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Abstract The intranuclear distribution of the transcription factor Oct-4, which is specifically expressed in totipotent
mice stem and germ line cells, was studied in mouse oocytes using immunogold labeling/electron microscopy and
immunofluorescence/confocal laser scanning microcopy. The localization of Oct-4 was studied in transcriptionally active
(uni/bilaminar follicles) and inactive (antral follicles) oocytes. Additionally, the Oct-4 distribution was examined relative
to that of the unphosphorylated form of RNA polymerase Il (Pol 11) and splicing factor (SC 35) in the intranuclear entities
such as perichromatin fibrils (PFs), perichromatin granules (PGs), interchromatin granule clusters (IGCs), Cajal bodies
(CBs), and nucleolus-like bodies (NLBs). It was shown that: (i) Oct-4 is localized in PFs, IGCs, and in the dense fibrillar
component (DFC) of the nucleolus at the transcriptionally active stage of the oocyte nucleus; (ii) Oct-4 present in PFs and
IGCs colocalizes with Pol Il and SC 35 at the transcriptionally active stage; (iii) Oct-4 accumulates in NLBs, CBs, and PGs at
the inert stage of the oocyte. The results confirm the previous suggestion that PFs represent the major nucleoplasmic
structural domain involved in active pre-mRNA transcription/processing. The colocalization of Oct-4 with Pol Il in both
IGCs and PFs in active oocytes (uni/bilaminar follicles) suggests that Oct-4 is intimately associated with the Pol I
holoenzyme before and during transcription. The colocalization of Oct-4, Pol Il, and SC 35 with coilin-containing
structures such as NLBs and CBs at the inert stage (antral follicles) suggests that the latter may represent storage sites for the
transcription/splicing machinery during the decline of transcription. J. Cell. Biochem. 89: 720-732, 2003.
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Inthelast 10 years, considerable progress has
been made in understanding the molecular
biological aspects of gene expression [for re-
view see Lee and Young, 2000]. Concomitantly,
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attempts were also made to decipher how this
process is spatially organized relative to the
distinct compartments/domains that are known
to exist in the eukaryotic nucleus [Spector,
1993; Matera, 1999; Gall, 2000; Misteli, 2000].
Biochemical studies have characterized the
components of the transcription/splicing mach-
inery and showed that the RNA polymerase II
(Pol II) holoenzyme, a multiprotein complex
that binds the promoter, consists of the core
enzyme RNA polymerase (Pol II), general tran-
scription factors, and the core Srb-mediator
complex [Koleske and Young, 1995; Lee and
Young, 2000]. Additionally, the carboxy term-
inal domain (CTD) of Pol IT has been implicated
in the maintenance of the integrity of the
holoenzyme as well as in the coupling of
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transcription and splicing [Greenblatt, 1997;
Mc Craken et al., 1998; Fong and Bentley,
2001]. Immunocytochemical, in situ hybridiza-
tion and morphological studies, on the other
hand, have attempted to identify the intra-
nuclear domains involved in the transcription/
splicing [Dundr and Misteli, 2001]. Much,
however, remains to be learned concerning the
intranuclear distribution of the components of
the Pol Il holoenzyme and how this multiprotein
complex assembles within the nucleus. In this
context, there is also a need to understand how
transcription factors that are not part of the
holoenzyme are recruited to the sites of tran-
scription as well.

In previous studies, we used human oocyte as
a model system [Parfenov et al., 1998, 2000] to
study the intranuclear distribution of transcrip-
tion and splicing factors because the system
offers stages of development that possess a
spectrum of transcriptional activity ranging
from active to inert. Using the technique of
immunogold labeling/electron microscopy of
the oocyte nuclei, we confirmed and extended
studies of others by demonstrating that (i)
perichromatin fibrils (PFs) represent a nuclear
entity in which transcription and splicing
are spatially coupled, and (ii) interchromatin
granule clusters (IGCs) and nucleolus-like
bodies (NLBs) are the storage sites for tran-
scription and splicing machinery.

In the present study, we attempt to localize a
key transcription factor, Oct-4, in intranuclear
domains of transcriptionally active and inactive
mouse oocytes. The reasons for choosing Oct-4
in this study are as follows. First, Oct-4, a
transcription factor expressed specifically in the
totipotent germ line of mice, maintains the
potency of stem and germ cell lines by regulat-
ing gene expression [Schéler, 1991; Pesce et al.,
1998; Pesce and Scholer, 2000]. Second, Oct-4
represents a transcription factor that is not part
of the Pol II holoenzyme. Therefore, it is of
interest to analyze how this important tran-
scription factor coordinates its activity in space
and time with components of transcription/
splicing machinery.

