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ABSTRACT The aim of the present study was
to delineate peptide sequences against which anti-
sperm antibodies (ASA) are raised in immunoinfertile
men. Using the phage display technology, seven
unique and novel dodecamer amino acid sequences
were identified that reacted with the sera of immu-
noinfertile men. The peptides were synthesized based
upon these amino acid sequences and examined for
their immunoreactivity with sera from ASA-positive
immunofertile men (n¼15) and ASA-negative fertile
men (n¼18) for IgM, IgG, and IgA class of antibody in
the enzyme-linked immunosorbent assay (ELISA). All
the seven synthetic peptides showed a significantly
(P<0.001) higher mean absorbance values for IgG
and/or IgA class of antibody with the immunoinfertile
sera compared to fertile control sera. Three of the seven
peptides demonstrated a stronger reaction (>2 SD
units) with 27%–40% of immunoinfertile sera com-
pared to fertile controls. These peptide sequences may
find applications in the specific diagnosis and treat-
ment of immunoinfertility and in contraceptive vaccine
development. The phage display technique provides
an exciting and novel technology to delineate sperm
epitopes involved in immunoinfertility. Mol. Reprod.
Dev. 72: 25–30, 2005. � 2005 Wiley-Liss, Inc.
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INTRODUCTION

Sperm cell has both autoantigenic as well as isoanti-
genic potential capable of producing antisperm anti-
bodies (ASA) in both men and women leading to
infertility. ASA have been implicated in involuntary
infertility in humans (Bronson et al., 1984; Mathur,
1986; Marshburn and Kutteh, 1994; Ohl and Naz, 1995;
Naz, 2004). Depending upon the center, 2%–30% of
cases of infertility may be associated with the presence
of ASA in male and/or female partner of an infertile
couple. ASA have been shown to be the causative factors
of infertility. The infertility may be caused by blocking
sperm capacitation and acrosomal exocytosis, sperm-
oocyte binding and penetration, and/or by inhibiting

pre-implantation embryonic development (Bronson et al.,
1984; Naz, 1992).

Although ASA have found to cause infertility, these
antibodies have also been detected in 1%–2.5% of fertile
men and 4% of fertile women by various techniques
(Collins et al., 1993; Ohl and Naz, 1995; Helmerhorst
et al., 1999). The presence of ASA in fertile men and
women indicates that not all ASA cause infertility.
Sperm cell has several antigens that are not related to
fertility. The antibodies directed against these antigens,
although can bind to sperm in various assays, cannot
cause infertility. These ASA should be called ‘sperm-
reactive’ immunoglobulins rather than ‘antisperm’
antibodies. Using hybridoma and Western blotting
techniques, and 2-D gel electrophoresis and mass
spectrophotometry and, DNA recombinant technology,
attempts have been made by various laboratory to
delineate antigens that are relevant to fertility, and to
define the corresponding antibodies which are involved
in immunoinfertility (Auer et al., 1995;Pillai et al., 1996;
Clayton et al., 1998).

The present study was conducted to delineate the
sperm peptide sequences that raise ASA response in
human immunoinfertility. This was achieved by using a
novel approach that involves screening of the FliTrx
random phage display library (Invitrogen, San Diego,
CA) that has the expression of 1.77� 108 different
dodecamer peptide sequences. The sera from infertile
men having high titers of ASA were used as a probe to
obtain the reactive clones. A long-term goal of this study
was to search for sperm peptide sequences that can find
potential applications in the specific diagnosis and
treatment of immunoinfertility in humans, and in the
development of a contraceptive vaccine.
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MATERIALS AND METHODS

Patient Sera

Sera (n¼ 15)were collected from infertilemen (n¼15,
aged 24–37 years), who showed ASA in their sera as
revealed by the sperm immobilization technique (SIT)
(Isojima et al., 1968), tray agglutination technique
(TAT) (Friberg, 1974), and immunobead binding
technique (IBT) (Menge et al., 1999). All these sera
demonstrated >20% sperm binding in IBT. These sera
will be referred to as ‘immunoinfertile sera.’ The control
sera (n¼18) were collected from healthy fertile men
(n¼15, aged 24–35 years) of proven fertility record and
who have fathered child within the last year. Control
sera did not demonstrate presence of ASA when tested
by SIT, TAT, or IBT. These sera will be referred to as
‘fertile sera.’ Serum samples separated from the blood
were aliquoted and frozen at �208C until used. The
studywasapprovedby the institutional InternalReview
Board (IRB) for human studies.

