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Abstract

The oviduct is an organ in which a subpopulation of sperm is stored in a reservoir,

preserving its fertilizing potential. In porcine, two oviductal proteins have been

identified in relation to sperm binding, Annexin A2 and Deleted in Malignant Brain

Tumor 1 (DMBT1). DMBT1 is amultifunctional, multidomain glycoprotein, and the

characteristics of all of its domains, as well as its carbohydrates, make them

candidates for sperm binding. In this work, we challenge sperm for binding to pig

oviductal cells on primary culture, after treatment with antibodies specific for the

different domains present in DMBT1. Only anti-SRCR antibodies produced

inhibition of sperm binding to cells. Thus, SRCR is the main domain in DMBT1

promoted sperm binding to form the reservoir in the oviduct, and this function is

probably elicited through the polypeptide itself.
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1 | INTRODUCTION

The oviduct is a dynamic organ in which events essential for
reproduction, such as gamete transport and encounter, and
sperm final maturation and selection take place. Sperm
selection through the formation of a reservoir occurs in many
mammalian species such as human, sheep, cow, horse, pig,
hamster, and mice (for review see Ref.1). The reservoir is
formed by binding of a subpopulation of spermwith favorable
characteristics and in non-capacitated state to the oviductal
epithelium.While being in contact with the epithelium, sperm
show extended viability and preserved fertilizing ability2; and

capacitation and hyperactivation are delayed.3 Sperm release
occurs in limited number, providing a suitable amount of
viable, potentially fertile spermatozoa at the time of
ovulation.

The mechanism of sperm binding to the epithelial cells is
still under study, however, many of its components have been
identified. Carbohydrates contained in oviductal glycopro-
teins are considered main components of sperm-oviduct
interaction, with different saccharides providing species
specificity. In pig, oligomannose, terminal mannose and
galactose residues,4 and Lewis X related moieties5 have been
identified as important for sperm binding. Also in pig,

J Cell Biochem. 2017;1–8. wileyonlinelibrary.com/journal/jcb © 2017 Wiley Periodicals, Inc. | 1

http://orcid.org/0000-0002-3064-1808


spermadhesins, a family of proteins with carbohydrate
binding capability predominantly found in seminal plasma
and/or peripherally associated to sperm,6 have been involved
in sperm binding to the oviduct: DQH, throughmannose,7 and
AQN1, through galactose,8 and the sperm protein lactadherin
through Lewis X trisaccharide.9

Oviductal proteins have also been proposed to interact
with sperm for reservoir formation. In pig, ANXA210 and
Deleted in Malignant Brain Tumors 1, DMBT1, formerly
called sperm binding glycoprotein, SBG,11,12 have been
related to this function. The interaction between DMBT1 and
sperm was first inferred by purification of the glycoprotein
based on affinity to sperm periacrosomal membranes11 and
further confirmed by plasmon resonance studies.13 DMBT1
purified from pig oviductal epithelial cells exposes O-linked
Galβ1-3GalNAc, which might be recognized by the sper-
madhesin AQN-1, adsorbed to spermatozoa.8,11 Also,
DMBT1 has been shown to interact in vitro with another
sperm protein present in porcine as well as in human sperm,
S100A7 (Psoriasin).12

DMBT1 is a glycoprotein present in multiple organisms
and several cell types, where it exerts functions in the innate
immune defence against pathogens,14 epithelial homeosta-
sis,15 inflammation, and tumor suppression.16 In reproductive
organs, it has been reported in the porcine and women's
oviduct in a membrane bound form11,17,18with ability to bind
sperm and, also, probably involved in the homeostasis of the
epithelia covering the female tract.18 In the oviduct of equine
and porcine species, DMBT1 has been found in a secreted
form related to reproduction.13 Likewise, DMBT1 has been

detected in the lumen of ewe cervix in a proteomic study,
being more abundant in luteal phase,19 and in women's
cervix.20 Also, DMBT1 mRNA has been detected in the
uterus of monkeys and rats.21

Concerning the structure of DMBT1, it is a member of the
scavenger receptor cysteine-rich (SRCR) family22 and is
formed by a combination of domains that include SRCR,
CUB (for complement C1r/C1s, Uegf, Bmp1), and ZP (zona
pellucida).14 All of the domains that compose DMBT1 have
been shown to mediate specific binding to cells and proteins
(for review see Ref.23). The aim of this work is to analyze the
importance of each type of domain in sperm reservoir
formation. To this end we challenge sperm binding ability to
primary cultures of porcine oviductal epithelial cells treated
with antibodies specific for the different domains.

