Proc. Indian natn. Sci. Acad., B60, No. 5, pp. 403-410 (1994)

Porcine Zona Pellucida Antigen 4 (PZP-4) as a
Contraceptive Vaccine

SHINZO ISOJIMA, SHINJI KOMORI,AKIKO HASEGAWA and KOJI KOYAMA

Department of Obstetrics and Gynecology, Hyogo Medical College,
Mukogawa-cho, Nishinomiva, Hyogo 663, Japan

Introduction

Zona pellucida (ZP) is an extracellular
matrix surrounding the mammalian oocyte
and possesses several 2ssential functions for
fertilization, including the sperm
recognition. the induction of acrosome
reaction and the prevention of polyspermy

{Wasserman  1990).  Previous studies
showed that ZP had a strong
immunogenicity against heterogeneous

species of animal and produced antibodies
exhibited a strong inhibitory effect on
fertilization in vitro and in vivo (Tsunoda et
al. 1978, Sacco 1979, Tsunoda et al. 1981).
Therefore, many researchers have engaged
in the studies of the contraceptive vaccines
by using porcine ZP(PZP) as an antigen
source in several different species (Sacco et
al. 1989, Gulyas et al. 1983, Skinner et al.
1983, Mahi-Brown et al. 1985, Dunberet al.
1989, Liu et al. 1989, Upadhyay ¢t al.
1989). Our previous studies also showed
that porcine ZP contained the antigens
cross-reactive with human ZP and the
antibodies to porcine ZP had a strong
blocking effects on human sperm-ZP
interaction (Isojima et al. 1984, Koyama,
et al 1985). Solubilized porcine ZP (s-PZP)
could be separated into four major
glycoprotein families (ZP1, ZP2, ZP3, ZP4)
by O’Farrell's two dimensional
electrophoresis under reducing condition
and each glycoprotein family was
composed of many isomers with different

charges and molecular sizes. Diagonal
two-dimensional electrophoresis of s-PZP
showed that the ZP-1 component (92 kDa)
was partially split into ZP2 (69kDa) and
ZP4 (23kDa) under reducing conditions
(Kovama et al. 1991). Each glycoprotein
family was isolated from s-PZP by
electrophoresis and injected into mice to
produce antiserum. All antisera except
anti-ZP2 showed a significant blocking
effect on human sperm binding to ZP
(Hasegawa et al. 1991).  Active
immunization with ZP4 glycoproteins
induced a temporal infertility in hamsters
(Hasegawa et al. 1992). In this study, we
attempted to determine the amino acid
sequence of PZP4 core protein and apply it
for developing the contraceptive vaccine.

Monoclonal Antibodies to ZP4

Glycoproteins

Mouse spleen cells immunized with ZP4
glycoproteins were fused with mouse
myeloma cells and five hybridomas
secreting monoclonal antibodies (MAbs)
reactive with porcine and human ZP were
established. Each MAbs reacted not only
with s-PZP but also with deglycosylated
s-FZP by trifluoromethanesulfonic acid
(TFMS) treatment. They also reacted with
intact ZP of porcine and human oocytes.

Three (4A2, 4E12, 5H4) of five MAbs
showed a significant blocking effect on
human sperm binding and penetration to
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human ZP. All MAbs except 5H4 showed a
strong reaction with ZP3 but MAbS5SH4
specifically reacted with the ZP4 and ZP1
glycoprotein families in the Western blot.
The reactivity of SH4 with s-PZP was
destroyed by chymotrypsin digestion, but
the antigen epitope was resistant to
proteolysis by trypsin and endoproteinase
Lys-C. These results suggest that MAbSH4
recognizes a polypeptide antigen epitope of
ZP4 glycoprotein and encourage us to
study further on the molecular structure of
ZP4 core proteins, particularly the epitope
structure recognized by MADbSH4, as a
potential candidate of contraceptive
vaccine (Koyama et al. 1992).

128
COOH

KDFMSFTENF
CNBr

AspN

120
CNBr

Q

110

NH GYNOLYNTAFPGIYTCHENRMYYEFPRILGTKIOYTSYYDPLGLEMMXCT YYLOPENLTKAPYEACTKRY RGHMOMTIRLIDDNAALROEALMYHISCPYMGAE GPD
vea--sPDOHSGSTICMKDFM. . __.

