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has also been successfully achieved using vari-

. INTRODUCTION ous culture system(l.u et al, 1988: Mattioli et
al,, 1989). However, unlike these practical
The in wvitro technique of oocyte maturation informations, basic knowledge on the compo-

has been established with various degree of suc-
cess. Morphological and cytological events dur-
ing oocyte maturation have been studied in the
1984 : Motlik et al., 1986 :
1989: Byun et al., 1989; Chung et

1991). In vitro fertilization of matured oocyte

pig(Nagai et al,,
Grant et al.,
al.,

nents of follicle, the ococyte., cumulus cells and
follicular fluid undergoing oocyte maturation is
not completely known in a single species of
domestic ammals.

Porcine oocyte is one of the materials studied

extensively in the fields of early fertilization
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(Leman and Dziuk, 1971) and immunological
studies(Hedrick and Wardrip, 1986; Takagi et
al., 1989). However, very little information is
available about biochemical nature of the fol-
licular components in the millieu of oocyte
maturation. For example, fluidal components of
follicle from which the oocyte is collected are
significantly different at the levels of hormo-
nes(Bellin et al., 1987), protein-carbohydrate
complexes(Yanagashita et al., 1981) and bio-
logically active molecules(Sluss et al., 1989)
depending on the intrafollicular state. In par-
ticular, polypeptides of the each cellular and
fluidal component are considered as readily de-
tectable molecules,

However, very little efforts were made to
analyse biochemical components in the follicular
cells, the oocyte and the follicular fluids,

This experiment describes an effort to estab-
lish analytical methods for later use in sub-
sequent experiments. Specific or house-keeping
proteins of each components were analysed by
the sensitive methods with carefully prepared
samples. Furthermore, appropriate amounts of
each components were determined in different
analytical methods, that will be then very useful
for further analyses of synthesizing polypeptides
and for immunological studies of the compo-

nents,

I. MATERIALS AND METHODS

1. Collection of cellular and fluidal compo-
nents

Ovaries were brought to laboratory in saline
at 4°C in a Dewar flask. After washing ovaries
several times in chilled saline, follicular content
was collected with a 26 gauge needle attached
to 1 ml disposable syringe by avoiding blood
vessel under a dissecting microscope. The fol-

licular fluids were separately collected from

three different size of follicles, i, e., large(>5
mm in diameter), medium(3 ~5mm in diameter)
and small(<3mm in diameter), The content in
Eppendorf tube was centrifuged at 5,000rpm for
10min at 4. The supernatant was recovered
and stored at —20C until use. Some fluidal
samples were obtained in a similar way from the
superovulated gilts with injections of 1,500 IU
PMS and hCG. For the comparision of normal
to atretic follicles, individual follicles were also
isolated from the ovaries. They were torn off to
release the content into phosphate buffered
saline  containing 4mg polyvinylpyrrolidone
(Sigma) /ml(PBS+PVP).

After examining the contents, they were div-
ided into two groups, cellular association of the
OCCs and translucence of the fluid. If the OCC
was very tight, and follicular cells appeared
shining under a dissecting microscope, the fol-
licle containing the OCC was considered as nor-
mal. When the fluidal component showed pre-
cipitant, disorganized OCC, and free follicular
cells, the follicle was considerd as atretic. They
were collected separately as described above,

The oocytes and cumulus cells were 1solated
from the OCCs immediately after collection and
at the end of culture in witro in M16+15%
FCS+101U PMS+101U hCG(M16+FCS+Gn)
at 39°C in an atmosphere of 5% CQ, in air for 35
h. The oocytes and cumulus cells were washed
in PBS+PVP, centrifuged to remove remaining
proteins, and recovered in a small amount of
PBS+PVP,

The zonae pellucidae(ZP) were obtained from
the frozen-thawed ovaries, The zonae were
punctured by the repeated pipetting of
cumulus-free oocytes with a finely drawn
pasteur pipette in 300 IU hyaluronidase in M2
prior to washing in PBS+PVP and centri-

fugation. They were stored at —20°C until use.
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2. Sample preparation for SDS-PAGE and
IEF