2 | MATERIALS AND METHODS

2.1 | Reagents

Unless stated, reagents were from Sigma-Aldrich, Buenos
Aires, Argentina.

2.2 | Antibodies

Anti-CUB antibodies, RRID: AB_2714150, were developed
in rabbit in a previous work.18 The antigen was a recombinant
polypeptide containing amino acids 578-803 of pig DMBT1
including domains CUB1, scavenger interspersed domain 4
(SID4), and 50 amino acids from SRCR4 (Figure 1A). These

FIGURE 1 Antibodies specificity. A, Diagram of the domain composition of porcine oviductal DMBT1. Protein fragments used for antibody
development are shown for anti-CUB and anti-SRCR, and the domain potentially recognized by anti-ZP is indicated. B, Western blot of 100 μg
of protein extracts from primary cultures of oviductal cells with (1) anti-DMBT1p84, (2) anti-SRCR, (3) anti-CUB, (4) anti-ZP
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antibodies have been used in Western-blot and immunohis-
tochemistry showing specificity for porcine and human
DMBT1, and in immunoprecipitation of the porcine oviductal
glycoprotein.18 Anti-DMBT1p84 polyclonal rabbit antibod-
ies against human DMBT1, gently provided by Dr Jan
Mollenhauer, University of Southern Denmark, Denmark,24

were used as control.
Anti-ZP and anti-SRCR (RRID: AB_2714151) antibodies

were developed using the same protocol as for anti-CUB,
which has been approved byFacultad deCiencias Bioquímicas
y Farmacéuticas Committee for Use and Care of Laboratory
Animals, UNR, RES. N° 935/2015. For anti-SRCR antibodies
development, the 1460 bp cDNA fragment corresponding to
amino acids 203-689 (SRCR 2-4, SID 2-4, and part of SID 1;
Figure 1A) was cloned in pRSETB vector (Invitrogen, Buenos
Aires, Argentina). To this aim epithelial cells were obtained by
scrapping the isthmic region of porcine oviducts with a scalpel
blade, RNA was prepared using TRIzol-reagent (Invitrogen)
and reverse transcription was performed with SuperScript-II
reverse transcriptase (Invitrogen). The cDNA was used as
template in PCR with the primers: 5′-TCGGATCCCACAG-
CAACTTCTTCGTT-3′ and 5′-TTGAATTCGACACAGTT
GGCATTGTT-3′. The fragment was cloned and sequenced,
and expression was induced in Escherichia coli DH5α by
1mMIPTG.The recombinant proteinwas purified based on its
His-tag and used to generate polyclonal antibodies. Anti-
SRCR antibodies were checked byWestern blot of extracts of
oviductal cells showing specificity and affinity similar to anti-
DMBT1 p84 and anti-CUB (Figure 1B). Control experiments
were performed using pre-immunization serum and secondary
antibodies alone (not shown).

Anti-ZP, gently gifted by Dr Silvia Arranz, Facultad de
Ciencias Bioquímicas y Farmacéuticas, UNR; were obtained
using purified porcine ZP25 as immunogen. When tested on
immunoblots of porcine oviductal cell extracts, anti-ZP
showed specificity and affinity for DMBT1 comparable to the
described for anti-DMBT1 p84, anti-CUB, and anti-SRCR
(Figure 1B).

2.3 | Western blots

Western blots were performed as described previously.26

Briefly, protein extracts of cells from primary cultures were
prepared using buffer 50 mM Tris-HCl pH 7.4, 0.1 mM
EDTA, 0.1 mM EGTA, 0.1 M phenylmethanesulfonyl fluo-
ride (PMSF), 2 µg/mL aprotinin, 0.1% v/v 2-mercaptoethanol.
Total protein concentration was assessed by the Bradford
protein assay.27 Extracts (100 µg of proteins) were subjected
to SDS-PAGE and transferred to nitrocellulose membranes
(GE Healthcare, Buenos Aires, Argentina). Membranes were
blocked with 5% dry milk in TBS-T (TBS: 50 mM Tris-
HCl pH 7.5, 0.150MNaCl; plus 0.05% Tween-20) for 2 h and
incubated with rabbit anti-CUB, anti-SRCR, or anti-ZP

(1:1000) serum, or anti-DMBT1 p84 (1:400) for 2 h at room
temperature. After TBS wash, membranes were incubated
with anti-rabbit IgG-HRP (GE Healthcare) (1:10 000 v/v) in
TBS for 1 h at room temperature. After washing with TBS,
peroxidase activity was revealed using an ECL kit (GE
Healthcare).