Using immunogold labeling/electron micro-
scopy and immunofluorescence/confocal laser
scanning microscopy (CLSM), we determined
the sites of distribution of Oct-4 in intranuclear
domains of transcriptionally active (uni- and bi-
laminar follicles) and inactive (antral follicles)
oocytes specifically in relation to the intra-

nuclear distribution of components of transcrip-
tion (Pol II) and splicing (splicing factor SR
protein-SC 35) machinery.

METHODS
Oocytes

Ovaries were isolated from 4—5-week inbred
BALB/c F1 mice. Ovaries used for immunogold
labeling were fixed in 3.7% formaldehyde
and 0.1% glutaraldehyde in phosphate-buffered
saline (PBS) for 1h. Others were transferred to
M2 medium [Quinn et al., 1982] containing
100 pg/ml Dibutyryl cAMP (Sigma, St. Louis,
MO) to prevent spontaneous maturation. The
cumulus-enclosed oocytes from antral follicles
were isolated in Dibutyryl cAMP containing M2
medium by puncturing follicle wall. Oocytes
used for immunogold labeling were fixed in 3.7%
formaldehyde and 0.1% glutaraldehyde in PBS
for 1h and the ones used for immunofluores-
cence (confocal microscopy) were squashed (see
below).

Antibodies

Rabbit anti-Oct-4 polyclonal antibody was
obtained, purified, and checked for specificity as
described previously [Palmieri et al., 1994].
Monoclonal antibody (Mab), 8WG16, directed
against unphosphorylated form of the C-term-
inal domain (CTD) of RNA Pol II was bought
from Research Diagnostics, Inc. (Flanders, NdJ).
Mab against the SC 35, non-SnRNA splicing
factor of pre-mRNA was a gift from Drs. X-D. Fu
and T. Maniatis (Harvard University, Cam-
bridge, MA). Rabbit anti-coilin polyclonal anti-
body against coilin [R-288, Andrade et al., 1993],
the marker protein of Cajal bodies (CBs), was
kindly supplied by Dr. E.K.L. Chan (The
Scripps Research Institute, La Jolla, CA). For
immunogold labeling, secondary antibodies
conjugated with gold were purchased from
Electron Microscopy Sciences, Fort Washing-
ton, PA. Secondary antibodies for immunofluor-
escence (anti-mouse and anti-rabbit FITC- or
Texas Red-conjugated IgGs) were bought from
Jackson Immunoresearch Laboratories (West
Grove, PA).

Immunogold Labeling

Electron microscopy and immunogold label-
ing were performed as described earlier [Murti
et al., 1996; Parfenov et al., 1996]. After
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embedding in LR White resin, the ovaries and
the oocytes from antral follicles were serially
sectioned on a Reichert or Sorvall ultramicro-
tome. To minimize non-specific binding, the
nickel grids with sections were floated on PBS
containing 0.5% fish gelatin (15 min). The grids
were then floated on primary and secondary
antibodies diluted with PBS containing 0.1%
fish gelatin for 1.5 h at 37°C. Anti-Oct-4 and
8WG16 antibodies were diluted 1:50 and 1:30,
respectively. Anti-coilin was diluted 1:20, and
anti-SC 35 was used as undiluted culture
supernatant. For double immunogold labeling
of Oct-4 and Pol II, the oocyte sections were
incubated with anti-Oct-4 followed by goat anti-
rabbit IgG conjugated with 15-nm gold parti-
cles. After rinsing, the sections were incubated
with 8WG16 Mab followed by anti-mouse IgG
coupled with 5-nm gold particles. For double
immunogold labeling of Oct-4 and SC 35, the
sections were sequentially incubated with anti-
Oct-4 and goat anti-rabbit IgG conjugated with
15-nm gold particles. After rinsing, the sections
were incubated with anti-SC 35 Mab followed by
anti-mouse IgG coupled with 5-nm gold parti-
cles. For double immunogold labeling of coilin
and SC 35, the oocyte sections were sequentially
incubated with anti-coilin (rabbit) antibodies
and goat anti-rabbit IgG conjugated with 15-nm
gold particles. After rinsing, the sections were
incubated with anti-SC 35 Mab followed by
anti-mouse antibodies coupled with 5-nm gold
particles.

The grids were rinsed and stained with 4%
aqueous uranyl acetate, and viewed in a JEOL
(Japan Electron Optics Ltd., Tokyo, Japan)
1200EXII electron microscope operated at
80 KV. For controls, primary antibodies were
omitted from the procedure or irrelevant pri-
mary antibodies were used; neither of these
controls demonstrated significant labeling.

