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Oviductal fluid proteins have been shown to associate with gametes in several species. The
objective of the present study was to identify bovine oviductal fluid proteins that associate
with the bovine zona pellucida. Oviductal fluid was obtained daily from two dairy cows

with normal oestrous cycles via indwelling oviductal cannulae. Fluid was collected from the
ampullary and isthmic regions of the same oviduct. Oviductal fluid samples were pooled by
oviduct region and according to stage of the oestrous cycle as determined by the
concentration of serum progesterone. Samples collected when serum progesterone concen-

trations were > 1.5 ng ml \m=-\1were combined into luteal pools. Non-luteal pools consisted
of oviductal fluid samples collected on days when serum progesterone concentrations were

\m=le\1.5ngml\m=-\1.Each oviductal fluid sample was assayed for protein concentration, and
an aliquot equivalent to 10 mg ml \m=-\1was biotinylated using biotinamidocaproate
N-hydroxysuccinimide ester at a concentration of 1 mg ml\m=-\1

.

Cumulus-free, non-viable
bovine oocytes were incubated in the biotinylated oviductal fluid samples for 3.5 h. Oocytes
were washed, the zonae mechanically ruptured, solubilized, and subjected to one\x=req-\

dimensional SDS-PAGE. Separated proteins were transferred to nitrocellulose and probed
with avidin\p=n-\horseradishperoxidase. Five biotinylated oviductal fluid proteins were found to
associate with the zona pellucida in all treatments. These proteins had apparent molecular
masses of 80, 74, 60, 45, and 30 kDa. An additional protein, of molecular mass 95 kDa, was

found associated with zonae from oocytes incubated in non-luteal fluid of both regions, but
not from oocytes incubated in luteal fluid. This protein was shown to be bovine
oestrus-associated protein by using a monospecific polyclonal antibody.

Introduction

Mammalian fertilization occurs within a complex microenviron-
ment provided by the oviduct of the female genital tract. The
oviduct, and the fluid contained within, provide an environ¬
ment to ensure successful transport and survival of gametes,
and early embryonic development.

Oviductal fluid is composed of a selective serum transudate
(Feigelson and Kay, 1972) and secretory products from the
oviductal epithelium (Oliphant and Ross, 1982; Sutton et al,
1984). Oviduct-specific secretions have been a major research
focus in recent years, leading to the identification of oviduct-
specific proteins that appear at, or near, oestrus or ovulation.
These oestrus- and ovulation-associated proteins have been
identified in numerous species including mice (Kapur and
Johnson, 1985), hamsters (Léveillé et al, 1987), sheep (Sutton
et al, 1984), baboons (Fazleabas and Verhage, 1986), humans
(Lippes et al, 1981), and cows (Gerena and Killian, 1990).
Although the precise function of most of these proteins has not
been determined, in several species they have been shown to

associate with spermatozoa (Sutton et al, 1984; Lippes and
Wagh, 1989; McNutt et al, 1992), ovulated eggs (Kapur and
Johnson, 1985; Boice et al, 1990; Wegner and Killian, 1991;
Buhi et al, 1993), and embryos (Kapur and Johnson, 1986;
Gandolfi et al, 1989; Wegner and Killian, 1991; Boice et al,
1992). Many of these studies have demonstrated that oviductal
fluid proteins associate with the zona pellucida both in vivo and
in vitro, suggesting a possible role in fertilization or embryonic
development.

Zona pellucida proteins have been implicated in species-
specific sperm binding, the prevention of polyspermy, and
embryo protection between fertilization and implantation
(Dunbar et al, 1991). The function of oviduct-specific proteins
that associate wifh gametes and embryos is generally
unknown, but it is likely that these proteins play an important
role in the reproductive process. For this study, only naturally
cyclic cows were used since exogenous hormones appear to
alter oviductal secretion and physiology. Evidence that
embryos resulting from hormone-treated animals do not pos¬
sess the same capacity for in vitro development as non-treated
animals suggests that exogenous hormones may have a delete¬
rious effect on oviductal function (Pinkert et al, 1989). The
purpose of this study was to identify proteins in oviductal fluidCorrespondence.
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that associate with the zona pellucida of bovine oocytes, and to
determine any differences in the pattern of association between
regions of the oviduct or stages of the oestrous cycle.