2.4 | Oviductal cell primary cultures

Ovaries were collected at a local abattoir and transported to
the laboratory in ice. After trimming from other reproduc-
tive tissues and washing with sterile PBS, the oviducts were
cut in halves and used to prepare epithelial cell mono-
layers.28 Oviducts were subjected with pins and flushed with
1 mL PBS while gently extruding with tweezers. The
recovered cells were washed by centrifugation and
suspended in M199 medium supplemented with 10% bovine
fetal serum (Internegocios, Mercedes, Argentina), and
100 UI/mL penicillin, 100 µg/mL streptomycin, 50 µg/mL
gentamycin, 0.25 µg/mL amphotericin B. Cells were
counted on Neubauer chamber and vitality was determined
by Trypan blue staining (vitality was greater than 85%) and
ciliary beating. Live cells (2 × 106) were added to 3.5 cm
Petri dishes containing coverslips and the mentioned culture
medium, and grown at 38.5°C on 5% CO2 and 100%
humidity until confluence greater than 80% (5-7 days).

2.5 | Sperm preparation

Semen was collected by the gloved-hand method from adult
fertile boars routinely used for artificial insemination. The
sperm-rich fraction was diluted in Cronos (Laboratorio Medi
Chimica, Reggio Emilia, Italy) and conserved at 16°C until use
(no more than 24 h from collection). Samples were analyzed
for motility, viability, concentration, acrosomal, and morpho-
logical parameters29 to determine their quality. Sperm were
washed in Tyrode's Salts (1.8 mM Cl2Ca, 2.7 mM KCl, 1 mM
Cl2Mg, 137 mM NaCl, 0.4 mM NaH2PO4, 21.8 mM HEPES,
12mM NaHCO3) by centrifugation and suspended in TALP
medium (Tyrode's Salts supplemented with 19.6 mM sodium
lactate, 1 mM sodium pyruvate and 6 mg/mL Bovine Serum
Albumin, pH 7.2), which simulates the oviductal fluid.30

2.6 | Binding assay

Cellular monolayers were washed with temperate PBS (3×)
and incubated with increasing amount of antibodies or
preimmune serum (4, 8, and 12 μL for every serum and
additionally 2 and 6 μL for anti-SRCR and 16 μL for anti-
ZP), for 20 min at 38.5°C on 5% CO2 and 100% humidity.
After washing three times with PBS, sperm (2 × 106 sperm
in 1 mL TALP) were added and incubation was continued
under the same conditions for 1 h. After incubation, non-
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bound sperm were removed by sorrow washing, and
remaining sperm-cells were fixed with 2.5% V/V glutaral-
dehyde. Cover slips were removed from dishes and mounted
in 50% glycerol, 10 mM Tris-HCl pH 8. Bound sperm were
counted, fifteen 2 mm2 fields/coverslip (400×), with
Olympus BFX40 microscope (Japan). As control, cell
monolayers without antibody treatment were used. In order
to minimize errors due to particular cultures and animals or
samples, the amount of bound sperm for every condition
was expressed as percentage of the spermatozoa bound in
the control without any serum treatment. Sperm/oviductal
cells co-incubations were done by quintuplicate.

2.7 | Glycosylation prediction

The potential for N- and O-glycosylation sites found on
porcine DMBT1 were determined using the free GlycoEP
Prediction Service (http://www.imtech.res.in/raghava/
glycoep/index.html).31 This site's predictions are based in
the analysis of a large dataset of glycosylation sites with
redundancy reduction. Prediction based on Composition
Profile of Patterns (CPP, 20 amino acids) was used. Accuracy
is higher than 95.67% and 91.89% for N- andO-glycosylation,
respectively.

Amino acids were considered potential glycosylation sites
when thresholds were higher than 1.

2.8 | Statistics

The assumption of normality of the data was determined by
Q-Q plot and by Barlett test. For statistical analysis, the
Linear mixed Models with Heterogeneous Variance or
ANOVA and the multiple comparison test of LSD Fisher
(software infoSTAT) were used. Differences were considered
significant for P< 0.05.

