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tin repression. It seems that HP1a propagation
occurs independently of local chromatin orga-
nization defined by regulatory elements.
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Cellular capacity to repair DNA damage is lim-
ited, partly due to a fact that the number of cop-
ies of nuclear proteins available for a task of
DNA repair is limited. Two key players involved
in repair of SSBs, XRCC1 (X-ray Repair Cross
Complementing Protein 1), which is involved
in short patch and long path repair of single-
strand DNA breaks (SSBs), and PCNA
(Proliferating Cell Nuclear Antigen), which is
primarily involved in DNA replication, are re-
cruited to the site of damage. Aims. This re-
search is focused on understanding the process
of saturation of a capacity to repair single-strand
DNA breaks, by means of imaging recruitment
of XRCC1 and PCNA to DNA lesions induced

in non-replicating and replicating cells. The goal
of this work was to assess cellular capacity to
recruit detectable numbers of PCNA and XRCC1
molecules to several DNA lesions induced in
close succession or separated by time interval,
and quantitate a process of saturation of repair
capacity as a function of the number of damage
sites and the position of a cell in the cell cycle.
Methods. Local DNA damage (SSBs) was in-
duced by exposing a small region of the cell
nucleus to a focused beam of laser lightl. Live
cells, expressing GFP-PCNA and RFP-XRCCI,
or cells stained by immunofluorescence, were
imaged using confocal fluorescence microscopy.
Results. XRCC1 was recruited to the induced
DNA lesions in all phases of the cell cycle, in
contrast to PCNA which was not recruited in
early S phase. Recruitment of PCNA was de-
tected exclusively in middle and late S-phase.
When DNA SSBs were induced at short time
intervals (seconds) in several locations (from 1
to 30) in the cell nucleus, RFP-XRCC1 was
recruited to only 5-6 of them. The recruitment
of GFP-PCNA was limited to an even lower
number of damage spots. When DNA lesions
were induced in close succession, the amount of
XRCC1 was the highest in the first spot, and
lower in each subsequent location, suggesting
that the cell activated recruitment very quickly,
and was significantly exhausting the stock of the
repair protein by recruiting it to each subsequent
DNA lesion. Interestingly, a small amount of
XRCCI and PCNA which was not recruited to
any damage site always remained in the cell
nucleus outside of the damaged regions.
Immunofluorescence studies confirmed the re-
sults obtained with live cells expressing fusion
proteins. Conclusions. Cellular ability to repair
single-strand DNA breaks that were generated

237



Biopolymers and Cell. 2019. Vol. 35. N 3

in different locations, in succession of each
other, is limited to a just few SSBs spots. The
cell appears to recruit very large number of cop-
ies of XRCC1 and PCNA to the first detected
lesion rather than spread the resources over all
the lesions. In early and late S-phase, when the
number of damage sites exceeds approximately
3, the available PCNA pool appears to be ex-
hausted, while recruitment of XRCC1 is still
detectable. This suggests switching repair mech-
anisms from long to short patch.
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Hutchinson-Gilford progeria syndrome (HGPS)
is a rare premature disorder caused by de novo
single base substitution in the lamin A gene.
Lamin A contributes to nuclear architecture and
spatial organization of chromatin in the nucle-
us. The lamin A mutant in HGPS cells is called
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progerin. The expression of progerin leads to
functional and structural disruption of nuclear
organization. In HGPS cells, several nuclear
defects are observed such as irregular nuclear
shape and increased DNA damage. By in vitro
assay, it was shown that lamin A directly inter-
acts with actin in the nucleus [1]. Actin is abun-
dantly present in cytoplasm and is involved in
multiple cellular functions. In addition, some
actin exists in the nucleus as monomeric glob-
ular (G-) actin and polymerized filamentous
(F-) actin. Nuclear actin has roles in epigenetic
regulation. For instance, nuclear F-actin is in-
volved in transcriptional regulation, DNA dam-
age repair, and activation of Wnt/beta-catenin
signaling [2]. Since progerin lacks actin bind-
ing sites [1], we hypothesized that the expres-
sion of progerin impairs functions and dynam-
ics of nuclear actin, and that these nuclear actin
dysfunctions are relevant to HGPS phenotypes.
Thus we analyzed nuclear actin in HGPS cells.
In this research, we analyzed human dermal
fibroblast cells, which inducibly express GFP-
progerin by doxycycline (Dox) as HGPS mod-
el cells [3]. When we observed nuclear F-actin,
we found that the HGPS cells contains less
nuclear F-actin as compared to control cells, in
which progerin expression is not induced.
Consistent with this observation, the activity
of a Wnt/beta-catenin targeting promoter is
reduced in the HGPS cells. Next, to test the
possibility that the reduction of nuclear F-actin
is relevant to HGPS phenotypes, we artifi-
cially increased nuclear F-actin by expressing
NLS (nuclear localization signal)-tagged actin
in the HGPS cells. It was observed that the ir-
regular nuclear shapes of the HGPS cells were
complemented by the expression of NLS-actin.
These results suggest that reduction of nuclear





