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ABSTRACT

Development of a vaccine based on sperm antigens repre-
sents a promising approach to contraception. The sperm-zona
pellucida (ZP) interaction constitutes the most important event
in the fertilization process, and the molecular sequences in-
volved at this site may provide the most attractive candidates
for immunocontraception. In the present study, using the phase
peptide display technique, a novel dodecamer sequence, desig-
nated as YLP12, was identified that is involved in sperm-ZP rec-
ognition/binding. The synthetic 12-mer peptide based on this
sequence and its monovalent Fab9 antibodies specifically and
significantly (P , 0.05) inhibited human sperm-ZP binding. In
Western blot and immunoprecipitation procedures, the YLP12

peptide recognized the ZP3 component of solubilized human
ZP proteins. In the Western blot procedure involving 10 differ-
ent human tissue extracts, the anti-YLP12 Fab9 antibodies rec-
ognized a protein band of ;72 6 2 kDa only in the testis lane.
The peptide sequence was localized on the acrosomal region of
the human sperm cell. These findings indicate that the novel
testis-specific 12-mer YLP12 that is present in the acrosomal re-
gion and is involved in human sperm-ZP interaction may find
applications in contraceptive vaccine development, as well as in
diagnosis and treatment of male infertility mediated through
sperm dysfunction.

INTRODUCTION

Development of a vaccine based on sperm antigens rep-
resents a promising approach to contraception [1,2]. The
rationale and feasibility of this approach are provided by
experimental immunization studies as well as data from in-
voluntary infertility and vasectomy. Deliberate immuniza-
tion of male and female animals of various species [3–5]
and humans [6,7] with extracts of spermatozoa or mature
testes raises an antisperm immune response resulting in in-
fertility. Up to 30% of infertility may be associated with
the presence of antisperm antibodies (ASA) in the male
and/or female partner of an infertile couple [8], and 70%
of vasectomized men form ASA [9,10]. These ASA are not
merely associated with but rather are causative factors of
infertility [8,11,12]. Thus, the sperm cell has both auto- and
iso-antigenic potentials and can generate an immune re-
sponse in both men and women that is capable of inducing
infertility.
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The utility of a sperm antigen in the development of a
contraceptive vaccine is contingent on its involvement in
the fertilization process and on tissue specificity. During the
past decade, several antigens relevant to fertility have been
defined (reviewed in [1]). A few of these also affect fertility
in actively immunized animals [1,13]. In these studies, pu-
rified/semipurified cognate antigens were used for immu-
nization to examine the effect on fertility. However, to ob-
tain Food and Drug Administration approval and to conduct
appropriate multicenter fertility trials in a quality-controlled
manner, recombinant or synthetic peptide molecules are re-
quired. Complementary DNAs encoding for a few sperm
antigens have been cloned and sequenced, and the recom-
binant proteins or their peptides expressed by some of the
cloned cDNAs are being examined for their effect on fer-
tility [14–16].

The fertilization process includes a cascade of events
that the spermatozoon must undergo before fusing with the
oocyte plasma membrane. One of the key steps in the fer-
tilization cascade is the recognition and binding between
the complementary molecules present on the spermatozoon
and zona pellucida (ZP) of the oocyte [17]. The sperm-ZP
interaction constitutes an important event in the fertilization
process, and the molecular sequences involved are the most
attractive candidates for the development of a contraceptive
vaccine.

On the basis of the above findings, the present study was
conducted to investigate the sperm peptide sequence(s) in-
volved in recognition and binding to the complementary
molecule of the ZP in humans. This was achieved by
screening the FliTrx random phage display library (Invitro-
gen, San Diego, CA) that has expression of 1.77 3 108

different peptide sequences. A solubilized preparation of
human oocyte ZP proteins was used as a probe to obtain
reactive clones. The long-term objective of this study was
to search for sperm peptide sequence(s) that can find po-
tential applications in the development of a contraceptive
vaccine and in the diagnosis and treatment of infertility in
humans.

