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KDM4D is a lysine demethylase that
removes tri- and di- methylated resi-

dues from H3K9 and is involved in tran-
scriptional regulation and carcinogenesis.
We recently showed that KDM4D is
recruited to DNA damage sites in a
PARP1-dependent manner and facilitates
double-strand break repair in human
cells. Moreover, we demonstrated that
KDM4D is an RNA binding protein and
mapped its RNA-binding motifs. Inter-
estingly, KDM4D-RNA interaction is
essential for its localization on chromatin
and subsequently for efficient demethyla-
tion of its histone substrate H3K9me3.
Here, we provide new data that shed
mechanistic insights into KDM4D accu-
mulation at DNA damage sites. We show
for the first time that KDM4D binds
poly(ADP-ribose) (PAR) in vitro via its
C-terminal region. In addition, we dem-
onstrate that KDM4D-RNA interaction
is required for KDM4D accumulation at
DNA breakage sites. Finally, we discuss
the recruitment mode and the biological
functions of additional lysine demethy-
lases including KDM4B, KDM5B,
JMJD1C, and LSD1 in DNA damage
response.

Introduction

Our genome is highly susceptible to
the action of endogenous and exogenous
DNA damaging agents.1,2 Defective DNA
damage response (DDR) could lead there-
fore to accumulation of mutations and
genetic instability promoting tumorigene-
sis.3-5Double-strand breaks (DSBs) are
considered the most cytotoxic form of

DNA damage, as a single unrepaired DSB
can trigger cell death.6-8 Vertebrate cells
use at least 2 distinct pathways for DSB
repair.9,10 The first is non-homologous
end-joining (NHEJ), an error-prone pro-
cess that functions throughout the cell
cycle.11-13 The second is homology-
directed repair (HDR); an error-free pro-
cess that functions only in late S phase
and G2, when an intact chromatid is avail-
able and serves as a template for repairing
the broken DNA.14,15 In the course of
DDR, DSBs are translated into a molecu-
lar signal, which is substantially amplified,
allowing the recruitment, retention and
activation of downstream DDR proteins
at DNA lesions3,16-19 One common fea-
ture of the DDR proteins is their recruit-
ment to DNA damage sites and the
formation of microscopically visible
foci.17 Beside DDR proteins, emerging
evidence implicate non-coding RNAs
(ncRNAs) in DDR.20 For example, a
potential template role for RNA in DNA
repair events has been recently
described.21-23 ncRNAs can also regulate
the expression of various DDR genes such
as ATM, BRCA1, H2AX, RAD51 and
p53.24-28 In addition, it has been shown
that DSBs trigger the expression of
ncRNAs (called diRNAs) from sequences
surrounding the damage sites. These diR-
NAs regulate the recruitment of DDR
proteins and promote DSB repair.20,29-32

However, the mode of action of most diR-
NAs remains to be discovered. Interest-
ingly, some diRNAs are processed by
Dicer and Drosha or by Dicer-like pro-
teins into smaller RNAs.31,32 On the other
hand, CU1276, a tRNA derived 22nt
RNA, that modulates DDR 33 can be
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generated in a Drosha- and Dicer-inde-
pendent manner, suggesting that addi-
tional RNA-processing enzymes are
implicated in processing diRNAs.34-36

One main characteristic of DNA dam-
age repair is the rapid sensing and initia-
tion of the DDR, which is mediated by
posttranslational modifications (PTMs) of
histones and non-histone proteins. Several
PTMs are involved in the DDR, including
phosphorylation, ubiquitylation,
SUMOylation, acetylation, ADP-ribosyla-
tion and methylation (reviewed in16,37-40).
Accumulating evidence suggest that lysine
methylation is a highly dynamic modifica-
tion owing to the interplay between lysine
methyltransferases (KMTs) and lysine
demethylases (KDMs).41,42 KDMs consist
of 2 protein families: the first is LSD1/
KDM1A, which contains a flavin adenine
dinucleotide (FAD)-dependent amine oxi-
dase domain that demethylates H3K4me2
and H3K4me1.43 The second KDM fam-
ily includes the Jumonji C (JmjC)-domain
containing proteins. The JmjC catalytic
domain forms an enzymatically active
pocket that coordinates the 2 co-factors,
ferrous oxide (Fe(II)) and a-ketoglutarate,
that are needed for the radical-based oxi-
dative demethylation reaction (reviewed
in44-47).