AspN

100

Determination of Amino Acid Sequence on
ZP4 Core Protein

For the determination of amino acid
sequence, ZP4 glycoproteins were isolated
from s-PZP by preparative SDS-PAGE and
electroelution.  After reducing the
disulphide bonds by the treatment with
pyridylethyl, the material was subjected to
digestion by cyanogen bromide (CNBr),
endoproteinase Lys-C or Asp-N. The
selected eight pieces of peptides including 4
fragments from CNBr cleavage and each
two fragments from endoproteinase Lys-C
and Asp-N digestions were subjected to
reverse-phase HPLC, and each purified
peptide fragment was determined its amino
acid sequence by the automated Edman
degradation methods (figure 1).

The NHj-terminal sequence of isolated
ZP4 glycoprotein was also determined. By
aligning the NHs-terminal sequence and the
overlapping  sequences of  peptide
fragments, a total 110 amino acid sequence
of the NHi-terminal site and another 10
amino acid sequence were determined.
Although the connecting part of these two
peptides cloud not be determined by the
peptide  analysis, subsequent cDNA -
cloning for ZP4 revealed that a small
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peptide sequence consisting of 8 amino
acids was present between the above two
peptides. It suggests that ZP4 core protein
consisted of at least 128 amino acids
residue.

cDNA Cloning for ZP4 Peptide

c¢DNA cloning for ZP4 was carried out by
PCR technique because the expression of
ZP4 in ovary was very low. After mRNA
was extracted from a young porcine ovary,

the c¢DNAs were synthesized and
introduced into the plasmid
vector(pUC18). The resultant cDNA

library was used as the source for PCR. The
synthetic oligonucleotides based on the
amino acid sequence of ZP4 were used as
primers. The universal primers of plasmid
vector pUC18 were also used. After PCR
were performed, four cDNA fragments
were isolated. The resultant amplified
cDNA fragments were subcloned into
plasmid vectors{pUC19 or pUC119) and

Deduced amino acid sequence
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the determination of DNA sequence was
performed by the dideoxynucleotide
chain-termination method. As shown in
figure 2, the sequences of four overlapping
cDNA clones corresponding to the amino
acid sequence of 1 to 61, 53 to 86, 70 to 110
and 94 to 198 positions were determined
and linked together to make the whole
DNA sequence.

The 128 amino acid sequence deduced
from the constructed c¢DNA was
completely identical to the sequence
determined by ZP4 peptide analysis.
Recently, we succeeded in detecting the
sequence of the NH,-terminal portion of
porcine ZP2 and found that the sequence
(Asp- Glu-Asn- Val-Lys-Arg-Glu-Asp-Ser)
was identical to the COOH-terminal
portion of the predicted amino acid
sequence from the position of the 134. It
suggests that porcine ZP4 and ZP2 were
linked at the position between 133 and 134
before their proteolytic cleavage.
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Figure 2 Strategy for determination of the sequence of ZP4 gene



406

When the deduced amino acid sequence
was compared with the published
sequences of mouse ZP2 (Liang et al. 1990)
and ZP3 (Ringuette et al. 1988), it was
found that the porcine ZP4 resembled the
NH;-terminal portion of mouse ZP2. They
were 39.8% identical in the 133 residues
and 38.9% identical in the 198 residues.
Interestingly, all 5 cystein residues were
located in the same position in comparing
PZP and mouse ZP.

Production of Recombinant ZP4 Fusion
Proteins

For production of the recombinant
antigenic  proteins, cDNA  clone
corresponding to their 128 residues or 198
residues of ZP4 proteins was introduced
into the expression vector pMAL-c and
transfected into E. coli (JM 107 strain). The
resultant fusion proteins between ZP4 and
maltose binding protein (MBP) were
extracted from E. coli and subjected to a
reaction with MAb5SH4 in western blot.
Both fusion proteins (MBP-rZP4-128,
MBP-1ZP4-198) showed a  single
immunostaining band to the MAb5SH4.
This suggested that the recombinant ZP4
proteins artificially produced in E. Coli
might have the same antigenicity as that of
the native ZP4 proteins.

Epitope Sequence Recognized by MAbSH4

To determine the epitope structure
recognized by MADbSH4, three peptides
were chemically synthesized and tested for
the reactivity with MAb5SH4 by dot
immunoassay. One of the synthetic peptide
corresponding to the ZP4 residues 50 to 67
reacted with the MADb, but other two
peptides corresponding to the residues 60 to
79 and 69 to 100 did not react. This
suggested that the epitope might be present
on the amino acid sequence between 50 and
59 positions. Figure 3 shows the correlation
between the chain flexibility of ZP4 core
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Figure 3 Flexibility of ZP4 core protein and the
epitope corresponding to MAb5SH4

proteins predicted by computer analysis
using the program POLT.A/KAs (Karplus
et al. 1985), and the location of the antigen
epitope recognized by mAbSH4. As
cxpected, the epitope was defined at a high
flexible region. Interestingly, a N-linked
glycosilation site was noted in both sides of
the epitope sequence.