Library Screening by Panning

The FliTrx random phage display library used in the
present studywas obtained from Invitrogen. The library
was screened with high titer ASA-positive immunoin-
fertile sera (n¼ 3) 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 reconfirmed for reactivity with the immuno-
infertile sera. The colonies were grown and cells were
suspended in 100 ml sodium dodecyl sulphate-polyacry-
lamide gel electrophoresis (SDS–PAGE) buffer (non-
reduced), boiled for 10 min, and centrifuged; the
supernatantwas run onSDS–PAGE (5%–15%gradient
gel) (Laemmli, 1970), and resolved proteins were trans-
ferred to nitrocellulose paper for Western blot analysis
(Towbin et al., 1979). The blot was reacted with immu-
noinfertile serum (5 mg/20 ml), and then with alkaline
phosphatase-conjugated rabbit anti-human antibodies
(heavy- and light chain specific;CooperBiomedical, Inc.,
Malvern, PA) (2 ml/20 ml) and the reacted protein bands
were localized by incubatingwith nitro blue tetrazolium
and 5-bromo-4-chloro-3-indolyl phosphate as substrate,
as described elsewhere (Naz et al., 2000).

DNA Isolation and Sequencing,
and Peptide Synthesis

DNA was isolated from the uninduced cells/clones
that showed positive reaction with the immunoinfertile
sera in the Western blot procedure after five cycles of
panning. The plasmid DNA blot was isolated using the
simple nucleic acid preparation (SNAP) miniprep kit
(cat. #K1900-01; Invitrogen) and sequenced by dsDNA
Cycle Sequencing System (Gibco-BRL, Gaithersburg,
MD) (Zhu and Naz, 1997). Sequencing primers were
FliTrx forward and reverse sequencing primers. In the
library the36basepairs corresponding to thedodecamer
peptide sequences have been inserted at RsrII/AVAII
(50 end) and AVAII (30-end) of the vector 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,
tFasta, and BLAST search programs (Pearson and
Lipman, 1988). The Genetics Computer Group (GCG)
(Madison, WI) was used for analysis.

The peptides, based on 36 nucleotide sequences, were
synthesized by solid-phase synthesis using Fmoc chem-
istry (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 fractions eluted with
0.5% TFA in acetonitrile were dried in a speed vacuum,
redissolved in water and lyophilized. All seven peptides
were water-soluble and had >85% purity level.

Enzyme-Linked Immunosorbent
Assay (ELISA)

The antibodies (IgM, IgG, and IgA) in the serum
samples were detected using ELISA as described
elsewhere (Naz and Chauhan, 2001). Each well was
incubated overnight (at 48C) with peptide or bovine
serum albumin (BSA; 4 mg/well in 200 ml) diluted in
carbonate buffer (0.1 mol/L, pH 9.6). The wells were
washed three times (for 5 min each) with phosphate-
buffered saline (PBS) containing 0.05%Tween-20 (PBS-
T). To block non-specific binding sites, the wells were
incubated with PBS-T containing 1% BSA at 378C for
45 min and washed three times (for 5 min each) with
PBS-T. The wells were incubated (at 378C, for 2 hr)
with serum (1:50 dilution) (200 ml/well), and diluted in
PBS-T containing 0.5% BSA. The wells were washed
(five times)withPBS-Tandthen incubated (378C,1.5hr)
with alkaline photophatase conjugated goat anti-
human IgM, IgG, and IgA (m-, g-, or a-chain specific)
immunoglobulins (Sigma Chemical Co., St. Louis, MO)
diluted (1:1000) in PBS-T containing 0.5% BSA (200 ml/
well). The wells were washed as before, and then
incubated (378C, 30 min) with the substrate solution
(1 mg/ml disodium p-nitrophenyl phosphate diluted
in 0.05 mol/L carbonate buffer, pH 9.8). The reaction
product was read at 405 nm. Samples were run in
duplicate and the BSA-coated wells, treated identically,
servedas controls. Theabsorbance reading of the control
wells was subtracted from the absorbance reading of the
antigen-coated wells and the mean of the subtracted
values was recorded. The absorbance readings were
converted to SD units by using the following formula:
SD units¼mean (test)�mean (control)/SD of control
group. The test samples with greater than or equal to
2 SDunits were considered as having a positive reaction
with a peptide.

