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Contraceptive  vaccines  have  been  used  for the management  of  wildlife  population.  In  the  present  study,
we  have  examined  the  contraceptive  potential  of  Escherichia  coli-expressed  recombinant  fusion  protein
comprising  of  ‘promiscuous’  T cell  epitope  of  tetanus  toxoid  [TT; amino  acid  (aa)  residues  830–844]  fol-
lowed  by  dilysine  linker  (KK),  dog  ZP3 fragment  (aa residues  307–346),  triglycine  spacer  (GGG),  T cell
epitope  of bovine  RNase  (bRNase;  aa  residues  94–104),  GnRH,  T  cell epitope  of circumsporozoite  protein  of
Plasmodium  falciparum  (CSP;  aa residues  362–383),  and GnRH.  SDS-PAGE  analysis  of  the  purified  refolded
protein  revealed  a dominant  ∼12 kDa  band,  which  in Western  blot  reacted  with mouse  polyclonal  anti-
bodies  against  dog  ZP3  fragment  and  mouse  monoclonal  antibodies  against  GnRH.  Immunization  of
female  FvB/J  mice  following  two  booster  schedule  with  the above  recombinant  protein  supplemented
with  alum  led  to high  antibody  titres  against  the immunogen  as well  as  ZP3  and  GnRH  as  determined
by  ELISA.  The  immune  sera reacted  with zona  pellucida  of  mouse  oocyte  and  also  inhibited  in-vitro
fertilization.  The  qRT-PCR  studies  showed  decrease  in  the  ovarian  GnRH  receptor  in  mice  immunized

with  the  recombinant  fusion  protein.  Mating  studies  revealed  high  contraceptive  efficacy  of the  recom-
binant  protein  as  in two  independent  experiments,  90%  of the immunized  female  mice  failed  to conceive.
Following  one  booster  immunization  schedule,  50%  of  the immunized  female  mice  failed  to  conceive.
However,  in  adjuvanted  controls,  all the  female  mice  became  pregnant.  To  conclude,  the  recombinant
protein  described  herein  has  a good  potential  to be  developed  as candidate  contraceptive  vaccine.

©  2016 Elsevier  Ireland  Ltd.  All  rights  reserved.
. Introduction

Infringement of wildlife boundaries owing to the increasing
rbanization is leading to increased human-animal conflicts. Wild
nimals act as reservoirs and/or vectors for various diseases of
oonotic importance and thus pose a major risk to the human health
http://www.cdc.gov/ncezid/). For example, street dogs are one
f the vectors maintaining rabies virus circulation within human
ommunities and high incidence of rabies is prevalent in several
eveloping countries, including India due to rabid dog bite (Knobel

t al., 2005; Reece, 2007; Sudarshan et al., 2007). Thus, there is a
eed to develop new acceptable contraceptive strategies instead of

ethal means such as shooting, trapping and poisoning to control
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wildlife population. Contraceptive vaccines based on native porcine
zona pellucida (ZP) glycoproteins have been used successfully to
manage population of feral horses (Equus caballus) at Assateague
Island National Seashore, MD,  USA as well as white-tailed deer
(Odocoileus virginianus) inhabiting Fire Island National Seashore,
NY, USA (Kirkpatrick et al., 1990; Naugle et al., 2002). Long term
follow-up of the porcine ZP immunized wild horses and white-
tailed deer did not reveal any significant debilitating health effects
(Kirkpatrick and Turner, 2002; Curtis et al., 2007).

In addition to ZP-based contraceptive vaccine, immunocon-
traceptive vaccine aiming to neutralize the biological activity of
gonadotropin releasing hormone (GnRH) has been proposed for
inhibition of fertility in various animal models (Hodges and Hearn,
1977; Carelli et al., 1982; Miller et al., 2000; Jung et al., 2005; Walker
et al., 2007). At least, four commercial GnRH-based contraceptive
vaccines e.g. Improvac® (Pfizer Animal Health, Victoria, Australia),

Equity® (CSL, West Ryde, NSW, Australia), Repro-BlocTM (Ampli-
con Vaccine LLC, Pullman, WA,  USA) and GonaconTM (developed by
National Wildlife Research Center, USA) are available. These vac-
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ines have shown variable contraceptive efficacy in various animal
odels (Elhay et al., 2007; Miller et al., 2008; Yoder and Miller,

010; Brunius et al., 2011; Levy et al., 2011).
In the present manuscript, we have addressed the issue, if higher

ontraceptive efficacy can be achieved by immunization with the
mmunogens that elicit simultaneously antibodies reactive with
P and GnRH. Keeping this in view, recombinant fusion protein
ncompassing a fragment of dog ZP3 encoded by exon 7 corre-
ponding to the amino acid (aa) residues 307–346 and two copies
f GnRH was designed. The above stretch of ZP3 was  selected as it
s responsible for binding of spermatozoa to the ZP matrix in mice
Williams et al., 2006). The T cell help to elicit immune response
as provided by inclusion of ‘promiscuous’ T cell epitope(s), having

bility to bind to various MHC  II molecules (Lairmore et al., 1995;
’Hern et al., 1997). The recombinant protein was expressed in
. coli without any affinity tag. Its immunogenicity and contracep-
ive efficacy have been studied in female mice prior to evaluation
n female dogs.

