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Abstract The distribution of two splicing components (snRNP and SC-35) and coilin were studied by immunogold/
electron microscopy in human oocytes from antral follicles at different levels of transcriptional activity (i.e., active,
intermediate, and inactive). The results showed a decrease of ShRNPs and SC-35 in the karyoplasm as the oocytes
progress from a transcriptionally active to the inactive state. The main areas of accumulation of both these splicing
components in all stages of oocytes appeared to be the interchromatin granule clusters (IGCs). Within the IGCs, the two
splicing components seemed to be spatially segregated, with the snRNPs predominantly bound to the fibrillar region,
whereas the SC-35 factors are being enriched in the granular zone. The p80 coilin was found only in the nucleolus-like
body (NLB), which is present in all three stages of oocytes; no coiled bodies were evident. These data are consistent with
the notion that splicing occurs in the karyoplasm and that the splicing components are mobilized from a storage site

(IGCs) to the site of action. J. Cell. Biochem. 69:72-80, 1998.
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In the 1990s, considerable attention is being
paid to understand the topographical organiza-
tion of sites of MRNA metabolism in the mam-
malian nucleus [Spector, 1993]. In this context,
some investigators have successfully localized
certain nuclear structures containing splicing
components. One of these structures, the inter-
chromatin granule clusters (IGCs), was ini-
tially discovered by electron microscopy as a
morphological entity in the mammalian nuclei
[Monneron and Bernhard, 1969; Swift, 1969].
The IGCs were subsequently shown to contain
splicing components, including small nuclear
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ribonucleoprotein particles (snRNPs) [Perraud
et al., 1979; Spector et al., 1983; Fakan et al.,
1984; Puvion et al., 1984], a factor essential for
spliceosome assembly (SC-35) [Spector et al.,
1991; Raska et al., 1992] and poly (A) + RNA
[Visa et al. 1993b; Huang et al., 1994]. The
observation that most sites of active transcrip-
tion do not colocalize with IGCs led to the
proposal that 1GCs represent storage sites for
splicing components [Fakan et al., 1980; Fakan
et al., 1984]. However, the direct demonstration
of the association of poly (A) + RNA and pre-
mMRNAs with IGCs [Moen et al., 1995] suggests
that they may have a more direct role in mRNA
processing. Another nuclear component impli-
cated in mMRNA metabolism are the perichroma-
tin fibrils (PFs), which are found in the vicinity
of condensed chromatin [Fakan, 1994]. The PFs
were shown to contain hn RNP core proteins
[Fakan, etal., 1984] and snRNPS [Puvion et al.,
1984]. It is believed that PFs represent a mor-
phological manifestation of hn RNA and that
the RNA-processing machinery also associates
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with these structures [Fakan, 1994]. A third
structure known to contain splicing compo-
nents is the coiled body (CB) [Lamond and
Carmo-Fonseca, 1993]. The CBs contain the
marker protein p80 coilin [Andrade et al., 1991],
snRNP components [Raska et al., 1991], and
some sn RNAs [Raska et al., 1991; Visa et al.,
1993a] but not the SC-35 splicing factor [Spec-
tor et al., 1991]. The functional significance of
these entities in RNA metabolism remain to be
understood.

In this article we correlate the changes in the
nuclear distribution of two major splicing com-
ponents (snRNPs and SC-35) and coilin with
changes in the transcriptional activity of hu-
man oocytes from antral follicles. In an earlier
study we described three different transcription-
ally active states (i.e., active, intermediate, and
inactive) of these oocytes based on the morphol-
ogy and electron microscope autoradiography
following [3H] uridine incorporation [Parfenov
et al., 1989]. By using antibodies specific to
snRNPs [Lerner et al., 1981), SC-35 [Fu and
Maniatis, 1990], and p-80 coilin [Andrade et al.,
1991], we now investigate the distribution of
these proteins in the three transcriptional states
of the oocyte. The results suggest that (i)
snRNPs and SC-35 change their location accord-
ing to the transcriptional state of the oocyte
nucleus, (ii) IGCs represent storage sites for
both snRNPs and SC-35 and that these two
components occupy distinct regions within
IGCs, and (iii) the nucleolus-like bodies (NLBSs)
previously shown in these oocytes label with
the anticoilin antibody but not with antibodies
to snRNPs or SC-35.