Materials and Methods

Collection and preparation of oviductal fluid
Oviductal fluid was recovered every 24 h from indwelling

ampullary and isthmic cannulae from each of two Holstein
cows (Bos taurus) as described by Kavanaugh et al (1992). The
stage of the oestrous cycle was determined by a progesterone
radioimmunoassay using blood serum samples taken each day
af the time of collection of oviductal fluid (Killian et al, 1989).
Serum progesterone concentrations >1.5ngml~ were con¬

sidered to be luteal, whereas samples with serum progesterone
< 1.5 ng ml

"

:
were considered to be non-luteal (Killian el al,

1989). Visible signs of oestrus were also noted.
Oviductal fluid samples taken daily were assayed for total

protein (Bradford, 1976) and evaluated for protein composition
using one-dimensional SDS-PAGE (Laemmli, 1970) to ensure

each sample had a protein profile typical of other cattle studied
in our laboratory. These samples were stored in liquid nitrogen
until pooled across cycle stage for each cow.

Protein concentration of fluid from each region of the
oviduct at each stage of the oestrous cycle was determined
before the protein biotinylation procedure. Typically 2.5 mg of
oviductal fluid protein was diluted up to 250 µ with sodium
bicarbonate buffer (0.25 mol NaHC03  \ pH 8.5). The bioti¬
nylation reagent, biotinamidocaproate N-hydroxysuccinimide
ester (Sigma, St Louis, MO) was dissolved in N,N-
dimethylformamide at a concentration of 4 mg ml

~

before
being added to the protein. Immediately after preparation,
1 mg ml

~

1 of biotin solution was added to each oviductal fluid
sample. Oviductal fluid samples were incubated with the biotin
solution for 2 h at 4°C with occasional mixing. The reaction
was stopped by the addition of 2.5 mg glycine. Excess biotin
was removed by dialysis against two changes of PBS (pH 7.2)
using 10 kDa molecular mass cut-off dialysis tubing (Spectrum,
Houston, TX).

Collection and incubation of bovine oocytes
Bovine ovaries obtained from an abattoir were transported

to the laboratory on ice in Dulbecco's PBS (pH 7.4) without
CaCl2 (Sigma). Ovaries were washed in 0.9% saline containing
1 mmol Hepes 1

~ (Sigma) and stored at
—

20°C unfil used.
Ovaries were thawed in a water bath kept at 4°C for 3—4 h.
Oocytes were obtained from thawed ovaries by aspiration of
1—5 mm follicles using an 18 gauge needle and 10 ml syringe.
Aspirates were placed into 15 ml conical tubes containing
2—3 ml of a low bicarbonate-Hepes medium (Bavister et al,
1983) to allow oocytes and cellular debris to setfle to the
bottom. Oocytes were retrieved from the soft pellets and
washed three times in fresh Hepes medium to remove follicular
fluid and cellular debris. Oocytes were stored at

—

80°C until
used. An aliquot of biotinylated oviductal fluid with a protein
concentration of approximately 7 mg ml

~

was pipetted onto
the bottom of a 35 mm  15 mm Petri dish and covered with

2—3 ml of mineral oil. Previously frozen intact oocytes were

gently vortexed for 20 s to remove any cumulus cells that were

not dislodged during the freeze-thaw process. Oocytes with
visible cumulus material remaining were not used in the study.
Oocytes were washed three times in fresh sodium bicarbonate
buffer. One hundred cumulus-free oocytes were placed in each
sample of biotinylated oviductal fluid (ampullary luteal; isthmic
luteal; ampullary non-luteal; isthmic non-luteal), 7 mg ml_
non-biotinylated oviductal fluid (ampullary luteal; isthmic
luteal; ampullary non-luteal; isthmic non-luteal), biotin solution
alone (75 µ of 4 mg ml-1 solution in 250 µ sodium bicar¬
bonate buffer), or bicarbonate buffer alone. All treatments were

incubated at 4°C for 3.5 h with slow, constant shaking to
prevent oocytes from adhering to the bottom of the Petri dish.