MATERIALS AND METHODS

Library Screening by Panning

The FliTrx random phage display library used in the
present study was obtained from Invitrogen. The library
was screened with solubilized human ZP proteins (HZP)
according to the manufacturer’s protocol. After the fifth
round of panning, the eluted cells were streaked on LB
plates containing 100 mg/ml ampicillin to select colonies.
Potential positive colonies were further confirmed for re-
activity with HZP using the Western blot procedure. The
colonies were grown and cells were suspended in 100 ml
SDS-PAGE buffer (nonreduced), boiled for 10 min, and
centrifuged; the supernatant was run in SDS-PAGE (5–15%
gradient gel) [18], and the resolved proteins were trans-
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ferred to nitrocellulose paper for Western blot analysis [19].
The blot was reacted with HZP (20 mg/20 ml) and then
with rabbit antibodies to HZP (described below; 10 mg/20
ml); the reacted proteins were localized by incubating the
antibody-reacted strips first with alkaline phosphatase-con-
jugated goat anti-rabbit antibodies (heavy- and light-chain
specific; Cooper Biomedical Inc., Malvern, PA) and then
with nitro blue tetrazolium and 5-bromo-4-chloro-3-indolyl
phosphate as substrate, as described elsewhere [16,20].

Human Oocyte ZP Proteins and Their Antibodies

The human oocytes were obtained from female partners
(21–35 yr old) of infertile couples who attended the Infertility
Service for in vitro fertilization-embryo transfer [21,22].
These infertile couples had infertility attributed to the male
partners, and the female partners were without any ovarian
abnormality. Appropriate informed consent and Institution-
al Review Board approval were obtained for study partic-
ipation and collection of ova. There were an excess number
of left-over mature eggs, cryopreserved in 3.5 M propane-
diol containing 0.27 sucrose and 5% BSA in PBS until
used. These eggs were never exposed to sperm and could
have otherwise been discarded. They were rapidly thawed,
washed in Ham’s F-10 medium, and freed of adhering gran-
ulosa cells by incubation with 0.1% hyaluronidase (Sigma
Chemical Co., St. Louis, MO) in PBS. The eggs were
washed (3 times) in PBS to remove adhering cumulus cells,
and the zonae were heat solubilized in sodium carbonate
buffer (0.001 M, pH 9.0) at 608C for 1 h [21,22]. The sol-
ubilized HZP were dialyzed against PBS for 48 h at 48C
before use.

Rabbit antiserum was prepared against HZP as described
elsewhere [23]. Briefly, sexually mature virgin female rab-
bits (n 5 2) were actively immunized systemically with
HZP emulsified with Freund’s adjuvant; and after three
booster injections, the animals developed high titer anti-
bodies (. 1:5012) against HZP, as examined using ELISA.
Preimmune serum and the sera from control animals in-
jected similarly with only PBS, emulsified with Freund’s
adjuvant, were used as positive controls in various assays.

DNA Isolation and Sequencing

DNA was isolated from the uninduced cells/clones that
showed positive reaction with HZP in the Western blot pro-
cedure after five cycles of panning. The plasmid DNA was
isolated using the simple nucleic acid preparation (S.N.A.P.)
miniprep kit (cat. #K1900-01; Invitrogen) and sequenced
by dsDNA Cycle Sequencing System (Gibco-BRL, Gaith-
ersburg, MD) [16,20]. Sequencing primers were FliTrx for-
ward and reverse sequencing primers. The 36 base pairs
corresponding to the dodecamer peptide sequence were in-
serted at RsrII/AvaII (59 end) and AvaII (39-end) of the vec-
tor DNA and could be released using AvaII. The search for
nucleotide (nt) and amino acid (aa) sequence homology in
GenBank, National Biomedical Research Foundation
(NBRF), and Swiss sequence banks was performed using
Fasta and tFasta search programs [24]. The consensus aa
sequence was derived from the various positive peptide se-
quences by using the Lineup program (Genetics Computer
Group, Madison, WI). The peptides were synthesized by
solid-phase synthesis using Fmoc chemistry (Biosynthesis
Inc., Lewisville, TX). Deprotection was achieved by 20%
piperidine in dimethylformamide, and the peptides were
cleaved from the resin by 85% trifluoroacetic acid (TFA).
The peptides were then precipitated in methyl tert-butyl

ether and purified by using reverse-phase HPLC. The frac-
tions eluted with 0.5% TFA in acetonitrile were dried in a
speed vacuum, redissolved in water, and lyophilized. All
four peptides were water soluble and had . 95% purity
level.