MATERIALS AND METHODS
Oocytes

The ovarian fragments with antral follicles
were obtained from the biopsy material of 16
women (age range 28-45 years) who underwent
surgery for gynecological diseases at the State
Medical Academy, St. Petersburg, Russia. The
cumulus-enclosed oocytes isolated from the an-
tral follicles were immediately fixed in 3.7%
formaldehyde and 0.1% glutaraldehyde in phos-
phate-buffered saline (PBS) for 1 h.

Antibodies

Anticoilin antibody (R288 rabbit antiserum
to p80 coilin) was a gift of Dr. E. K. L. Chan
[Andrade et al., 1991], The Scripps Research

Institute (La Jolla, CA). Monoclonal antibody
(Mab) Y12 against the Sm epitope [Lerner et
al., 1981] was the courtesy of Dr. J. Steitz (Yale
University, New Haven, CT). Mab directed to
the SC-35 splicing factor [Fu and Maniatis,
1990] was kindly provided by Drs. X-D Fu and
T. Maniatis of Harvard University (Cambridge,
MA). The gold-conjugated secondary antibodies
were bought from Amersham (Lisle, IL).

Immunogold Labeling

Immunogold labeling and electron micros-
copy were performed as described previously
[Murti et al., 1990; Parfenov et al., 1995, 1996].
Briefly, the oocyte samples were dehydrated
and embedded in LR white resin. The blocks
were sectioned on a Sorvall ultramicrotome,
and sections were picked up on nickel grids.
The grids were floated on PBS containing 0.02
M glycine and Tris- buffered saline (TBS) con-
taining 0.5% fish gelatin (15 min each) to mini-
mize nonspecific binding of the antibodies. The
grids were floated on primary and secondary
antibodies diluted 20- to 50-fold with TBS con-
taining 1% fish gelatin for 1.5 h at 37°C. The
grids were rinsed, stained with 4% aqueous
uranyl acetate, and viewed in a JEOL 1200
EXII electron microscope operated at 80 kV.
Appropriate controls were maintained by omit-
ting the primary antibody from the procedure
or by using an irrelevant primary antibody;
neither of these controls showed significant la-
beling. For double-immunogold labeling of oo-
cytes with anti-p80-coilin and anti SC-35 anti-
bodies, the sections were sequentially incubated
with anti-p80-coilin (rabbit) antibodies fol-
lowed by goat antirabbit antibodies coupled
with large (15-nm) gold particles. After thor-
ough rinsing, the sections were incubated with
the anti-SC-35 (monoclonal) antibodies fol-
lowed by goat antimouse antibodies coupled
with small (5-nm) gold particles. The remain-
der of the procedures is the same as above.

RESULTS

On the basis of the position of nucleus, distri-
bution of nuclear components, and the inten-
sity of [5-2H] uridine labeling, we have classi-
fied the oocytes from antral follicles into three
stages [Parfenov et al., 1989; Gruzova and
Parfenov, 1993], transcriptionally active, inter-
mediate, and inactive. We have used the LR
white resin to embed these oocytes and incu-
bated serial sections of these oocytes in various
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primary antibodies (anticoilin, anti-SC-35, or
anti-Sm) followed by gold-conjugated second-
ary antibodies. The results with each of these
stages are as follows.

