A Collagen-binding Protein on the Surface of Ejaculated
Rabbit Spermatozoa

ABSTRACT A rabbit antibody to mouse 3T3 cell fibronectin was used in conjuction with a
fluorescein-tagged second antibody to detect fibronectin-like activity on the surface of rabbit
spermatozoa . Only ejaculated sperm displayed an intense and highly localized fluorescence
over the acrosomal region . Cauda epididymal sperm of the rabbit as well as several other
species did not exhibit any reaction . The fluorescent activity could be eliminated by trypsin
treatment but was re-established by incubation in cell-free seminal fluid . Sperm recovered
from females 10-12 h after mating showed a reduction or absence of antifibronectin fluorescence, suggesting that this component's loss could be a factor in sperm capacitation .
Because fibronectins show strong binding to collagen, mixtures of ejaculated sperm and
collagen were examined in the light and electron microscope . Living sperm appear to have a
strong affinity for collagen and quickly adhere to the filaments by their heads, while continuing
vigorous flagellations .
Surface labeling of sperm with the galactose-oxidase-NaB[3 H]4 technique, extraction with
urea-detergent mixtures and affinity chromatography of extracts on gelatin-Sepharose revealed
a single radioactive band of mot wt 40,000 after SIDS polyacrylamide gel electrophoresis and
fluorography .

Fibronectin became an active focus of research when it was
found that this cell surface protein decreased significantly in
quantity after the malignant transformation of various cell
lines (12, 18, 32, 40). This finding led to the use of the alternate
term large, external, transformation-sensitive (LETS) protein
for this substance. A similar, but probably not identical, molecule is found in serum and has been called cold insoluble
globulin (CIG) or plasma fibronectin (25).
These glycoproteins are found on the surfaces of many
cultured cells, in primitive mesenchyme, and in basement
membranes (23, 35). They are also found in amniotic and
cerebrospinal fluid in addition to blood plasma. The use of
primary or secondary fluorescence techniques with antifibronectin antibody has provided striking evidence for the presence
of this molecule on a large variety of cell surfaces. Typically,
the material is arranged in a loose meshwork over the cell
periphery (3, 13) .
Many studies using both in vitro and in vivo systems have
suggested that this molecule is involved in adhesion phenomena including cell-cell aggregation and cell-substrate attachment especially to collagen and basement membrane material
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31, 41). Plasma fibronectin may also be involved in opsonizing collagen and other debris for ingestion by macrophages
(20).
Several studies have shown that fibronectin makes a rather
late appearance in developing mouse embryos . Wartiovaara et
al. (38) indicated no detectable fibronectin until the 7th or 8th
d of development, whereas Zetter et al. (42) found expression
of fibronectin 3 or 4 d postfertilization . Although not expressly
stated, these studies also suggest that unfertilized eggs are
devoid of surface fibronectin .
Spermatozoa possess a large number of cell membrane-associated proteins and glycoproteins. Esbenshade and Clegg (8)
indicate at least a dozen protein species in a plasma membrane
fraction from boar sperm, and Olson and Hamilton (29) found
more than 25 Coomassie-staining bands of which five were
periodic acid-Schiff positive . Hen et al. (15) used 126 1-lactoperoxidase labeling to identify six surface components on mouse
spermatozoa after releasing 24 major polypeptide bands by
detergent treatment . Nicolson et al . (27) used lactoperoxidasecatalyzed iodination to study the surface proteins of rabbit
sperm . Among the eight surface-labeled bands, several were
(6,
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enhanced in the cauda as compared to the caput epididymis,
including a 39,000 component. Very few of these many proteins, however, have been correlated with a specific physiological phenomenon . Notable exceptions to this are the spermcoating (decapacitation factor) proteins which seem to protect
the sperm from undergoing a premature acrosome reaction (7,
17, 19, 39) and the forward motility factor of epididymal origin
recently described by Hoskins et al . (l6) . No reports have
appeared regarding the presence or absence of fibronectin or
other collagen-binding proteins on male gametes. In a continuing effort to characterize the surface properties of mammalian
spermatozoa and find suitable probes to monitor capacitation
and the acrosome reaction, we present evidence to indicate the
presence of a fibronectin-like, collagen-binding protein on the
rabbit sperm surface .

