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Summary&horbar;The distribution of U1, U2, U4, U5 and U6 small nuclear ribonucleoproteins (snRNPs)
and interchromatin granules (IGs) was studied by electron-microscopic immunocytochemistry (EMI)
in early 2-cell mouse embryos at the onset of embryonal transcription. The localization of these antigen structures was evaluated with respect to nucleoplasmic ribonucleoprotein (RPN) regions
consisting of interchromatin and perichromatin areas. SnRNP structures of maternal origin (labelled
with anti-Sm antibody) were widely distributed throughout the nucleoplasm. Specifically labelled lGs
were detected by gold particle clusters distributed in the interchromatin regions of the nucleoplasm.
Both immunodetections were negative in nucleolar precursor bodies (NPBs). In addition, the labelling of condensed chromatin blocks with anti-DNA antibody showed heterochromatin topology at this
developmental stage. Small condensed chromatin blocks were distributed throughout the nucleus
and also appeared in association with the NPB rim. The observed status quo represents a transient
state of nuclear structure rearrangement.
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Résumé &horbar; Localisation immunocytochimique sur coupes ultrafines de petites ribonucléoprotéines nucléaires et de granules interchromatiniens dans l’embryon de souris au stade 2 cellules. La distribution des petites ribonucléoprotéines nucléaires (snRNPs) U1, U2, U4, U5 et U6 et
de granules interchromatiniens (IGs) a été étudiée par immunocytochimie en microscopie électronique dans des embryons de souris au stade 2 cellules au moment où la transcription embryonnaire
commence. La localisation des structures antigéniques a été analysée par rapport à celle de régions
riches en ribonucléoprotéines du noyau, les aires inter- et périchromatiniennes. Les snRNP d’origine
maternelle (marquées avec l’anticorps anti-Sm) sont largement distribuées à travers le nucléoplasme. Les lGs détectés par des groupes de grains d’or sont localisés dans les régions interchromatiniennes. Les 2 types de marquage sont négatifs dans les précurseurs de nucléoles (NPBs). La
topographie de l’hétérochromatine est donnée par le marquage avec un anticorps anti-ADN. De petits blocs de chromatine sont distribués dans tout le noyau et aussi à la périphérie des NPBs.
L’image donnée par ces études représente un état transitoire de la structure nucléaire en réarrangement parallèle à la reprise de la transcription.
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INTRODUCTION
The 2-cell

mouse embryo is characterized
resumption of transcriptional activity
and all classes of RNAs, including ribosomal RNA, are synthesized from this

by

a

stage. In addition, the process of maternal
mRNA degradation initiated during meiotic
maturation continues in the 1-cell stage
(Clegg and Pik6, 1982, 1983; Payton et al,
1988). However, not all maternally derived
RNA components are degraded simultaneously with maternal mRNA during transition from the 1-cell to the 2-cell stage. The
ribosomal RNA content for example, decreases by only
25% during this interval
(Pik6 and Clegg, 1982; Telford et al,
1990). U1, U2, U4, U5 and U6 snRNAs
present in oocytes are not degraded during the 1-cell stage and their contents remain relatively constant up to the blastocyst stage (Lobo et al, 1988; Dean et al,
1989). A somewhat similar situation was
observed with U3 snRNA molecules
=

(Prather

et

al, 1990), although synthesis

and distribution of U3 snRNA and U3
snRNP follow a pattern independent of
other major U snRNPs and snRNAs. All
the major snRNAs (U1, U2, U4, U5 and
U6) involved in snRNP complexes are required for the generation of new mRNA
molecules from primary transcripts or premRNA (Maniatis and Reed, 1987), while
snRNP particles containing U3 snRNA are
involved in the processing of pre-rRNA
transcripts (for review Luhrmann et al,
1990; Zieve and Sauterer, 1990; Lamond,
1991). The snRNAs and snRNPs primarily
located in the germinal vesicle in preovulatory oocyte are released into the cytoplasm during germinal vesicle breakdown
and subsequently relocalize in the pronuclei following fertilization and in the nuclei
following the first cleaveage (Dean et al,
1989). Thus, pre-mRNA molecules synthesized at the time of transcriptional activation of the embryonic genome (2-cell stage

of mouse embryo development) appear to
be processed by snRNPs of maternal origin (Dean and Schultz, 1990; Watson et al,
1992). Intranuclear localization of U
snRNPs and/or interchromatin granules
has been studied by EMI in other cell types

(Fakan et al, 1984; Biggiogera et al, 1990;
Raska et al, 1990, 1991, 1992; Spector,
1990; Vasquez-Nin et al, 1990) but not in
mouse embryo. We studied therefore, the
distribution of U1, U2, U4, U5 und U6
snRNP as revealed by anti-Sm antibody
and the distribution of lGs with reference to
localization of condensed chromatin blocks
in mouse 2-cell stage of embryo at the
time of transcriptional resumption.