Active Immunization with MBP-rZP4
Fusion Proteins to Hamsters

As  mentioned  previously, active
immunization of ZP4 glycoprateins with
complete Freund’s adjuvant induced a
temporal infertility in female hamsters.
Estrogen (E2) levels were gradually
decreased with a corresponding increase in
the antibody titers assayed against S-PZP
by ELISA. The antibodies also reacted with
intact hamster ZP and the estrus cycles of
the immunized animals were disturbed. A
histological study at 7 weeks after
immunization revealed some destructive
changes in the growing follicles, but
following 12 weeks after immunization, the
estrus cycles resumed along with
concomitant decreases of antibody titers
and increases of estrogen levels.
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Afterwards, some immunized hamsters
became pregnant by mating with fertile
males. When the MBP-rZP4-128 fusion
protein was injected into female hamsters
by the same immunization schedule as used
for immunization with native ZP4
glycoproteins, high antibody titer was
obtained against the fusion proteins and
MBP but not against all native ZP4
glycoproteins nor deglycosylated ZP4
proteins. This suggests that most antibodies
produced in hamsters after immunization
with the MBP-rZP4-128 fusion proteins
were against the MBP but not against the
ZP4 core protein.

Contraceptive Effects of the Recombinant
ZP4 Peptide in Rabbits

The recombinant ZP4 peptide was
produced in E. Coli (JM109) as a fusion
protein of MBP. The peptide consists of 198
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amino acids located in the NH,-terminal
region of procine ZP1. Four rabbits were
immunized with 100 pg of the fusion protein in
each, and produced antibodies against native
porcine zona pellucida. Antibody titers were
measured by ELISA coated in purified ZP4.
ZP4 is corresponding to NH,-terminal
133-amino acid peptide of ZP1. After
immunization, the antibody titers
gradually increased and the serum estradiol
titer decreased until 50% level in controls
(figure 4).

Two of the three control animals mated
with fertile-proven males got pregnant and
delivered 5, 10 babies. In contrast, all the
four animals immunized with the
recombinant peptide were mated and all
did not get pregnant (table 1). Mating
behaviour and ovulation by exogeneous
gonadotropin did not disturbed in the
immunized rabbits.
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Figure 4 Antibody titers to native ZP4 and estradiol levels in immunized rabbit sera

Table 1 Antifertility effect of recombinant ZP4 protein

Immunogen Number of rabbits

Used mated delivered (litter size)
MBP (control) 3 2 2 (5, 10)
MBP-rZP4 4 2 0
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Therefore, the mechanism of the failure
of pregnancy seems that the
anti-recombinant pZP4 peptide antibodies
inhibited sperm-zona interaction.
Histological studies revealed that the
number of primordial follicle reduced in
ovarian sections of immunized rabbits but
that growing follicles still remained. This is
the first report that immunization of a
recombinant peptide could induce
infertility.

This antibodies also reacted with intact
human ZP by the immunofluorescent test
and partially blocked human sperm tight
binding to human ZP in the hemizona
assay.

The synthetic peptide pZP4 (50-67),
called peptide CTY, was coupled with a
carrier protein KLH and was injected in 2
rabbits (female) and 2 mice (male) with
complete Freund's adjuvant. All antisera
from rabbits and mice reacted not only to
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the peptide CTY but also to natural
occurring porcine ZP4 in ELISA (figure 5).
These antisera also reacted with intact
pocine zona pellucida in indirect
immunofluorescent  stainings. Control
antisera from animals immunized with
KLH did not reacted to porcine zona
pellucida.

Conclusion

We conducted the immunochemical and
biomolecular analyses of porcine ZP4
Glycoproteins for the development of a
contraceptive vaccine and the following
results were obtained:

(1) The amino acid sequence of a ZP4
core protein was determined. It was
consisted of 128 residues which was
determined by peptide mapping of
ZP4
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Figure 3 Detection of antibodies against synthetic peptide CTY and native ZP4 in ELISA
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cDNA encoding for the whole ZP4
peptide and NH,-terminal portion of
ZP2 was isolated and determined its
sequence.

The -amino acid sequence deduced
from the cDNA resembled the
NH,-terminal sequence of mouse
ZP2

Recombinant ZP4 fusion proteins
reacted with MAb5H4 which had a
strong blocking activity on human
sperm-zona interaction

The antigen epitope corresponding to
the MAbS5SH4 was defined to the
amino acid residues of No. 50 to 59

(ii)

(iii)

(iv)

(v)
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