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Introduction
It is generally assumed now that nuclear actin is the
essential component of gene expression (Pederson, Aebi,
2005; Pederson, 2008). Modern studies have demon-
strated nuclear actin to take part in many basic nuclear
processes including transcription (Miralles, Visa, 2006).
The presence of classical fibrillar (F-) actin in the nucle-
us, however, is still far from convincing (Pederson,
2008). When transcription is suppressed, F-actin forms a
network around chromosomes (Scheer et al., 1984).
Similar effect is provoked by dimethyl sulphoxide treat-
ment (Wehland et al., 1980) or by heat-shock (Welch,
Suhan, 1985). It is unclear whether the presence of F-
actin in the nucleus is the specific response to changes of
the transcriptional activity or it appears nonspecifically
under suboptimal condition of cell culturing. Early mam-
malian embryos are very sensitive to the environment
and, thus, may serve as an appropriate model to study F-
actin distribution in the nuclei under different culture
conditions. In this work we used the following groups of
embryos: (i) control ones immediately fixed after
explantation, (ii) cultured in vitro in a standard medium,
(iii) treated with an inhibitor of transcription, and (iv)
kept under intentionally unfavorable conditions.

Materials and methods
Inbred BALB/c mice obtained from the animal nursery "Rappolo-
vo" of the Russian Academy of Medical Sciences were used.

Superovulation was induced and the embryos were collected and
cultured as described earlier (Bogolyubova et al., 2006). To inhib-
it transcription, embryos were treated with 5,6-dichloro-1-β-D-
ribofuranosylbenzimidazole (DRB; BIOMOL Research Labs). A 5
μg/ml stock solution of the dry powder was prepared in 96 %
ethanol and then diluted with the incubation medium. The embryos
were incubated in ~ 500 μM DRB for 3 h and 8 h. To provoke
degeneration of the embryos, they were kept in F10 medium for 3
h at room temperature without CO2 environment.

Embryos were fixed for 1.0 h in 4 % paraformaldehyde in PBS,
washed in PBS and treated for 1 h by 10 µM/ml TRITC-phalloidin
(Sigma). After rinsing in PBS, the preparations were mounted in
Vectashield (Vector Laboratories, USA). The samples were exam-
ined with a Leica TSC SL confocal laser scanning microscope
(Heidelberg, Germany). Contrast and relative intensities of images
were adjusted with Adobe Photoshop.

Results and discussion
In control 2-cell embryos developing in vivo we
revealed no significant amount of F-actin in the nuclei.
Noticeable staining was observed only in the peripheri-
cal zone of the cytoplasm and in a zone of contact
between blastomeres (Fig. 1). Similar pattern of staining
characterized the main portion of embryos cultured in
vitro for 3 hrs (Fig. 2), but not for 8 hrs. In the latter
case, clear but not very intensive fluorescence was reg-
istered in the nuclei of ~ 50% of studied embryos (Fig.
3). It should be noted that the nuclei were diffusely
stained with the exception of nucleolar precursor bodies
(NPBs) (Fig. 3, arrows). More intensive staining was
observed in the nuclei of the majority of polar bodies
(PBs); at the same time, the intensity of peripherical flu-
orescence was decreased as compared to the control.

The nuclei of the main part of embryos treated for
3 hrs by DRB, an inhibitor of kinases that phosphory-
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late the C-terminal domain of RNA polymerase II,
were not noticeable stained (Fig. 5). In this experi-
mental group, we registered low fluorescence of cyto-
plasm, especially in the perinucleolar part. After 8 hrs
of DRB treatment the pattern of labeling was changed
in ~ 50 % embryos. The fluorescence appeared in the
nuclei of blastomeres and PBs, but the intensity of
peripherical labeling was decreased (Fig. 6). Under
these conditions, the NPBs were noticeably stained in
blastomeres, but not in the PBs. In the embryos

degraded in unfavorable conditions, neither nucleo-
plasm nor NPBs were stained (Fig. 4).

Thus, our data suggest that the distribution pattern
of F-actin in the nuclei of early mouse embryos
depends on the experimental conditions and does not
represent nonspecific cell reaction for the experimen-
tal influence. The appearance of F-actin in association
with chromatin might be caused by the incubation of
embryos in vitro under suboptimal condition. In our
work we used M3 medium that does not contain
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Figs 1-6. Distribution of F-actin in late 2-cell mouse embryos. 1 – a control embryo developing in vivo; 2, 3 – control embryos cultured
in vitro for 3 and 8 hrs, respectively; 4 – an embryo incubated for 3 hrs under non-physiological condition; 5, 6 – embryos cultured with
DRB for 3 and 8 hrs, respectively. Arrows indicate nucleolar precursor bodies. Bar = 20 μm.



growth factors and other components essential for nor-
mal embryo development. It is known that culture
mediums like M3 are not able to support normal
preimplantation development of some animal strains
(Telford et al., 1990). Some authors suggest that the
absence of F-actin in the nuclei might be explained by
insufficient concentration of monomeric nuclear actin
(Clark, Rosenbaum, 1979). The accumulation of G-
actin in the nucleus of physiologically "unhappy" cells
permits actin polymerization. This hypothesis explains
the appearance of the F-actin in the nuclei of PBs that
represent the classical example of degrading cells.
However, it should be noted that the beginning of actin
polymerization in the nucleus requires the define time.
So, we never observed the accumulation of nuclear F-
actin in cells that are kept under unfavorable condi-
tions for 3 hrs despite of clear evidences of their degra-
dation (Fig. 4).

The appearance the F-actin in NPBs after DRB
treatment seems to be a response to transcription inhi-
bition although this supposition needs to be verified. In
the nuclei of transcriptionally arrested cells under
physiological or experimental conditions many molec-
ular components of gene expression are known to
redistribute to heterogenous extrachromosomal
nuclear domains (Biggiogera, Pellicciari, 2000;
Bogolyubov, Parfenov, 2008). The accumulation of F-
actin in NPBs of mouse embryos after DRB treatment
resembles this situation. 

In the end, the appearance of F-actin in the nuclei is
not a quick response to the alterations of environmen-
tal conditions that influence its distribution.
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