Chemicals required for electrophoresis were
purchased from Bio-Rad(Richmond, CA, U.S.
A.). Follicular fluid samples were mixed with
the same volume of cold acetone. They were
vigorously vortexed and centrifuged at 15,
000rpm for 5min at 4°C. The supernatant was
discarded, and the pellet was resuspended in
cold acetone. This procedure was repeated three
times. After the final washing, the pellet was
dried at 40°C overnight to evaporate the remain-
ing acetone. The powder was lysed in 204l of so-
dium dodecylsulfate(SDS)-sample buffer con-
taining 4% (w /v) SDS, 20%(w /v) glycerol,
10%(w /v) B-mercaptoethanol, 1 %{w /v) bro-
mophenol blue and 0.125 M tris-HCI(pH 6. 8)
by standing for 1 h at room temperature.

The oocytes and cumulus cells were repeat-
edly frozen and thawed thoroughly by the use of
liquid nitrogen(LN,), then lysed in SDS-sample
buffer. They were stored at —20°C until use.
For isoelectrofocusing (IEF) samples, the ace-
tone powder of follicular fluid and follicular cells
were separately lysed in 30 4 of lysis buffer con-
taining 9.5M wurea, 2%(w/v) Nonidet-P40
(NP-40), 2% ampholines(Ampholyte, Bio-Rad
Co., pH 35~10:pH 5~7=4:1) and 5% g
-mercaptoethanol, These samples were used for
two dimensional (2-D) electrophoresis combining
IEF and SDS-polyacrylamide gel electrophoresis
(SDS-PAGE).

3. Analysis of specific proteins by electro-
phoresis
SDS-PAGE was carried out according to
Laemmli(1970). Samples were loaded on 10%
SDS polyacrylamide gels, 0.75mm thick. Sam-
ples of the cocytes, cumulus cells and follicular
fluid were electrophoresed at a constant current

of 8mA per gel for approximately 7h under a
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cooling device, Molecular weight standards used
were described in previously (Byun et al., 1991).

Two-D electrophoresis was performed as de-
scribed in the report of O'Farrell(1975). Briefly,
4% polyacrylamide gels containing 9M urea, 2%
NP-40, and 2% Ampholyte were formed in glass
tubes with 130mm long, 2.5mm in diameter,
After pre-run for 75min, sample were loaded in
the tube gels and focused for 12h at 400V con-
stant voltage, then further focusing for 1h at
800V constant voltage. The gels wer~ removed
by gentle pressure after freezing and thawing,
and equilibrated in SDS-sample buffer without
bromophenol blue for 1 h on gentle rocking de-
vice. The tube gels were electrophoresed on
10% SDS-PAGE gel under similar condition for
SDS-PAGE analysis.

4. Visualization of separated proteins

After electrophoresis gels were stained as de-
scribed previously(Byun et al., 1991). For sensi-
tive visualization, a silver staining method was
employed. The silver staining was performed ac-
cording to the method of Switzer et al.(1979).
As a faithful way of visualization, gels were
stained with CBB, followed by silver staining.
Gels were photographed on PAN F film{ASA
50, Ilford).

5. Determination of relative molecular
weight
The molecular weight of the resolved proteins
were determined by the instruction provided by
the company(Sigma). Rf values and the stan-
dard curves were plotted, and relative molecular
weight of resolved proteins were determined on

the standard curve.
. RESULTS AND DISCUSSIONS

1. Appropriate amount of samples for analysis



In preliminary studies the amounts of each
sample were determined to give correct resol
ution of protein bands with different staining
methods. Two 4 of follicular fluid, 6 x 10® cumu-
lus cells and 50 vocytes gave proper detection of
protein bands in SDS polyacrylanude gel when
CBB staining was used. With silver staining,
similar resolution could be obtained with much
less amount of sample. Amounts of sample for
[EF were also determined(Table 1).