Active Stage

Morphologically, the nucleus at this stage
mostly contains diffuse euchromatin and a few
islands of condensed chromatin. The most no-
table morphological entities at this stage are
clusters of granules (20-35 nm) corresponding
to the IGCs described in earlier literature [Swift,
1969; Monneron and Bernhard, 1969; Fakan
and Puvion, 1980] and a nucleolus-like body
(NLB) [Szdllosi et al., 1991]. The above compo-
nents with the exception of NLB (NLB is out of
the field) can be seen in Figure 1. Immunogold
labeling of thin sections of this stage of the
oocyte with the anti-Sm (Y12) monoclonal anti-
body (which recognizes the Sm antigens of sn-
RNPs) revealed a diffuse distribution of the
label over the entire nucleus (Fig. 1A). The
density of label as measured in the nuclei of
three oocytes (7 sections per nucleus) is seven
gold particles per um2. The label appears mostly
associated with chromatin fibrils, including PFs.
The label is extremely low in IGCs and in most
of the islands of condensed chromatin. Immuno-
gold labeling of the sections with anti-SC-35
(splicing factor) antibodies gave the following
results (Fig. 1B). The antibody, unlike the
anti-Sm antibody, predominantly labeled the
IGCs and, to a much lesser extent, the diffuse
chromatin fibrils; on an average there are 1.8
gold particles per pm?in the karyoplasm mostly
on chromatin fibrils. An interesting finding of
this immunogold labeling with the anti-SC-35
antibody is the compartmentalization of SC-35
protein within the IGCs. The IGCs are predomi-
nantly granular but contain small distinct
spherical fibrillar regions (Fig. 1B inset). As
will be shown, in all three stages of oocytes
examined (see also Figs. 2—-4), the SC-35 pro-
tein appears predominantly in the granular
region, whereas the snRNPs seem to be associ-
ated with the fibrillar regions.

The NLB gave the same labeling pattern in
all three stages of the oocytes. Their typical
labeling pattern is illustrated in the intermedi-
ate and inactive oocytes (Figs. 3and 4). They do
not show labelling with anti-Sm or anti-SC-35
antibodies but label intensely with the anti-p80
coilin antibody. The IGCs in all three stages do
not label with the anti-p80 coilin antibodies

(Fig. 3).

Intermediate Stage

In this stage, the IGCs and the islands of
condensed chromatin accumulate in the center
of the oocyte nucleus proximal to the NLB,
which makes it easy to observe all nuclear
components in a single section. Morphologi-
cally, at this stage, increased condensation of
the chromatin occurs, suggesting a decrease in
the transcriptional activity. Immunogold label-
ing of this intermediate stage of oocytes with
the anti-Sm antibody shows a dramatic de-
crease of the label over the karyoplasm—an
average of 1.4 gold particles per um? or about
fivefold decrease in labeling intensity compared
with the active stage. The karyoplasm showed
the same level of labeling with the anti-SC-35
antibodies. As mentioned earlier, the SC-35
splicing factor seems to be predominantly asso-
ciated with the granular region of the IGC (Fig.
2A), whereas the snRNPs appear to be mostly
associated with the fibrillar region (Fig. 2B).

The ability to visualize all the nuclear compo-
nents in close proximity and the availability of
two primary antibodies (anti-p80 coilin and SC-
35) from heterologous hosts prompted us to
conduct a double-immunogold labeling study of
the nuclear components (i.e. NLB, IGCs, and
chromatin). In this study, the large (15-nm)
gold particles signify the anti-p80 coilin label-
ing, whereas the small (5-nm) gold particles
denote the anti-SC-35 labeling. The results illus-
trated in Figure 3 show an intense labeling of
NLB with the anti-p80 coilin (Fig. 3A, B) with
little or no labeling of the IGC or chromatin in
the same field (see large gold particle distribu-
tion in Fig. 1A). The anti-SC-35 antibody, on
the other hand, labeled exclusively the IGC (see
small gold particle distribution in Fig. 3A and
at high magnification in Fig. 3C) in the granu-
lar region (Fig. 3C); the condensed chromatin
was not labeled by this antibody.