KDM proteins are involved in a pleth-
ora of cellular processes including gene
expression regulation,48-53 DNA replica-
tion,41,54 DNA damage response,55-58

worm development and germ cell apopto-
sis,59 cell differentiation and renewal of
embryonic stem cells.60 Interestingly, sev-
eral KDM proteins show oncogenic activ-
ity and are overexpressed in various types
of human cancer (reviewed in 41,61).

Recently, we showed, for the first time,
that the KDM4D lysine demethylase is an
RNA binding protein and mapped
KDM4D residues that mediate its interac-
tion with RNA. Additionally, we gener-
ated KDM4D mutant that lost its ability
to bind RNA and demonstrated that
KDM4D-RNA interactions are critical for
KDM4D association with chromatin and
subsequently for H3K9me3 demethyla-
tion in vivo.62 Additionally, we have previ-
ously described a novel function of
KDM4D in DDR. We found that
KDM4D lysine demethylase is transiently
recruited to DNA damage sites in a

PARP1-dependent manner. Further, we
showed that the DNA damage-induced
ADP-ribosylation (PARylation) of
KDM4D C-terminal region mediates its
recruitment to DNA damage sites.
Finally, we showed that KDM4D deme-
thylase activity promotes double-strand
break repair by facilitating the ATM-
dependent phosphorylation of the DNA
damage markers through the regulation of
ATM chromatin localization.58

Here, we further dissect the recruit-
ment mode of KDM4D to DNA damage
sites by addressing whether KDM4D
binds poly(ADP-ribose) (PAR); and
whether KDM4D-RNA interaction is
required for KDM4D accumulation at
DNA damage sites. Moreover, we discuss
the recruitment mode and the emerging
roles of other lysine demethylases in
DDR.

Results

KDM4D binds poly(ADP-ribose)
(PAR) in vitro via its C-terminal region

During DDR, PARP1 is recruited to
sites of DNA damage and mediates the
local PARylation of DDR proteins and
histones. This promotes the rapid recruit-
ment of PAR-binding proteins to DNA
damage sites, which is important for effi-
cient damage repair.63 We hypothesize
therefore that KDM4D binds PAR moie-
ties. To check directly the PAR-binding
capacity of KDM4D, purified 6xHis-tag
fused to a full-length KDM4D was blot-
ted on a membrane and incubated with
radiolabelled PAR. Results show that
KDM4D protein binds PAR moieties.
Histone H3 and 6xHis-Rpn8 proteins
were used as positive and negative con-
trols, respectively (Fig. 1A). To identify
KDM4D region that binds PAR, we per-
formed deletion-mapping analysis and the
observed deletion mutants were tested for
their ability to bind PAR. Results show
that the PAR-binding domain is located
in the C-terminal region (Fig. 1B, C)
spanning amino acids 350–474 of
KDM4D (Fig. 1D). Interestingly,
KDM4D PAR-binding domain includes
4 residues (E357, R450, R451 and R455)
that were substituted to alanine to gener-
ate KDM4D mutant (KDM4D-4M) that

can neither undergo PARylation nor accu-
mulate at laser-microirradiated sites.58

This observation prompted us to address
whether KDM4D-4M mutant can still
bind PAR moieties in vitro. Results show
that KDM4D-4M binds PAR, suggesting
that the region between 350–474 amino
acids has 2 different motifs: the first binds
PAR and the second contains PARylated
residues (Fig. 1E).

KDM4D PAR-binding domain is
essential for KDM4D accumulation
at DNA damage sites

We sought to characterize the role of
KDM4D PAR-binding domain in regu-
lating KDM4D recruitment to DNA
damage sites. Toward this end, U2OS
cells expressing EGFP-KDM4D1-474aa

fusion, which contains the PAR-binding
domain, were subjected to laser-microirra-
diation. Results show a minor and tran-
sient increase in the fluorescence intensity
of EGFP-KDM4D1-474aa fusion at laser-
microirradiated sites, compared to wild
type KDM4D (Fig. 2). This result sug-
gests that KDM4D N-terminal region
containing the PAR-binding domain is
able to recruit KDM4D to DNA damage
sites, however the C-terminal region span-
ning amino acids 475–523 is needed to
facilitate KDM4D recruitment to DNA
damage sites. To address whether the
PAR-binding domain is essential for
KDM4D recruitment, we tested the
recruitment of EGFP-KDM4DD350-474aa

fusion, which lacks its PAR-binding
domain, at laser-microirradiated sites. As
shown in Figure 2, EGFP-KDM4DD350–

474aa completely lost its ability to accumu-
late at DNA damage sites. Altogether, we
concluded that PAR-binding domain of
KDM4D is essential but not sufficient for
intact recruitment of KDM4D to DNA
damage sites.