. Materials and methods

.1. Cloning and expression of recombinant protein

The codon optimized synthetic gene encoding fusion protein
omprising ‘promiscuous’ T cell epitope of tetanus toxoid (TT; aa
esidues 830–844), dilysine linker (KK), fragment of dog ZP3 (aa
esidues 307–346), triglycine spacer (GGG), ‘promiscuous’ T cell
pitope of bovine RNase (bRNase; aa residues 94–104), GnRH, T cell
pitope of circumsporozoite protein of Plasmodium falciparum (CSP;
a residues 362–383), GnRH and stop codon (TGA) was  obtained
rom GenScript Corporation (Piscataway, NJ, USA) in pUC57 vector
designated as ZP3-(GnRH)2]. Restriction sites for Nde1 and BamH1
t 5′ and 3′ ends respectively were also incorporated in the syn-
hetic gene. Using standard protocols, DNA was cloned in pET22b(+)
xpression vector (EMD4 Biosciences, NJ, USA) under T7 promoter
nd used to transform BL21[DE3]pLysS Escherichia coli cells (Strata-
ene, CA, USA). Transformed bacterial cells were grown in presence
f appropriate antibiotic resistant markers at 37 ◦C until the OD600
eached between 0.4 to 0.6 and the expression of recombinant
rotein was induced with an optimized concentration of 1.0 mM

sopropyl-�-d-thiogalactopyranoside (IPTG; Sigma–Aldrich Inc., St.
ouis, USA) for 3 h. The expressed recombinant protein was ana-
yzed on 0.1% SDS-15% PAGE followed by Western blot analysis
sing mouse polyclonal antibodies against recombinant C-terminal
ragment of dog ZP3 (Shrestha et al., 2015) and mouse monoclonal
ntibody against GnRH (Talwar et al., 1985).

.2. Purification of the recombinant ZP3-(GnRH)2 protein

The recombinant protein lacking any affinity tag was  purified
rom inclusion bodies (IBs; Gupta et al., 2013; Shrestha et al., 2015).
n brief, after induction of the recombinant protein by 1.0 mM
PTG, bacterial cell pellet (1 g) was suspended in 10 ml  of 50 mM
ris buffer, 5 mM ethylenediaminetetraacetic acid (EDTA), pH 8.0.
he pellet was sonicated on ice using Branson Sonifier-450 (Bran-
on Ultrasonic Corp., CT, USA) for 8 cycles timed 90 s each (30 W
utput) following which the IBs pellet was collected by centrifu-
ation at 8000 × g for 30 min  at 4 ◦C. Subsequently, the IBs pellet
as processed by washing twice with 15 ml  of 50 mM Tris buffer,

 mM EDTA, pH 8.0 supplemented with 2% sodium deoxycholate
Amresco, Solon, OH, USA), once with 50 mM Tris buffer, pH 8.0

ollowed by double distilled water. The purified IBs were solu-
ilised in 5 ml  of 100 mM citrate buffer with 8 M urea and 10 mM
-mercaptoethanol, pH 4.0 at room temperature (RT) for 6–8 h
ith end to end mixing. The supernatant containing solubilized
e Immunology 114 (2016) 18–26 19

recombinant protein was collected by centrifugation at 12,000 × g
for 30 min  at 4 ◦C. The protein was gradually diluted 10 folds with
the drop-wise addition of 100 mM citrate buffer, pH 4.0 with-
out urea and �-mercaptoethanol at 4 ◦C. Diluted protein was then
dialysed against 20 mM Tris, pH 6.0, and subsequently filtered
through membrane of 0.45 �M pore size and concentrated by using
Amicon® Ultra-15 Centrifugal Filter Device with a cut-of 3 kDa
(Merck Millipore Ltd., Carrigtwohill, Ireland). The concentration of
the refolded protein was  estimated by Bicinchonic acid (BCA) pro-
tein estimation kit (Pierce, Rockford, IL, USA) using bovine serum
albumin (BSA) as a standard.

2.3. Immunization studies

2.3.1. Two boosters immunization schedule for immunogenicity
and contraceptive efficacy

Inbred FvB/J mice, 8–10 weeks of age, kept under the con-
ventional containment levels at the Small Experimental Animal
Facility, National Institute of Immunology, New Delhi, India, were
used. These studies were conducted as per the guidelines and
approval of the Institutional Animals Ethics Committee (IAEC).
Female mice (n = 10) were immunized subcutaneously with 25 �g
of recombinant ZP3-(GnRH)2 with alum (Sigma–Aldrich Inc.) as
an adjuvant (200 �g aluminium content/injection/mouse). Control
group (n = 10) of FvB/J mice received only alum. Two  booster injec-
tions were given on days 21 and 42 intraperitoneally with the
same amount of recombinant protein with alum [Experiment I].
Sera were collected through retro-orbital bleeding in compliance
with IAEC guidelines on days 0, 35 and 56. To confirm the repro-
ducibility of our data, above experiment was repeated one more
time using the same number of animals and immunization schedule
[Experiment II].