The number of the oocytes varied in different
experiments, The fact is known that cytoplasm
of porcine oocyte is not so easily dissolved even
in the lysis buffer. Therefore, it should be im-
portant to dissolve the sample completely to ob-
tain complete release of protein components
from the cell. [t was found that repeated {reez-
ing and thawing of the samples in [LN. was satis-
factory. The average number of cumulus cells
was 1.2 x 10° cells per oocyte. For maxinwum res-
olution of protein bands about 10 ococytes were
required when silver staining was employed
(Table 1).

2. Protein patterns of follicular components
The resolved proteins of each cellular

component, i. e, the oocytes, cumulus cells and

the ZP were visualized with CBB staining(Fig.
la). Under the experimental condition more
bands could be seen in cumulus cells than those
of the oocytes(Fig. la lanes 2 and 4). With sil-
ver staining, more clear resolution was achieved
and similar number of bands were found (Fig. 1b
lanes 1 and 3). The ZP were resolved as a pro-
tein band at 62 kd when CBB staining was ap-
plied (Fig. la lane 5). However, several minor
bands were also found with sensitive silver
staining, although the complete removal of
cumulus cells in the preparation of the ZP was
achieved at least under a dissecting microscope
(Fig. 1blane 4).

The minor bands probably orginated from the
remnants which survived through the mechan-
ical and enzymatic removal. The electron micro-
scopic analysis demonstrated that the remnants
of the cumulus cells were studied in the ZP
(Dunbar et al., 1980). Therefore, the oocyte for
protein analysis was denuded completely with
acid Tyrode's solution (pH 2.5) to eliminate the
possible contamination.

The protein patterns of zona-free oocytes
were shown with CBB staining(Fig. la lane 4)
and silver staining(Fig. 1b lane 3). The protein

patterns of cumulus cells and the oocyte

Table 1. Determination of appropriate amounts of samples for the analysis of follicular

components*
Methods Volume of
Electrophoresis of follicular
staining fluid (d)
SDS- Cbb 2.0
PAGE? Silver 0.1
IEF3 for CBB 3.0
2-D Silver -

No ;uf : No.r (r)rfm -

cumutlus the zonae
cells oocytes pellucidae
6 x 10° 50 -
1 x10° 10 30
4 x 107 300 -

1. Abbreviations are SDS-PAGE, sodium dodecylsulfate polyacrylamide gel electrophoresis: 1EF,

isoelectrofocusing : 2-D, two-dimensional electrophoresis and CBB, Coornasis Brillant Blue.

2. Gel dimension: 107 polyacrylamide, 0.75mm thick.

3. Gel dimension: 4% polyacrylamide, 2mm in diameter, 130mm long.
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were remarkably similar, thus suggesting that
the similar house-keeping proteins for general
cell activity and structure were abundant,

The cell-specific protein may be seen, 1. e., 25
and 114 kd in the oocyte and 20, 29, 33, 56, and
78 kd in cumulus cells(Fig. 2 and Table 2). Five
bands, 1. e., 36, 44, 60, 92 and 220 kd were also
commonly found in 3 different components of
the follicle(Fig. 1). These proteins may be use-
ful for the identification of each components in

a follicle for further analysis or immunological

cBB

studies. In particular, ZP proteins have been
favorate materials for the study of gamete in-
teraction and for the preparation of antigens.

These proteins are known to be species-spe-
cific, and extensively studied (Gwatkin et al,,
1980 Dunbar et al., 1980; Hedrick and Wardrip,
1987 Shabanowitz and O'Rand, 1988). But it is
well described that ZP protein pattern is
exhibited variously according to the methods
used to solubilize it prior to electrophoresis
(Dunbar et al., 1980).

Silver
cC 20 O 2 F

1 2 3 4 5

Fig. 1. Electrophoretic patterns of follicular components of porcine follicles in SDS-PAGE gel. Rep-
resentative protein patterns were visualized in a gel stained with CBB(a), and the identical
gel was further stained with a sensitive silver staining method(b). The protein marked on
the right are some of specific or common protein bands. Abbreviations are C. cumulus cells;
70, zona-intact oocyte; O, zona-free oocytes: Z, zonapellucida and F, follicular fluids.