Antibodies to Peptide

The peptides were conjugated to tetanus toxoid (TT; Wy-
eth Laboratories, Radnor, PA) by the method described by
Tsong et al. [25], using 1-ethyl-3 (3-dimethylaminopropyl).
Antiserum was raised in sexually mature virgin female rab-
bits of the New Zealand white strain [23], and the antibod-
ies were purified by using a protein A-Sepharose 4B col-
umn. The monovalent Fab9s were prepared using pepsin by
the method of Nisonoff and colleagues [26] or described
elsewhere [27]. The Fab9s were further immunoaffinity pu-
rified by using peptide-BSA-Sepharose 4B immunobeads
prepared as described below.

Hemizona Assay

The hemizona assay was performed to examine the ef-
fects of peptides and their Fab9 antibodies on human sperm-
ZP binding [28]. One half of the hemizona pair was ex-
perimental (treated with the peptide or Fab9s), and the other
half of the same oocyte was used as a control (untreated).
Two sets of experiments were performed. In the first set,
peptide/Fab9s were incubated (378C, 1 h) with sperm (100-
ml drop), washed, and then incubated (4 h) with the un-
treated experimental hemizona. Control sperm were incu-
bated with the medium only. In the second set, peptide/
Fab9s were incubated (378C, 1 h) with the experimental
hemizona, washed, and then incubated (4 h) with the un-
treated sperm in a 100-ml drop. Control hemizonae were
incubated with the medium only. The number of sperm
tightly bound to the outer surface of the hemizona was
determined and expressed as the hemizona index: HZI 5
[Number of sperm bound on experimental hemizona/Num-
ber of sperm bound on control hemizona] 3 100.

Each sample was tested with 7–12 hemizonae obtained
from 3–8 different women in three different experiments
performed on different days using sperm from at least three
different fertile men. For the immunoadsorption experi-
ments, the Fab9s were incubated (48C, overnight) with the
peptide (1:10, w:w) and centrifuged (10 000 rpm, 5 min),
and the supernatant was tested in the hemizona assay.

Interaction Between the Peptide and Oocyte ZP

The interaction between synthetic peptide and oocyte ZP
proteins was examined by Western blot and immunoprecip-
itation. For Western blot analysis, the HZP was run in two
identical SDS gels (5–15% gradient) and transferred to ni-
trocellulose membranes. BSA was biotinylated and sepa-
rated from unbiotinylated protein according to the manu-
facturer’s protocol (ECL protein biotinylation module;
Amersham, Piscataway, NJ) [20]. The peptide was conju-
gated to biotinylated BSA by using 1-ethyl-3-(3-dimethyl-
aminopropyl) carbodiimide as described above. The West-
ern blots were incubated with blocking solution for 2 h at
room temperature; then one blot was treated with the pep-
tide-biotinylated BSA conjugate in PBS (20 mg/20 ml) and
the second identical blot was treated with biotinylated BSA
not conjugated to peptide (20 mg/20 ml). The blots were
washed, reacted with streptavidin-horseradish peroxidase
(1:1500), washed, incubated with substrate, and exposed to
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TABLE 1. Sequences of peptides showing binding to human zona pel-
lucida.

Clone Sequence

1. SNR12
2. GHR12
3. YLP12
4. Consensus17*

SNRVKLGGDDGK
GHRARRVEISAS
YLPVGGLRRIGG
GHRGRRVGLGGGGRIGG

* Consensus17 was derived from sequences of the above three strongly
binding peptides and another six that showed weak binding with zona
pellucida.

TABLE 3. Effect of Fab9 fragments on human sperm binding in the hem-
izona assay.

Sample
Concentration

(mg/100ml)

Number of sperm tightly
bound to hemizona

incubated with

treated
sperma

untreated
sperma HZI

Control Fab9b

Preimmune Fab9
Antipeptide YLP12 Fab9

Unadsorbed
Immunoadsorbedd

10
10

10
10

36 6 4
38 6 7

7 6 2c

32 6 6

42 6 6
39 6 5

41 6 7
38 6 4

86
97

17c

84
a Values are mean 6 SEM.
b From animals injected with tetanus toxoid.
c Versus respective control, P 5 0.008; others were nonsignificant (P .
0.05).
d Immunoadsorbed with the peptide.