MATERIALS AND METHODS
Animals and Sperm Acquisition

Immunofluorescence
Antifibronectin was prepared by injecting two New Zealand White rabbits
with purified samples of the released form of fibronectin made by 3T3 (BALB
mouse) cells in culture. Antigen was purified on a gelatin Sepharose 4B affinity
column (6). The rabbit immune serum was subject to ammonium sulfate precipitation and DEAE cellulose purification to obtain the IgG fraction . Immunodiffusion analysis of the 3T3 antifibronectin antibody showed precipitin bands
between the antibody and purified 3T3 fibronectin as well as purified CIG from
hamster plasma, whereas no bands formed with preimmune rabbit serum.
The basic procedure for preparing cells for immunofluorescence is similar to
that described by Schwarz and Koehler (34) in a lectin-labeling study. Ejaculates
or cells were diluted two times with HBSS and passed through a small column
(5-cm'' disposable syringe) packed with fiber glass. Centrifugation was avoided at
this step to minimize membrane damage or breakage . Cells were then fixed in
2% paraformaldehyde in phosphate-buffered saline (PBS) or 0.1 M cacodylate
buffer . Live cells were also stained directly, but the results are less reproducible.
If experimental procedures such as enzyme extractions were to be used, fixation
was delayed . Samples that were trypsinized were incubated at 37°C for 20 min
in 0.25% trypsin in HBSS (Grand Island Biological Co. [GIBCO], Grand Island,
N. Y.) . Fixation was followed by a twofold wash in 0.2 M glycine to bind free
aldehyde groups . Brief, slow-speed centrifugation was used (600 g, 3 min).
Antibody (3T3 antifibronectin) was then added to aliquots of sperm (10-20 pg/
106 cells) and incubated at 37 °C for 20 min in a volume of 0.3 cm'. Controls
include sperm treated with normal rabbit IgG and sperm in HBSS . Antibody
treatment was followed by a twofold wash in HBSS, and sperm were then treated
with a diluted (10- to 50-fold) solution of goat anti-rabbit IgG tagged with
fluorescein isothiocyanate (GARIg-FITC) (N . L. Cappel Laboratories, Cochranville. Pa .) . Incubation was again carried out for 20 min at 37 °C. An additional
control included in this step consisted of untreated sperm incubated with GARIgFITC lacking antibody . The labeled cells were loaded onto the top of a 3%
bovine serum albumin solution in a 6-cm' Falcon tube and centrifuged for 5 min
at slowly increasing speeds to 500 g. Fluorescence microscopy was carried out on
a Zeiss model WL equipped with epifluorescence and a mercury HBO burner .
Specimens were photographed with an Olympus camera (model PM-IDA, Olympus Corp . of America, New Hyde Park, N. Y.) using Tri-X film.

Sperm-Collagen Interactions
Type I collagen was obtained from human fetal skin, acetic acid, and pepsin
extracted and centrifugally purified. The preparation was then precipitated with
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Galactose Oxidase Surface Labeling
The method used was that described by Gahmberg and Hakomori (11) . The
cells or seminal particulates were washed gently two to three times with PBS and
incubated with galactose oxidase (Sigma Chemical Co ., St . Louis, Mo .) at a
concentration of 30 U/ml for 2 h at 37 °C. The sample was then washed three
times in PBS and pelleted at 800 g for 5-10 min. The pellet was then resuspended
in buffer containing 2.5 mCi of NaB[''H] 4 (New England Nuclear, Boston, Mass .) .
After 30 min of reduction, the label was chased with I mM cold NaB[''Hl . for 15
min and washed four times in PBS. Cell extracts obtained by the chromatographic
methods described below were counted in a toluene-based scintillation fluid
containing 0.4% 2,5-diphenyloxazole and 0.1% p-bis[2-(5-phenyloxazolyl)] benzene in a Packard Tri-Carb Scintillation Spectrometer (Packard Instrument Co.,
Inc., Downers Grove, Ill .) . Six or 8 M urea alone or in combination with Triton
X-100 (I-2%) was utilized for solubilization of the sperm cell membranes. The 8
M urea alone probably results in incomplete solubilization of the membrane .
Protease inhibitors are routinely included in the solubilization medium (I .0 mM
phenylmethylsulfonyl fluoride) .