—293—



oo ccC
Oh 35h Oh 35h

Fig. 2. Electrophoretic patterns of cellular
components in SDS-PAGE gel. The gel
was stained by silver staining method.
Comparative cell-specific protein pat-
terns between the oocytes(25 and 114
kd) and cumulus cells(20, 29, 33, 56 and
78 kd) were clearly seen, but 7 bands, i.
e. 40, 62, 66, 72, 74, 108 and 170 kd were
seen commonly. Also the difference of
protein patterns in matured oocyte
could be found. The numbers on the
right are some of the specific bands
showing differences. See Fig. 1 for
details of molecular standard. Abbre-
viations are 00, oocyte and CC, cumulus
cells.
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The fluidal component also showed various
proteins, which were either present or absent in
cellular components. However, the major band
was albumin as expected(Fig. 1a lane 6 and 1b
lane 5). The proteins found in cellular and
fluidal components are summarized(Table 2).
This basic data will be useful for further bio-

chemical analysis.

3. Comparison of protein patterns in

immature and mature oocytes

Once the protein patterns of each components
being established, it was interesting to know
whether there are any differences in the cellular
components of immature and mature oocytes,
Mature oocytes were prepared at the end of 35
h cuiture. Although the number of the oocyte
was identical in different lanes, the amount of
proteins was much higher in the mature oocyte,
as judged by the stained protein{Fig. 2 lane 2
and 3). This may account for the different pro-
tein composition between immature and mature
oocytes, However, 1t did not eliminate possible
properties of different cytoplasm, thus causing
different degree of dissolution.

No specific alteration was found in the cumu-
lus cells from mature and immature oocytes
(Fig. 2 lane 4 and 5). Therefore, it appears that
no significant changes would occur in the
house-keeping proteins of the oocyte and cumu-

lus cells during oocyte maturation in vitro.

4. Fluidal protein patterns in different
sources of follicles
Follicular fluids were obtained from 3 differ-
ent sizes of follicles, and either from follicles of
pig ovaries of slaughterhouse or gonadotro-
phin-treated pig ovaries, The fluidal proteins
were analysed to evaluate any visible diff-

erences in various sources of follicles, No clear



Table 2. List of proteins with CBB and silver staining in follicular components

Follicular No. of Specific
protein protein
compounds bands bands
oocytes 14 p25, pbo,
p72, pl14
Cumulus cells 19 p20, p29
p33, P56, P78
Follicular fluid 12 p18.5, pl9, p76,
p152, p187
Zona pellucida 1 P62

Common protein bands to!

0&C C&F O&F All
p40
pb62 p36
p108 pd4
pl70 p26 p60
p50 p92
p220

1. Abbreviations are O, oocytes: C. cumulus cells and F,

L MS NH

R -« p187
; 0 % <« P152
- p120

§-p76

y < p19
=~ p18s

1 2 3 4 5 6

3. Electrophoretic patterns of proteins
found in follicular fluid collected from
different conditions. Follicular fluids
were collected from large size of
follicles(L.), medium-sized follicles(M),
and small size of follicles(S), respect-
ively. Follicular fluids from the ovary

Fig.

follicular fluid.

difference was found except for a few qualitat-
ive differences. For example, 44kd protein was
not detectable in the medium-sized follicle of
ovaries from slaughter house. And another pro-
tein 36 kd was absent, but 120 kd was found
only from the follicular fluid of gonadotro-
pin-treated pig.

The quantities of some protein bands, such as
19 and 187 kd may be different(Fig. 3). This
results by no means suggest that no differences
were found in different sources of follicular
fluid. It has been suggested that the total pro-
tein concentration is similar in small and large
follicle(McGaughey, 1975). Probably the limi-
tation of SDS-PAGE may be one of the major
factors. Other techniques such as IEF may be
more sensitive to detect such minor differences
as shown by others(Manabe et al., 1982).