TABLE 2. Effect of synthetic peptides on human sperm binding in the
hemizona assay.

Sample
Concentration

(mM)

Number of sperm tightly
bound toa

treated
hemizona

untreated
hemizona HZI

BSA control
Peptide SNR12

Peptide GHR12

Peptide YLP12

Peptide consensus17

75
25
75
25
75
25
75
25
75

34 6 4
35 6 3
33 6 4
32 6 8
34 6 7
16 6 4b

7 6 2b

28 6 8
21 6 3c

36 6 5
40 6 6
34 6 3
31 6 7
35 6 8
35 6 3
33 6 4
34 6 5
32 6 6

94
88
97

103
97
46b

21b

82
67c

a Values are mean 6 SEM.
b Versus respective control, P , 0.003.
c Versus respective control, P 5 0.019; all others were nonsignificant
(P . 0.05).

x-ray film for 1–5 min. BSA was used as a control in these
experiments.

For analysis using the immunoprecipitation procedure,
the peptide was conjugated to BSA as described above, and
the peptide-BSA conjugate or the BSA alone was coupled
to cyanogen bromide-activated Sepharose 4B (Sigma)
[21,29]. HZP was divided into two aliquots of 20 mg pro-
tein/50 ml each. One aliquot was incubated with peptide-
BSA-Sepharose 4B beads, and the second was incubated
with the BSA-Sepharose 4B beads suspended in radioim-
munoprecipitation assay buffer (50 mM NaCl, 10 mM Tris,
1 mM EDTA, 1 mM PMSF [30]. The reaction mixture was
incubated for 2 h at 48C; unadsorbed proteins were washed
off, and the reacted zona protein was eluted from the beads
by treating with glycine-HCl (0.1 M, pH 2.8). The eluate
was neutralized with solid K2HPO4 to pH 7.4, boiled with
nonreduced SDS-sample buffer, and subjected to SDS-
PAGE; the gel containing the resolved proteins was stained
with silver nitrate and visualized.

Tissue-Specific Expression

To examine tissue-specific expression, the solubilized
extracts from 10 different human tissues—namely, testis,
kidney, liver, spleen, heart, lung, brain, muscle, ovary, and
placenta (Human Protein Medley; Clontech, Palo Alto,
CA)—were run in SDS-PAGE and transferred to nitrocel-
lulose membrane for Western blot analysis. The membranes
were probed with anti-peptide Fab9s/control Fab9s (15 mg/
10 ml), and the reacted bands were localized as described
above [16,20].

Indirect Immunofluorescence Technique

Indirect immunofluorescence technique was performed
on methanol-fixed sperm cells to examine the subcellular

site at which the peptide sequence was present [31]. Motile
sperm cells were collected from semen of fertile men by
the swim-up procedure, washed (3 times) with PBS, air
dried at room temperature, fixed in methanol, and air dried
again. The slides were then rinsed in PBS and blocked with
PBS containing 5% BSA for 45 min; next they were reacted
with anti-peptide Fab9s in PBS (10 mg/100 ml) for 1.5 h at
room temperature in a moist chamber. After washing in
PBS, fluorescein isothiocyanate-labeled goat anti-rabbit
IgG (1:40 dilution; Cappel Labs., Malvern, PA) was added
and incubated as above for 1.5 h. The slides were washed,
mounted in 90% glycerol in PBS containing sodium azide
(0.1%) and 1,4-diazabicyclo(2,2,2)octane (10 mg/ml), and
examined.

Capacitation was induced by incubating (6–8 h, 378C in
5% CO2 and 95% air mixture) the swim-up sperm (10 3
106 sperm/ml) in Ham’s F-10 medium containing 5% BSA.
The capacitated sperm were washed, methanol fixed, and
studied for antibody reactivity as described above.

Statistical Analysis

Significance of differences between treated and control
groups in Tables 2 and 3 was analyzed by using unpaired
and paired Student’s t-test. A P value of , 0.05 was con-
sidered significant.

