
Structure-speci®c binding of the proto-oncogene
protein DEK to DNA
Tanja Waldmann, Martina Baack, Nicole Richter and Claudia Gruss*

University of Konstanz, Department of Biology, D-78457 Konstanz, Germany

Received July 8, 2003; Revised and Accepted September 30, 2003

ABSTRACT

The ubiquitous proto-oncogene protein DEK has
been found to be associated with chromatin during
the entire cell cycle. It changes the topology of DNA
in chromatin and protein-free DNA through the intro-
duction of positive supercoils. The sequence and
structure speci®cities of DEK±DNA interactions are
not completely understood. The binding of DEK to
DNA is not sequence speci®c, but we describe here
that DEK has a clear preference for supercoiled and
four-way junction DNA. In the presence of topo-
isomerase II, DEK stimulates intermolecular catena-
tion of circular DNA molecules. DEK also increases
the probability of intermolecular ligation of linear
DNA molecules by DNA ligase. These binding
properties qualify DEK as an architectural protein.

INTRODUCTION

Chromatin is involved in the regulation of all nuclear
processes, most prominently transcription (1±3), replication
(4), recombination (5) and repair (6). In recent years, two
fundamental principles have emerged that form the basis for
interchangeable chromatin structures corresponding to distinct
functional states (7). First, the interactions of the histone
N-terminal tails can be modulated through post-translational
modi®cations, notably acetylation, phosphorylation and
methylation, as well as ubiquitination and ADP-ribosylation
(8). These modi®cations seem to have profound effects on
histone±DNA interactions and the binding of regulatory
proteins. Secondly, chromatin-remodeling factors alter
histone±DNA interactions such that nucleosomal DNA
becomes more accessible to interacting proteins (9). In
addition, architectural proteins such as the high mobility
group (HMG) proteins that typically lack the potential to
activate transcription or carry out recombination on their own
induce conformational changes in the DNA and facilitate the
assembly and activity of multiprotein±DNA complexes (10).

We have identi®ed the proto-oncogene protein DEK as a
protein that in¯uences chromatin structure (11,12). The DEK
protein was initially identi®ed in a fusion with the CAN
nucleoporin in a subtype of acute myeloid leukemias (13).
Furthermore, autoantigens to DEK have been detected in
human diseases, including systemic lupus erythematosus (14±
16), juvenile rheumatoid arthritis (15,17) and sarcoidosis

(14,15). Interestingly, DEK has also been linked to ataxia
telangiectasia (ATM), as a fragment of dek cDNA reverses the
mutagen-sensitive phenotype of cells from ATM patients (18).
In spite of these clinical observations, the biological function
of DEK remains unclear.

The activity of the DEK protein seems to be regulated by
protein±protein interactions as well as through binding to
RNA and chromatin. Thus DEK could be involved in tethering
different proteins to chromatin. By co-fractionation and co-
immunoprecipitation, it was demonstrated that the transcrip-
tional co-repressor hDaxx associates with DEK (19). How-
ever, the exact function of DEK in hDaxx-mediated repres-
sion, however, is not clear. DEK has also been found to be
associated with the latency-associated nuclear antigen
(LANA) which is constitutively expressed in Kaposi's
sarcoma-associated herpesvirus latent infection (20). The
data indicate that LANA is tethered to chromatin through
interaction with the DEK protein and the methyl CpG-binding
protein MeCP2. In addition, DEK interacts with the celltype-
speci®c transcription factor AP-2a in vitro and stimulates the
transactivation activity of AP-2a over the APOE promotor
(21).

Two reports suggested that DEK may be involved in RNA
metabolism and that DEK occurred in an ~335 kDa exon
junction complex (22,23). However, recent experiments could
not con®rm these data, and a function for DEK in RNA
metabolism remains to be established (24±26).

Our recent data show that the main fraction of DEK is
associated with chromatin in vivo. We found that DEK is a
constituent of oligonucleosomes, generated by micrococcal
nuclease digestion of chromatin in isolated nuclei (27).
Association of DEK with metaphase chromosomes has also
been reported (28). Puri®ed DEK changes the topology of
DNA in viral minichromosomes and reduces the accessibility
of chromatin to DNA-binding factors including components of
the replication machinery (11). The DEK-induced change in
topology is due to the introduction of positive supercoils into
the DNA (12).