Statistical Analysis

The significance of difference in the ELISA readings
between the immunoinfertile and fertile sera for various
classes of antibodies was also analyzed by the unpaired
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Student’s t-test. P-value<0.05 was considered signi-
ficant. Correlations were examined by analyzing for
linear regression.

RESULTS

After biopanning over 106 phage clones five times,
11 clones were selected that showed varied degrees of
affinity with a pool of three high titer ASA-positive
immunoinfertile sera. Clones were cultured in RM
medium (Invitrogen) to obtain a large quantity of
protein for analysis in the Western blot procedure.
Of these clones, seven showed positive reactivity with
the immunoinfertile sera in theWestern blot procedure.
The positivity was determined by the immunoreactivity
of the immunoinfertile sera with the expected 53-kDa
protein band that had various dodecamer sequences.
DNA from all these seven clones was isolated, purified,
and sequenced using the FliTrx and reverse primers to
obtain the sequence coding for the dodecamer. The
clones were sequenced several times to confirm the
sequence obtained. All the seven clones exhibited seven
different sequences andwere designated as #2, #22, #69,
#77, #81, #84, and #95, respectively. Their aa sequences
are described in Table 1. The results of their homology
search in the database with known nucleotide (nt)/aa
sequences are described in Table 2. Except for #2 that
showed a complete identity with a known sequence,
none of the other six sequences showed a complete
identity with any known aa sequence in the database.
The peptides were synthesized based on these seven

sequences, and the purified peptides were examined for
their immunoreactivity with the panel of immunoinfer-
tile (n¼ 15) and fertile (n¼18) sera.
The peptide #2 showed mean�SD absorbance values

of 0.78� 0.24, 1.8�0.87, and 0.65�0.46 with the im-
munoinfertile sera, and 0.90�0.43, 0.83�0.22, and
0.48�0.35 with the fertile sera for IgM, IgG, and IgA
class of antibody, respectively, in ELISA. The differ-
ences of absorbancevaluesbetween the immunoinfertile
and fertile serawere significant (P< 0.001) for IgG class
and the non-significant (P>0.05) for the other two
classes. When converted to SD units, none of the sera,
whether immunoinfertile or fertile, showed a value
>2 SD units.
The peptide #22 showed mean�SD absorbance

values of 0.60� 0.10, 1.50� 0.71, and 0.54�0.20 with
the immunoinfertile sera, and 0.56� 0.21, 0.83� 0.19,
and 0.41�0.22 with the fertile sera for IgM, IgG,
and IgA class of antibody, respectively, in ELISA. The

differences of absorbance values between the immu-
noinfertile and fertile sera were significant (P<0.001)
only for IgG class and were non-significant for the IgM
and IgA classes.When converted to SDunits, 40% (6/15)
of the immunoinfertile sera showed a positive (>2 SD
units) reaction only for the IgG class. None of the fertile
sera showed a positive reaction for any class of antibody
(Fig. 1).

The peptide #69 showed mean�SD absorbance
values of 0.87�0.20, 1.40�0.71, and 0.70� 0.20 with
the immunoinfertile sera, and 1.0� 0.42, 0.71�0.17,
and 0.39� 0.14 with the fertile sera for IgM, IgG,
and IgA class of antibody, respectively, in ELISA. The
differences of absorbance values between the immu-
noinfertile and fertile sera were significant (P<0.001)
for IgG and IgA classes and non-significant (P>0.05)
for IgM class. When converted to SD units, 34% (5/15) of
the immunoinfertile sera for IgG class and 27% (4/15)
of the immunoinfertile sera for IgA class showed values
>2 SD (Fig. 2). None of the fertile sera showed a positive
reaction (>2 SD units) for the IgG class, and only one
showed a slight positive reaction (SD units 2.4) for IgA
class of antibody. No sera, immunoinfertile or fertile,
showed a positive reaction for IgM class of antibody.