RESULTS

After biopanning ;1.2 3 106 phage clones five times,
21 clones were selected that showed varied degrees of af-
finity for HZP. Clones were cultured in RM medium (In-
vitrogen) to obtain a larger quantity of protein for analysis
in the Western blot procedure. Of these clones, 18 showed
positive reactivity with HZP in the Western blot procedure,
as seen by the presence of the expected ;53-kDa protein
band. With loading of the same amount of total protein
from each clone, 6 of the 18 clones showed a weaker band,
and the remaining 12 showed a band of 3- to 5-fold stronger
intensity. DNA from all 18 clones was isolated, purified,
and sequenced using the FliTrx forward and reverse primers
to obtain the sequence coding for the dodecamer. The
clones were sequenced several times to confirm the se-
quence obtained. Twelve strongly reacting clones exhibited
three aa sequences designated as SNR12, GHR12, and YLP12
(Table 1). SNR12 had a frequency of 16.7% (2 of 12),
GHR12 of 33.4% (4 of 12), and YLP12 of 50% (6 of 12)
among these clones. The six weakly reacting clones exhib-
ited six different sequences. Consensus sequence of 17 aa,
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FIG. 1. Effect of YLP12 peptide and its Fab9 antibodies on sperm-zona
binding in the hemizona assay. Treatment of hemizona with YLP12 peptide
prior to coincubation with sperm caused a significant inhibition of sperm
binding to ZP (b). The control hemizona from the same oocyte, not treated
with the peptide, demonstrated binding to sperm (a). Treatment of sperm
with anti-YLP12 Fab9 antibodies also significantly inhibited sperm binding
to ZP (d), while the control hemizona from the same oocyte, incubated
with sperm not treated with the antibodies, demonstrated binding to
sperm (c). a–d, 3820 (published at 62%).

FIG. 2. Interaction between the YLP12 peptide and ZP3 of human oocyte
ZP. The solubilized ZP preparation from human oocytes (HZP) was sepa-
rated in SDS-PAGE and then transferred to nitrocellulose membrane for the
Western blot procedure. HZP predominantly showed three major protein
bands with median molecular masses of 50, 110, and 195 kDa and two
minor bands of 95 kDa and 17 kDa (far left lane). BSA was biotinylated,
separated from the unbiotinylated protein according to the manufacturer’s
protocol, and divided into two aliquots. One aliquot was conjugated to
YLP12 peptide and the other was used per se. Western blot) Composed of
HZP (a lanes) or BSA (b lanes), and incubated with YLP12 peptide-biotiny-
lated BSA conjugate (A) or with biotinylated BSA (B), washed and allowed
to react with streptavidin-horseradish peroxidase (1:1500), washed again,
incubated with substrate, and exposed to x-ray film for 1–5 min. The YLP12

peptide-biotinylated BSA conjugate specifically reacted with the ZP3 com-
ponent of ;50 kDa of HZP and not with BSA (Aa and Ab, respectively).
Biotinylated BSA not conjugated to peptide did not react with any com-
ponent of HZP or BSA (Ba and Bb, respectively). Immunoprecipitation)
YLP12 peptide conjugated to BSA and coupled to Sepharose 4B beads (YLP12

beads) specifically precipitated a ZP3 component of ;50 kDa from HZP
and no protein from the BSA solution (Aa and Ab, respectively). BSA alone
coupled to Sepharose 4B beads (BSA beads) did not precipitate any protein
from HZP or BSA solution (Ba and Bb, respectively).

designated as Consensus17, was obtained using the Lineup
program including all nine (three strongly and six weakly
reacting) sequences. An extensive computer search in
GenBank, NBRF, and the Swiss sequence banks did not
identify any known nt/aa sequence having a complete ho-
mology with these four sequences.

The peptides were synthesized based on these four se-
quences, and the purified peptides were examined for their
effects on binding of human sperm with human ZP in the
hemizona assay. Of these peptides, two, namely YLP12 and
Consensus17, caused a significant (P , 0.05) inhibition of
sperm binding with ZP (Table 2, Fig. 1b). The effects were
concentration dependent, with a stronger inhibition at high-
er doses. The effect was much stronger with the YLP12 as
compared to Consensus17 peptide at 75 mM concentration.
The inhibition was apparent only when the hemizonae were
treated with the peptides before coincubation with sperm,
not vice versa. The other two peptides did not affect bind-
ing, and the results were similar to those with BSA control

