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Localization of Oviductal Glycoproteins within the Zona Pellucida and Perivitelline
Space of Ovulated Ova and Early Embryos in Baboons (Paplo anubis)1
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ABSTRACT

The estrogen-dominated baboon oviductal epitheium synthesizes and secretes a �mily of oviduct-specIfic glycoproteins. The

objective of this study was to determine if these glycoproteins become associated with ova and early embryos. Ovarian and

oviductal eggs obtained from superovulated baboons 72 h post-hCG were subjected to an Indirect Immunofluorescent assay that

used a polyclonal antibody prepared toward the baboon oviduct-specific glycoproteins. Oviductal ova as well as 2-cell and

4-cell embryos showed intense, specific fluorescence within their zonae pellucidae. Ovarian ova did not exhibit fluorescence.

Oviductal eggs were also fixed and processed for peroxidase-antiperoxidase immunocytochemistry and colloidal gold immuno-

electron microscopy to confirm the immunofluorescent data and to determine the subcellular distribution of the antigens. Ovi-

ductal ova as well as 2-cell and 3-cell embryos exhibited immunolabeling localized within the zona. Gold particles were distrib-

uted uniformly throughout the width of the zona, Occasional groupings of gold particles were observed within the zona, Also,

in most eggs, immunoreactivity was observed associated with flocculent material in the perivitelllne space as well as the vitelline

membrane. Furthermore, immunogold labeling above background level was noted in the cytoplasm of the eggs, particularly In

the blastomeres of 3-cell embryos. Collectively, these results indicate that baboon estrogen-dependent oviductal secretory gly-

coproteins become intimately associated with oviductal ova and with embryos.

INTRODUCTION

The mammalian oviduct provides and modulates the fluid

environment in which the fertilization process and early

embryonic development occur. Oviductal fluid is com-

posed predominantly of plasma derivatives (reviewed by

Leese, 1988), but it also contains macromolecules that are

synthesized and secreted under ovarian steroid regulation

by the oviductal epithelium. Oviductal secretory glycopro-

teins have been characterized for several species including

mice (Kapur and Johnson, 1985; 1986), hamsters (L#{233}veill#{233}

et al., 1987; Oikawa et al., 1988, Robitaille et aL, 1988), rab-

bits (Oliphant and Ross, 1982; Oliphant et a!., 1984), sheep

(Sutton et at., 1984, 1986; Gandolfi et a!., 1989), and ba-

boons (Fazleabas and Verhage, 1986; Verhage and Fazlea-

bas, 1988). Other studies suggest that oviduct-specific pro-

teins exist in pigs (Buhi et al., 1989), cattle (Joshi, 1988;

Malayer et al., 1988), and humans (Verhage et al., 1988; Wagh

and Lippes, 1989). Oviductal secretory macromolecules have

been shown to intimately associate with oviductal eggs. Re-

ports indicate that in hamsters (Araki et al., 1987; L#{233}veill#{233}

et al., 1987; Kan et al., 1988, 1989; Oikawa et al., 1988) and

sheep (Gandolfi et al., 1989), the characterized oviductal
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glycoproteins become associated with the zonae pellucidae

of ovulated eggs and developing embryos. In mice, a high

molecular weight oviductal glycoprotein becomes seques-

tered within the perivitelline (PV) space of postovulatoty

ova (Kapur and Johnson, 1986, 1988). Recently, Verhage et

al. (1989) have characterized a family of high molecular

weight, oviduct-specific glycoproteins synthesized and se-

creted by the estrogen (E2)-dominated baboon (Papio an-

ubis) oviduct (Verhage et al., 1990). The objective of the

present study was to determine if these primate oviductal

antigens become associated with oviductal ova and/or em-

bryos.

Materiais

MATERIALS AND METHODS

Immunochemical supplies were purchased from Orga-

non Teknika-Cappell (Durham, NC). Lowicryl K4M embed-

ding resin was obtained from Polysciences, Inc. (Warring-

ton, PA) and electron microscopic grids were purchased

from Ladd Research Industries (Burlington, VT). All other

chemicals of reagent grade or better were products of Sigma

Chemical Co. (St. Louis, MO).

