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RESEARCH TOPICS

Research in the Laboratory of Cell Biology focuses on
DNA replication and the organization of human chro-
matin. DNA replication of the two template strands at
DNA replication forks is a highly coordinated process
comprising the functioning of many factors thatensures
accurate and efficient duplication of the eukaryotic
genome. According to the general paradigm, proper
DNA duplication from each replication origin is ensured
by two protein complexes termed replisomes. In this
respect, our comparative analysis of short segments
of replicons labeled in pulse-chase experiments
of various lengths showed that replisomes in Hela cells
are organized into couples during DNA replication.

labeled domain with
..wﬁr blotin-deoxyuridine tagged
DNA segments (red)
€ cohesin
swe DMNA fiber
@ silver enhanced gold particle

The model of zipping loops.

Zipping of a DNA loop is shown. During replication, repli-
some couples produce a loop with the associated (zipped)
arms probably in the form of four tightly associated 30 nm
fibers. According to this model, ‘sister” pairs of biotin-dU-
tagged segments of chromatids do not separate before
the termination of the DNA synthesis of the replicon and
the relaxation of the zipped arms. Immediately after label-
ing, the four tagged segments are present in one labeled
domain (the left part of the image). Such an organiza-
tion of the tagged segments persists during the synthesis
of the whole replicon (the right part of the image). Although
the mutual changes of the replisome position between
the left and right parts of the Figure can result in the im-
pression of movement of the replisome along the DNA, this
model does not reflect whether the DNA or the replisome
complex is moving during replication.



Two models of the arrangement of “sister” replisomes in HeLa cells and the ef-
fect of different organizations of biotin-dU-tagged segments on the number

of labeled domains during various pulse-chase experiments.

The scheme shows the expected results of the consecutive mapping (indicated by arrows) of seg-
ments tagged during a short pulse of biotin-dUTP in the early S phase followed by chase periods
of different lengths from the time immediately after the pulse (the upper part of the scheme) to
the complete mitotic segregation of the sister chromatids (the lower part of the scheme).

Moreover, our data suggested a new
modelof the organization of replicated
DNA. According to this model, repli-
some couples produce a loop with
the associated arms in the form of four
tightly associated 30 nm fibers.

The Laboratory’s research is also
focused on changes in chromatin
arrangement during the cell cycle,
the timing of DNA replication, epi-
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genetically inherited chromatin re-
modeling, and the large scale organ-
ization of chromosomal territories.

Concurrently, the Laboratory partici-
pates in a project focused on the de-
velopment of new techniques for
the delivery of bioactive molecules
into human cells. Two basic research
lines are followed in this respect:
the development of methods based

3D reconstruction of the labeled domains.

The original image of a 200 nm-thick section of a cell nucleus is shown on the left (Scale bar:
500 nm), whereas a 3D reconstruction of the labeled domains reconstructed from the insert
is shown on the right (Scale bar: 100 nm). The length measurement is demonstrated.
The arrows indicate labeled domains traversing the section faces.
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on the use of viral kinases for the ef-
ficient phosphorylation of chosen
nucleosides and the development
of methods based on the modifi-
cation of nucleotide precursors.

Techniques that are employed
include cell and bacterial cultiva-
tion, affinity cytochemistry involv-
ing immunocytochemical and in
situ hybridization techniques, light
and confocal microscopy, electron
microscopy including electron to-
mography, stereology approaches,
protein, RNA and DNA purification
and analysis, immunoprecipitation
and GFP technology.
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