Gelatin (Collagen)-Sepharose Chromatography
Collagen-binding proteins such as cell surface fibronectin (LETS protein), the
released form of fibronectin, plasma fibronectin (CIG) and associated substances
such as polysaccharide ligands can be isolated from other surface components by
virtue of their high affinity for collagen. Therefore, a gelatin Sepharose column
was utilized for the isolation of these molecules after surface labeling and
membrane solubilization. The procedure is based on the work of Engvall and
Ruoslahti (6) in which gelatin (Sigma, type I) is coupled to BrCN-activated
Sepharose 4B . Chromatography was carried out at room temperature on a 1.5
x 7.5 cm column of gelatin-Sepharose in PBS at pH 7.0. Adsorbed material was
eluted with 4-8 M urea in 0.05 M Tris buffer at pH 7.5 .

Polyacrylamide Gel Electrophoresis
Polyacrylamide gels were prepared following the procedure of Laemmli (22) .
Samples were dissolved in buffer containing 2% SDS with or without 5% 2mercaptoethanol (to reduce S-S bonds) and heated in a boiling water bath for 5
min. Slab gels were stained with Coomassie Blue . Standard proteins used in
molecular weight estimations in the SDS polyacrylamide gel electrophoresis
(PAGE) system include: myosin (200,000), bovine serum albumin (68,000), actin
(45,000), and a ricin subunit (28,000). Fluorography of slab gels (containing
surface-labeled components) followed the procedure of Bonner and Laskey (2).
After gels were run containing ''H-labeled molecules, the dried scintillator impregnated gels were placed in contact with x-ray film (Kodak X-Omat) and
exposed at -70°C for periods of several days to 2 wk, depending on the specific
activity, followed by routine photographic processing .

RESULTS
Cultured mouse 3T3 cells treated with antifibronectin and
GARIg-FITC show the characteristic, filamentous network
staining associated with the cell surface (Fig. 1 a and b) .
Epididymal spermatozoa from several mammalian species did
not demonstrate any significant fluorescence above that of
normal rabbit IgG-treated cells . Animals in this group included
mouse, vole, golden hamster, guinea pig, and New Zealand
White rabbits . Ejaculated rabbit sperm, however, showed a
brilliant and highly localized fluorescence over the acrosomal
region of the sperm head (Fig . 2 a and b ; Fig . 3 a and b) . At
low magnification (Fig . 2 a and b) it can be seen that essentially
all of the sperm in a given field demonstrate the fluorescence .
At higher magnification (Fig. 3 a and b), the fluorescence is
shown to be highly localized to the acrosomal region of the
spermatozoon. In controls treated with normal rabbit IgG little
or no fluorescence can be detected (Fig . 4 a and b), although
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Three New Zealand White bucks of proven fertility were used to obtain
ejaculated sperm with the aid of an artificial vagina . Immunofluorescence studies
were carried out on samples of two pooled ejaculates, whereas biochemical
determinations utilized 12-14 ejaculates obtained over a 24-h period . Cauda
epididymal sperm were donated by normal New Zealand White male rabbits
undergoing urelated surgical procedures . The cauda epididymides were dissected
free of fat and testicular tissue and cut several times with a fresh razor blade,
allowing sperm to disperse into Hanks' balanced salt solution (HBSS) . Epididymal sperm from several other species (Swiss Webster mice, golden hamsters,
voles, and guinea pigs) were also tested for antibody binding and were obtained
in the same manner as described for the rabbit . In some cases the ejaculates were
fractionated into a sperm fraction, granular fraction, and seminal fluid supernate
by differential centrifugation.