KDM4D-RNA interactions are
essential for KDM4D recruitment
to DNA damage sites

Given that KDM4D is recruited to
DNA damage sites,57,58 and ncRNAs pro-
mote the recruitment of DDR proteins to
DNA damage sites,30,31 we sought to
address whether KDM4D-RNA interac-
tions affect KDM4D recruitment to laser-
microirradiated sites. Toward this end, we
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took advantage of KDM4D-1H4R-HRK
mutant that lost its ability to bind RNA
molecules and shows defective chromatin
localization.62 Laser microirradiation
assay, performed on U2OS cells express-
ing EGFP-KDM4D-1H4R-HRK
mutant, shows no detectable accumula-
tion of the mutant at DNA breakage sites
(Fig. 3). This observation further confirms
the defective association of KDM4D-
1H4R-HRK mutant with chromatin and
implicates KDM4D-RNA interactions in
regulating KDM4D accumulation at
DNA damage sites. It should be noted
that KDM4D-1H4R-HRK mutant has an

intact C-terminal region, which is essen-
tial and sufficient for KDM4D recruit-
ment to DNA damage sites.58 On the
other hand, KDM4D-1H4R-HRK shows
no accumulation at DNA damage sites
(Fig. 3). One possible explanation for
these apparently contradictory results is
that the defective accumulation of
KDM4D-1H4R-HRK at DNA damage
sites results from the fact that KDM4D-
1H4R-HRK is found in the nuclear
soluble fraction but not in the chromatin-
bound fraction.62 In other words, 1H4R-
HRK mutations exhibit dominant
negative effect and suppress the ability of

the C-terminal region to recruit KDM4D
to damage sites.

Discussion

Here, we further characterized the
recruitment mode of KDM4D to DNA
damage sites. We showed that KDM4D
binds PAR moieties and mapped the
KDM4D PAR-binding domain. Also, we
demonstrated that KDM4D-RNA inter-
actions are essential for KDM4D recruit-
ment to laser-microirradiated sites.

Figure 1. KDM4D region spanning 350–474 amino acids binds PAR in vitro. PAR-binding assay with 6xHis tagged KDM4D full-length (FL) protein (523aa)
(A), deletion mutants: N-terminal (1–350aa) (B), GST-tagged C-terminal (350–523aa) (C), truncated C-terminal (1–474aa) and internal deletion 350–474aa
(D), and 6xHis tagged KDM4D-4M mutant (contains 4 mutations: E357A, R450A, R451A and R455A) (E). 6xHis-Rpn8, GST-only and BSA are used as nega-
tive controls and H3 as a positive control. Right: schematic representation of KDM4D mutants. IB: Immunoblot. 32P: radiolabelled PAR.
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The fact that KDM4D-4M mutant
(cannot undergo PARylation) can still
bind PAR (Fig. 1) suggests that KDM4D
has 2 different motifs; the first binds PAR

and the second includes residues that
undergo PARylation. Similar to
KDM4D, various DDR proteins, such as
DNA-PK and XRCC1, were shown to

undergo PARylation and also bind PAR
moieties.63-68 The significance of having a
distinct PAR binding domain and PARy-
lation domain in KDM4D could be to
facilitate the recruitment of DDR proteins
to DNA damage sites. Indeed, PAR moie-
ties provide binding sites for recruiting
DDR proteins containing PAR-binding
domain. In addition, part of these DDR
proteins undergoes PARylation to pro-
mote the recruitment of additional DNA
damage-responsive proteins in a PAR-
binding dependent manner. In support of
this, the accumulation of several DDR
proteins at DNA breakage sites depends
either on their ability to undergo damage-
induced PARylation and/or binding PAR
moieties.65,69-75 For example, mutating
the PAR-binding motif of ALC1 and
APLF disrupts their ability to accumulate
at DNA damage sites.69,71 These findings
are in line with our data showing that
internal deletion of amino acids 350–474
(KDM4DD350-474aa) abolishes KDM4D
binding to PAR and abrogates KDM4D
accumulation at DNA damage sites
(Fig. 2).

The role of KDMs in DDR is exten-
sively studied as evident by the increasing
number of reports describing new func-
tions of KDM in DDR.