DEK does not belong to a known family of proteins. Apart
from four stretches of acidic amino acids, the only recogniz-
able feature is a homology to a DNA-binding motif, the SAF
(scaffold attachment factor) box (29,30) also termed the SAP
domain (after SAF-A/B, acinus and PIAS) (31) between
amino acids 149 and 183 of the DEK protein. It has been
described that DEK binds to DNA and speci®cally recognizes
the peri-ets (pets) sites in the human immunode®ciency virus
type 2 (HIV-2) enhancer (32±34). However, Alexiadis et al.
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(11) have shown that DEK changes the topology of different
chromatin templates, independently of the underlying DNA
sequence. To further characterize the DEK±DNA interaction,
we used substrates with different sequences and structures. We
found that DEK binds preferentially to supercoiled and
cruciform DNA and that it brings different DNA molecules
into close proximity. However, we have no evidence for
sequence-speci®c binding.

MATERIALS AND METHODS

Expression and puri®cation of GST±DEK

The DEK gene was cloned in the pGEX3 vector (Pharmacia)
to generate a GST fusion protein. This construct was obtained
from G. Grosveld. The GST±DEK fusion protein was
expressed in BL21 (DE3) pLys S, and prepared from a 1 l
culture in 23 YT medium. Further puri®cation steps were
done according to the manufacturer's protocol (Pharmacia).
The experiments were carried out with the uncleaved GST
fusion protein.

Electrophoretic mobility shift assay (EMSA)

A 175 ng aliquot of either SV40 DNA (5243 bp), LitmusÔ28i
(2823 bp, Biolabs) or HK-plasmid (5537 bp, SAF-A cDNA up
to base 2580 in bluescript II; Frank Fackelmayer, personal
communication) was incubated with increasing amounts of
DEK in a reaction volume of 35 ml. DEK was dialyzed before
use against nE100 buffer (20 mM HEPES±KOH, pH 7.6,
100 mM NaCl, 10 mM sodium bisul®te, 1 mM EDTA). After
1 h at 37°C, 63 sample buffer was added (0.25% bromo-
phenol blue, 0.25% xylene cyanol, 15% ®coll) and nucleo-
protein complexes were separated on 0.6% agarose gels in
0.53 TBE (90 mM Tris, 89 mM boric acid, 2 mM EDTA pH 8)
for 16 h at 2 V/cm.

Oligonucleotides corresponding to both strands of the
HIV-2 sequence from ±162 to ±131 were synthesized
(MWG Biotech). Wild-type pets sequence, 5¢-GATCCAG-
CTATACTTGGTCAGGGCGAATTCTAACTA-3¢; mutated
pets sequence, 5¢-GATCCAGCTATACTAGATCTGGGC-
GAATTCTAACTA-3¢. Equimolar amounts of the two strands
were combined, boiled for 1 min and allowed to cool
gradually. The double-stranded oligonucleotide was then
radiolabeled with T4 polynucleotide kinase in the presence
of [g-32P]ATP. Labeled oligonucleotides were incubated with
DEK (reaction volume 15 ml), separated on 8% native
polyacrylamide gels in 13 TBE, and visualized by auto-
radiography.

Topology assay

DEK assays were performed as described (12). Brie¯y,
puri®ed DEK was dialyzed on Whatman ®lters (Type VS,
pore size 0.025 mm) against buffer nE100 in the presence of
1 mg/ml bovine serum albumin (BSA; Biolabs) for 90 min at
4°C. A 175 ng aliquot of DNA was incubated with the
dialyzed DEK protein for 1 h at 37°C in the presence of 1 U of
wheat germ topoisomerase I (Promega) or 1 U of human
topoisomerase II. Reactions were performed in nE100,
containing 0.2 mg/ml BSA in a total volume of 90 ml. After
proteinase K digestion, DNA was precipitated and analyzed on
0.8% agarose gels in 0.53 TBE at 2 V/cm for 16 h.