Collection of Ova and Embiyos

Ovarian and oviductal eggs were obtained from baboons

in which multiple follicular development and superovula-

tion were induced as described by McCarthy et al. (1989).

In brief, starting on Day 1 of the menstrual cycle, baboons

received 37.5 IU human menopausal gonadotropin (hMG;
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FIG. 1. Whole mounts of living ova collected 72 h post-hCG from superovulated baboons. Phase microscopy of

(A) an ovarian ovum aspirated from a follicle that was greater than 5 mm in diameter and (B) an ovum collected by
retrograde lavage of the oviduct, Arrowheads point to the zonae pellucidae. Indirect immunofluorescence of the same

ova showed that (C) no localized fluorescence was observed with the ovarian ovum and ID) intense fluorescence was
associated with the zona pellucida that surrounds the oviductal ovum. x245.
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Pergonal; generously provided by Serono Laboratories,

Norwell, MA) administered i.m. twice a day (bid.) on Days

1-4 and 75 IU hMG bid. on Days 5-10. HCG (5000 IU

i.m.; Profasi, Serono) was administered on Day 11, and the

females were placed with fertile males for 2-3 days. At 72

h post-hCG treatment, a midventral laparotomy was per-

formed and the genital tract was exposed. Oviductal oo-

cytes and/or embryos were obtained by retrograde lavage

with Hanks’ Balanced Salt Solution (HBSS), 37#{176}C.Ovarian

ova were obtained by aspiration of large follicles (>5 mm

in diameter) using a 20-gauge needle attached to a hepa-

rinized 1-ml syringe. Ova and embryos isolated from the

aspirates and lavages were rinsed several times with HBSS.

Immunofluorescence Microscopy

Immediately after recovery, ova and embryos were sub-

jected to an indirect immunofluorescent assay as described

by Kapur and Johnson (1986), with the following modifi-

cations. The polyclonal antiserum (anti-PA ovd.) previously

prepared toward the family of oviduct-specific glycopro-

teins characterized in baboons (Verhage et al., 1989) was

utilized at a 1:250 dilution as the primary antibody. Fluo-

rescein-conjugated goat anti-rabbit IgG was diluted 1:200

for use as the second antibody. Ovarian (n = 8) and ovu-

lated (n = 4) ova, as well as 2-cell (n = 2) and 4-cell (n

= 2) embryos recovered from four females were subjected

to the immunofluorescent assay. Whole mounts of the eggs

were examined by fluorescence microscopy and photo-

graphed with Tri-X film (Eastman-Kodak, Rochester, NY)

using 2-mm exposures.

Light Immunocytochemishy

Immunocytochemical techniques were employed to

confirm the immunofluorescence data. Ova isolated from

the ovarian aspirates and retrograde lavages from four ad-

ditional females were fixed in a HEPES-buffered solution

containing 3% paraformaldehyde/1% gluteraldehyde (Ver-

hage et al., 1979) for 3 h and then stored in 1% sodium

cacodylate/4.5% sucrose buffer overnight at 4#{176}C.Ova were

processed and embedded in Lowicryl K4M as described by

Bendayan (1984). Sections (0.5 p,m) were cut with a glass

knife on a Sorvall MT-S 000 ultramicrotome (Sorvall, Nor-

FIG. 2. Light mici-ographs of serial cross sections of baboon eggs. Panels

A, C, E, and G are toluidine blue-stained sections of an ovarian ovum, a
1-cell fertilized ovum, a 2-cell embryo, and a 3-cell embryo, respectively.
Panels B, D, F, and H represent sections of the same eggs (in the same

order) subjected to the peroxidase-antiperoxidase immunocytochemical 10-
calization procedure. Note that only nonspecific background staining was
seen in the zona pellucida (Z), perivitelline space (P), and ooplasm (0) of
the ovarian ovum (Panel B). In contrast, immunostaining was observed to
various degrees in the Z and P of the 1-cell (Panel D), 2-cell (Panel F), and