Inactive Stage

At this stage, the condensed chromatin asso-
ciates with the periphery of the NLB, and the
IGC move closer to this area. The IGCs are
much bigger than the earlier stages, measuring
up to 10 pm. As per our previous studies
[Parfenov et al., 1989; Gruzova and Parfenoy,
1993], this stage of oocyte is transcriptionally
inert. When sections of these oocytes were la-
beled with anti-Sm, anti-SC-35, and anti-p80
coilin antibodies, the following results are ob-
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Fig. 1. Immunogold labeling of the active stage human oocyte
with anti-Sm (Y12) and anti-SC-35 (splicing factor) antibodies.
A: The labeling with the anti-Sm antibody. Note the distribution
of the gold particles over the karyoplasm. B: The labeling with
the anti-SC-35 antibody. Note the intense labeling of the granu-

lar region of IGC with this antibody and sparse labeling of the
karyoplasm, and the absence of the label over the fibrillar (f)
zone (inset). Scale bar in this and the subsequent figures = 0.5
pum. IGCs, interchromatin granule clusters; CH, condensed chro-
matin.
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Fig. 2. Immunogold labeling of the IGCs in the intermediate stage of oocytes with the anti-SC-35 (A) and anti-Sm (B)
antibodies. Note the labeling of the anti-SC-35 antibody (A) on the granular region but not the fibrillar region (region
marked by arrows). The anti-Sm antibody, on the other hand, predominantly labels the fibrillar region (B).

tained. Most of the karyoplasm is free of SC-35
or snRNP, and the anti-p80 coilin antibody ex-
clusively labeled the NLB (data not shown). As
in the previous stage, the label due to anti-Sm
antibody is seen over the fibrillar region (Fig.
4A) and the SC-35 antibody over the granular
region of IGCs (Fig. 4B); the NLB remains
unlabeled with either of these antibodies (Figs.
4A, B).

DISCUSSION

The research presented here contains three
key observations: (i) The density of the karyo-
plasmic labeling of the two splicing components
(snRNP and SC35) progressively decrease with
the reduction in the transcriptional activity of
the oocyte; (ii) the major site of accumulation of
snRNPs and SC-35 is the IGCS in which these
two components occupy distinct regions, SC-35
in the granular zone and snRNPs in the fibrous
zone; and (iii) the only coilin-containing struc-
ture detected in all three stages of the oocyte is
the NLB, and it does not appear to contain
either snRNPs or SC-35.

The progressive decrease of the splicing com-
ponents in the karyoplasm with a decrease in
the transcriptional activity is consistent with
the notion that mRNA processing occurs in the
karyoplasm [Fakan et al., 1984; Spector, 1993]

and that splicing components move from a stor-
age compartment to the site of activity [Huang
and Spector, 1996; Spector, 1996]. The storage
compartment in the human oocytes could be
the IGCs, although we have not directly demon-
strated that the progressive loss of label of
splicing components in karyoplasm is commen-
surate with the gain of label in the IGCs. We
showed earlier that IGCs increase in size as the
oocytes become transcriptionally inactive
[Parfenov et al., 1989]. An intriguing finding in
this context is the difference in the abundance
between the two splicing components in the
karyoplasm of active stage oocytes. At this stage,
only a small amount of SC-35 appears to associ-
ate with the active chromatin in the karyo-
plasm, although IGCs contain massive quanti-
ties of this splicing factor. This is not the case
with snRNPs because they appear to be most
abundant in the active karyoplasm and least
abundant in the inactive karyoplasm. The dis-
crepancy with SC-35 can be explained if it is
assumed that the function of SC-35 is transient
and that it shuttles back quickly to the storage
compartment, i.e., the IGC. It has been sug-
gested that SC-35 functions in the initial step of
splicing, the assembly of a spliceosome com-
plex, and that it is not involved in splicing per
se [Fu and Maniatis, 1990; Fu, 1993; Manley
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Fig. 3. Double-immunogold labeling of the intermediate stage
oocyte with the anti-p80 coilin and anti-SC-35 antibodies. In
this figure, the large gold particles demonstrate anti-p80 coilin
labeling, whereas the small gold particles show the anti-SC-35
antibody labeling. In (A) the portion of the oocyte nucleus
illustrated contains a nucleolus-like antibody (NLB), condensed
chromatin, and an IGC. The NLB is labeled only with the
anti-p80 coilin antibody (also see B for the entire NLB), whereas