2.3.2. One booster immunization schedule for immunogenicity
and contraceptive efficacy

For one booster schedule, additional female mice (n = 10) were
immunized using same doses of recombinant ZP3-(GnRH)2 with
alum and following same route of immunization as described for
two booster schedule, except that the booster injection was given
on day 28. This group has separate adjuvant control group (n = 10).

2.3.3. Immunization schedule for ovarian GnRH receptor analysis
In addition, six female mice were also immunized along with

appropriate adjuvant control group (n = 6) following two booster
schedule to study the status of ovarian GnRH receptor.

2.4. ELISA

The serum antibody titres against the recombinant ZP3-(GnRH)2
were determined by ELISA essentially as described previously
(Gupta et al., 2013). In addition, antibody titres were also deter-
mined against the recombinant protein encompassing T cell
epitope of TT followed by dilysine linker and dog ZP3 fragment cor-
responding to aa residues 165–346 (TT-KK-ZP3(C); Shrestha et al.,
2014). To determine the antibody titres against GnRH, synthetic
GnRH (Sigma–Aldrich Inc.) was  conjugated with BSA in 40:1 molar
ratio using 1-step glutaraldehyde method as described previously
(Gupta et al., 1985). Microtitration ELISA plates were coated with
the above proteins at 250 ng/well. In case of GnRH-BSA conjugate,

the concentration for coating ELISA plate was with respect to GnRH
assuming that whole of it bound to BSA during conjugation. Anti-
body titres are expressed as Antibody Unit (AU) that represent the
reciprocal of serum dilution giving an absorbance of 1.0.
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.5. Reactivity of the antibodies with the mouse oocyte by
ndirect immunofluorescence

To determine the reactivity of antibodies generated by recom-
inant ZP3-(GnRH)2 with ZP of mouse oocytes, female mice (FvB/J,

 week old) were super-ovulated by injecting intraperitoneally
 IU/mouse pregnant mare serum gonadotropin (PMSG; Intervet,
oxmeer, Netherland) followed by 5 IU/mouse human chorionic
onadotropin (hCG; Intervet India Pvt. Ltd.) after 48 h. The next day,
nimals were euthanized by cervical dislocation, ovaries removed
urgically, oocytes retrieved from Ampulla region and were washed
nce with Brister modified oocyte culture (BMOC) medium (Gibco,
rand Island, NY, USA). To remove cumulus, oocytes were treated
ith hyaluronidase (50 �g/ml) for 5 min  at RT. The cumulus-free

ocytes were processed for indirect immunofluorescence as previ-
usly described (Gupta et al., 2013).

.6. In-vitro fertilization (IVF) assay

The cumulus-free mouse oocytes were isolated as described
n Section 2.5 of Materials and methods. The unfertilized oocytes
n = 13–20/treatment group) were transferred to BMOC medium
roplet (100 �l) submerged under mineral oil (Sigma–Aldrich Inc.).

n addition, mouse sperm were collected by flushing caudae epi-
idymis from male FvB/J mice in BMOC medium and incubated
t 37 ◦C in a humidified atmosphere of 5% CO2 for 15 min  to
llow the sperm to swim-up. Sperm were further incubated for 1 h
o allow capacitation, before use. Decomplemented pre-immune
pool of 4 mice) and immune (pool of 4 mice, day 56 bleed)
erum (5 �l) were added to BMOC medium droplet containing eggs
nd incubated at 37 ◦C for 1 h. Subsequently, capacitated mouse
perm (1.0 × 106/droplet) were transferred to the droplet contain-
ng oocytes and test serum and kept for further incubation in a
umid atmosphere of 5% CO2 for 4–6 h at 37 ◦C. After incubation,
he oocytes were washed 3 times with BMOC medium, transferred
o fresh medium and kept for overnight incubation in a humid
tmosphere of 5% CO2 at 37 ◦C. Next day, number of fertilized eggs
marked by two-cell embryos or release of polar bodies) as well as
nfertilized eggs were counted. The experiment was repeated one
ore time.

.7. Quantitation of the ovarian GnRH receptor in mice
mmunized with the recombinant protein

To determine, if immunization with the recombinant ZP3-
GnRH)2 led to decrease in the ovarian GnRH receptor, FvB/J female

ice (n = 6) were immunized with the recombinant protein as
escribed above. Immunized animals were euthanized at days
5 (n = 3) and 30 (n = 3) after third injection of the recombinant
rotein and ovaries were removed. Ovaries from adjuvanted ani-
als were also processed in similar manner as respective controls.
varies were processed for isolation of RNA followed by cDNA

ynthesis using the standard protocols as described (Malhotra
t al., 2015). Quantitative RT-PCR reactions were carried out in
uplicates in 20 �l reaction mixture containing SYBR green qPCR
aster mix  (2x), synthesized cDNA from ovaries of 3 individual
ice and GnRH receptor gene specific primers (1 �M;  forward

rimer: 5′ TGGTGGTGATTAGCCTGGAC 3′; reverse primer: 5′ CCT-
AAGATATATAACTGTGGTCCT 3′). In parallel, qRT-PCR for 18S rRNA
as also run using forward primer, 5′ GGAGAGGGAGCCTGAGAAAC