isolation and solubilization of zonae pellucidae
After incubation, oocytes were retrieved and washed three

times in fresh sodium bicarbonate buffer (0.25 mol NaHC03
1

~ , pH 8.5). Zonae were removed by slowly drawing the
oocyte into a 33 gauge needle resulting in the physical
disruption of the oocyte and expulsion of oocyte contents
through a break in the zona pellucida. A 31 gauge needle was

used to wash isolated zonae twice in fresh sodium bicarbonate
buffer to remove any oocyte debris. Zonae were counted and
placed in 1.5 ml microcentrifuge tubes. Approximately 85—90
zonae of the original 100 were recovered by this method for
each treatment. Zonae were solubilized by addition of 15 µ 
SDS sample treatment buffer (2% w/v) used to prepare samples
for electrophoresis.

One-dimensional gel electrophoresis and protein detection
SDS polyacrylamide gels (190 mm  150 mm  1.5 mm)

were cast with a 10.0—17.5% acrylamide linear gradient sepa¬
rating gel and a 4% acrylamide stacking gel. Aliquots equiva¬
lent to 30 pg protein were prepared for regional, oestrous
cycle-staged, biotinylated oviductal fluid and unlabelled
oviductal fluid. Samples containing biotinylated oviductal fluid
proteins associated with the zonae were prepared as described
above. All samples were placed in a boiling water bath for
5 min to denature the protein before application to individual
wells within the stacking gel. Additionally, biotinylated
(Bio-Rad, Hercules, CA) or pre-stained molecular mass markers
(Bio-Rad) were loaded onto each gel. Protein blotting and
detection were performed according the method of Towbin
et al (1979). Immediately after electrophoresis, proteins were

transferred from gels to nitrocellulose paper (0.45 µ  pore
size) using a MilliBlot semi-dry transfer system (Millipore,
Bedford, MA).

Blots of biotinylated oviductal fluid proteins, biotinylated
zonae and zonae incubated in biotinylated oviductal fluid were

probed with a conjugate of avidin and horseradish peroxidase
(Bio-Rad). Non-specific binding sites were blocked by incubat¬
ing the blot in PBS (pH 7.2) containing 0.5% (v/v) polyoxyeth-
ylenesorbitan monolaurate (PBS-Tween), 5% heat-inactivated
normal goat serum and 3% H202 overnight at 4°C. After
blocking, blots were incubated in the avidin-horseradish
peroxidase conjugate diluted 1:1000 in PBS-Tween containing
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Fig. 1. Protein blot of biotinylated luteal oviductal fluid proteins and zonae pellucidae from
bovine oocytes incubated with biotinylated bovine luteal oviductal fluid. Lane 1: zonae from
oocytes incubated in biotin solution alone (100 zonae). Lanes 2 and 5: biotinylated isthmic and
ampullary luteal oviductal fluid, respectively (30 µg protein). Lanes 3 and 6; non-biotinylated
isthmic and ampullary luteal oviductal fluid, respectively (30 µg protein). Lanes 4 and 7: zonae

from oocytes incubated in biotinylated isthmic and ampullary luteal oviductal fluid, respect¬
ively (100 zonae). Arrows indicate biotinylated luteal oviductal fluid proteins associated with
zonae pellucidae.

1% (v/v) normal goat serum to maintain blocking for 2 h at
room temperature. Blots were washed twice in PBS-Tween
containing 1% normal goat serum and subsequently incubated
in 3,3'-diaminobenzidine solution until the desired signal inten¬
sity was achieved. Blots were washed in distilled H20 and
placed on clean filter paper to dry.