Immunofluorescence

Before immunofluorescence, oocytes from
antral follicles were squashed as described by
Bauer and Gall[1997]. The slides with squashed
oocytes were dipped in liquid nitrogen and were
then placed in 2% paraformaldehyde solution
for 30 min. Immunofluorescence was performed
as per published procedures [Murti et al., 1996].
The slides with oocytes were incubated with
anti-Oct-4, anti-SC 35, 8WG16, or anti-coilin
(primary) antibodies, followed by FITC- or
Texas-red conjugated secondary antibodies.

Anti-Oct-4 and 8WG16 Mab were diluted
1:800 and 1:400, respectively. Anti-SC 35 was
diluted 1: 10 and anti-coilin was diluted 1:300.
For double immunostaining with anti-Oct-4 and
8WG16 Mabs or anti-SC 35, or anti-coilin and
anti-SC 35, the slides with oocytes were sequen-
tially incubated with anti-Oct-4 or anti-coilin
(rabbit) antibodies followed by anti-rabbit
FITC-conjugated IgGs. After rinsing, the slides
were incubated with 8WG16 Mab or anti-SC
35 Mab followed by anti-mouse Texas red-
conjugated IgGs. In single labeling experiments
with FITC, the slides were also stained with
propidium iodide (after incubating with RNase)
to stain DNA. Slides double-stained with two
primary antibodies at the end of procedure were
mounted in PPD mounting medium containing
TO-PRO-3 (Molecular Probes, Eugene, OR) to
stain DNA.

Confocal Laser Scanning Microscopy

The samples were examined in a Leica TCS
NT SP confocal laser scanning microscope
equipped with Argon (488 nm), Krypton (568
nm), and Helium—Neon (633 nm) lasers. The
three lasers permitted the imaging of FITC
(green; emission, 518 nm), Texas red (red; emis-
sion, 570 nm), and TO-PRO-3 (far red; emission,
661 nm) fluorochromes, respectively. The sam-
ples were examined with 100x plan APO
1.4 NA oil immersion objective. Scanning was
performed in X, Y, and Z planes at a laser power
of 100% on all lasers at a medium speed setting
and at an image size of 1,024 x 1,024 pixels
(1 pixel = 0.09 pm). The pinhole was set at 1 Airy
unit and the photomultiphier tube gain and
black levels were set manually to optimize the
dynamic range of the image while ensuring
that no region was completely suppressed nor
completely saturated. Single optical sections
(0.5 um) were obtained through the center of
the sample with the averaging function set at 4.
When multiple fluorochromes were scanned,
the sequential scan function was used to pre-
vent crosstalk between different channels.
When collecting Z series, the step size was set
at 0.5 pm. The three channel images and an
overlay image were recorded using the Leica
PowerScan Software and saved as scanner files
(tif). The images were re-scaled and gamma
corrected with Adobe Photoshop. Three-dimen-
sional reconstruction was done on image series
in multipage tif files using the Leica Power Scan
software.
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RESULTS

The development of mouse ovarian follicles
with oocytes has been divided into two phases:
(i) growth of the oocyte itself which takes place
during the transformation of an unilaminar
follicle into plurilaminar follicle, (ii) growth of
plurilaminar follicle due to proliferation of the
follicular cells, and formation of follicle with
the vast antrum. These two phases of follicle
development cover 28 days of postnatal life of
mouse [Peters, 1969]. It was shown that the
process of follicle growth in mouse ovary in-
volves dramatic changes in the transcriptional
activity of oocyte nuclei. The total RNA (mRNA
and rRNA) synthesis increases in the uni/
bilaminar follicle but declines to a minimal level
in the antral follicle [Zybina, 1971; Moore et al.,
1974; Kaplan et al., 1982]. In the present study,
oocyte nuclei at different levels of transcrip-
tional activity from these two stages of follicle
development were used to study the dynamics of
Oct-4 distribution in relation to Pol II, SC 35,
and coilin.