1 M NaCl, redissolved in acetic acid, and extensively dialyzed against water
before lyophilization . A small quantity of this collagen in PBS was placed on a
microscope slide together with a drop of sperm suspension and sealed with a
Vasofne-lined coverslip . Such specimens were viewed with a Zeiss phase-contrast
microscope over periods of several minutes to several hours after preparation .
Some samples were fixed with glutaraldehyde and osmium tetroxide, dehydrated
in alcohols, and embedded in Epon 812 for thin-section preparation and viewed
in a Philips 201 electron microscope .
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FIGURE 1
(a) Mouse 3T3 cells in culture. Phase-contrast image of fixed preparation . (b) Fluorescence image of same material after
treatment with rabbit anti-3T3 fibronectin stained with fluorescein-tagged goat anti-rabbit IgG . The network of fibronectin
filaments at the cells' periphery is clearly demonstrated . Magnification bar in this and subsequent micrographs equals 10 um unless
otherwise specified. x 1,000.
FIGURE 2 (a) Survey view of ejaculated rabbit sperm in phase contrast . (b) Fluorescence image of anti-3T3 fibronectin-stained
sperm showing that essentially all the cells fluoresce in a highly localized region at the anterior of the sperm head . x 500 .
FIGURE 3 (a) Higher magnification in phase contrast of several sperm in a fixed preparation . (b) The fluorescence after anti-3T3
fibronectin treatment and staining is uniformly distributed over the acrosomal surface. x 1,200 .

sometimes a very faint, nonspecific reaction can be seen over
the postacrosomal region. Cells treated just with GARIg-FITC
were completely negative. Antifibronectin absorbed with 3T3
cells or cell-free seminal fluid also resulted in a negative
reaction when used to label ejaculated sperm .
After trypsinization (15-20 min, 37°C), ejaculated sperm

retain motility but fluorescence is either extinguished completely or, more commonly, restricted to a faint rim at the
anterior margin of the acrosome (Fig . 5 a and b) . Reincubation
of similarly trypsinized sperm in cell-free seminal fluid for 30
min at 37 ° C fully re-established the intensity and acrosomal
localization of the fluorescence (Fig . 6 a and b) . Trypsinized
KoEHIER 11 AL .
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(a) Phase-contrast micrograph of rabbit sperm treated with normal rabbit IgG and GARIgG-FITC. (b) No fluorescence
is detectable in this control preparation . x 1,200.
FIGURE 4

(a) Phase-contrast micrograph of rabbit sperm subjected to trypsin treatment (0.25%, 20 min at 37 ° C) before fixation .
(b) After anti-3T3 fibronectin staining, the fluorescence is limited to a thin band at the anterior margin of the sperm head . Some
trypsin-treated samples show no fluorescence . x 1,200.
FIGURE 5

FIGURE 6
(a) Cells reincubated in cell-free seminal fluid (30 min at 37°C) after trypsin treatment. Phase contrast . (b) The
fluorescence of the anterior region of the sperm head is completely re-established as shown by anti-3T3 fibronectin staining .
X 1,200 .

cells reincubated only in HBSS remained negative when tested
with antifibronectin .
To determine the presence or absence of this material on
sperm which had been in transit in the female tract, the uteri
of three rabbits were flushed 10-12 h after natural mating, and
recovered sperm were stained for antifibronectin . Although
532
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these cells show considerable variability in staining, most cells
no longer show the acrosomal fluorescence of control ejaculated sperm (Fig . 7 a and b ; Fig . 8 a and b) .