Some blots were also probed with either a monospecific
polyclonal antibody prepared against the bovine oestrus-
associated profein (King and Killian, 1994), or a commercial
antibody against BSA (Sigma) to characterize further the
biotinylated oviductal fluid proteins associating with the zona

pellucida. To ensure that all oviductal fluid proteins were

biotinylated using the procedure described, labelled and unla¬
belled samples of non-luteal oviductal fluid proteins were

subjected to electrophoresis and transferred to nitrocellulose as

described. These blots were probed with a polyclonal antibody
prepared against whole oviductal fluid. After blocking, as

described above, blots were incubated in primary antibody
diluted 1:1000 for the oestrus-associated protein, or 1:20 000
for the serum albumin in PBS-Tween containing 1% normal
goat serum. Excess antibody was eliminated by two washes in
PBS-Tween and 1% normal goat serum before incubation in
the secondary antibody (anti-rabbit IgG-peroxidase conjugate,
Sigma) diluted 1:1000. Blots were washed twice before
chromogenic development.

After development, blots were scanned on a Bio-Rad Model
GS-670 Imaging Densitometer. Molecular mass determinations

were made for the individual protein bands using the
Molecular Analyst software (Bio-Rad).

Results

Blots of biotinylated ampullary luteal and isthmic luteal pro¬
teins associated with the zona pellucida are shown (Fig. 1). Five
distinct proteins of approximately 80, 74, 60, 45, and 30 kDa,
as determined by data obtained from the Imaging Densitom¬
eter (Bio-Rad), were observed to associate with the zona

pellucida. No regional differences in the pattern of protein
association were found between the luteal stage biotinylated
oviducfal fluid samples. A representative blot of biotinylated
isthmic non-luteal oviductal fluid and biotinylated ampullary
non-luteal oviductal fluid shows five proteins associated with
the zona pellucida of similar molecular masses as mentioned
above, as well as a 95 kDa protein (Fig. 2). Again, no regional
differences in protein pattern were observed between non¬

luteal stage samples. The 95 kDa protein associated with the
zonae exposed to biotinylated non-luteal fluid, but nof bioti¬
nylated luteal fluid, indicates a difference between luteal and
non-luteal oviductal fluid due to the stage of the oestrous cycle.

In all cases, these proteins were also found in the respective
samples of control biotinylated oviductal fluid, but not in the
control biotinylated zonae sample. This control result indicates
that the association of these proteins with the zona pellucida
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Fig. 2. Protein blot of biotinylated non-luteal oviductal fluid proteins and zonae pellucidae
from bovine oocytes incubated with biotinylated bovine non-luteal oviductal fluid. Lane 1:
zonae from oocytes incubated in biotin solution alone (100 zonae). Lanes 2 and 5: biotinylated
isthmic and ampullary non-luteal oviductal fluid, respectively (30 µg protein). Lanes 3 and 6:
non-biotinylated isthmic and ampullary non-luteal oviductal fluid, respectively (30 µg protein).
Lanes 4 and 7: zonae from oocytes incubated in biotinylated isthmic and ampullary non-luteal
oviductal fluid, respectively (100 zonae). Arrows indicate biotinylated non-luteal oviductal fluid
proteins associated with zonae pellucidae.

results from their presence in oviductal fluid, not from
non-specific binding of the avidin-peroxidase conjugate to the
nitrocellulose. No protein was detected in the control non-

biotinylated sample lanes, indicating adequate blocking of
non-specific binding sites. In all cases, no protein bands were

visible in the lanes containing zonae from oocytes incubated in
non-biotinylated oviductal fluid (data not shown).