Immunogold Labeling/Electron Microscopy

Uni/bilaminar follicle (active) stage. The
general appearance of the oocyte nucleus at this
stage is shown in Figure 1. Some of the ultra-
structural details described below are not readily
visible in this figure but can be seen clearly in
Figure 2. The nucleus contains one to two re-
ticulated nucleoli (Fig. 2F) with a well-developed
dense fibrillar component (DFC) and fibrillar
centers (FC). Several irregular-shaped fibrillo-
granular bodies are randomly distributed over

Fig. 1. Part of an uni-laminar mouse follicle with active-stage
oocyte. O, oocyte; N, nucleus; Nu, nucleolus; IGC, interchro-
matin granule clusters; F, follicle cells. Scale bar =20 pm.

the nucleus. The fine structure of these bodies
(consisting of convoluted fibrils of 6—-10 nm in
diameter and granules 20—25 nm in diameter,
Fig. 2E) corresponds to the IGCs described in
mammalian somatic cells [see review Fakan
and Puvion, 1980; also see Mintz et al., 1999].
The karyoplasm contains uniformly dispersed
chromatin and a number of small patches of
condensed chromatin. PFs are often found in
association with chromatin, especially at the
periphery of the condensed chromatin patches
(Fig. 2A) The clumps of chromatin fibrils or
PFs are associated with large granules (40—
60 nm in diameter) that become more promi-
nent at the antral follicle stage (see below).
These granules appear to correspond to peri-
chromatin granules (PGs) described earlier
[Daskal, 1981]. The ultrastructural features
presented above, such as the reticulated nu-
cleolus with well-defined DFC and dispersed
chromatin with well-distinguished PF's, are con-
sistent with the intense transcriptional activity
of oocyte nuclei at this stage of the follicle.
Immunogold labeling of the uni/bilaminar
follicles with anti-Oct-4 antibody showed that
in oocyte nuclei, this transcription factor is loca-
lized on the chromatin and predominantly on
PFs (Fig. 2A). To determine the possibility of
spatial association between anti-Oct-4 and anti-
Pol II, we performed the double immunogold
labeling studies with anti-Oct-4 and 8WG16
(anti-Pol II) antibodies using secondary anti-
bodies coupled with different-sized gold parti-
cles. The results are shown in Figure 2B. The
localization of 8WG16 label in serial sections
corresponds to that of anti-Oct-4, both are often
found adjacent to each other in fibrillar clumps
of chromatin. In the karyoplasm, a similar colo-
calization between Oct-4 and splicing factor
(SC 35) was observed in double labeling ex-
periments (data not shown). The major nuclear
components that appear to label with all three
antibodies (anti-Oct-4, 8WG16, and anti-SC 35)
are the IGCs. The density of labeling of anti-
Oct-4 is especially remarkable in large IGCs
situated at the periphery of nucleus (Fig. 2C).
Double labeling with anti-Oct-4 (small gold
particles) and anti-SC 35 (large gold particles)
revealed an association of both labels on IGCS
(Fig. 2D). Double labeling also revealed an
accumulation of the unphosphorylated form of
Pol II and Oct-4 in IGCs (Fig. 2E). Detailed
analysis of Oct-4, Pol II, and SC 35 distribution
inside IGCs showed that they were usually
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Fig. 2. Immunogold labeling of the nucleus of active-stage
oocyte with anti-Oct-4 antibody, anti-Pol Il antibody (8WG16),
and anti-SC 35. A: Labeling of the karyoplasm with anti-Oct-4.
Note the localization of label on chromatin connecting the
perichromatin fibrils (PFs) and chromatin associated with them
(arrows). N, nucleus; C, ooplasm; NE, nuclear envelope. Scale
bar in this figure and subsequent figures is 0.25 um unless
otherwise noted. B: Double-immunogold labeling of karyoplasm
with rabbit anti-Oct-4 antibody (small gold particles) and
monoclonal anti-Poll (8WG16) antibody (large gold particles).
Note the colocalization of two labels in the fibrillar material

Y

(arrows). C: Labeling of an IGC located at the nuclear perphery
with anti-Oct-4 antibody. N, nucleus; C, ooplasm; NE, nuclear
envelope. D: Double-immunogold labeling of IGC with anti-
Oct-4 antibody (small gold particles) and anti-SC 35 (large gold
particles). E: Double-immunogold labeling of IGC with anti-Oct-
4 antibody (small gold particles) and anti-Pol 11(8WG16)
antibody (large gold particles). F: Part of nucleus with nucleolus
(Nu) and IGC after immunogold labeling with anti-Oct-4
antibody. Note the labeled dense fibrillar component—DFC
(arrowheads) and fibrillar centers—FCs (arrows) in nucleolus.
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associated with the granular component of
IGCs. An unexpected result in this study is the
association of Oct-4 with the nucleolus (Fig. 2F).
The label was consistently seen associated with
the DFC of nucleolus; neither the granules nor
the FC showed label. Immunogold labeling per-
formed with anti-coilin antibodies on serial
sections of oocyte nuclei of uni/bilaminar follicle
stage did not reveal any preferential accumula-
tion of coilin in any of the nuclear entities. Anti-
coilin showed a diffuse pattern of distribution in
the karyoplasm of oocytes (data not shown).
Antral follicle (inert) stage. The general
nuclear morphology of oocytes from mouse
antral follicles is shown in Figure 3. The nucleus
contains a large non-vacuolated, dense nucleo-
lus-like body (NLB) approximately 9—12 um in
diameter, and several less dense spherical
nuclear bodies reaching 4—8 um in diameter.
NLB, which is composed of homogenous fila-
mentous material, is a product of nucleolus
transformation, which occurs during the mam-
malian oocyte growth and reflects the reduction
of rRNA synthesis [Antoine et al., 1988; Sz6116si
etal., 1991; Kopecny et al., 1996; Parfenov et al.,
1998, 2000; Zatsepina et al., 2000]. Spherical
bodies consisting of fibrils (6—10 nm in dia-
meter) and granules (20—25 nm in diameter)
occur in different parts of the nucleus. Few
small irregular-shaped nuclear bodies with the
same fine structure are dispersed throughout
the nucleus. Patches of chromatin of varied
levels of condensation are found associated with