(Table 2). Further studies focused on the YLP12 peptide.
Immunization with YLP12 peptide conjugated to TT raised
high-titer (. 1:5120, ELISA titer) antibodies against the
peptide. The immunoaffinity-purified Fab9s against the
YLP12 peptide significantly inhibited sperm-zona binding
(Table 3, Fig. 1d). Control Fab9s from animals immunized
with TT alone and with preimmune serum did not affect
sperm binding. Immunoadsorption of the anti-YLP12 Fab9s
with purified peptide completely abolished inhibitory activ-
ity. The inhibition was apparent only when sperm were
treated with the anti-YLP12 Fab9s before coincubation with
hemizona, not vice versa.

To examine the component of the human ZP that is rec-
ognized by the YLP12 peptide, Western blot and immuno-
precipitation procedures were performed. In Western blot-
ting, the peptide YLP12 conjugated to biotinylated BSA
specifically reacted with the ZP3 component of human ZP
and not with BSA (Fig. 2, Western blot, lanes Aa and Ab,
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FIG. 3. Western blot indicating the testis-
specific expression of YLP12 peptide se-
quence. Solubilized extracts from 10 dif-
ferent human tissues were run in SDS-
PAGE and transferred to nitrocellulose
membrane for Western blot analysis. Anti-
YLP12 Fab9s (A) from postimmune serum,
and not the Fab9s from control or preim-
mune serum (B), recognized a specific
band of ;72 6 2 kDa (arrow) only in the
testis. There were some nonspecific pro-
tein bands reactive in each tissue extract
that were also recognized by the control
Fab9s. The Western blot procedure was re-
peated seven times on different days using
various concentrations (100–300 mg pro-
tein per lane) of tissue extracts, and each
time an identical pattern was obtained.
Silver-stained SDS-PAGE of these tissue ex-
tracts showed multiple sharp and well-re-
solved protein bands without any smears.

respectively). The biotinylated BSA not conjugated to pep-
tide did not react with HZP or BSA (Fig. 2, Western blot,
lanes Ba and Bb, respectively). In the immunoprecipitation
procedure, similar results were obtained. The peptide con-
jugated to BSA coupled to Sepharose 4B beads pulled out
the ZP3 component from HZP and nothing from the BSA
solution (Fig. 2, Immunoprecipitation, Aa and Ab, respec-
tively). The BSA-Sepharose 4B beads not conjugated to
peptide did not react with HZP or any protein in the HZP
preparation or BSA solution (Fig. 2, Immunoprecipitation,
Ba and Bb, respectively).

Anti-YLP12 Fab9s specifically recognized a protein band
of ;72 6 2 kDa only in the testis lane in the Western blot
procedure involving solubilized extracts of 10 different hu-
man tissues (Fig. 3).

Anti-YLP12 Fab9s reacted with the acrosomal region of
the methanol-fixed human sperm cell, whether noncapaci-
tated (Fig. 4b) or capacitated (Fig. 4d). Fab9s from control
or preimmune immunoglobulins did not bind to any region
of the sperm cell (Fig. 4f).

DISCUSSION

In the present study, we used phage display technology,
a unique tool for identifying novel sequences. Previous
studies have employed predominantly hybridoma technol-
ogy to delineate fertilization-related antigens [1,2,13–
16,20], which is more laborious and time consuming. Using
the peptide display library containing 1.77 3 108 unique
sequences, we identified at least three 12-mer aa sequences
that showed stronger binding with human ZP. In addition,
a 17-mer consensus sequence was delineated based upon
these three strongly binding and six relatively weakly bind-
ing sequences. All four sequences were novel, since an ex-
tensive computer search in the GenBank, NBRF, and Swiss
sequence banks did not show any known nt/aa sequence
having a complete identity with them. All four synthetic
peptides based on these sequences were water soluble.

