: 8
<212> TYPE: PRT

<213> ORGANISM: Mus
<400> SEQUENCE: 58

Ile Gly Gly Gly Ser

1 5

<210> SEQ ID NO 59

<211> LENGTH: 19
<212> TYPE: PRT

<213> ORGANISM: Mus
<400> SEQUENCE: 59

Thr Ser Ile Gly Gly

1 5

Val Lys Gly

<210> SEQ ID NO 60

<211> LENGTH: 10
<212> TYPE: PRT

<213> ORGANISM: Mus
<400> SEQUENCE: 60

Leu Tyr Gly Thr Ser

1 5

<210> SEQ ID NO 61

<211> LENGTH: 10
<212> TYPE: PRT

<213> ORGANISM: Mus
<400> SEQUENCE: 61

Leu Tyr Gly Thr Ser

1 5

<210> SEQ ID NO 62

<211> LENGTH: 327
<212> TYPE: RNA

<213> ORGANISM: Mus

<400> SEQUENCE: 62

musculus

Tyr Thr Tyr

musculus

Gly Ser Tyr Thr Tyr Ala Ala Tyr Pro Asp Ser

musculus

10

Pro Trp Phe Asp Tyr

musculus

10

Pro Trp Phe Asp Tyr

musculus

gacauccaga ugacccaguc ccccegecauc

uucuccugee gggecuccca guccaucgge

aacggcucce cccggeugeu gaucgecgec

ucccgguucu ceggcucceg guccggeaca

uccgaggaca ucgccgacua cuacugccag

gecggeacca agcuggagau caagcegg

<210> SEQ ID NO 63

<211> LENGTH: 327
<212> TYPE: DNA

<213> ORGANISM: Mus musculus

10

cuguccgugu

accuccaucc

gecuacuccyg

gacgccacce

caguccaacu

ccececggega

acugguacca

ccuccgaguc

uguccaucaa

ccuggecccu

15

gcgggugucc

gcagcggace

cuacgccccce

cuccguggag

gaccuucggce

60

120

180

240

300

327
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<400> SEQUENCE: 63
gacatccaga tgacccagte cccegecate ctgtceegtgt ceccceggega gegggtgtec 60
ttctectgee gggectecca gtccategge acctcecatece actggtacca gcageggace 120
aacggctcce cccggetget gatcgecgece gectacteeg cctecgagte ctacgeccce 180
tceeggttet cceggetecceg gtecggeacce gacgccaccee tgtcecatcaa ctceegtggag 240
tcecgaggaca tcgecgacta ctactgecag cagtccaact cctggcccect gaccttegge 300
gccggcacca agctggagat caagcgg 327
<210> SEQ ID NO 64
<211> LENGTH: 11
<212> TYPE: PRT
<213> ORGANISM: Mus musculus
<400> SEQUENCE: 64
Arg Ala Ser Gln Ser Ile Gly Thr Ser Ile His
1 5 10
<210> SEQ ID NO 65
<211> LENGTH: 8
<212> TYPE: PRT
<213> ORGANISM: Mus musculus
<400> SEQUENCE: 65
Ala Ala Tyr Ser Ala Ser Glu Ser
1 5
<210> SEQ ID NO 66
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM: Mus musculus
<400> SEQUENCE: 66
Gln Gln Ser Asn Ser Trp Pro Leu Thr

1 5

What is claimed is:

1. A recombinant genetic construct comprising an anti-
body gene that encodes an antibody or a fragment thereof
that binds to a protein, a peptide, or a small molecule specific
to reproductive function, wherein the recombinant genetic
construct is configured to be delivered and expressed in an
animal subject, wherein the antibody comprises an amino
acid sequence that is at least 90% identical to that in SEQ ID
NOs: 10, 12, 13, or 14.

2. The recombinant genetic construct of claim 1, wherein
the antibody inhibits a protein specific to reproductive
function.

3. The recombinant genetic construct of claim 1, wherein
the protein specific to reproductive function is one that,
when bound by the antibody, causes sterility.

4. The recombinant genetic construct of claim 1, wherein
the protein is a reproductive hormone, a protein component
of the egg zona pellucida, or a protein component of the
sperm plasma membrane.

5. The recombinant genetic construct of claim 1, wherein
the amino acid sequence is at least 95% identical to that in
SEQ ID NOs: 10, 12, 13, or 14.

6. The recombinant genetic construct of claim 1, wherein
the amino acid sequence is at least 99% identical to that in
SEQ ID NOs: 10, 12, 13, or 14.

45

50

55

60

65

7. The recombinant genetic construct of claim 1, wherein
the antibody comprises 6 CDRs, wherein the 6 CDRs are 6
CDRs are encoded by SEQ ID NOs:10 and 12, or 13 and 14.

8. The recombinant genetic construct of claim 1, wherein
the antibody comprises an amino acid sequence SEQ ID
NOs: 10, 12, 13, or 14.

9. The recombinant genetic construct of claim 1, wherein
the antibody comprises SEQ ID NOs:

a) 10 and 12, or

b) 13 and 14.

10. The recombinant genetic construct of claim 1, wherein
the antibody comprises an amino acid sequence that is at
least 90% identical to that in SEQ ID NO: 12.

11. The recombinant genetic construct of claim 1, wherein
the antibody comprises an amino acid sequence that is at
least 90% identical to that in SEQ ID NO: 13.

12. The recombinant genetic construct of claim 1, wherein
the antibody or fragment thereof comprises an amino acid
modification that enhances or suppresses an effector func-
tion of the encoded antibody or fragment.

13. The recombinant genetic construct of claim 1, com-
prising an antibody expression cassette comprising a tissue
specific promoter, a regulatory element, and one or more
microRNA target sites.
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14. The recombinant genetic construct of claim 13,
wherein the regulatory element is a 5' untranslated region (5'
UTR) or a 3' untranslated region (3' UTR).

15. The recombinant genetic construct of claim 1, incor-
porated into a transfection vehicle selected from the group
consisting of an adeno-associated virus (AAV), a lentivirus,
a DNA-containing nanoparticle, a liposome-DNA mixture,
and a peptide-DNA mixture.

16. A contraceptive composition comprising the recom-
binant genetic construct of claim 1.

17. The contraceptive composition of claim 16, config-
ured to be delivered to an animal through intramuscular
injection, subcutaneous injection, intravenous injection,
intraperitoneal injection, oral delivery, -electroporation
through the skin, sonication, or nasal inhalation.

18. A pharmaceutical composition comprising:

the recombinant genetic construct of claim 1; and

a pharmaceutically acceptable carrier, wherein the recom-

binant genetic construct is present in at least 1 ug/ml,
and wherein the pharmaceutically acceptable carrier
can be combined with a nucleic acid.

19. The recombinant genetic construct of claim 1, wherein
the antibody comprises 3 CDRs, wherein the 3 CDRs are 3
CDRs are encoded by SEQ ID NO: 28.

20. The recombinant genetic construct of claim 1, wherein
the antibody comprises 3 CDRs, wherein the 3 CDRs are 3
CDRs are encoded by SEQ ID NO: 35.

21. The recombinant genetic construct of claim 1, wherein
the antibody comprises an amino acid sequence that is at
least 90% identical to that in SEQ ID NO: 14.

#* #* #* #* #*
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