Fig. 3. General nuclear morphology of the inert-stage oocyte
from mouse antral follicle. N, nucleus; NE, nuclear envelope;
NLB, nucleolus-like body; Chromatin (large arrowheads); SB,
spherical nuclear bodies; Irregular-shaped nuclear bodies (small
arrowheads). Scale bar is 20 um.

intranuclear bodies. Chromatin fibrils make
close contacts with large granules (40—60 nm in
diameter) occurring either singly or in clusters.
DNA labeling studies confirmed that the fibrils
indeed contain DNA (data not shown). The
large granules correspond to the PGs from
active stage oocytes of uni/bilaminar follicles
(see above). The size, number, the intranuclear
location of NLBs, spherical nuclear bodies, and
level of chromatin condensation around NLB
show some variability in oocytes from different
antral follicles. These differences may reflect
different steps of oocyte development up to
acquisition of competence for nuclear matura-
tion in the end of preovulatory period. At this
period, large spherical fibro-granular bodies
shrink and disappear and the chromatin con-
denses around NLB. Our observations on the
dynamics of nuclear morphology in oocytes from
antral follicles are consistent with earlier obser-
vations [Chouinard, 1975; Debey et al., 1993].

Immunogold labeling was performed with
four antibodies, i.e., anti-Oct-4, anti-SC 35,
8WG16 Mab, and anti-coilin. Oct-4 displayed a
noticeable accumulation in antral follicle NLBs
(Fig. 4A) Inside NLB, Oct-4 shows a rela-
tively uniform pattern of distribution. Double-
labeling experiments with anti-Oct-4 and
anti-Pol II (8WG16) antibodies revealed that
at this stage labels of both Oct-4 and Pol I occur
in NLBs in close association, interspersed with
each other in some cases (Fig. 4B). The pattern
of 8WG16 labeling of NLBs differs from that of
Oct-4. In contrast to uniform anti-Oct-4 label-
ing, it is observed in the form of irregular
patches (Fig. 4B). A remarkable feature of the
anti-Oct-4 labeling is its clear association with
clusters of large (40—60 nm) granules, which
correspond to PGs. Oct-4 label is present in PGs
joined by chromatin to the NLB as well as the
PGs located in different zones of karyoplasm
(Fig. 4C). The next entities intensively labeled
with anti-Oct-4 are spherical granular nuclear
bodies. As observed in serial sections, most of
the labeling is adjacent to 20—25 nm granules.
This zone also includes splicing factors (SC 35)
as revealed in double labeling experiments
(Fig. 4D).

Inthekaryoplasm, the sparse anti-Oct-4 label
is predominantly associated with diffuse fibril-
lar material. A similar pattern of karyoplasmic
labeling was seen with anti-SC 35 as well.
Double-labeling studies on serial sections show,
that in most cases, the anti-Oct-4 labeling
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Fig. 4. Immunogold labeling of the nucleus of inert-stage
mouse oocyte from antral follicle with anti-Oct-4, anti-Pol 11
(8WG16), and anti-SC 35 antibodies. A: Labeling of NLB with
anti-Oct-4. B: Double-immunogold labeling of NLB with anti-
Oct-4 antibody (large gold particles) and anti-Pol Il (8WG16)
(small gold particles). C: Part of the nucleus with NLB and clusters
of perichromatin granules (PGs, arrows) after labeling with anti-

coincides with anti-SC 35 (Fig. 5A). Colocaliza-
tion of Oct-4 with 8WG16 also occurs but on
rare occasions (Fig. 5B). Anti-SC 35 labeling
revealed that several small granular, irregular-
shaped nuclear bodies are enriched in SC 35
(Fig. 5C), indicating that these nuclear bodies
represent IGCs similar to those from oocytes of