Collagen-Sperm Interaction
When freshly ejaculated rabbit sperm are brought into con-
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FIGURES 7 and 8 Sperm isolated from the female tract 10-12 h after natural mating . Although the morphology of the sperm
appears normal, they no longer stain after treatment with anti-3T3 fibronectin. The arrows indicate the anterior tip of the acrosomes
in the fluorescence figures (7 b and 8 b) . x 1,200.

Preparation of collagen and ejaculated rabbit spermatozoa as seen in phase contrast -15 min after mixing . The
meshwork of collagen fibers can be seen (arrow), and many of the sperm appear attached to this matrix by the anterior region of
the head . x 1,000.
FIGURE 9

Ejaculated rabbit spermatozoon incubated with collagen and prepared for electron microscopy . The collagen fibrils
can be seen to be attached to the plasma membrane at multiple sites. Longitudinal sections of the collagen fibrils show the
characteristic periodicity of this material . x 57,000 .
FIGURE 10

tact with collagen on a slide preparation, the sperm appear to
stick quickly and tenaciously to the collagen fibrils . The sticking takes place primarily at the anterior portion of the sperm
head (i.e ., acrosomal region) as seen in Fig. 9 . The interaction

takes place rapidly, the collagen matrix being essentially covered with attached sperm after 5-10 min of incubation . The
appearance under the light microscope is similar to that of a
living ciliated epithelium, the sperm vigorously flagellating .
KoEHLER ET
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Electron microscope preparations of collagen-sperm complexes
reveal a very close association of collagen fibrils with the
anterior portion of the plasma membrane of the sperm head
(Fig . l0). Trypsin treatment of sperm greatly reduces the
interaction with collagen . Incubation of sperm with "inert"
fibrils such as cellulose or fiber glass does not elicit any
significant association, nor is there any indication of attachment of sperm to Sepharose beads.

conjugates, including the 40,000 mol wt protein seen in the
sperm preparations .
Neither neuraminidase treatment nor reducing conditions
(7% mercaptoethanol, boiled for 5 min) appeared to significantly shift the electrophoretic mobility of this 40,000 mol wt
collagen-binding material . This suggests that sialic acid is not
a major component of this glycoprotein and that interchain SS bonds are not involved in its structure.

Surface-Labeling Studies

DISCUSSION

11
SIDS polyacrylamide gel (5-14% gradient) patterns of
galactose oxidase-NaB[ 3 H],labeled ejaculated rabbit sperm extracts . (a) Coomassie Blue-stained molecular weight standards: (1)
myosin, 200,000 mol wt, (2) bovine serum albumin, 68,000 mol wt,
(3) actin, 45,000 mol wt, and (4) a ricin subunit, 28,000 mol wt .
Lanes b-g are fluorograms showing radioactive bands. (b) SDS
extraction of sperm cells. (c) Sperm pellet after 6 M urea extraction .
(d) Supernate from 6 M urea extraction . (e) Pass through from
collagen column . ( f) Collagen-binding material from sperm extract .
(g) 220,000 mol wt standard of [3H]proline CIG. Of prime interest
is the -40,000- dalton labeled protein that binds to collagen (arrow,
FIGURE

f ) and is present in all other sperm extracts .