Preparation of duplex and four-way junction DNA

For construction of four-way junction (4WJ) DNA and control
duplex DNA, we used oligonucleotides with the following
sequences: oligo 1, 5¢-CCCTATAACCCCTGCATTGAAT-
TCCAGTCTGATAA-3¢; oligo 2, 5¢-CTAGTCGTGATAG-
GTGCAGGGGTTATAGGG-3¢; oligo 3, 5¢-AACAGTAGC-
TCTTATTCGAGCTCGCGCCCTATCACGACTA-3¢; oligo
4, 5¢-TTTATCAGACTGGAATTCAAGCGCGAGCTCGA-
ATAAGAGCTACTGT-3¢; and oligo 5, 5¢-GTAGTCGTGA-
TAGGGCGCGAGCTCGAATAAGAGCTACTGT-3¢. Oligos
were annealed as described above and separated on 12%
native polyacrylamide gels. 4WJ DNA was cut off the gel,
crushed and eluted overnight at room temperature in 900 ml of
elution buffer (0.5 mM ammonium acetate, 1 mM EDTA). Gel
pieces were separated over glass beads (425±600 mm, Sigma);
the supernatant was extracted with phenol/chloroform and
precipitated with ethanol.

Ligase assay

A 123 bp marker DNA (Pharmacia) was digested with AvaI
and labeled in the presence of [g-32P]ATP with polynucleotide
kinase. A 2 ng aliquot of the 32P-labeled 123 bp fragment was
incubated for 30 min at 37°C at different DEK/DNA ratios in
ligase buffer (4 mM Tris pH 7.8, 1 mM dithiothreitol, 0.5 mM
ATP, 5 mM MgCl2). T4 DNA ligase (1 U) was added and
incubated for 10 min at 37°C; the ligase was then inactivated
for 15 min at 65°C. To remove linear DNA, samples were
incubated for 15 min at 37°C with 50 U of exonuclease III.
Samples were digested with proteinase K and analyzed on 7%
polyacrylamide gels for 3 h at 10 V/cm.

Electron microscopic analysis

Circular SV40 DNA was incubated with DEK (at molar ratio
of 1:90). Unbound protein was removed by gel ®ltration
through a Biogel A-5 column and samples were ®xed with
glutaraldehyde [0.1% (v/v)] for 15 min at 37°C. Protein±DNA
complexes were spread by the BAC (alkyl benzyl dimethyl
ammonium chloride) technique of Vollenweider et al. (35).
Electron micrographs were taken with a Zeiss EM 900
electron microscope.

RESULTS

DEK binds to and changes the topology of DNA without
sequence speci®city

To determine whether DEK binds to different DNA
sequences, we used EMSA. SV40 DNA, HK-plasmid DNA
and Litmus-plasmid DNA were incubated with increasing
amounts of DEK. The resulting nucleoprotein complexes were
separated by agarose gel electrophoresis (Fig. 1A). The data of
Figure 1 show that DEK binds to all three DNAs with similar
ef®ciency, although with a marked preference for supercoiled
DNA (see later). We have also used the different DNAs as
substrates in a topology assay incubating supercoiled DNA
with DEK and topoisomerase I. The deproteinized DNA was
then separated by agarose gel electrophoresis (Fig. 1B). We
found that DEK changes the topology of the three templates
tested, independent of the underlying DNA sequence.

Although no sequence speci®city could be detected with
these DNAs, it is conceivable that DEK has a higher af®nity
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for the pets sequence as used by Fu et al. (34) and Faulkner
et al. (32) compared with a random DNA sequence. The pets
sequence is a TG-rich element found between the two Elf-1-
binding sites in the HIV-2 enhancer. As a control, we used the
same mutated pets sequence that has been used by Fu et al.
(34). In this sequence, three bases differ from the wild-type
sequence. Both oligonucleotides were labeled and incubated
with increasing amounts of puri®ed DEK protein, and
nucleoprotein complexes were analyzed on native polyacryl-
amide gels (Fig. 2A). We found that DEK binds with similar
ef®ciency to the wild-type and the mutated pets sequence. To
further investigate these data, we performed competition
experiments, and added increasing amounts of either non-
labeled wild-type or mutated pets sequence to the standard
reaction just shown. Binding to the labeled pets oligonucle-
otide was competed at an excess of 50-fold competitor DNA
of either the pets sequence itself (Fig. 2B lanes 3±6) or the
mutated pets sequence (Fig. 2B, lanes 7±10). The same ratio
was obtained when we used the mutated pets sequence for
DEK binding. Again binding was competed at a 50-fold
excess of competitor of both the pets sequence (Fig. 2B, lanes
13±16) and the mutated oligonucleotide (Fig. 2B, lanes 17±
20). Identical results were obtained by using GST-tagged or
His-tagged DEK protein (data not shown). Thus, these data
show that DEK has no preference for the pets sequences of the
HIV enhancer. This is clearly in contrast to the data of Fu et al.
(33,34), and we presently cannot explain this discrepancy.