MATERIAL AND METHODS
Female mice (F1 hybrid-C57 BU6 x CBA) were
superovulated by ip injection of 10 IU of pregnant mare serum gonadotropin (Bioveta, Czechoslovakia) followed by 10 IU human chorionic
gonadotropin (Lé!iva, Czechoslovakia) 46-47 h
later and mated with males of the same genetic
origin. All 2-cell embryos were collected from
the oviduct 35-42 h after hCG injection and immediately fixed in 2% paraformaldehyde and
0.2% glutaraldehyde mixture in 100 mM phosphate buffer, pH 7.2 for 60-90 min at 4°C. A few
embryos were frozen in liquid nitrogen in a mixture of 1.6 M sucrose and 25% polyvinylpyrrolidone (Tokuyasu, 1989). The fibrin clot method
was used for embedding embryos in pellets appropriate for cryoultramicrotomy (Raska, 1988).
Immunolabelling was performed on thawed ultrathin cryosections placed on Cu/Pd EM grids
covered with a carbon-Formvar film. Over fixed
embryos were embedded in Lowicryl K4M resin
(Serva, Heidelberg, Germany) following the
standard procedure recommended by the producer. The embryos were embedded in agar
blocks before dehydration (Janisch, 1974), permitting the good location of the embryo in the
block. Lowicryl sections were labelled on Cu/Pd
EM grids covered with carbon-Formvar film. An
indirect immunogold labelling procedure was
used at room temperature. Grids were incubated with a monospecific human autoimmune serum with anti-Sm specificity (kindly provided byI

Ra&scaron;ka, Prague) recognizing epitopes

of

com-

protein moieties of U1, U2, U4, U5
and U6 snRNP particles (Lerner and Steitz,
mon core

1979). The serum was diluted with 5% foetal
calf serum containing 500 wg/ml herring sperm
DNA to adsorb traces of anti-DNA activity (Fakan et al, 1984). The mouse monoclonal antibody 3C5 (kindly provided by BM Turner, BirmUK)

ingham,

against

phosphoprotein

components of interchromatin granules ([Gs)
was also used (Turner and Franchi, 1987). In
addition, cryosections were incubated with

antibody to DNA (Boehringer
Co, Mannheim, Austria) specifically reacting
with single- and double-stranded DNA molecules (Scheer et al, 1987). All primary antibodmouse

ies

monoclonal

were

diluted in 5% foetal calf

serum.

After

washing with phosphate-buffered saline (containing 0.05% Tween-20 for Lowicryl sections),
bound antibodies were revealed with goat antihuman and goat anti-mouse IgG, [gM secondary
antibodies coupled to colloidal gold (5- or 10-nm
particles; Janssen Life Science, Belgium) diluted
1:25 in 5% foetal calf serum. Lowicryl sections
were incubated for 120 and 60 min and cryosections for 35 and 25 min. Labelling specificity test
were carried out by omitting the primary antibody and also by incubating sections with gold
particles free of secondary antibody (for details
of methods see Rasha, 1988; Tokuyasu, 1989;
Roth et al, 1990).

RESULTS
The embryo cryosections provided a good
ultrastructural picture of all cell compartments. NPBs, condensed chromatin blocks
and nuclear membranes were well identified. Round NPBs had homogeneous appearance. The use of the anti-DNA anti-

body gave specific labelling on condensed
chromatin blocks (fig 1). Labelled heterochromatin was distributed throughout the
nucleus in the form of small patches. Significant labelling was observed in the NPB
rim where labelled chromatin blocks appeared to be in close association with
NPB. In contrast, the wide interchromatin
spaces between heterochromatin clumps
were devoid of gold particles. The absence

of labelling in the space between these
chromatin blocks reflected a very low local
DNA concentration in these regions, possibly due to an extended conformation of
topologically unfolded sequences and/or
an actual absence of DNA (Scheer et al,
1987). Contrasted Lowicryl sections appeared to have lower contrast in comparision to cryosections.
U1 U2, U4, U5 and U6 snRNP recognized by the Sm autoantibody were distributed throughout the nucleoplasmic space
(diffuse labelling pattern), except NPB and
condensed heterochromatin (fig 2). However, the particles were visible in close association with heterochromatin blocks in
the perichromatin space. Sm antigens
were not concentrated within the IG areas
but there was a heavy concentration of
gold particles at the periphery of the IG
clusters (fig 2a). The use of the antibody