Blots incubated with an antibody against bovine oestrus-
associated protein (Fig. 3) confirmed that the 95 kDa protein
from fhe biotinylated ampullary non-luteal and isthmic non¬

luteal samples that associated with the zonae was in fact the
previously defined bovine oestrus-associated protein (King and
Killian, 1994). Blots incubated with the anti-BSA (Fig. 4)
detected albumin, with an approximate molecular mass of
74 kDa, associating with the zona pellucida. The blots
incubated with the polyclonal antibody against whole
oviductal fluid showed that the pattern of biotinylated oviduc¬
tal fluid proteins reflects the protein composition of unlabelled
oviductal fluid (data not shown).

Discussion
Bovine oviductal fluid comprises a serum transudate and
secretory products from the oviductal epithelium (Ellington,
1991). Gerena and Killian (1990) showed that the total protein
present in oviductal fluid was higher during the non-luteal than

the luteal phase, and that the protein concentration in oviductal
fluid was approximately 20—30% of that found in blood serum.
Albumin is the major protein in oviductal fluid accounting for
29—35% of total protein, while the oestrus-associated protein
accounts for up to 7.3% of the total oviductal fluid protein
during the non-luteal phase (Gerena and Killian, 1990). Proteins
from bovine oviductal fluid have been shown to associate with
spermatozoa (McNutt et al, 1992; King and Killian, 1994),
eggs, and embryos (Wegner and Killian, 1991; Boice et al,
1992). The specific role of oviductal fluid proteins associating
with gametes and embryos is unknown, but is suspected to be
one of functional importance.

The present study found that several oviductal fluid proteins
associate with the zona pellucida and that the pattern of
association differed with the stage of the oestrous cycle, but
not between the regions of the oviduct. A high molecular mass

protein (95 kDa) associated with the zona pellucida from both
biotinylated isthmic non-luteal and ampullary non-luteal fluid,
but not from luteal fluid. This 95 kDa protein was shown to be
bovine oestrus-associated protein by using a monospecific
polyclonal antibody. Wegner and Killian (1991) made similar
observations using a fluorescent-labelled antibody to this
protein. The oestrus-associated protein bound to the zonae of
eggs and embryos fluoresced more strongly when incubated
with non-luteal fluid than with luteal fluid. The oestrus-
associated protein is observed in both luteal and non-luteal
oviductal fluid, but the amount detected is significantly greater
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Fig. 3. Western blot of biotinylated oviductal fluid proteins and zonae pellucidae from bovine
oocytes incubated with biotinylated bovine oviductal fluid and probed with a polyclonal
antibody prepared against bovine oestrus-associated protein. Lanes 1 and 3: biotinylated
luteal and non-luteal ampullary oviductal fluid, respectively (50 µg protein). Lanes 2 and 4:
zonae from oocytes incubated in biotinylated luteal and non-luteal ampullary oviductal fluid,
respectively (100 zonae). Lanes 5 and 7: biotinylated luteal and non-luteal isthmic oviductal
fluid, respectively (50 µg protein). Lanes 6 and 8: zonae from oocytes incubated in

biotinylated luteal and non-luteal isthmic oviductal fluid, respectively (100 zonae).

during the non-luteal phase, and is at a maximum on day 2 of
the cycle (Gerena and Killian, 1990). This present study is the
first to demonstrate that several other proteins originating in
oviductal fluid associate with the zona pellucida. It appears that
uptake of these proteins does not require mature egg cyto¬
plasm since immature, non-viable oocytes were used in the
present study. This notion supports previous findings that the
uptake of bovine oestrus-associated protein does not require
egg maturation (Wegner and Killian, 1991). However, the
association of the oestrus-associated protein with the zona

pellucida of non-viable oocytes is not artifactual, since it has
also been detected on the zonae of embryos flushed from the
uterus (Wegner and Killian, 1991). Also, preliminary data using
oocytes matured in vitro, as described by McNutt and Killian
(1991), show a similar pattern of oviductal fluid proteins
associating with the zona pellucida as was found in the current
study (data not shown).