The peptide #77 showed mean�SD absorbance
values of 0.22� 6.20, 2.3�0.90, and 0.46�0.18 with
the immunoinfertile sera, and 0.24�0.03, 1.18�0.26,
and 0.38� 0.12 with the fertile sera for IgM, IgG,
and IgA class of antibody, respectively, in ELISA. The
differences for absorbance values between the immu-
noinfertile and fertile serawere significant (P< 0.01) for
IgG and non-significant (P>0.05) for IgM and IgA
classes of antibody.When converted to SDunits, none of
the sera, whether immunoinfertile or fertile, showed
value >2.

The peptide #81 showed mean�SD absorbance
values of 0.22�0.02, 2.52�0.95, and 0.41� 0.09 with
the immunoinfertile sera, and 0.23�0.03, 1.32�0.40,
and 0.35� 0.08 with the fertile sera for IgM, IgG,
and IgA class of antibody, respectively, in ELISA. The
differences of absorbance values between the immu-
noinfertile and fertile sera were significant (P<0.001)
only for IgG class and non-significant (P> 0.05) for IgM
and IgA classes. When converted to SD units, none of
the sera, whether immunoinfertile or fertile, showed
value >2.

The peptide #84 showed mean�SD absorbance
values of 0.26�0.06, 1.99�0.77, and 0.36� 0.09 with
the immunoinfertile sera, and 0.28�0.06, 1.06�0.26,
and 0.29�0.09 with the fertile sera for IgM, IgG, and
IgA class of the antibody, respectively, in ELISA. The
differences of absorbance values between the immuno-
infertile and fertile serawere significant (P<0.001) only
for IgG class and non-significant (P>0.05) for IgM and
IgA classes of antibody.

The peptide #95 showed mean�SD absorbance
values of 0.29�0.07, 2.28�0.85, and 0.49� 0.15 with
the immunoinfertile sera, and 0.29� 0.5, 1.18�0.31,
and 0.28�0.06 with the fertile sera for IgM, IgG, and
IgA class of the antibody, respectively, in ELISA. The

TABLE 1. Amino Acid Sequences of the Peptides

No Peptide designate Sequence

1 2 PSALGRFTRGPL
2 22 SLIFVTISSEWG
3 69 LSLSLDLLTFRT
4 77 PDIRHYFIQNRG
5 81 GCRIVYRRPLHL
6 84 RTAGFDIKLIDT
7 95 RIQYQAISTVSL
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differences of absorbance values between the immu-
noinfertile and fertile sera were significant (P<0.001)
for IgG and IgA classes and non-significant (P> 0.05)
for IgM class of antibody. When converted to SD units,
27% (4/15) of the immunoinfertile sera for IgG class and
27% (4/15) of the immunoinfertile sera for the IgA class
showed values >2 SD (Fig. 3). None of the fertile sera
showed a positive reaction (>2SDunits) for IgGand IgA
classes of antibody. No serum (immunoinfertile or
fertile) showed a positive reaction for IgM class of
antibody.

There was no significant linear correlation between
the SIT or TAT titers in the serum and any class of any
antipeptide antibodydetectedbyELISA.Also, therewas
no significant linear correlation between the percentage
binding in the IBT and any class of any antipeptide
antibody. These findings indicate that all these techni-
ques (SIT/TAT/IBT/ELISA) are measuring different
types of antibodies.

DISCUSSION

Using the phage display technology, we have identi-
fied at least sevendodecamer peptide sequences that are
specifically recognized by the immunoinfertile sera,
indicating that they have antibodies reactive with these
epitopes. The fertile sera showed ‘‘immunological back-
ground’’ minimal reactivity. All the seven peptides (#2,
#22, #69, #88, #81, #84, and #95) showed a significant

reactivity with the immunoinfertile sera compared to
the fertile control sera for the IgG class of antibody and
two of these (#69 and #95) were also significantly
positive for the IgA class of antibody. None of the
peptides showed a significant positive reactivity with
the immunoinfertile sera for the IgM class of antibody
compared to the fertile control sera.