3 | RESULTS

3.1 | Anti-SRCR antibodies inhibit sperm
binding to oviductal cells

Anti-SRCR polyclonal antibodies were developed against a
DMBT1 fragment expressed in E coli, corresponding to
SRCR 2, 3, and 4 domains, and including SID 2 and 3 and a
portion of SID1 and 4 (Figure 1A). Treatment of primary
oviductal cell cultures with 4, 8, and 12 μL of anti-SRCR
serum prior to sperm addition produced strong, statistically
significant (P< 0.01) inhibition of sperm binding (Figure 2A,
Table 1). This indicates that SRCR domains are involved in
sperm binding to oviductal epithelial cells. A possible
incidence of the SID regions present in the polypeptide
used for anti-SRCR development must be considered. Other
dilutions of antibodies (2, 6 μL) were assayed in order to

evaluate concentration dependent effects. However, similar
results were obtained for every amount of anti-SRCR
(Figure 1A, Table 1), indicating that the lowest concentration
provides almost saturating masking of sperm recognition
sites. Cells conserved the ability to bind approximately 60%
of sperm disregard the dilution of anti-SRCR used, in
agreement with the conception of sperm/cell binding as a
complex multicomponent event.

FIGURE 2 Inhibition of sperm binding to oviductal cells in
primary culture by specific antibodies. Diagram of the percentage of
sperm bound to oviductal cells in vitro, after treatment with specific
antibodies. A, anti-SRCR (P< 0.01), (B) anti-CUB (P< 0.05), (C)
anti-ZP (P< 0.05). n= 5. *Indicates significant differences. PI,
preimmune serum for every antibody (mean of 4, 8, and 12 μL); motif
names followed by numbers indicate the specificity of the antibodies
and the volume of serum used in each condition (eg, SRCR 4, 4 μL of
anti-SRCR; PI SRCR, preimmune serum of anti-SRCR)
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3.2 | Anti-CUB antibodies have no effect on
sperm binding to oviductal epithelial cells

The use of anti-CUB antibodies developed against a fragment
of DMBT1 that includes CUB1 and SID4 domains, and a
portion of SRCR 4 and 5 (Figure 1A), in experiments of
inhibition of sperm binding to cultured oviductal epithelial
cells had no effect (P< 0.05) (Figure 2B, Table 1). The
homology between CUB 1 and CUB2 domains, and the use of
polyclonal antibodies, allows inferring that these motifs are
not involved in DMBT1 mediated sperm-oviduct binding.
Also, as SID4 is included in the polypeptide used for anti-
CUB development, the possible involvement of SID domains
in sperm binding, considered in the previous item, where anti-
SRCR was used, is not supported by this result.

3.3 | Anti-ZP antibodies do not significantly
inhibit sperm binding to porcine oviductal
cells in primary culture

The binding of sperm to oviductal epithelial cells was
challenge with anti-ZP antibodies at different dilutions.
Although these polyclonal antibodies recognize DMBT1with
an affinity similar to that of anti-SRCR, they did not
significantly (P< 0.05) modify the number of sperm bound to
oviductal cells in primary culture (Figure 2C, Table 1),
indicating that this DMBT1 moiety is probably not involved
in sperm binding for reservoir formation.

3.4 | Glycosylation prediction for different
DMBT1 domains

As DMBT1 is a highly glycosylated protein with O-linked
saccharides that expose Galβ1-3GalNAc groups, which
probably interact with sperm for reservoir formation, the
potential of the different domains of DMBT1 for glycosyla-
tion was analyzed. As shown in Table 2, using a threshold of
1, potential N-glycosylation sites are scarce, and predominant
in ZP followed by CUB domains. Potential O-glycosylation
sites instead are predominant in SIDs, with stretches of
consecutive or close amino acids with high O-glycosylation
possibilities in SID1 and SID4. Of the five SRCR domains,
only SRCR1 shows a potential O-glycosylation site. Despite
the high threshold used, potential N- and O-glycosylation
sites are detected at the unlikely intracellular region.