3-cell (Panel H) eggs. Immunoreactivity was not detected in the ooplasm
or within the blastomeres (B). x390.
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walk, CT), placed on microscope slides, and stained with

0.1% toluidine blue for morphological examination. Serial

lj.im sections were then cut, placed on poly-L-lysine-coated,

acid-cleaned slides and subjected to (without etching) a
modification (Murray and Verhage, 1985) of the peroxi-

dase-antiperoxidase immunocytochemical localization pro-

cedure of Sternberger et al. (1970) to detect the E2-depen-

dent oviductal glycoproteins. The IgG fraction of anti-PA ovd.,

which was isolated sequentially by ammonium sulfate pre-

cipitation and ion-exchange chromatography on diethyl-

aminoethyl cellulose (DE52; Whatman, Kent, United King-

dom), was used as the primary antibody at 22 ng/ml. Serial

sections incubated in buffer containing IgG isolated from

preimmune rabbit serum instead of anti-PA ovd. served as

negative controls. Ovarian (n = 2) and oviductal (n = 6)

ova, as well as a 2-cell and a 3-cell normal embryo were

examined and the results of the immunocytochemical anal-

ysis were photographed.

Colloidal Gold Immunolaheling

The oviductal eggs that were fixed and embedded in

Lowicryl (see above) were also subjected to colloidal gold

immunoelectron microscopy to determine distribution of

the glycoprotein antigens. One hundred nanometer sec-

tions were collected on 300-mesh formvar/carbon-coated

nickel grids and were subjected to the indirect immuno-

gold labeling technique as described by Varndell and Pol-

lack (1984), with the following modifications. The sections

were not etched and they were exposed to a primary anti-

serum for 48 h at 4#{176}C.The IgG fraction isolated from anti-

PA ovd. as described above was used at 12 ng/ml. Negative

controls were treated with preimmune IgG under the same

conditions. Sections from oviductal ova (n = 4) and em-

bryos (n = 2) were observed and photographed with a

Philips 300 electron microscope.

RESULTS

When viewed by fluorescence microscopy, ovulated 1-

cell ova subjected to the indirect immunofluorescent assay

exhibited intense fluorescence that appeared to be local-

ized within the zona pellucida (Fig. 1), whereas ovarian ova

showed no localized fluorescence. Two-cell and 4-cell em-

bryos collected from superovulated baboons along with a

2-cell embryo obtained from a normally cycling animal dis-

played fluorescence associated with the zona that was sim-

ilar to that seen in 1-cell oviductal ova (data not shown).

Immunocytochemical analysis at the light microscopic

level confirmed and extended the immunofluorescence data.

Ovarian ova (visible in toluidine blue-stained sections, Fig.

2A) did not display specific immunoperoxidase staining in

any region of the ovum (Fig. 2B). Also, immunolabeling

was not observed in control sections of oviductal ova treated

with the IgG fraction isolated from preimmune rather than

immune serum (data not shown). Immunoperoxidase

staining was present in the zonae pellucidae of all oviductal

eggs examined, regardless of the stage of development (Fig.

2D, F, H). However, as development of the embryo pro-

gressed, the intensity of staining within the zona appeared

to increase. Immunolabeling was also observed within the

PV space of three of the four oviductal eggs and both em-

bryos. The immunoreactivity appeared to be associated with

flocculent material in the PV space of the unfertilized as

well as fertilized ova. The PV space of the 3-cell embryo

appeared to be homogeneously and intensely labeled. Little

or no immunoperoxidase staining was noted within the cy-

toplasm of any of the eggs or polar bodies.

At the ultrastructural level, colloidal gold immunolabel-

ing was evident in the zona pellucida of all oviductal eggs

assayed (Fig. 3). Gold particles appeared distributed ho-
mogeneously throughout the width of the zonae (Fig. 3A,

E), with occasional groupings of particles observed (Fig.