FIGURES 12 and 13
Coomassie Blue-stained (Fig . 12) and fluorograms (Fig . 13) of SDS PAGE patterns of galactose oxidase-labeled
ejaculate particle extracts . (a) Molecular weight standards (same as
Fig. 11), (b) Triton-treated particle suspension, (c) Triton extract
supernate . Several prominent bands appear to be surface associated,
including the --40,000 moi wt protein (arrows) .
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The fluorescence studies indicate the presence on the ejaculated
sperm surface of a molecule having antigenic determinants
similar or identical to those of fibronectin. The activity is
highly localized to the surface over the acrosomal region, can
be removed by trypsin, and is rapidly reestablished by incubation of trypsinized cells in seminal fluid. Immunofluorescent
localization of a fibronectin-like activity is also demonstrated
on the seminal granules found in the ejaculate. Surprisingly,
analysis of SDS polyacrylamide gels of galactose oxidase surface-labeled cells did not reveal a high molecular weight
(220,000) component similar to fibronectin, but rather a
40,000-dalton species that bound to a collagen-Sepharose affinity column. The collagen-binding region within the fibronectin
molecule has been isolated from proteolytic products by several
investigators using gelatin- Sepharose columns. Balian et al. (1)
have isolated a 40,000-dalton fragment from cathepsin-D hydrolysates . 70,000- and 40,000-dalton fragments were found in
trypsin hydrolysates (33) and a 40,000-dalton moiety was isolated from chymotrypsin hydrolysates (14) . A highly glycosylated collagen-binding fragment with a mol wt of 70,000 has
been isolated from hamster fibroblast culture media (10) . Because addition of protease inhibitors decreased the quantity of
this material, it may represent a degradation product of fibronectin (Sekiguchi and Hakomori, unpublished observations) .
Naturally occurring collagen-binding proteins with molecular
weighrs in these ranges have not been described, but it is
plausible that the sperm collagen-binding protein may be
related to such a smaller moiety rather than high molecular
weight native fibronectin .
A 40,000-dalton activity could also be detected in gels of
seminal fluid and in fluorograms of surface-labeled isolated
seminal granules in the present work . Mayol and Longenecker
(24) have shown that these granules can constitute a large mass
of the ejaculated material (approximately equivalent to the
spermatozoa themselves) . These granules are membrane
bounded as visualized in thin-section preparations and have
been described by Nicander et al . (26) as having a prostatic
origin . Using freeze fracture, we have also observed that the
granule membrane faces display intramembrane particles .
Although numerous studies have been carried out on mammalian sperm surface membrane components, few of these
have focused specifically on molecules that show changes in
quantity or distribution during development or fertilization.
Eng and Oliphant (7) have isolated a large glycoprotein
(- 121,000 mol wt) from rabbit seminal fluid that inhibits the
acrosome reaction and fertilization in vivo . They have termed
this substance acrosome-stabilizing factor . More recently, the
same group has found a similar material on the rabbit sperm
surface using iodination techniques (28) . This material has the
approximate subunit molecular weight of fibronectin and it is
possible that a connection exists between this substance and
the fluorescent activity that we have detected over the acrosomal region . Hoskins et al . (16) have described a 37,000 mol wt
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Ejaculated sperm and the particulate fraction were subjected
to surface labeling using the galactose oxidase-NaB['H]4 technique (11). This procedure places tritium in galactosyl and Nacetylgalactosaminosyl residues on exposed cell surface glycoconjugates . The membranes were solubilized, run on a collagen-Sepharose affinity column, and SDS PAGE determinations were made of bound components . Fig. 11 shows a fluorogram of such a gel pattern of sperm extracts indicating four
major radioactive (i .e ., surface-labeled) bands with approximate mol wt between 60,000 and 30,000 (lanes b and c) . The
supernate from the 6-M urea sperm extraction is seen to contain
a single faint band at mol wt 40,000 (lane d), and this same
component is strongly bound to the collagen column (lane f,
arrow) . Fig. 12 shows Coomassie Blue-stained SDS PAGE
preparations and accompanying fluorogram (Fig . 13) of galactose oxidase-labeled, ejaculated granule fraction extracts . Four
prominent bands again appear to be surface-associated glyco-