PARP-dependent recruitment of
KDMs to DNA damage sites

A recent study showed that in addition
to KDM4D, KDM4B (another KDM4
family member), but not KDM4A and
KDM4C, is recruited to laser-microirradi-
ated sites in a PARP1-dependent manner.
Consistent with our findings, the recruit-
ment of KDM4B is independent of ATM,
ATR, DNA-PK and gH2AX.57 Unlike
KDM4D, KDM4B recruitment is

Figure 2. KDM4D PAR-binding region is
essential for its recruitment to laser-microirra-
diated sites. Representative cells showing the
localization of EGFP-KDM4D-WT EGFP-
KDM4D1-474aa and EGFP-KDM4DD350-474aa

fusions before and 5 minutes after the induc-
tion of laser-microirradiation to a single
region, marked with a white arrow. Each cell is
representative of at least 20 different cells.
The graph shows the increase in the relative
fluorescence intensity of KDM4D fusions at
laser-microirradiated sites. Error bars repre-
sent SD of 10 different cells.
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dependent on its catalytic activity. This
difference may be attributed to the differ-
ence in the structure and the substrates
specificity of KDM4B and KDM4D.

While both proteins contain JmjC and
JmjN domains, only KDM4B contains 2
PHD and 2 Tudor domains. Additionally,
both KDM4D and KDM4B demethylate

H3K9me2/me3; but KDM4B can also
demethylate H3K36me2/me3, a modifi-
cation that has been recently implicated in
DSB repair.76 A third JmjC-domain con-
taining protein, KDM5B, that removes di
and tri-methylations of lysine 4 of histone
H3 (H3K4me2/3)77-79 was shown to
accumulate at I-SceI-induced DSBs in a
PARP1- and macroH2A1.1-dependent
manner. Further, it was also shown that
KDM5B-PARP1 interaction is enhanced
upon DNA damage.80

RNF8 and RNF168-dependent
recruitment of KDMs to DNA damage
sites

In addition to the PARP-dependent
recruitment of KDMs, Bartek and col-
leagues showed that JMJD1C lysine
demethylase is also recruited to DNA
damage sites and this recruitment depends
on its physical interaction with RNF8 and
RNF168 ubiquitin ligases. Depletion of
both RNF8 and RNF168 impaired
JMJD1C recruitment to DNA damage
sites. Similarly, JMJD1C mutant that lost
its ability to interact with RNF8 and
RNF168 failed to accumulate at DNA
damage sites. Unlike KDM4D, the cata-
lytic activity of JMJD1C is also required
for its recruitment to DNA breakage
sites.81 Future studies will be required to
address whether PARP1 activity is
involved in regulating JMJD1C recruit-
ment and whether RNF8 and RNF168
regulate KDM4B, KDM4D and KDM5B
recruitment to DNA damage sites.

In addition to JMJD1C, Yang Shi and
colleagues reported that KDM1A/LSD1
demethylase, which removes H3K4me2/
me1 marks, is recruited to both UV-
microirradiated sites and to DSBs gener-
ated by IPpoI endonuclease. Similar to
JMJD1C, LSD1 recruitment is mediated
by physical interaction with RNF168 via
LSD1 N-terminal domain. Moreover,
LSD1 recruitment is independent of
53BP1, ATM, ATR and PARP proteins.82

Role of KDMs in double-strand break
repair

We have demonstrated that KDM4D
demethylase promotes double-strand
break repair by facilitating the ATM-
dependent phosphorylation of DNA dam-
age markers through regulating ATM

Figure 3. KDM4D-RNA interactions are essential for KDM4D accumulation at DNA damage sites.
Representative cells showing the localization of EGFP-KDM4D-WT and EGFP-KDM4D-1H4R-HRK
fusions before and 5 minutes after the induction of laser-microirradiation to a single region, marked
by a white arrow. Each cell is representative of at least 20 cells. The graph shows the increase in the
relative fluorescence intensity of EGFP-KDM4D-WT and EGFP-KDM4D-1H4K-HRK at laser-microirra-
diated sites. Error bars represent SD of 10 different cells.
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chromatin localization.58 Human
KDM4B was also shown to promote DSB
repair, as cells overexpressing KDM4B are
associated with decreased numbers of
gH2AX foci following g-irradiation, as
well as increased cell survival.57 Previous
work has also implicated the drosophila
KDM4B in both UV- and g irradiation-
induced DNA damage.56 They showed
that upon exposing drosophila salivary
gland cells to UV irradiation, KDM4B
protein is upregulated in a p53-dependent
manner and this was accompanied by a
decrease in H3K9me3 levels, which occurs
preferentially in heterochromatin. Impor-
tantly, drosophila flies heterozygous for
KDM4B mutant are more sensitive to UV
irradiation and are deficient in the
removal of Cyclobutane-Pyrimidine-
Dimers (CPDs) from damage sites. Addi-
tionally, depletion of the C. elegans
KDM4 homolog, JMJD-2, leads to a sig-
nificant increase in CEP-1/p53-dependent
germ cell apoptosis and altered progres-
sion of meiotic DSB repair, as evident by
RAD51 foci persistence in mitotic cells.59