′ and reverse primer 5′ CCTCCAATGGATCCTCGTTA 3′. The temper-
ture profile used for the amplification of target sequences was:

nitial denaturation at 95 ◦C for 10 min, followed by 40 cycles of
5 ◦C for 15 s, amplification for 1 min  at primer specific optimized
nnealing temperature. Gene-specific amplification was  confirmed
y a single peak in the Dissociation Curve. Average threshold cycle
e Immunology 114 (2016) 18–26

(Ct) values for 18S rRNA were used to normalize average Ct values
for GnRH receptor. These values were used to calculate the average
for each group from ovaries of 3 independent animals, and the rel-
ative �Ct was used to determine the change in the GnRH receptor
expression between the two  groups.

2.8. In-vivo contraceptive efficacy studies

For mating studies, two  weeks after the second (one booster
schedule)/third (two boosters schedule) injection, 2 immunized
female mice were housed with one healthy male mouse of proven
fertility for 15 days. Male mice were rotated every 5th day. Num-
ber of pregnant mice and the pups delivered by each pregnant
mouse were recorded for recombinant protein immunized group
and adjuvanted control group.

2.9. Statistical analysis

The statistical significance of the antibody titres in pregnant vs
non-pregnant mice immunized with the recombinant protein, in-
vitro contraceptive efficacy of serum samples from recombinant
protein immunized mice vs serum samples from adjuvanted con-
trol and ovarian GnRH receptor levels in the immunized vs control
was determined by using paired student’s t-test assuming unequal
variance. A p-value of <0.05 was considered to be statistically sig-
nificant.

3. Results

3.1. Characteristics of E. coli-expressed recombinant ZP3-(GnRH)2

To investigate the contraceptive potential of recombinant pro-
tein comprising ZP3 and GnRH, synthetic gene corresponding to
the construct as shown in Fig. 1A was  designed with Nde1 and
BamH1 restriction sites. Fig. 1B shows the nucleotide and deduced
aa sequence of the synthetic gene. The cDNA encoding ZP3-(GnRH)2
was cloned downstream of T7 promoter in pET22b(+) expression
vector and the recombinant protein expressed in BL21[DE3]pLysS
E. coli cells as described in Section 2. The recombinant protein
expressed without any tag was  purified from IBs. The average yield
of the purified refolded recombinant protein from 3 batches was
4.70 ± 0.31 mg/g wet cell pellet. Analysis of the purified recombi-
nant protein by 0.1% SDS-15% PAGE revealed a dominant single
band of ∼12 kDa (Fig. 1C). The recombinant protein reacted in West-
ern blot with mouse polyclonal antibodies against recombinant ZP3
(TT-KK-ZP3; Shrestha et al., 2014) and also mouse monoclonal anti-
body (MA-P81662) against GnRH (Talwar et al., 1985) suggesting
the presence of ZP3 as well as GnRH and their accessibility to the
respective antibodies (Fig. 1D and E).

3.2. Recombinant protein is immunogenic in female mice and
generated antibodies reactive with ZP3 and GnRH

Immunization of female mice (FvB/J) with recombinant fusion
protein ZP3-(GnRH)2 supplemented with alum as an adjuvant fol-
lowing two boosters immunization schedule led to generation of
high antibody titres against the recombinant protein as determined
by ELISA (Table 1). Boosting effect in antibody titres was observed
after administration of the 3rd injection (Table 1). Immunization
with the recombinant fusion protein also led to generation of the
antibodies against GnRH as revealed by the reactivity in ELISA of

mice sera with GnRH conjugated to BSA (Table 1). Reactivity of the
immune sera with recombinant TT-KK-ZP3(C) demonstrated that
the antibodies generated against recombinant fusion protein also
recognize independently ZP3 component (Table 1).
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Fig. 1. Cloning, expression and purification of the recombinant fusion protein. The schematic representation of the construct design is shown in Panel A. In panel B, codon
optimized nucleotide (351 bp) and deduced amino acid sequence (112 aa excluding Methionine from expression vector) for ZP3-(GnRH)2 are shown in upper and lower case
respectively. The restriction sites have been shown in italics. The aa sequence of construct was deduced by translation using the ‘Translate’ program available at http://ca.
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xpasy.org/tools/#translate. Panel C represent the Coomassie stained 0.1% SDS-15
epresent the Western profile of the same (2 �g/lane) probed with mouse polyclo
espectively.