3C5 against phosphoprotein components
of interchromatin granules provided a positive signal in the whole nucleoplasm, except for the NPBs, but the overall (diffuse)
labelling was much lower with respect to
the Sm antibody (fig 3). However, many
gold particles in the interchromatin space
were found in clusters (fig 3, 3a). Gold particles were visible on the NPB outer layer
but were not localized in the NPB rim (fig
3; compare DNA immunolocalization in this

area).
DISCUSSION

The present study shows that U1, U2, U4,
U5 and U6 snRNPs structures are widely
distributed throughout the nucleoplasm
and that interchromatin granules (IGs)
were localized in clusters in the early 2-cell
mouse embryo. lmmunolabelling of IGs expressed by gold clusters was irregularly
distributed throughout the nucleoplasm except in the NPB area. On the other hand,

the

immunolabelling

of

tures was more diffuse

Sm-antigen structhroughout the nu-

In this respect, our EMI data
support earlier light microscopic immunocytochemical results showing snRNP particles, recognized by anti-Sm antibody concentrated on the outside of mouse zygote
pronuclei and later found throughout the

cleoplasm.

nucleoplasm. In 2-cell embryos the
snRNPs were found in the whole nucleus
except for the nucleolar regions (Dean et
al, 1989; Prather et al, 1990). The relocalization of major U snRNPs to pronuclei was
also confirmed in bovine preimplantation

embryo development (Watson et al, 1992).
All Sm antigen structures in cultured somatic cells are localized in the nucleoplasmic RNP space and have been identified

perichromatin fibrils, perichromatin
granules, interchromatin granules and nuclear bodies (Fakan ef al, 1984; Raska et
al, 1990). Interestingly, in coiled bodies a
much greater concentration of &dquo;Sm&dquo; moleas

cules is found than in IG clusters (Ra&scaron;ka et
al, 1990, 1991, 1992). In this respect, Raska et al (1992) did not observe high IG labelling with anti-Sm antibody as previously
reported (Fakan, 1986). This result, which
was shown in cultured cells (Raska et al,
1992), has been confirmed by our observation in 2-cell mouse embryos. In addition,
perichromatin fibrils surrounding small
clumps of condensed chromatin or dispersed throughout the interchromatin
space were present in areas heavily labelled with anti-Sm antibodies. These fibrils represent extranucleolar RNP structures containing newly synthesized premRNA and perichromatin granules for storage and/or transport of the nuclear RNA
(Fakan and Odartchenko, 1980). In this
context, clusters of lGs detected by electron microscopic autoradiography indicated
the presence of very stable RNA (Fakan,
1986). On the basis of the widespread im-

munolocalization of Sm antigens (core proteins of U1, U2, U4, U5 and U6 snRNP)

we

assume

snRNP

are

that

proteins of major

U

present in various domains of

RNP space and that they
enriched within the IG cluster areas. It is possible that IGs are pre-assembly
sites of spliceosomal structures (see Carmo-Fonseca et al, 1991). EMI localization
of snRNP has been carried out recently in
preimplantation bovine embryos using antiSm antibody (Kopecny et al, 1991). In 8cell cow embryos at the onset of transcription, labelling was markedly concentrated
at the borderline of condensed chromatin
blocks, where it was mainly associated
with perichromatin fibrils. Before the onset
of transcription at the 2-cell and 4-cell
stage, diffuse labelling was seen in the nucleoplasm. In comparison with the results
of the present study, interchromatin granules were more labelled (Ko
ecny et al,
p
1991Itseems that a correlation exists
between reactivation of embryonal transcription and structural redistribution of
DNA and other participating molecules.
DNA originally localized at the periphery of
the nuclei moves toward the interior (Kopecny et al, 1989a). Blocks of condensed
chromatin are formed at the onset of transcription (Kopecny et al, 1989b). In fact,
the diffuse nuclear distribution of snRNP at
earlier stage of embryo development and
the subsequent association of snRNPs
with the borderline of the condensed
chromatin provides evidence of the relationship between chromatin restructuration
and the onset of transcription. On the other
hand, it is possible that a redistribution of
snRNP structures takes place to form a nuclear reticulum (Carmo-Fonseca et al,
1991before the onset of embryonal extranucleolar transcription. It should be noted that the antibody to a non-snRNP splicing factor SC35 (Fu and Maniatis, 1990)
generates at the ultrastructural level an
identical labelling pattern in cultured cells
as does the 3C5 antibody (Raska, personal communication). SC35 belongs to the

nucloeplasmic

are not

SR protein

family (Roth et al, 1991) and IG
phosphoproteins targeted by the 3C5 antibody apparently belong to the same protein family (Raska, personal communication).
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