and Tacke, 1996]. Therefore, it is possible that
continued presence of SC-35 in the karyoplasm
is not required for splicing. The shuttling of the
splicing components from storage sites to active
sites and back could be achieved by the phos-
phorylation/dephosphorylation of these pro-
teins [Colwill et al., 1996; Misteli and Spector,
1997]. It is noteworthy in this context that the
SC-35 antibody recognizes a phosphoepitope
shared between many SR proteins [Fu et al.,
1992] and that the observed labeling pattern
was due to the distribution of the phosphory-
lated form of these proteins.

the IGC is labeled only with the anti-SC-35 antibody. The 5-nm
gold particles are too small to be seen in the IGC shown in (A)
but can be readily seen in a highly magnified IGC shown in (C).
Note the total absence of large gold particles (coilin) from the
IGC and the labeling of the granular region of IGC with the
anti-SC-35 antibody (C). Also note the absence of the anti-SC-35
labeling from the fibrillar (f) component of IGC (C).

The reason for the spatial segregation of the
two splicing components within the IGCs re-
mains unclear. What is the identity of the fibrils
within the IGCs? Are they related to the PF in
the karyoplasm? To address these questions,
we performed a preliminary immunogold label-
ing study of oocytes using an anti-DNA anti-
body which detects the double-stranded DNA
[Murti et al., 1990]. The antibody failed to label
the fibrillar region of IGCs but labeled the
fibrils of condensed chromatin adjacent to the
IGCs [Parfenov and Murti, unpublished data].
This study suggests (but does not establish)
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Fig. 4. Immunogold labeling of the inactive stage of the oocyte
with anti-Sm (A) and anti SC-35 antibodies (B). Note the associa-
tion of condensed chromatin (CH) with the NLB and the close
proximity of IGCs to NLB. The label due to the snRNPs is mostly

within the fibrillar region (f, outlined by arrows), and that due to
SC-35 is in the granular region of IGC (B). Also note that
karyoplasm shows little or no label with either antibody.
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that the fibrillar zone in IGCs is not DNA. It is
possible that this zone contains RNA. It was
suggested that IGCs are involved in intron deg-
radation [Raska, 1995]. If it is so, then the
fibrillar zone of IGCs may contain degrading
introns. In any case, more studies, including in
situ hybridization studies are required to ad-
dress this question.

Our studies suggest that the only structures
in the human oocyte karyoplasm that label
with both anti-snRNP antibodies and anti-
SC-35 antibodies are the IGCs and that the
only structures that label with the anti-p80
coilin antibodies are the NLBs. These data dif-
fer from the results of earlier studies performed
with the oocytes from antral follicles of rats and
pigs [Kopecny et al., 1996, 1996a] in which the
NLBs were suggested to contain all three
(snRNPs, SC-35, and coilin) components. In
these studies, the anti-p80 coilin labeling was
lower in NLBs than in our study, and the IGCs
were not observed. The reason for the differ-
ences between our study and that of Kopecny et
al. is not clear. Because both studies used (ap-
parently) the same antibodies and comparable
immunolabeling procedures, it is to be assumed
that the difference lies in the material. For
example, it is possible that the SC-35 and
sNRNP epitopes may be masked in the NLB of
human oocytes compared with the IGCs; it may
be a reverse situation with other mammals.
Alternatively, the differences may reflect true
differences in the organization of splicing com-
ponents between humans and other mammals.
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