the ovum. That this is not an obligatory sequence of events is
demonstrated by the successful fertilization of rabbits inseminated with epididymal spermatozoa (30) .
Although in vivo interactions between sperm and collagen
have not been described, it has been shown that an intravaginal
sponge composed of cross-linked collagen acts as an efficient
contraceptive device in humans (4, 5) . These authors suggest
that the contraceptive action of the sponge is probably the
result of simple mechanical trapping of the ejaculate in the
interstices of the sponge, but the possibility now exists that a
more direct sperm-collagen association may be involved .
Human fetal skin collagen was kindly supplied by Dr . A. S. Narayanan
(Department of Pathology) and cultures of mouse 3T3 cells were made
available by Dr. T. Norwood (Department of Pathology). Secretarial
and editorial work was provided by Ms . Doris Ringer.
This research was supported by National Science Foundation Grant
PCM 77-01138 and by U. S. Publc Health Service grants HD-03752
(J . K. Koehler) and CA-23907 (S . Hakomori) from the National
Institutes of Health.
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glycoprotein produced in the epididymis of several mammalian
species which apparently binds to sperm during transit and
promotes the development of progressive forward motility via
a cyclic nucleotide mechanism. Olson and Hamilton (29) using
galactose oxidase -NaB[3H] 4 labeling found a 37,000 mot wt
glycoprotein associated with cauda, but not caput, epididymal
sperm of the rat, suggesting that it may play a developmental
role in sperm maturation or capacitation . Nicolson et al . (27)
have studied the changes in surface proteins of rabbit sperm
progressing from the caput to the cauda epididymis using
lactoperoxidase-catalyzed iodination. They found seven radioactive peaks using SDS gels ranging in mot wt from -35,000
to 100,000. Four of these bands increased significantly in cauda
epididymal preparations including a 39,000 mot wt component .
This is once again similar to the 40,000 mot wt species reported
here . However, because the lactoperoxidase method does not
discriminate between proteins and glycoproteins, it is difficult
to directly compare these substances solely on an SDS gel
weight determination. The data presented by Nicolson et al .
(27) furthermore provide no information on the localization of
this activity on the sperm surface . The present study again
identifies a molecule of apparent similar molecular weight
(40,000) found on the surface of mammalian sperm using
galactose oxidase labeling. In contrast to that in the study of
Nicolson et al . (27), this substance makes its appearance or
becomes activated only upon ejaculation rather than in the
epididymis, and preliminary data indicate that it is lost (or
masked) during the capacitation process. The data thus far
suggest the working hypothesis that the molecule responsible
for the antifibronectin staining is related or identical to the
collagen-binding component extracted from the cell surface.
It is possible that the collagen-binding properties of this
protein are purely coincidental . It may be yet another of the
several sperm coating antigens or decapacitation factors described in recent years (17, 19, 39). These substances are added
to the sperm during their transit through the tract, possibly to
protect them from undergoing a premature acrosome reaction .
Under normal circumstances sperm are restricted to compartments lined by epithelium and should not come into contact
with collagen . There are, however, several lines of evidence
which allow one to construct a hypothetical scenario which
might account for the collagen-binding properties of sperm .
For some time a collagenase-like enzyme has been implicated
in the process of follicle rupture during ovulation (9). More
recently, it has been shown that a plasminogen activator is
produced by presumptive follicular cells in response to gonadotrophin, thereby producing plasmin (fibrinolysin) which attacks collagen and weakens the follicle wall to allow ovulation
(36, 37). This process may allow some collagenous products
and other debris to escape the ovarian surface during follicle
rupture and, along with the egg mass, be swept into the oviduct.
These collagenous elements could serve as a focus for sperm
attachment as demonstrated in this report . Once localized to
the general vicinity of the egg, the fibrinolysin remaining in
the oviduct could aid in the removal of the collagen-binding
protein from the sperm surface. Fibronectin is a known substrate for fibrinolysin (41) . Furthermore, a collagenase-like
peptidase has also been described as being present in sperm
(2 l) and could also aid in detachment of the cells from the
collagen fragments. Capacitation, therefore, could involve the
removal of this collagen-binding surface material, allowing the
acrosome reaction to proceed, leading in turn to the penetration
of the sperm through the granulosa cells and zona pellucida of
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