Similar to KDM4D, KDM5B is also
required for proper repair of the I-SceI-
induced DSBs by both HDR and NHEJ.
Accordingly, KDM5B depletion impairs
the accumulation of the NHEJ and HDR
mediator proteins, ku70 and BRCA1,
respectively, at DNA damage sites.80 On
the other hand, JMJD1C is primarily
required for DSB repair by HDR as its
depletion reduced the levels of RNF8 and
polyubiquitination at DSBs and impaired
the recruitment of RAP80–BRCA1, but
not 53BP1.81 Finally, LSD1 is also impli-
cated in DSB repair as its depletion sensi-
tizes cells to g-irradiation. Accordingly,
LSD1 demethylase activity facilitates
53BP1 foci formation at DNA damage
sites mainly in late S/G2 of the cell cycle.
Furthermore, LSD1 activity promotes the
damage-induced H2A and H2AX ubiqui-
tylation and consequently enhances the
recruitment of BRCA1 and RAP80 to
DNA damage sites.

DNA damage-induced substrates
of KDMs

We have shown that KDM4D, which
demethylates H3K9me2/me3, is rapidly
recruited to DNA damage sites. However,
we were unable to visualize reproducible

changes in the levels of H3K9me3 at laser
microirradiated sites using immunofluo-
rescence-based techniques. Moreover, we
rigorously measured the levels of
H3K9me2/me3 methylation at 5 minutes
intervals after DNA damage using western
blot and no detectable changes in
H3K9me2/me3 were observed.58,83 These
observations may suggest the following
scenarios: (i) H3K9 demethylation is
restricted to few nucleosomes surrounding
the damaged sites. Alternatively, the meth-
ylation/demethylation of H3K9 is highly
dynamic at sites of DNA damage. In both
cases, new sensitive approaches should be
established in order to track these delicate
changes in methylation of H3K9 at sites
of damage. (ii) The lack of changes in the
levels of H3K9me2/3 marks despite the
recruitment of KDM4D may result from
the binding of Tip6084 to H3K9me3 and
thus protecting it from demethylation via
KDM4D. (iii) KDM4D might be
required for demethylating lysine residues
other than H3K9. In agreement with this,
it was recently shown that KDM4D
demethylates H1.4K26me2/3 85 and
H3K56me3, which is enriched at hetero-
chromatic regions.86 Future work will be
required to determine H1.4K26me2/3
and H3K56me3 levels at sites of DNA
damage. (iv) KDM4D might be essential
for demethylating DNA-damage-respon-
sive proteins that accumulate at sites of
DNA damage. In support of this, it was
found that JMJD1C demethylates
MDC1-K45 in response to DNA damage.
This demethylation enhances RNF8-
MDC1 interaction and subsequently facil-
itates RNF8, BRCA1-RAP80 recruitment
to DNA damage sites.81 (v) The demeth-
ylation of H3K9me2/me3 after DNA
damage might favorably occur at hetero-
chromatic regions. In support of this, a
decrease in H3K9me3 levels, which occurs
preferentially at heterochromatic chromo-
center regions, was documented in dro-
sophila.56 Moreover, decrease in the levels
of H3K9me2/3 at gH2AX-positive
regions was reported at 20 minutes after
IR in mammalian cells.87 Similarly,
Young and colleagues observed local
reduction in H3K9me3 levels at sites of
damage in cells expressing low to moder-
ate levels of EGFP-KDM4B fusion.57 In
contrast, a recent study reported local

increase in H3K9me2/3 at DSB sites,88

suggesting that H3K9 methylation levels
at DNA damage sites are highly dynamics
and might be also influenced by the chro-
matin context at the DNA breakage
sites.83,89-93 In light of these observations,
future in depth analysis will be required to
track the fluctuations in the levels of
H3K9 methylation at several time points
after DSB induction within different chro-
matin structures.