DEK binds preferentially to negatively supercoiled and
cruciform DNA

The EMSA experiment in Figure 1A indicated that DEK binds
preferentially to negatively supercoiled DNA, provided that
relaxed and supercoiled DNA are present within the same

sample. To further investigate the binding of DEK to DNAs of
different topologies, we incubated DEK with either super-
coiled and relaxed DNA, supercoiled and linear DNA or
relaxed and linear DNA in the same assay (Fig. 3). The EMSA
with supercoiled and relaxed DNA revealed a clear preference
of DEK for form I DNA because the entire supercoiled DNA
was shifted, whereas no signi®cant shift was observed with
relaxed DNA (Fig. 3, lane 2). The same result was obtained
when supercoiled and linear DNA was present in the same
reaction. Again, the entire supercoiled DNA was shifted by
DEK, whereas only a minimal shift was observed with linear
DNA (Fig. 3, lane 4). However, when relaxed and linear
DNAs were used together, both templates were shifted with
similar ef®ciency (Fig. 3, lane 6). The clear preference for
supercoiled DNA was also obvious when all three templates
were present in the same reaction. In this case, the entire
supercoiled DNA was shifted, but none of the relaxed and
linear DNA (Fig. 3, lane 8).

The preferential binding of DEK to supercoiled DNA could
be an indication that DEK recognizes unusual DNA forms
such as cruciform DNA. The classical experiment to test this is
the binding to 4WJ DNA as found in the Holliday junction
DNA of intermediates in homologous genetic recombination
(36). Accordingly, we used ®ve different single-stranded
oligonucleotides which were annealed to form either duplex
DNA or cruciform DNA (Fig. 4A and B) (37). The 32P-labeled
DNA substrates were incubated with increasing amounts of
DEK and analyzed on a native polyacrylamide gel (Fig. 4C).
We found that DEK binds to both DNA substrates although
with different ef®ciencies. Low DEK/DNA ratios were
suf®cient to shift the entire 4WJ DNA, whereas at least
4-fold higher DEK/DNA ratios were required to shift the
duplex DNA.

Figure 1. EMSA and topology assay with different DNA sequences. (A) EMSA. A 175 ng aliquot of SV40 DNA (lanes 1±5), HK-plasmid (lanes 6±10) and
Litmus-plasmid (lanes 11±15) wase incubated for 1 h at 37°C without (±) or with GST±DEK at molar ratios of DEK/DNA of 28, 56, 84 and 112.
Nucleoprotein complexes were analyzed on 0.6% agarose gels and visualized by ethidium bromide staining. (B) Topology assay. A 175 ng aliquot of SV40
DNA (lanes 1 and 2), HK-plasmid (lanes 3 and 4) and Litmus-plasmid (lanes 5 and 6) was incubated without (±) or with GST±DEK (at a molar ratio of
DEK/DNA of 84) and topoisomerase I for 1 h at 37°C. Deproteinized samples were analyzed by agarose gel electrophoresis and ethidium bromide staining.
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To con®rm these data, we performed competition experi-
ments. Binding to labeled duplex DNA was competed with
increasing amounts of either unlabeled 4WJ DNA or duplex
DNA (Fig. 5A). Whereas binding to duplex DNA was
competed already at a 50-fold excess of 4WJ DNA as
competitor, almost a 1000-fold excess of duplex DNA was
necessary to eliminate binding to the labeled duplex DNA.
When labeled 4WJ DNA was used as substrate, binding could
not be competed even with a 1000-fold excess of cold duplex
DNA and was signi®cantly reduced at a 500-fold excess of
competing 4WJ DNA (Fig. 5B). These data demonstrate that
DEK binds with higher preference to cruciform DNA
compared with duplex DNA.