When expressed as SD units, only three of the
peptides (#22, #69, and #95) demonstrated a positive
reaction (>2 SD units) with the immunoinfertile sera.
All the three peptide showed a positive reaction (>2 SD
units)with 27%–40%of the immunoinfertile sera for the
IgG class, and two of these (#69 and #95) also showed a
positive reaction with 27% of the immunoinfertile
sera for the IgA class. Although all the serum peptides
showed a significantly more mean absorbance values
with the immunoinfertile sera compared to the fertile
control sera, the SD units with only three peptides
showed values >2. This may be due to variations in the
antibody titers to a particular peptide present in sera;
the sera showing >2 SD units have higher antibody
titers for that peptide.

The six of the seven peptides (#2, #69, #88, #81, #84,
and #95) did not have a complete identity with any
aa known sequence in the database. These findings
indicate that these peptides have a partial or complete
novel sequences. Spermcell has auto-/isoantigens on the
surface that are comprised of both glycosylated as well

TABLE 2. Computer-Based Homology Search of Peptide Sequences in the Database

Peptide
designate Homology Accession no.

2 12 of 12 aa matched with Homo sapiens ELK1 and IgG heavy chain gamma. ab016195
22 7 of 12 aa matched with human pregnancy zone protein gene, partial cDNA. m24416
69 9 of 12 aa matched with Homo sapiens CpG island DNA genomic Msel fragment. z66403
77 7 of 12 aa matched with Homo sapiens CpG island DNA genomic Msel fragment. z65803
81 8 of 12 aa matched with Homo sapiens voltage-gated potassium channel KCNQ4 gene exon 9. Af105211
84 8 of 12 aa matched with Homo sapiens IgG heavy chain variable region, clone KC4. aj007320
95 6 of 12 aa matched with Homo sapiens, enhancer of invasion 10. bc004435

Fig. 1. Peptide # 22. Fig. 2. Peptide # 69.
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as non-glycosylated epitopes (Yanagimachi, 1994) and
the antibodies present in the sera of immunoinfertile
men/women may be directed against the carbohydrate,
peptide, or both moieties of the auto-/isoantigens
(Tsuji et al., 1988).Many of the peptidesmay constitute,
partially or completely, the peptide mimetics of these
carbohydrate epitopes. Antibodies to carbohydrate
epitopes of various specificities have been reported in
the sera of immunoinfertile couples.
The following findings indicate that these peptide

sequences are indeed present on sperm: (1) The peptide
sequences were identified by using the well-character-
ized sera from immunoinfertile patients that had ASA.
The synthetic peptides, based on these sequences,
reacted only with the sera from ASA-positive immu-
noinfertile patients and not with the sera from ASA-
negative fertile controls. The specific reaction of the
synthetic peptides with the ‘‘antisperm antibodies’’
strongly indicate that these sequences are present on
sperm. (2) We prepared immuno-affinity columns by
conjugating each of the three peptides, that showed a
stronger reactivity (>2 SD units) with the immunoin-
fertile sera and not the fertile sera, with the cyanogen
bromide (CNBr)-activatedSepharose 4Bbeads (Nazand
Chauhan, 2001). The columns were used to specifically
pull out the antibodies from the immunoinfertile sera
(n¼ 2–3) reactive with these peptides. No immunoglo-
bulins from the fertile sera (n¼3) reacted with the
peptides in the column.Thehumanantibodies thatwere
pulled from the immunoinfertile sera showed binding
with the lithium diiodosalicylate (LIS) extract of human
sperm in ELISA and reacted with the methanol-
fixed human sperm in the indirect immunofluores-
cence technique. The sperm binding reactivity was
observed with the antibodies isolated by using each of
the three peptide immuno-affinity columns. Presently,
we are using these antibodies in the Western blot
procedure involving human sperm extract to delineate
the sperm antigens that contain these sequences.
In conclusion, using the phage display technology, we

have found at least three novel sequences, antibodies

againstwhich are present in the sera of immunoinfertile
men and not in the sera of fertile men. These peptides
may find applications in the specific diagnosis and
treatment of immunoinfertility and in the contraceptive
vaccine development. The phage display technique
seems to provide a unique and novel technology to
delineate additional antigen/epitope sequences that are
involved in human immunoinfertility. Using this tech-
nology we have previously identified a novel sequence
designated as YLP12 that is involved in human immu-
noinfertility (Naz et al., 2000; Naz and Chauhan, 2001).
Presently we are investigating the immunocontracep-
tive potential of these peptides.
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