4 | DISCUSSION

In many animals and diverse organs, DMBT1 is localized in
the lumen and in epithelial cells.32 This is also the case for
porcine oviductal DMBT1.13,17,19 When purified from
oviductal cells and solubilized, DMBT1 shows deleterious
effects over the acrosomes of sperm that have begun

TABLE 1 Inhibition of sperm binding by anti-domain antibodies

Serum Sperm binding (%)

PI SRCR 97.00 ± 8.00

SRCR 2 70.00 ± 9.00

SRCR 4 70.00 ± 4.00

SRCR 6 67.00 ± 6.00

SRCR 8 65.00 ± 10.00

SRCR 12 57.00 ± 4.00

PI CUB 107.00 ± 10.00

CUB 4 79.00 ± 12.00

CUB 8 87.00 ± 11.00

CUB 12 94.00 ± 11.00

PI ZP 100.00 ± 23.00

ZP4 69.00 ± 18.00

ZP8 88.00 ± 19.00

ZP12 94.00 ± 18.00

ZP16 64.00 ± 18.00

Means and standard deviations of sperm bound upon treatment with different
dilutions of anti-SRCR, anti-CUB and anti-ZP antibodies are indicated. Motif
names followed by numbers indicate de specificity of the antibodies and the
volume of serum used in each condition (eg, SRCR 4, 4 μL of anti-SRCR; PI
SRCR, preimmune serum of anti-SRCR).

TABLE 2 Potential O- and N-glycosylation sites determined by
GlycoEP Predicton Service

DOMAIN O-glycosylation N-glycosylation

NH2 terminal S62, S63, T66 D49

SRCR1 S136

SID1 T202, T203, T204,
T206, S207, S208,
T211

SRCR2

SID2

SRCR3

SID3 T512

SRCR4

SID4 T651, T652, T653,
S659, S660

CUB1 D738, D749

SRCR5

aa 883-896 D894

CUB2

ZP D1019, D1077,
D1191

TM

Intracellular
region

S1411, S1412, T1415 D1398

Threshold > 1.
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capacitation, at least in vitro.26 As sperm with acrosome
alterationshavebeendetectedon the oviductal lumen invivo,33

the soluble form of DMBT1 is proposed to be part of a
mechanism of negative selection of sperm.26DMBT1 exposed
at the apical surface of epithelial cells, instead, would be part of
the sperm reservoir formation mechanism. This form has been
shown to interact with galectin 3 and other proteins, and is
considered to take part in cellular homeostasis.18 The luminal
and cellular forms of DMBT1 might represent distinct
isoforms with different functions; alternatively, a single
isoform might show different function according to its
environment and local interaction with different partners. In
favor of the first hypothesis, DMBT1 present in the lumen and
in the cells of the oviduct have been reported to have different
apparent molecular masses.11,13 Also, isoforms formed by
differential glycosylation have been reported in human tears34

and splicing variants have been found in mice intestine, one of
which lacks the transmembrane domain.35 So far, splicing
variants or RNA lacking the transmembrane region has not
been detected for pigDMBT1 and a signal peptide has not been
identified,36,37 indicating DMBT1 excretion probably occurs
through a non-canonical mechanism. In favor of DMBT1
acquiring different properties according to its environment, the
same glycoprotein shows different bacteria binding capacities
when it is solubilized or in a surface bound form,38 and a dual
role has been proposed for bound and soluble DMBT1 in
complement activation.32

Carbohydratemotifs havebeenshown toparticipate in sperm
binding to form the oviductal reservoir and DMBT1 exposed
glycans may be responsible for its interaction with sperm.
However, many of the peptidic domains that compose DMBT1
also show cell and protein specific binding capabilities.23

The sequences of the SRCR domains contained in DMBT1
allow classifying this protein as of group B of the SRCR family.
This group is composed mainly of transmembrane proteins,
frequently found on immune cells.39 These SRCR domains
show specific binding capacities, for example they participate in
viral infection to produce porcine reproductive and respiratory
syndrome.40 Moreover, SRCR domains are considered to be
able to discriminate between different species and strains of
bacteria,41 and also between proteins, as in binding of human
DMBT1 to IgA, surfactant proteins and lactoferrin.42

When binding of porcine sperm to oviductal cells in primary
culture was challenged by prior incubation of the cells with
antibodies directed against diverse domains, only anti-SRCR
antibodies produced a decrease on the number of bound sperm
(Figure 2A). This inhibition strongly supports that SRCRmotifs
are main components of the sperm attachment mechanism for
reservoir formation.The anti-SRCRantibodies used in thiswork
were developed by rabbit immunization with a recombinant
protein expressed in a bacterial system, a non-glycosylated
polypeptide. The antibodies are able to specifically recognize
both the non-glycosylated, and the oviductal glycosylated forms