Two recent works reported decrease in
H3K4me2/me3 at DNA damage sites.
The first showed that KDM5B recruit-
ment to DNA damage sites is accompa-
nied by a local decrease in H3K4me3 at I-
SceI-Induced DSBs.80 The second showed
that the recruitment of LSD1 to UV dam-
age sites and to DSB induced by IPpoI
endonuclease causes demethylation of
H3K4me2 mainly at late S/G2 of the cell
cycle.82 Moreover, it was previously
shown that LSD1 demethylates K370me2
of the tumor suppressor gene product,
P53.94 P53 is methylated on 3 different
lysine residues, K370, K372 and K382
that regulate its activity, stability and sub-
cellular localization in response to differ-
ent stimuli such as apoptosis and DNA
damage.94-96 These observations suggest
that, similar to JMJD1C, LSD1 can exert
its function in DDR by demethylating
also non-histone DDR proteins.

Role of KDMs in maintaining
genomic stability

Interestingly, various types of human
cancer show misregulated expression of
KDM4A-D members suggesting that dys-
regulated expression of KDMs is associ-
ated with genomic instability and
carcinogenesis (for recent reviews
see97,98). The mechanism by which
KDM4 dysregulation promotes genomic
instability could be related to their emerg-
ing functions DNA lesions repair. In addi-
tion, we and other groups have revealed
DNA damage-independent pathways by
which KDM misregulation can lead to
genomic instabilities. For example, we
demonstrated that either depletion or
overexpression of KDM4C leads to a sig-
nificant increase in the frequency of
abnormal mitotic cells showing either mis-
aligned chromosomes at metaphase, ana-
phase-telophase lagging chromosomes or
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anaphase-telophase bridges. These results
highlight a causative role of KDM4C
lysine demethylase in regulating the fidel-
ity of mitotic chromosome segregation.99

Furthermore, it was shown that KDM2A
depletion promotes genomic instability as
evident by the destabilization of centro-
meric chromatin during mitosis100 and
the increase in the percentage of cells
showing micronuclei or chromosome
bridges.101 Finally, an important study
showed that overexpression of a catalyti-
cally active KDM4A protein induces copy
number gains of specific genomic regions,
which are known to contain oncogenes.
This KDM4A-dependent copy gain can
be induced in less than 24 hr and requires
cells progression through S phase. In addi-
tion, tumors with amplified KDM4A
show increased copy gains for the same
regions. These data altogether suggest that
KDM4A catalytic activity provides a
potential enzymatic link for generating
copy number alterations through replica-
tion abnormalities of regions amplified in
human tumors.97

Given the tight correlation between
lysine methylation and regulation of gene
expression, forthcoming research should
address whether KDM proteins exert their
functions in preserving genomic integrity
by determining the transcription state of
the damaged chromatin before and after
DNA repair. In addition, future studies
are required to identify additional KDM
enzymes involved in DDR, map their
damage-induced substrates and investigate
their role in repairing DNA lesions other
than DSBs.

Materials and Methods

PAR-binding assay
PAR-binding assay was performed as

previously described.65 Briefly, 1–5pmol
purified KDM4D protein fragments were
blotted onto a nitrocellulose membrane
and blocked with TBST buffer supple-
mented with 5% milk. Radioactively
labeled PAR moieties were made from
automodified PARP1 prepared by in vitro
PARylation reaction. This reaction was
carried out at room temperature for
20 min in a reaction buffer (50 mM Tris-
HCl, pH 8, 25 mM MgCl2, 50 mM

NaCl) supplemented with radiolabelled
NADC (Perkin Elmer), activated DNA,
and PARP1 enzyme (Trevigen). PAR
moieties were detached from PARP1
using proteinase K and the blotted mem-
brane was incubated for 2 hrs with the
radiolabelled PAR diluted in 10 ml
TBST. Membranes were then washed
with TBST, and subjected to both autora-
diography and protein gel blot using
a-His, aGST and aH3 antibodies.

Laser-microirradiation
Laser-microirradiation was performed

as previously described.58 Briefly, U2OS
cells were grown on fluorodish and stained
with 10 mMHoechst 33342 for 10 min at
37�C. Then, laser microirradiation was
performed using LSM-700 confocal
microscope. Selected spot within the
nucleus was microirradiated with 10 itera-
tions of a 405 nm laser with 100% power
to generate localized DNA damage. Then
time-lamps images were acquired using
488 nm laser. Signal intensity at damaged
sites was measured using Zen 2009
software.
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