3C). Very few gold particles were observed scattered singly

in sections that were treated with the IgG fraction isolated

from the preimmune serum (Fig. 3B). The flocculent ma-

terial, which was present as discrete islands in the PV space

in the 1-cell unfertilized egg (Fig. 3A) and the 2-cell em-

bryo obtained from one baboon, was distinctly labeled with

gold particles. Additionally, in the 3-cell embryo obtained

from a different animal, the PV-space material that appeared

amorphous in structure was heavily immunolabeled, as was

the zona (Fig. 3E). Immunoreactivity was associated with

the vitelline membrane of all oviductal ova (Fig. 3D). Some

gold particles could be seen scattered in the cortical region

of the ooplasm of all eggs. In the 3-cell embryo, clusters

of immunolabeling above background level were detected

within the cytoplasm of the blastomere (Fig. 3F).

DISCUSSION

This study provides evidence that in baboons, E2-depen-

dent oviduct-specific glycoproteins previously character-

ized by Verhage and colleagues (Fazleabas and Verhage,

1986; Verhage and Fazleabas, 1988; Verhage et aL, 1989, 1990)

become associated with oviductal ova and early embryos.

Although this is the first report documenting this phenom-

FIG. 3. Electron micrographs of baboon oviductal eggs subjected to
colloidal gold immunoelectron microscopy. (A) The zona pellucida (Z) and
perivitelline space (P) of an unfertilized ovum, Note colloidal gold particles
within the Z and associated with flocculent material within the P. X17 442,

(B) A section of the same unfertilized ovum incubated with preimmune in-
stead of immune 19G. Gold particles (within 0) were seldom observed.
x14 569. (C) The Z of an unfertilized ovum. Note groupings of particles

(arrowheads) that were occasionally observed. x13 760. (D) The vitelline
membrane (arrowhead) of an unfertilized ovum (0). x17 442. (E) A 3-cell

embryo. Note heavy immunolabeling within the P and Z. Arrowheads mark
the border between the Z and P. B = blastomere. x16302. (F) The cyto-
plasm of a blastomere of a 3-cell embryo. Clusters of immunolabeling (ar-
rowheads) above background level were detected. x16 302.
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enon in primates, other studies indicate that oviductal gly-

coproteins characterized in mice (Kapur and Johnson, 1986;

1988), hamsters (Kan et al., 1988, 1989; Oikawa et a!., 1988),

and sheep (Gandoffi et al., 1989) also interact with post-

ovulatory ova and early embryos. Furthermore, other re-

ports in pigs (Brown and Cheng, 1986; Hedrick et al., 1987)

and rabbits (Bacsich and Hamilton, 1954; Greenwald, 1958)

suggest that oviductal macromolecules are added to the egg

investments as they traverse the oviduct. Collectively, these

data suggest that the addition of oviduct-specific macro-

molecules to oviductal eggs is a phenomenon common to

all mammalian species.

There appears to be variability among the mammalian

species as to the localization and distribution pattern of ovi-

ductal antigens in postovulatory ova and embryos. In the

present study, the colloidal gold immunolabeling data clearly

demonstrated that the E2-dependent oviductal glycopro-

tems were distributed throughout the zona pellucida. These

results are similar to those reported by Kan et al. (1988,

1989) for hamsters, where the distribution of gold particles

within the zona was found to be uniform and homoge-

neous. Although Fox and Shivers (1975) described oviduc-

tal antigen localization within only the peripheral region of

the zona of hamster ova, the indirect immunofluorescent

techniques that they utilized are limited in resolution. Fur-

thermore, the antisera used by Fox and Shivers recognizes

both oviductal and uterine antigens, whereas the antigens

characterized in the baboon (Verhage et al., 1989) and the

hamster (Kan et al., 1988; 1989) are oviduct-specific.