Oct-4 antibody. Note the tight association of the labeling with
granules in clusters. CH, chromatin (arrow). D: Double-
immunogold labeling of spherical body with anti-Oct-4 antibody
(small gold particles) and anti-SC 35 (large gold particles). A part
of a nuclear serial section with a fragment of spherical body (SB)
is presented. Note that most of labeling is adjacent to granular
material of spherical body.

uni- and bi-laminar stages of mouse follicle
development. IGCs of antral follicles also con-
tain Oct-4 (Fig. 5D). SC 35 was also frequently
found in significant concentration in PGs
(Fig. 5E). Analysis of serial sections revealed
that while some SC 35 labeling is associated
with PGs and chromatin adjacent to NLB, the
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Fig. 5. Immunogold labeling of nuclear structures in inert-stage
oocytes from antral follicles. A: Double-immunogold labeling of
the karyoplasms with anti-Oct-4 (small gold particles) and anti-
SC 35 (large gold particles), Note the colocalization of Oct-4 and
SC 35 and their association with fibrillar material of chromatin
(arrows). B: Double-immunogold labeling of a part of the karyo-
plasm with anti-Oct-4 (large gold particles) and anti-Pol Il
(8WG16) (small gold particles). Note the colocalization of Oct-4
and unphosphorylated form of Pol Il (arrows). C: Labeling of
irregular-shaped nuclear body with anti-SC 35. Note that this
body is enriched in SC 35 indicating that it represents

interchromatin granule cluster (IGC). D: Immunogold labeling
of IGC with anti-Oct-4 antibody. IGC of mouse antral follicle
accumulates Oct-4. E: The fragment of PGs clump after double-
immunogold labeling with anti-SC 35 (large gold particles) and
anti-Oct-4 (small gold particles) antibodies. F, G: Double-
immunogold labeling of spherical body (F) and NLB (G) with
anti-coilin (large gold particles) and anti-SC 35 (small gold
particles). Note the absence of anti-SC 35 labeling in NLB (G) and
occurrence both anti-coilin and anti-SC 35 in spherical body (F),
which represents Cajal body (CB).
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NLB itself remained unlabeled with anti-SC 35.
NLBs and spherical granular bodies display a
high intensity of anti-coilin labeling (Fig. 5F,G).
While NLBs do not contain splicing factors
(Fig. 5G), spherical bodies include both coilin
and SC 35 asrevealed by double labeling studies
(Fig. 5F). It is difficult (even using analysis of
serial sections) to rigorously prove whether
there is a real colocalization between labels of
two antibodies. However, we have constantly
observed high frequency of association of anti-
coilin with anti-SC 35 in different zones of these
nuclear bodies (Fig. 5F). In the karyoplasm of
this stage, sparse anti-coilin labeling distribu-
ted in a diffuse pattern.

Thus, in oocyte nuclei from antral follicles,
besides NLB and clumps of PGs, we observe two
types of structures containing Oct-4, irregular-
shaped small fibrillo-granular (granules 20—
25 nm in diameter) nuclear bodies intensively
labeling with anti-SC 35 corresponding to IGCs
of active stage uni-bilaminar follicles and the
other, the large spherical compact nuclear
bodies with the same fine morphology showing
anti-SC 35 labeling but with less intensity. The
important feature of these bodies is that they
include the hallmark protein of CBs, the coilin
(see Fig. 5F). The presence of coilin in these
structures was confirmed with confocal micro-
scopy (see below). In recent studies, the pre-
sence of coilin in nuclear bodies is recognized as
the adequate criterion to define such bodies as
CBs [Grande et al., 1997; Schul et al., 1998;
Morgan et al., 2000). By this criterion, we
designate the large spherical fibrillo-granular
bodies of mouse antral follicles as CBs. (see
additional notes on the composition and mor-
phology of CBs in the Discussion).