The detection of an albumin of molecular mass 74 kDa
associating with the zona pellucida, in addition to the detection
of other albumins of a wide molecular mass range of
62-74 kDa in lanes containing oviductal fluid alone, suggests
that the zona pellucida has a preferential affinity for higher
molecular mass forms of albumin. Alternatively, this obser¬
vation may be due to an alteration in the migration pattern of
albumin due to residual binding of zona pellucida proteins.
Additional studies will need to be conducted to determine
whether the bovine zona pellucida has a specific affinity for
albumin of high molecular mass.

Oviductal fluid proteins have been found to associate with
the zona pellucida in many species including hamsters (Fox and
Shivers, 1975), pigs (Brown and Cheng, 1986), sheep (Gandolfi
et al, 1989), baboons (Boice et al, 1990), and cows (Wegner
and Killian, 1991), but no functional correlate for this phenom¬
enon has been demonstrated. Several studies have shown that
in vitro fertilization and embryonic development can be
improved when eggs and embryos are exposed to oviductal
fluid or oviductal cells (Bavister, 1988; Gandolfi et al, 1989). In
hamsters, binding of spermatozoa to ova is decreased and
in vitro fertilization inhibited if the ova are treated with a

monoclonal antibody prepared against an oviductal glycopro¬
tein (Sakai et al, 1988), suggesting that oviductal fluid proteins
added to the zona pellucida may mediate sperm—egg binding.
Enhanced embryonic development has been noted when
embryos are co-cultured with intact oviducts (Minami et al,
1988), oviductal epithelium (Gandolfi and Moor, 1987) and
oviduct-conditioned medium (Eyestone and First, 1989). How¬
ever, successful in vitro fertilization and embryonic develop¬
ment can be achieved in the absence of these components,
suggesting that oviductal fluid and oviductal cells play a

facilitatory role in fertilization and development.
Oviductal fluid has recently been implicated in affecting

movement characteristics during capacitation of bovine sper¬
matozoa (McNutt et al, 1994; Grippo et al, 1995) and in

enhancing sperm binding and penetration of bovine oocyfes
(Way et al, 1997), although these studies have not shown
oviductal fluid proteins to be directly involved in these
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Fig. 4. Western blot of biotinylated oviductal fluid proteins and zonae pellucidae from
bovine oocytes incubated with biotinylated bovine oviductal fluid and probed with
anti-bovine serum albumin. Lanes 1 and 3: biotinylated luteal and non-luteal ampullary
oviductal fluid, respectively (50 µg protein). Lanes 2 and 4: zonae from oocytes
incubated in biotinylated luteal and non-luteal ampullary oviductal fluid, respectively
(100 zonae). Lanes 5 and 7: biotinylated luteal and non-luteal isthmic oviductal fluid,
respectively (50 µg protein). Lanes 6 and 8: zonae from oocytes incubated in
biotinylated luteal and non-luteal isthmic oviductal fluid, respectively (100 zonae).

phenomena. Substantial data indicate that oestrus-associated
proteins are present in the oviduct of many species, but few
studies have attempted to attribute a function to these proteins.
Hill et al (1992) found that ovine blastocysts cultured in fhe
presence of an oestrus-associated protein-containing fraction of
oviductal fluid had significantly more nuclei than those cultured
in control medium. King et al (1994) showed that the bovine
oestrus-associated protein has the ability to capacitate sperma¬
tozoa and promote the ability of spermatozoa to fertilize
in vitro. Abe et al. (1995) demonstrated that medium containing
the bovine oestrus-associated protein was able to maintain the
viability and motility of bovine spermatozoa more effectively
over a 12 h incubation period, than was medium alone. Studies
conducted with the bovine oestrus-associated profein clearly
indicate the potential importance of this protein in the devel¬
opment of gametes and embryos. However, further studies are

needed to determine the precise role of this, and other,
oviductal fluid proteins associated with gametes in sperm—egg
interaction, preparation of the oocyte for fertilization and early
embryonic development.

The assistance of the staff at the Dairy Breeding Research Center is
greatly appreciated. This research was supported in part by USDA
grants 91-37203-6554 and 96-35203-3428.
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