of DMBT1 byWestern blot (Figure 1B). When the potential of
SRCR domains for glycosylation was analyzed, only SRCR1
showed a possible O-glycosylation site (Table 2). Also, SRCR
polypeptides may specifically bind to bacteria,43 arguing in
favor of a possible polypeptide rather than glycoside recognition
of DMBT1 by sperm. However, it is commonly accepted that
reservoir formation proceeds through carbohydrate recognition
and the polypeptide used for anti-SRCR development includes
the potentially glycosylated amino acids of SID domains
(Figure 1B, Table 2). The present assay does not allow
distinguishing if the peptide itself or the carbohydrates bound to
SID domains are responsible for sperm attachment to oviductal
cells.However, SID4 is present in the peptide used for anti-CUB
development, and these antibodies do not inhibit sperm binding
(Figure 2B). Also, a structure has been proposed for human
DMBT1 in which the high density of glycans present in SIDs
would produce an extended conformation similar to that of
mucins that would alternate stretched SIDswith globular SRCR
domains. If a similar structure is present in pig oviductal
DMBT1, anti-SRCR antibodies would probably recognize the
globular SRCR motifs, but not the SID stretches in which the
polypeptidewould be surrounded by extensiveO-glycosylation,
supporting sperm binding to polypeptidic SRCR domains. In
addition the polypeptideGRVEVLYRGSWhas been identified
as binding motif in human DMBT1's SRCR,23 and porcine
DMBT1 SRCR3 domain contains a similar polypeptide, with
only one mismatch: GRVEVLYQGSW.

CUB domain crystal structures were first resolved using
boar spermadhesins porcine seminal plasma protein I and II
(PSP I/PSPII), and bovine acidic seminal fluid protein, all of
whichbind to sperm.CUBdomains also exhibit bacteria binding
capability in mice and human DMBT1. These characteristics
support the possible involvement of DMBT1 CUB domains in
sperm binding for reservoir formation. However, anti-CUB
antibodies did not produce significant inhibition of sperm
binding to primary cultures of oviductal cells (Figure 2B). The
CUB domains contained in DMBT1 belong to the cbCUB type
ofCa2+ dependent binding domains, different in properties from
the CUB domains contained in spermadhesins (for review see
Ref.44). The binding abilities of both types of CUB domains are
different, and disparity would be expected in the binding
properties of the proteins that contain them. The inability of
DMBT1's CUB domains to bind sperm exposed by the present
results (Figure 2B), are in accordance with these differences.
Anti-CUB antibodies were developed against CUB1, however,
the homology between CUB1 and CUB2 and the polyclonal
nature of the antibodies, together with the necessity of two
cbCUB domains for binding to this type of motifs, support the
idea that CUB domains present in DMBT1 are not involved in
sperm binding for reservoir formation.

ZP domains are predominant in zona pellucida glyco-
proteins which form the matrix that covers the egg and, under
physiological conditions, are responsible for spermatozoa
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binding, induction of acrosome reaction, polispermy preven-
tion, and early embryo protection.45 In mammals, the zona
pellucida is composed by three or four ZP proteins that
present variations between species, but all of which contain
characteristic ZP domains. The variable capacities of ZP
proteins, their domains and saccharides, to bind to diverse
regions of sperm under different physiological conditions,45

allows questioning if the ZP domain contained in DMBT1, or
its potentially bound saccharides may participate in non-
capacitated sperm binding to the ewe's oviduct. Anti-ZP
antibodies show no effect on sperm binding to oviductal cell
cultures (Figure 2C). It is to note that most experiments
performed to study sperm binding to the oocyte use
capacitated or acrosome reacted sperm,45 while sperm
involved in reservoir formation are considered to be non-
capacitated.46 The region of sperm involved in ZP binding is
strongly dependent on the acrosomal state, and shows strong
variations among species.45 The results (Figure 2C) support
that spermatozoa expose ZP binding elements on their surface
upon capacitation and acrosome reaction, which would not be
available in the surface of non-capacitated sperm.

Multiple glycosylation sites are predicted in the different
domains of DMBT1 (Table 2) and strong O-glycosylation has
been shown for this protein.11However, the absence of sperm
binding inhibition by anti-CUB and anti-ZP, together with the
scarce potential glycosylation sites on SRCRs, allows
favoring the hypothesis of sperm interaction with polypep-
tidic SRCR. As sperm binding to oviductal cells surfaces
should be promoted by the concerted action of several
molecules, the carbohydrates shown to mediate this interac-
tion would probably be exposed by other oviductal proteins.
In whole, SRCR domains contained in oviductal cellular
DMBT1 seem to be crucial for sperm binding.
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