In an attempt to reduce the number of injections, female
ice were also immunized following one booster schedule which

lso led to generation of antibodies against both ZP3 as well
s GnRH (Table 2). In the group of mice immunized using one
ooster, the antibody titres against recombinant ZP3-(GnRH)2
62.80 ± 15.00 × 103 AU) as observed on day 42 (14 days after
ooster) were however, lower as compared to two  boosters sched-
le (87.00 ± 5.11 × 103 AU, Experiment I; 93.90 ± 27.16 × 103 AU,
xperiment II) as observed on day 56. Even after primary injec-
ion of recombinant ZP3-(GnRH)2 with alum led to generation

f antibodies against ZP3-(GnRH)2 (2.30 ± 0.39 × 103 AU), GnRH
0.16 ± 0.02 × 103 AU) and ZP3 (0.27 ± 0.02 × 103 AU) in ELISA
Table 2).
E profile of the purified recombinant protein (5 �g/lane) whereas Panels D and E
tibodies against recombinant TT-KK-ZP3 and monoclonal antibody against GnRH

3.3. Antibodies against recombinant fusion protein recognize
mouse ZP and inhibit in-vitro fertilization

The pooled serum sample (day 56 bleed; 1:20 dilution) from four
immunized mice with antibody titres against recombinant ZP3-
(GnRH)2 ranging from 85 to 115 AU × 103 (pool A) reacted with ZP
matrix surrounding the mouse oocytes in an indirect immunoflu-
orescence assay, which was  abrogated by prior incubation of the
immune serum with the recombinant protein (10 �g/ml), suggest-
ing the specificity of the reaction with the ZP of mouse oocytes

(Fig. 2A). Further, the serum samples from the adjuvant control
animals failed to show any reactivity with the ZP of mouse oocytes
(Fig. 2A). Two  separate pools of immune serum samples of 4 mice
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Table  1
Immunogenicity and contraceptive efficacy of the recombinant ZP3-(GnRH)2 in female FvB/J mice following two  booster injections on days 21 and 42.

Immunogen Antigens used for
ELISA

Antibody titres in AU × 103

(Mean ± S.E.M.)
% Of animals failed to
conceive

Pups/mated female
(mean ± S.E.M.)

p-Value of the
difference of Ig
titres of pregnant
and
non-pregnant
mice on day 56

Day 0 Day 35 Day 56

Experiment-I
Alum (n = 10) ZP3-(GnRH)2 <0.05 <0.05 <0.05 0 7.90 ± 0.31 NA
ZP3-(GnRH)2 (n = 10) ZP3-(GnRH)2 <0.05 58.90 ± 13.27 87.00 ± 5.11 90 0.80 ± 0.80 2 × 10−4

GnRH-BSA <0.05 2.07 ± 0.59 8.80 ± 1.63 6 × 10−3

TT-KK-ZP3(C) <0.05 1.69 ± 0.26 7.93 ± 0.17 3.2 × 10−3

Experiment-II
Alum (n = 10) ZP3-(GnRH)2 <0.05 <0.05 <0.05 0 9.40 ± 0.54 NA
ZP3-(GnRH)2 (n = 10) ZP3-(GnRH)2 <0.05 66.90 ± 8.72 93.90 ± 27.16 90 1.06 ± 1.06 8 × 10−3

GnRH-BSA <0.05 1.08 ± 0.16 7.20 ± 1.10 2 × 10−3

TT-KK-ZP3(C) <0.05 1.52 ± 0.25 8.60 ± 0.42 7.8 × 10−3

Table 2
Immunogenicity and contraceptive efficacy of the recombinant ZP3-(GnRH)2 in female FvB/J mice following one booster on day 28.

Immunogen Antigens used for
ELISA

Antibody titres in AU × 103

(Mean ± S.E.M.)
% Of animals
failed to conceive

Pups/mated
female
(mean ± S.E.M.)

p-Value of difference of Ig
titres of pregnant and
non-pregnant mice on day 42

Day 0 Day 21 Day 42

Alum (n = 10) ZP3-(GnRH)2 <0.05 <0.05 <0.05 0 9.40 ± 0.54 NA
 ± 15.
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ZP3-(GnRH)2 (n = 10) ZP3-(GnRH)2 <0.05 2.30 ± 0.39 62.80
GnRH-BSA <0.05 0.16 ± 0.02 2.90 ±
TT-KK-ZP3(C) <0.05 0.27 ± 0.02 8.00 ±

ach (pool A, antibody titres against recombinant ZP3-(GnRH)2
anging from 85 to 115 AU × 103 and pool B from 79 to 105
U × 103) of day 56 bleed (Experiment I) were tested for their effi-
acy to inhibit mouse in-vitro fertilization (IVF). Fig. 2B shows the
esult of two independent experiments performed using either pool

 or pool B of immune serum. Antibodies against recombinant ZP3-
GnRH)2 as compared to pre-immune serum led to a significant
p = 0.02) inhibition of mouse IVF. Inhibition of IVF by the immune
erum samples was not due to the adverse effects on either the
iability or the motility of the sperm (Data not shown).