Immunocytochemical staining is also evident in the PV

space of baboon ova, with the antigen appearing to be spe-

cifically associated with flocculent material within the PV

space. A glycoprotein (GP 215) that is secreted by the mouse

oviductal epithe!ium becomes sequestered within the PV

space of ovulated ova and developing embryos (Kapur and

Johnson, 1986, 1988). GP 215 is not found in the zona, but

appears to be associated with amorphous material within

the PV space. The nature and origin of the material in the

PV space is unknown. Sathananthan et al. (1986) showed

that the PV space in a mature human ovum contains floc-

culent material and shreds of zona. Also, reticular and semi-

particulate components have been described for pig and

opposum PV space (Talbot and DiCarlantonio, 1984a, b). In

this study, the flocculent material was present in the PY space

of unfertilized as well as fertilized ova, indicating that the

material is probably not released by cortical granules. The

possibility that the flocculent matter within the PV space is

an artifact of the fixation, dehydration, and embedding pro-

cess can not be eliminated.

The baboon oviductal antigens also become associated

with plasmalemmae of the ovulated ovum and the blasto-

meres of the early embryo. Gandolfi and colleagues (1989)

reported that a sheep oviductal glycoprotein that binds the

zona of oviductal eggs also translocates to the developing

embryo. However, they did not determine whether the an-

tigen is associated with the embryonic membrane and/or

the cytoplasm.

Although the evidence that specific mammalian oviductal

antigens associate with oviductal ova and embryos is ac-

cumulating, it is not yet known if this sequestration process

is specific. Studies have shown that zonae of follicular oo-

cytes cultured in vitro in medium containing sheep ovi-

ductal glycoproteins and 10% fetal calf serum bind the an-

tigens but not any of the serum proteins (Gandolfi et a!.,

1989). Furthermore, Kapur and Johnson (1986) suggested

that sequestration of the mouse oviductal glycoprotein ap-

pears to be a selective process since other proteins such

as albumin and immunoglobulins are not retained in an

analogous manner. However, it is known that the zona is

freely permeable to many molecules including ferritin (500

kDa) and horseradish peroxidase (40 kDa; Hastings II et

al., 1972). Thus, the possibility that oviductal antigen asso-

ciation in vivo with oviductal eggs is merely a consequence

of equilibrium dynamics can not be dismissed.

Regardless of the mechanism, intimate association of ovi-

ductal antigens with mammalian eggs may have biological

significance. Gamete interaction and subsequent fertiliza-

tion may be affected by specific oviductal secretory mac-

romolecules. In hamsters, sperm binding to ova is reduced

and in vitro fertilization is inhibited if the ovulated ova are

treated with a monoclonal antibody prepared toward the

characterized hamster oviductal glycoprotein (Sakai et al.,

1988). However, it is known that follicular and ovulated

oocytes can be fertilized in vitro without exposure to the

oviduct. This suggests that oviductal antigens may not be

essential to the fertilization process, but rather may facili-

tate the event in vitro.

It is also tempting to speculate that oviductal glycopro-

teins play a role in embryonic development and survival.

Studies have demonstrated that embryonic development in

vitro is enhanced by coincubation with isolated oviducts

(Minami et al,, 1988; Krisher et al., 1989), oviductal cells in

suspension (Eyestone and First, 1989), or monolayer cul-

ture (Gandoffi and Moor, 1987; Rexroad and Powell, 1988),

as well as with medium previously incubated with oviductal

cells (Eyestone and First, 1989). Also, in vivo development

is enhanced if sheep embryos are cocultured with oviductal

cells prior to transfer as compared to embryos cultured with

other cell types or media alone (Rexroad and Powell, 1988).

Further research will be needed to answer the question of

the functional significance of the intimate association of ovi-

ductal glycoproteins with zonae pellucidae of oviductal ova

and embryos. It may ultimately be demonstrated that while

oviduct-specific molecules facilitate fertilization/develop-

ment in vitro, they may play a critical role in the normal

in vivo reproductive process.
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