Confocal Laser Scanning Microscopy

To confirm the immunogold labeling/electron
microscopy observations, we performed studies
with CLSM on squash preparations after im-
munofluorescent labeling. Because the uni/
bilaminar follicles lie deeply in ovary tunica
and are tightly bound to the connective tissue,
we could not prepare satisfactory squash mate-
rial from these follicles. Therefore, we conduct-
ed confocal microscopy studies on squashed
oocytes from antral follicles that are easily
distinguished on the surface of the mouse ovary.
We first performed triple labeling studies on
these oocytes to show the simultaneous staining
of coilin, SC 35, and DNA. Figure 6A shows an

optical section of oocyte nucleus after anti-coilin
staining (FITC, green channel). Coilin is dis-
tributed diffusely throughout the oocyte and
appears to accumulate in NLB and in few
spherical nuclear bodies that range in diameter
from 3 to 9 p. These bodies appear to corre-
spond to CBs described at ultrastructural level
(see Figs. 3 and 5F). Figure 6B shows the same
oocyte nucleus after staining with Mab SC 35
(Texas red, red channel). The nucleus has 1-2
irregular-shaped brightly labeled domains and
a few spherical domains that stained weakly for
SC 35. When the SC 35 labeling is compared
with anti-coilin staining, it is clear that these
weakly staining SC 35 domains colocalize with
CBs (merged image of green and red channels,
Fig. 6D). However, SC 35 is absent from the
antral follicle NLBs, which are enriched in
coilin. IGCs, which label with SC 35 antibody
show no labeling with anti-coilin (Fig. 6B,D).
The chromatin is distributed through the
nucleus forming occasional condensed patches
(Fig. 6C). Chromatin closely associates with
coilin-containing nuclear bodies and also sur-
rounds the NLB.

The next set of triple staining studies exam-
ined the nuclear distribution of Oct-4, SC 35,
and DNA in the oocyte. In general, the nuclear
distribution of Oct-4 corresponds to that of coilin
(compare Fig. 6A,E). In addition to the punctu-
ate distribution in karyoplasm, Oct-4 is con-
centrated in compact NLB and in several CBs
(Fig. 6E). Oct-4 shows colocalization with SC
35 in CBS (Fig. 6F,H). To examine the spatial
relationship between nuclear distribution of
Oct-4 and Pol I, we performed a double staining
experiment which showed that both proteins
accumulate and colocalize in NLB (Fig. 61,J,L).
Within NLB, Pol IT shows a patchy distribution.

Our observations indicate that both Oct-4 and
coilin continue to be concentrated in NLB of
oocytes from antral follicles to the end of their
preovulatory stage. At this period, CBs disap-
pear from the nuclei. NLB is the only distin-
guishable intranuclear structure containing
Oct-4 and coilin; NLB preserves its compact
spherical shape while a highly condensed chro-
matin surrounds the NLB in the form of com-
plete ring (data not shown).

DISCUSSION

We studied here, for the first time, the
intranuclear distribution of the transcription
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Fig. 6. Confocal laser scanning micrograph of antral follicle
squash preparations stained with antibodies to coilin (A), SC 35
(B, F), Oct-4 (E, 1), and Pol Il ()). Top panel shows the same
oocyte labeled with anti-coilin (green, A) and anti-SC 35 (red, B),
middle panel shows a different oocyte labeled with anti-Oct-4
(green, E) and anti-SC 35 (red, F), and lower panel shows an
oocyte stained with anti-Oct-4 (green, 1) and anti-Pol Il (red, J). C,

factor Oct-4 in relation to the transcriptional
state of the mouse oocytes and in relation to
other components of the transcription machin-
ery. The key observations presented here are as
follows: (i) Oct-4 in oocyte nuclei from uni- and
bi- laminar mouse follicles (transcriptionally
active stage) is localized in the intranuclear
domains such as PF's, IGCs, and nucleolus; (ii)
at active stage, Oct-4 is associated with unpho-
sphorylated form of Pol IT and splicing factor SC
35 in both PFs and IGCs; (iii) in oocyte nuclei
from antral follicles (inactive stage), Oct-4 is
concentrated in NLB, CBs, and PGs; NLBs also
contain coilin and Pol II. CBs contain coilin, Pol
II, and SC 35. PGs also contain the splicing
factor, SC 35.

The presence of Oct-4 in PFs, although
demonstrated by us for the first time, is not
totally unexpected. A number of earlier studies
have shown that PFs contain many transcrip-

G, K are images of the three oocytes stained for the nuclear
DNA with TO-PRO-3. D is a merged image of A and B, H is a
merged image of Eand F, and L is a merged image of | and J. Note
that these pictures are only partial images of oocytes showing
mostly the nucleus and that in the oocyte shown in the left lower
panel the squashing procedure separated the nucleus from the
oocyte.