When tested in the hemizona assay, only two, YLP12 and
Consensus17, significantly inhibited sperm binding, with
YLP12 having a stronger effect. The other two, SNR12 and

GHR12, did not inhibit sperm binding with hemizona, al-
though these peptide sequences showed relatively stronger
binding with HZP in the five cycles of biopanning and
Western blotting. In both these screening procedures using
solubilized HZP, the complementary linear sequences rather
than conformational epitopes of the interacting molecules
are involved in recognition and binding. In contrast to the
situation with solubilized HZP, in the intact HZP the com-
plementary sequences may be present as conformational
epitopes and/or may not be exposed on the surface, thus
not recognizable by the linear sequences of these peptides
in the hemizona assay. Even if the complementary epitopes
present on the intact ZP are accessible to these peptides,
they may not be relevant to sperm binding. Some specific
sequences present in ZP are involved in sperm binding, and
others are not [21,32–34]. Various studies have shown that
the ZP of the human oocyte is composed of at least three
components, namely, ZP1, ZP2, and ZP3, and the ZP3 mol-
ecule acts as a primary receptor for sperm binding in var-
ious species of animals [21,32–34]. It is possible that
SNR12 and GHR12 sequences react with ZP1 and/or ZP2
instead of ZP3 and thus are unable to inhibit sperm binding
in the hemizona assay.

The inhibitory effects of YLP12 and Consensus17 pep-
tides were specific, since 1) the second halves of the zonae
(hemizonae) from the same oocyte that were used as con-
trols showed sperm binding; 2) the effects of peptides were
apparent only when they were preincubated with hemizo-
nae instead of sperm before insemination; and 3) two other
same-sized (12-mer) peptides (SNR12 and GHR12) and BSA
did not affect binding at the same concentration. Also, the
inhibitory effect of YLP12 was further confirmed with use
of its monovalent Fab9 antibodies, which are devoid of non-
specific binding Fc portion. Immunoadsorption of the anti-
YLP12 Fab9s with the peptide abolished the inhibitory ef-
fect, and the control Fab9s from preimmune serum and con-
trol animals immunized with the TT alone did not affect
sperm binding, indicating specificity of the inhibitory ef-
fects. None of the peptides or the Fab9s caused agglutina-
tion of sperm or any apparent deleterious effect on motility
(percent or progressive) of the spermatozoa.
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FIG. 4. Epifluorescent photomicrographs indicating the indirect immu-
nofluorescent reaction pattern of the anti-YLP12 Fab9s with methanol-fixed
human sperm. Anti-YLP12 Fab9s reacted with the acrosomal region of
sperm, whether noncapacitated (b) or capacitated (d). Fab9s from control
or preimmune immunoglobulins did not bind to any region of sperm cell
(f). Panels on the left are the corresponding phase-contrast pictures, re-
spectively, of panels on the right. a–f, 3720 (published at 67%).

The YLP12 peptide specifically recognized the ZP3 com-
ponent of the ZP of the oocyte in Western blot and im-
munoprecipitation procedures. The binding with ZP3 and
inhibition of sperm-zona binding by the peptide indicate
that the YLP12 sequence may be a complementary receptor
sequence on the sperm surface that is involved in recog-
nition/binding to the ZP of the oocyte. The interaction of
ZP3 with the peptide also indicates that the recognition/
binding may involve protein-protein interaction, recogniz-
ing the linear sequences of the complementary molecules
of two interacting cells (sperm/oocyte), as is becoming ap-
parent from recent studies using recombinant ZP and sperm
proteins [35].

The specific binding of the Fab9s with the ;72 6 2-kDa
protein band only in the testis extract indicates the testis-
specific expression of the protein having the YLP12 aa se-
quence. In addition to involvement in the fertilization pro-
cess, tissue specificity is an important criterion for the se-
lection of an antigen as a candidate for contraceptive vac-
cine development. The binding of the Fab9s with the
acrosomal region of the noncapacitated as well as the ca-

pacitated sperm cell in the indirect immunofluorescence
technique indicates that the ;72 6 2-kDa protein with
YLP12 sequence is present in the acrosomal subcellular re-
gion of the sperm cell and is not lost during capacitation.

In conclusion, by using the phage display technique we
have identified a testis-specific novel peptide sequence,
present in the acrosomal region of the human sperm cell,
that is involved in recognition/binding to the ZP3 compo-
nent of the ZP of human oocytes. Besides helping to pro-
vide further insight into molecular mechanisms underlying
sperm-zona interaction, the sequence may find applications
in contraceptive vaccine development and in diagnosis and
treatment of male infertility mediated through sperm dys-
function.
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