.4. Immunization of mice with recombinant fusion protein led to
ecrease in the ovarian GnRH receptor

Expression of GnRH and its receptor has been shown at extra-
ituitary sites such as ovary, testis, prostrate and placenta (Hsueh
nd Erickson, 1979; Clayton et al., 1979; Torrealday et al., 2013).
nRH may  act in paracrine or autocrine fashion and influences
varian steroidogenesis and modulate proliferation, apoptosis and
ifferentiation of different ovarian cell types (Hsueh and Erickson,
979; Kogo et al., 2000; Metallinou et al., 2007). Various reports
uggest that active immunization with GnRH-based contracep-
ive vaccines lead to a decrease in the levels of gonadotropins
nd pituitary GnRH receptor in the immunized animals (Arimura
t al., 1976; Takahashi et al., 1978; Esbenshade and Britt, 1985;
opkin and Fraser, 1985; McCue et al., 1997; Fang et al., 2010; Han
t al., 2015a,b). In the present manuscript, we explored, if the anti-
nRH antibodies thus generated by recombinant fusion protein
P3-(GnRH)2, will have any effect on the ovarian GnRH receptor.
ence, expression of ovarian GnRH receptor at transcript level was
nalysed by qRT-PCR in the immunized mice as described in Sec-

ion 2. A significant decrease in the transcript for GnRH receptor in
varies obtained at days 15 (p = 0.002) and 30 (p = 0.016) after the
rd injection was observed as compared to the ovaries obtained
rom the respective adjuvant controls (Fig. 3).
00 50 3.20 ± 1.11 0.01
 0.12

 0.05

3.5. Immunization with recombinant fusion protein led to
curtailment of fertility

Mating studies revealed that the group of mice immunized
with recombinant ZP3-(GnRH)2 following two  boosters immu-
nization schedule (Experiment I) led to failure in conception in
9 out of 10 animals (Table 1). On the contrary, all female mice
(n = 10) that received only alum became pregnant. The contra-
ceptive efficacy of recombinant fusion protein was confirmed by
a repeat experiment (Experiment II), which also showed similar
trend (Table 1). The number of pups born in the adjuvant control
group was 7.90 ± 0.31 (Experiment I) and 9.40 ± 0.54 (Experiment
II) per mated female as compared to 0.80 ± 0.80 (Experiment I)
and 1.06 ± 1.06 (Experiment II) pups/mated female in recombi-
nant fusion protein immunized groups. However, female mice
immunized with recombinant ZP3-(GnRH)2 following one booster
immunization schedule showed reduction in fertility by 50%
(Table 2), which was  lower as compared to group of mice immu-
nized following two  boosters immunization schedule (Table 1).
Analysis of antibody titre against ZP3-(GnRH)2, TT-KK-ZP3(C) and
GnRH conjugated to BSA in mice that failed to conceive as compared
to the one who  conceived showed significant differences (except
against GnRH conjugated to BSA in one booster schedule) suggest-
ing that infertility induced in the immunized animals was mediated
by the antibodies (Tables 1 and 2).

4. Discussion

With respect to the contraceptive vaccines, one of the important
challenges is to improve their efficacy to inhibit fertility. Higher in-
vitro contraceptive efficacy has been reported with the immune

sera generated against the physical mixture of bonnet monkey
ZP3 peptides, individually conjugated to DT, as compared to the
respective individual peptide, suggesting that use of multiple B-cell
epitopes of a given zona protein may  be one possibility to enhance
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Fig. 2. Reactivity of polyclonal antibodies against ZP3-(GnRH)2 with mouse ZP matrix in an indirect immunofluorescence assay and inhibition of in-vitro fertilization. Panel
A  shows reactivity of the mouse oocytes with pooled immune serum (n = 4) sample (day 56 bleed; 1:20 dilution) generated against ZP3-(GnRH)2 (sub-panel ii) in an indirect
immunofluorescence assay. Sub-panel (i) shows reactivity with pooled serum sample (day 56 bleed; 1:20 dilution) from mice (n = 4) receiving alum only. Sub-panel (iii) show
r ated 
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eactivity of immune pooled serum sample as used for sub-panel (ii) but pre-incub
icture and lower panel represent immunofluorescence profile for the respective su
ooled immune serum from mice immunized with recombinant ZP3-(GnRH)2.

ontraceptive efficacy (Afzalpurkar et al., 1997). Further, antibodies
enerated against chimeric synthetic peptide encompassing epi-
opes of bonnet monkey ZP3 and ZP4 (previously designated as
P1) showed higher inhibitory effect on human sperm-oocyte bind-
ng in hemi-zona assay as compared to with antibodies against
he individual peptides, suggesting that immune response gener-
ted against multiple zona proteins may  have higher contraceptive
fficacy (Sivapurapu et al., 2005). Alternately, attempts have been
ade to design chimeric synthetic peptides/recombinant proteins

ncompassing epitopes of ZP glycoproteins and spermatozoa spe-
ific proteins with the premise that simultaneous generation of
ntibodies against both the gamete will be more effective (Lea et al.,
002; Hardy et al., 2004, 2008). These scientific endeavours demon-

trated that in principle, it is possible to improve the contraceptive
fficacy when multiple antigens are used in the contraceptive vac-
ine design. However, these efforts failed to achieve contraceptive
with recombinant ZP3-(GnRH)2 (10 �g/ml). Upper panel represent phase contrast
els. Scale bar represent 50 �m.  Panel B shows inhibition of in-vitro fertilization by

efficacy in the range of 80–90%. In the present study, we have tried
to combine the contraceptive potentials of ZP3 and GnRH, which to
best of our knowledge has not been tried.