tion and splicing factors [Fakan et al., 1984;
Spector, 1993; Kiseleva et al., 1994; Cmarko
et al., 1999; Parfenov et al., 2000]. The prevail-
ing notion is that PFs represent a distinct
karyoplasmic domain involved in active pre-
mRNA transcription and processing (for review
see Fakan, 1994; Cmarko et al., 1999). The
accumulation of Oct-4 in IGCs of active oocytes
is significant. The IGCs have been analyzed
biochemically and were found to contain a
number of components of transcription machin-
ery [Mintz et al., 1999]. In amphibian oocytes,
Gall et al. [1999] described B-snurposomes
which contain granules measuring 20—30 nm
and appear to be the counterparts of IGCs
described in somatic cells. It has been suggested
that each of these granules termed the “Pol II
transcriptosomes” contain Pol IT holoenzyme in
a pre-formed complex. We attribute a similar
composition to the granules of IGCs of active
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mouse oocytes. Thus, IGCs appear to be the sites
at which the transcription/processing machin-
ery is assembled into complex (es) prior to their
transfer to PFs. Our observations on the
colocalization of Oct-4 in IGCs along with Pol
IT and SC 35 suggest that Oct-4, a transcription
factor which is not part of the holoenzyme, does
associate with the transcriptosomes in the
IGCs. It is interesting to identify the mechan-
ism by which Oct-4 is recruited to the IGCs. In
this context, it is noteworthy that biochemical
studies have suggested that certain holoenzyme
component can provide specific sites for the
interaction of external transcriptional regula-
tors [Meyer and Young, 1998; Lee and Young,
2000; Malik and Roeder, 2000]. It is possible
that Oct-4 may interact with those sites and
traverses to the PF with the holoenzyme.

An intriguing result in the present study is
the association of Oct-4 with the nucleolus in
active oocytes. The specific and consistent asso-
ciation of Oct-4 with the DFC of the nucleolus
suggests that this result is not due to some
procedural artifacts. The fact that nucleoli are
neither sites of pre-mRNA synthesis nor mRNA
processing makes this observation unexplain-
able. At present, we cannot envision a biological
significance for this observation.

Concerning the distribution of Oct-4, Pol II,
and SC 35 in the nuclei of inert oocytes from
mouse antral follicles, our finding suggest that
coilin-containing structures (NLBs and CBs)
predominantly accumulate these components of
transcriptional machinery. The NLBs contain
Oct-4 and Pol IT, but not SC 35; this confirms our
earlier localization studies of Pol Il and SC 35 in
human oocytes from antral follicles [Parfenov
etal., 1998, 2000]. Again, these results suggest a
close association of Oct-4 with components of
transcription and splicing machinery in the
intranuclear domains as was seen in the active
oocytes.

The presence of Oct-4 in NLB may be signi-
ficant for other reasons. Because NLBs are the
only coilin-containing structures at the end of
preovulatory stages of oogenesis, they may be
the major sites for the storage of transcriptional
machinery. The association of Oct-4 with NLB
prior to ovulation may also assure a direct tran-
sfer of the maternally inherited protein via NLB
to the zygote. The possible transfer of Oct-4
from eggs to zygotes was previously postulated
[Kinlosh and Wassarman, 1993]. By contrast,
other coilin-containing structures such as CBs

may not play such a role because they are
transient structures. We have shown that CBs
disappear in the oocytes of preovulatory follicles
confirming certain earlier studies [Chouinard,
1975]. Such behavior of CBs during the late
prophase I of meiosis (preovulatory stage) on
the background of the transcription reduction is
consistent with the data on disappearance of
CBs from somatic prophase in mitosis [Andrade
et al., 1993; Ferreira et al., 1994] and disruption
of CBs by transcription inhibition [Carmo-
Fonseca et al., 1992].

Finally, we need to explain the presence of SC
35 in the CBs of antral follicle oocytes. Although
this splicing factor has not been demonstrated
in CBs of somatic cells [Matera, 1999], certain
line of evidence from an analysis of oocytes
indicates the presence of SC 35 in CBs. A weak
staining with anti-SC 35 was observed in am-
phibian oocyte CB in spreads of nuclei [Gall
et al., 1999] or in spreads after injection of anti-
SC 35 into nuclei [Bellini and Gall, 1999]. CBs
containing notable amount of SC 35 were
observed in oocytes of insects [Batalova et al.,
2000; Bogolyubov and Parfenov, 2001]. The
possibility cannot be excluded that in somatic
cells and oocytes, CBs differ in composition and
probably in organization. A case in point is
the notable diversity in morphology of CBs
among different species of insects; some have
CBs in the form of large sphere-shaped bodies
[Tsvetkov et al., 1997] consisting of fibrillar
material while others have CBs composed of
distinct granular material [Bogolyubov et al.,
2000; Bogolyubov and Parfenov, 2001].
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