The fluidal and cellular proteins were more
closely compared in normal and atretic follicles,
and follicles from slaughter house and gonado-
trophin-treated pig, respectively by 2-D electro-

phoresis to demonstrate any minor changes

recovered from slaughterhouse(N) and
superovulated ovary(H) were also
compared. See Fig. 1 for detail of mol-
ecular weight standard.
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undetected in SDS-PAGE analysis(Fig. 4 and
5). By 2-D electrophoresis it has been revealed
that the serum and follicular fluid were similar
in protein composition(Dunbar et al., 1980).
Also, Andersen et al. (1976) has suggested
that the proteins in follicular fluid from bovine
follicles have a minimum 40 individual proteins
distinguishably. General distribution of protein
spots was quite similar both in normal and
atretic follicle(Fig. 4). However, a few ad-
ditional protein spots were found only either in
normal or in atretic follicle, Therefore, some of
the protein components may differ in the fluidal
environment, thus suggesting that different
state of follicles could influence the oocyte by
surrounding it., The patterns of protein spots

were slightly different between the follicles

-3 basic acidic

Psp

205—
116—

974—

6 6—

45-

36—

29—

21—

p—
184— B :

with different sources. Andersen et al. (1976)
found that the protein composition in healthy
growing follicles differs from that of atretic and
cystic follicles,

The similar bands with specific molecular
weight were even differently separated with 2-D
analysis, thus showing the details of the protein
composition in a particular band found in
SDS-PAGE analysis. Along with the histological
evidence{Byun et al., 1990) this biochemical
differences found here open a way to study the
follicular environment more closely. The
proteins specific in certain type of follicles may
be separated from the gel, and could be used as
antigens for the marker for selection or determi-
nation of follicular state.

The information of general protein patterns

acidic

39vd-Sds

- -

B

Fig. 4. Two-D electrophoretic patterns of polypeptide spots found in porcine follicular cells col-
lected from atretic(a) and normal follicles(b), respectively. Two gels were electrophoresed

under an identical condition. Some of landmark protein(actin, 44 kd) and proteins showing

differences were marked.
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Fig. 5. Two-D electrophoretic pattern of follicular fluid collected from follicles of the ovary
recovered from slaughterhouse(a) and superovulated ovary (b), respectively. The protein
spots with numbers were marked for comparisons. The gel was stained with CBB. See Fig. 4

for detail of molecular weight standard.

may provide a standard for the identification
and characterization of specific proteins of
fluidal components, The established sample
preparation and analytical method will further
provide important tools when they are combined
with other approaches such as radiolabelling of
oocyte surface membrane and quantitative

analysis of protein contents,

[V. SUMMARY

The polypeptide patterns of cellular and fol-
licular components were analysed by SDS
-PAGE and two dimensional(2-D) electropho-
resis combined with isoelectric focusing (IEF)

to establish protein profiles in each of the

components in porcine follicles.

Oocyte-cumulus complexes were cultured in
M16+FCS+Gn at 39 in an atmosphere of 5%
CO, in air for 35h. At the end of the culture,
the zona-free oocyte, ZP alone and cumulus
cells were prepared and analysed either on 10%
SDS-PAGE for the protein profile at the first
dimensional gel or 2-D protein pattern. The
amounts of each samples were determined for
the visualization with Coomasie brilliant blue
(CBB) or silver staining, thus giving useful in-
formation for the identification of specific
proteins in the components or appropriate
amount of samples for proper visualization.

Qocyte showed 25 and 114 kd major protein

band, Other minor components were additionally
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visualized with CBB on the same gel after silver
staining procedure. Cumulus cells also showed
specific proteins which is not present in the
oocytes. The number of cumulus cell was proper
to give major bands with CBB and additional
minor bands with silver staining. To establish
the degree of contamination from the remnant
of the corona radiata to the ZP, zonae were
differently prepared or analysed by SDS-PAGE.

The preparation of the ZP in this study did
not showed any contamination judged by the
protein profile of the components. Also follicular
fluid showed its specific protein profile without
any significant differences among the different
sizes of follicles. The established protein profile
of each follicular component should be helpful
for the identification and elimination of contami-
nated components, i. e., antigen preparation or
immunological studies,

The results also suggest that the preparation
of each components in the study was appropri-
ate and can be used for a further sensitive bio-
chemical analysis in mammalian oocytes and

early embryos.
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