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Introduction

Understanding how DNA lesions are optimally
repaired is of functional significance, especial-
ly from the view of genome karyotype stability.
DNA lesions are recognized by several proteins
in a hierarchical manner: First, an appearance
of double strand breaks (DSBs) initiate recruit-
ment of primary protein complexes, such as
MRE11-RAD50-NBS1, which are responsible for
the activation of a DNA damage-related serine/
threonine protein kinase called ataxia telangiec-
tasia mutated (ATM; summarized by Misteli and
Soutoglou, 2009 or Larsen et al., 2010). MRE11-
RAD50-NBS1 binding and ATM activation lead
to the phosphorylation of histone H2AX (yH2AX),
which is an early event in the repair of DNA le-
sions (Rogakou et al., 1998; Celeste et al., 2003).
This is accompanied by activation of the media-
tor protein MDC1, which recruits chromatin re-
modeling factors, including 53BP1 and BRCA1.
DNA lesions are additionally recognized by oth-
er chromatin related proteins, such as hetero-
chromatin protein 1 (HP1) or the Polycomb group
proteins BMIT and Mel18 (Ayoub et al., 2008;
Luijsterburg et al., 2009; Chou et al., 2010).

Material and Methods

Cell cultivation

Human osteosarcoma U20S cells stably ex-
pressing GFP-BMI1 originated from the labora-
tory of Prof. Maarten Van Lohuizen, The Nether-
lands Cancer Institute, Antoni van Leeuwenhoek
Ziekenhuis, Amsterdam, The Netherlands. We
obtained these cells from the laboratory of As-
soc. Prof. Dusan Cmarko, Charles University in
Prague. Mouse 3T3 cells were a generous gift
from Dr. Paul Verbruggen from Swammerdam
Institute for Life Sciences University of Amster-
dam, The Netherlands. U20S and 3T3 cells were
cultivated in D-MEM medium (Dulbecco’s Modi-
fied Eagle Medium, PAN Biotech, GmbH, Germa-
ny) containing 10% fetal calf serum. Cultivation
proceeded at 37°C in a humidified atmosphere
containing 5% CO,.

Induction of DNA double stand breaks

U20S cells stably expressing GFP-BMI1 and 3T3
cells stably expressing EGFP-HP1p were cul-
tivated under standard conditions. For micro-
irradiation, the cells were sensitized with 10 yM
5-bromo-2'-deoxy-uridine (BrdU), 16-18 h before
local irradiation. Control and TSA-treated U20S
and 3T3 cells were stained using BrdU Label-
ing (Roche, #11296736001). BrdU-sensitized cells
were irradiated by UV laser (355 nm). We irradi-
ated half of the nuclei or defined strips by 80%
laser output, not reduced at acousto-optic tun-
able filter (AOTF). The following settings were
used: format 512 x 512 pixels, 400 Hz, bidirection-
al mode, 64 lines, zoom >5-10x. After irradiation,
the cells were fixed in 4% paraformaldehyde,
and phosphorylated histone H2A.X (yH2AX) was
detected by immunofluorescence methods with
rabbit polyclonal antibody against yH2A X (phos-
pho S139; Abcam, #ab2893). For visualization of
locally micro-irradiated live cells and fixed cells
after immunofluorescence, we used confocal
microscopy. These analyses were performed
using white light laser (WLL, 470-670 nm in 1 nm
increments) at 554 nm connected to the confocal
microscope Leica TCS SP5 X. For visualization
of hiological objects we used a magnification of
64x and numerical aperture N.A.=1.4.

Results

Here, DNA lesions were induced by 355 nm UV
laser. After irradiation, live cells were monitored
by White Light Laser (WLL) that significantly
eliminated photobleaching during time lapse mi-
croscopy (Fig. 1). The presence of phosphory-
lated H2AX (yH2AX) was detected as a marker
of chromatin with double strand breaks (DSBs)
(Fig. 1, red strips). In micro-irradiated U20S cells,
we have observed pronounced accumulation of
Polycomb group-related BMI1 protein (Fig. 1a).
However, when the cells were treated with HDAC
inhibitor, SAHA, no increased accumulation (nor
a complete absence) of BMI1 at DNA lesions
was detected (Fig. 1b). These experiments point
to acetylation events as important players in the
recognition of UV-damaged chromatin.
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Figure 1: Acetylation-dependent recruitment of BMI1 protein to UV-damaged chromatin. (a) Live control GFP-BMI1-U20S
cells were monitored for 100 s after irradiation, and BMI1 protein accumulation at DNA lesions was detected within ~15 s.

UV-irradiated regions were yH2AX positive (red), nuclei were stained by DAPI (blue). (b) SAHA (an inhibitor of histone deacet-
ylases) prevented increased BMI1 accumulation at UV-damaged chromatin.
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Figure 2: Recruitment of HP1@ to UV-damaged chromatin is influenced by the histone acetylation state. (a) Live control GFP-
HP18-3T3 cells were micro-irradiated, and increased accumulation of HP1f3 at damaged chromatin was detected within

~200s. (b) TSA (an inhibitor of histone deacetylases) prevented HP1f recruitment to damaged chromatin, however, HP18 was
not absent at micro-irradiated regions of TSA treated cells.

irradiated ROIs after DNA damage

Non-treated cell

TSA treatment

Confocal Application Letter 3



Protein Recruitment to DNA Lesions

Inthe next step, we asked whether BMI1interacts
with other heterochromatin-related proteins such
as HP1p at UV-damaged chromatin. We have ob-
served that HP1p accumulated at UV-damaged
regions slowly; 200s after irradiation (Fig. 2a),
while BMI1 recruits to UV-damaged chromatin
immediately after UV-irradiation (Fig. 1a).

Inhibition of histone deacetylases by TSA also
prevented the recruitment of HP1p proteins to
UV-damaged chromatin, similarly as it was ob-
served for BMI1 protein, when the cells were
treated by TSA (compare Fig. 1b and 2b).

Summary

Taken together, we showed that PcG-related
BMI1 protein is recruited to UV-damaged chro-
matin immediately after micro-irradiation, which
is followed by pronounced recruitment of GFP-
HP1p. However, we are aware that the physi-
ological significance of UV micro-irradiation
may be limited, as is the biological significance
of exogenous BMI1 expression. Nevertheless,
in this experimental system, the recognition of
UV-damaged chromatin by BMI1 and HP1p was
likely dependent on acetylation events, owing to
the fact that histone hyperacetylation prevent-
ed pronounced recruitment of BMIT and HP1p
to UV-damaged chromatin (Fig. 1 and 2). Using
independent experimental approaches and by
using a combination of UV laser (355 nm) and
WLL connected to the Leica TCS SP5 X confo-
cal microscope, we showed the importance of
acetylation status for the DNA repair processes.
Thus, our results contribute to the understanding
of how the specific histone signature can influ-
ence DNA repair-related events. Data shown in
this short report were published by Sustackova
et al., J. Cell Physiol. (2011).
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