Contraceptive vaccines based on GnRH have either employed
synthetic GnRH conjugated to various carrier proteins (Hodges
and Hearn, 1977; Takahashi et al., 1978; Miller et al., 2008;
Yoder and Miller, 2010; Brunius et al., 2011; Levy et al., 2011)
or GnRH/multiple copies of GnRH along with defined T cell epi-
topes (Gupta et al., 2004; Jinshu et al., 2004; Walker et al., 2007).
However, antibodies generated against the carrier protein may  lead
to ‘carrier-mediated’ suppression of the antibody response against
GnRH (Sad et al., 1991). Hence, ‘promiscuous’ T non-B cell epitope
from a variety of antigens have been proposed to provide T cell

help to generate antibodies against the self proteins (Lairmore et al.,
1995; Lou et al., 1995; O’Hern et al., 1997; Lea et al., 1998). ‘Promis-
cuous’ T non-B cell epitopes binds to various MHC  II molecules and
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Fig. 3. Relative fold change in the levels of expression of GnRH receptor in the
ovaries of mice immunized with recombinant ZP3-(GnRH)2: Female FvB/J mice
were immunized with recombinant ZP3-(GnRH)2 following two boosters schedule
as described in Section 2. After 15 and 30 days of the last injection, animals (n = 3
for each group) were euthanized and ovaries were surgically removed. Expression
of  GnRH receptor in ovaries from individual mice was analysed by qRT-PCR per-
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ian GnRH receptor in the same GnRH immunized group, when
ormed in duplicate and their levels normalized with 18S rRNA. Each bar represent
ean ± S.E.M. of relative �Ct vs. 18S derived from ovaries of 3 animals.

hus have better probability to generate antibody response in larger
roportion of the outbred animal species including humans. In the
resent construct, we have used ‘promiscuous’ T cell epitopes of
T, bRNase and CSP of P. falciparum.  Dilysine linker used between

promiscuous’ T cell epitope of TT and ZP3 is the target site for
ysosomal protease cathepsin B, which is an important protease
n the context of MHC  II antigen presentation (Lennon-Duménil
t al., 2002). Triglycine spacer between ZP3 and GnRH may  pro-
ide flexibility for their independent recognition by the immune
ystem. Glycine-rich linkers have been found in several naturally
ccurring proteins that not only connect domains but also allow
heir discrete functions (Chichili et al., 2013). The recombinant pro-
ein, ZP3-(GnRH)2, described herein was expressed without any tag
s recombinant proteins with His6-tag may  influence the efficacy
f vaccine as demonstrated in the case of malaria vaccine. Anti-
odies generated against His6-tag free recombinant P. falciparum
SP1 have higher percent parasite growth inhibition as compared

o the antibodies generated against His6-tagged MSP1 (Khan et al.,
012). As the recombinant ZP3-(GnRH)2 lacked any tag, it was  puri-
ed from IBs, which involved their isolation, processing to remove
ther host proteins, solubilization at low pH (4.0), refolding by slow
ilution followed by dialysis (Gupta et al., 2013; Shrestha et al.,
015). The expression of ZP3-(GnRH)2 in a lon- and ompT- protease-
eficient E. coli strain, BL21[DE3]pLysS has permitted avoidance of
ts proteolytic degradation. The expressed protein in 0.1% SDS-15%
AGE showed a ∼12 kDa band, which is very close to the theoretical
olecular mass of 1268 Da including methionine.
e Immunology 114 (2016) 18–26

Female mice immunized with recombinant ZP3-(GnRH)2 sup-
plemented with alum following both one and two  booster
immunization schedules led to generation of antibodies against
the immunogen as well as ZP3 and GnRH. Higher antibody titres
observed against recombinant ZP3-(GnRH)2 as compared to those
observed with either ZP3 or GnRH may  represent summation of
antibody responses against both the components. There is an addi-
tional possibility that new epitopes are generated in the fusion
protein, which can not be ruled out by the results reported in the
present studies. The recognition of native mouse ZP by the antibod-
ies against fusion protein may  be due to the fact that there is 50%
sequence identity of the dog ZP3 polypeptide with mouse ZP3. The
antibodies against the fusion protein also recognized dog ovarian
ZP3 (Data not shown). Interestingly, antibodies inhibited mouse in-
vitro fertilization. It has been reported that monoclonal antibodies
reactive with porcine ZP3, do not always resulted in the inhibition
of in-vitro fertilization (Bagavant et al., 1993). It has been suggested
that antibodies should react with the epitopes on ZP3 that are rele-
vant for its biological activity with respect to sperm binding. Indeed
recombinant protein encoded by exon 7 of mouse ZP3 did inhibit
binding of the mouse sperm to the eggs in-vitro (Williams et al.,
2006). Thus, recombinant ZP3-(GnRH)2 not only generated anti-
bodies that are reactive with ZP matrix but are also bio-effective.
Immunization of female bonnet monkeys (Macaca radiata) with the
synthetic peptide corresponding to aa residues 324–347 of bonnet
monkey ZP3 coupled with DT led to reversible block of fertility (Kaul
et al., 2001). The above epitope, except aa 347, is incorporated in
the recombinant fusion protein.

Various studies have documented the expression of GnRH
receptor in ovaries (Kogo et al., 2000; Metallinou et al., 2007;
Torrealday et al., 2013). After pituitary, ovaries have highest expres-
sion levels of GnRH receptor, which however is 10-fold lesser as
compared to pituitary (Torrealday et al., 2013). There are conflict-
ing reports available in the literature regarding effect of GnRH on
the expression of GnRH receptors. It has been reported that GnRH,
its agonists or antagonists negatively affects the expression of GnRH
receptors in pituitary (Crowder et al., 1986; Wu  et al., 1994; Lopot
et al., 2008; Mo  et al., 2010). On the other hand, there are reports
which suggest that GnRH may  induce GnRH receptor expression
(Pieper et al., 1981; Lin and Conn, 1999; Norwitz et al., 2002). Nature
of increase in GnRH (pulsatile/transient/continuous) has also been
shown to either down- or up-regulate pituitary GnRH receptor
expression (Turzillo et al., 1995; Adams et al., 1996; Maya-Núñez
and Conn, 1999). Thus depending upon experimental conditions
and animal species under investigation, GnRH may  up- or down-
regulate GnRH receptor. In contrast to pituitary, administration
of GnRH agonist led to an increase in the ovarian GnRH receptor
(Mo  et al., 2010). Administration of GnRH has also been shown to
increase in the GnRH receptors in both follicular as well as luteal
tissues of the ovary (Pieper et al., 1981). In our case, we hypothe-
sized that anti-GnRH antibodies elicited after immunization with
ZP3-(GnRH)2 contraceptive vaccine will bind free GnRH and thus
reduced its bio-availability in the immunized animals, which has
been shown to down-regulate pituitary GnRH receptor (Popkin
and Fraser, 1985; McCue et al., 1997; Fang et al., 2010; Han et al.,
2015a,b). In the present studies, the antibodies generated by the
fusion protein led to down-regulation of ovarian GnRH receptor
suggesting that the antibodies thus generated interfered in the bio-
logical activity of GnRH. On the contrary, in one of the previous
study, immunization with GnRH led to an increase in the ovarian
GnRH receptor as compared to control (Popkin and Fraser, 1985).
In the same paper, however, authors reported a decrease in ovar-
the results were expressed as GnRH agonist bound in fmol/ovary
(Popkin and Fraser, 1985). The physiological relevance of the down-
regulation of ovarian GnRH receptor as observed in the present
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tudy to curtail fertility in the immunized animals remained to be
urther investigated.

Ninety percent of the female mice immunized with the fusion
rotein failed to conceive. It is likely that high contraceptive effi-
acy observed in these studies may  be contributed by the antibodies
gainst both ZP3 as well as GnRH. However, using one booster
mmunization schedule, only 50% of the immunized animals failed
o conceive.

For wildlife population management, nonsurgical sterilization
ncluding immunocontraception is increasingly advocated as a
romising approach. Surgical sterilization of female dogs by ovar-

ohysterectomy may  lead to complications such as hemorrhage,
varian remnant syndrome, stump pyometra, stump granuloma,
stula draining tracts and estrogen responsive urinary inconti-
ence (Howe, 2006). Estrogen-responsive urinary incontinence is
lso observed in dogs undergoing ovarectomy instead of ovariohys-
erectomy (Okkens et al., 1997). Surgical sterilization of working
emale dogs also lead to diminished ‘drive’ (or aggression) and
tamina (Howe, 2006). On the other hand immunization of white-
ailed deer with native porcine ZP vaccine showed minimal changes
n blood chemistry without any serious side-effects on the health
f the immunized animals, except oophoritis (Miller et al., 2001;
urtis et al., 2007). Further, long term follow-up of the porcine ZP

mmunized wild horses also did not reveal any significant debilitat-
ng health effects (Kirkpatrick and Turner, 2002, 2003). However,
onger breeding seasons have been observed in mares and deer
mmunized with porcine ZP-based contraceptive vaccine (McShea
t al., 1997; Nunez et al., 2010). No alterations in the behaviour of
he immunized animals have been reported (Powell, 1999; Delsink
t al., 2013). Mares vaccinated with GnRH vaccine showed sup-
ressed estrous behaviour such that their behaviour resembles that
f seasonally anovulatory mares (Elhay et al., 2007). Further, immu-
ization with GnRH vaccine does not lead to any adverse health
ffects and vaccinated animals were found to be in better body con-
ition than the unvaccinated animals (Curtis et al., 2008; Gionfriddo
t al., 2011). Thus, immunization with recombinant ZP3-(GnRH)2
ay  be a viable alternative to surgical sterilization for the manage-
ent of street dogs population. Likely suppression of estrous and

ggressive behaviour due to anti-GnRH antibodies may  be benefi-
ial for the population management of ferral dogs as it may  lead to
ecrease in the incidence of rabies due to dog bite.

To conclude, recombinant fusion protein reported herein that
an result in inhibition of fertility in 90% of the immunized female
ice is a promising candidate and need to be further evaluated for

ts contraceptive efficacy in female dogs.
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