DEK stimulates intermolecular interactions

The binding behavior of DEK to DNA resembles that of
architectural proteins such as the HMG proteins (38). For
example, the HMGB1 protein preferentially binds to

supercoiled over linear or nicked closed circular DNA (39)
and is also able to manipulate DNA by looping, compaction
and changes in DNA topology (40±42). To gain further
insights into DEK±DNA interactions, we investigated the
binding of DEK to circular DNA by electron microscopy
(Fig. 6A). We detected a population of molecules (~5%)
containing two or more DNA molecules with multiple DNA
loops connected at a protein bead in addition to large
complexes with many looped DNA molecules of variable
size. These data indicate that DEK brings different DNA
molecules into close proximity, and thereby increases the local
concentration of DNA.

To test whether DEK stimulates intermolecular interactions
between circular DNA molecules, we incubated supercoiled
SV40 DNA with increasing amounts of DEK and topo-
isomerase II (Fig. 6B). Topoisomerase II is known to induce
double-strand breaks (43), and could induce the formation of
catenated DNA from closely adjacent DNA circles. We found
indeed that topoisomerase II converted DNA circles into large
structures that were not able to enter the gel (Fig. 6B, lanes 3±
5). These large DNA structures were most probably catenanes
because topoisomerase II could resolve them into circular
monomers (Fig. 6B, lane 7).

We ®nally show that DEK stimulates the intermolecular
end-to-end joining of linear DNA molecules by DNA ligase.
For this purpose 32P-labeled 123 bp DNA fragments with
cohesive ends were incubated with increasing amounts of
DEK and treated with T4 DNA ligase. Increasing concentra-
tions of DEK favored the formation of linear multimers
(Fig. 6C). To discriminate between linear and circular DNA,

Figure 3. Binding of DEK to different DNA structures. A 100 ng aliquot of
each of form I and II DNA (lanes 1 and 2), form I and III DNA (lanes 3
and 4), form II and III (lanes 5 and 6) and form I, II and III (lanes 7 and 8)
were incubated with DEK at a molar ratio of 15 mol DEK/mol DNA (lanes
2, 4 and 6) or 10 mol DEK/mol DNA (lane 8). Nucleoprotein complexes
were analyzed by agarose gel electrophoresis and ethidium bromide stain-
ing. I, supercoiled; II, relaxed, closed circular and nicked DNA; III, linear
DNA.

Figure 2. EMSA with pets sequences. (A) EMSA. Radioactively labeled
pets or mutated pets oligonucleotides were incubated without (±) or with
increasing amounts of GST±DEK for 1 h at 37°C. Nucleoprotein complexes
were separated on 8% native polyacrylamide gels and detected by auto-
radiography. The molar ratios of DEK/DNA were for lanes 1±7 and 8±14:
0, 11, 22, 33, 45, 56 and 90 mol DEK/mol DNA. (B) Competition.
Radioactively labeled oligonucleotides were incubated for 1 h at 37°C at a
molar ratio of DEK/DNA of 40 with increasing amounts of non-labeled
competitor DNA. Lane 1, pets or pets-mut without DEK (c±); lane 2, pets
or pets-mut with DEK (c+)
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the deproteinized DNA was digested with exonuclease III
(Fig. 6C, lanes 3 and 6) (44). All reaction products were
sensitive to exonuclease III, indicating that DEK does not
bend the DNA fragment but stimulates intermolecular
end-to-end joining.

DISCUSSION

We found that DEK exhibits distinctive structure-speci®c
rather than sequence-speci®c DNA binding properties. In
contrast to published data (32±34), our results do not support a
sequence-speci®c binding mode of DEK. We found that DEK
is able to bind to and change the topology of different DNA
substrates. More speci®cally, we show that DEK binds with
similar ef®ciency to the pets sequence and the mutated pets
sequence. Binding to the pets sequences could be competed
equally well with both the speci®c pets sequence and the
mutated sequence, and vice versa. These results contradict the
data of Fu et al. (33,34) who claimed a speci®c binding of DEK
to the pets sequences. The reasons for this discrepancy are not
clear; however, we believe that their competition experiment
with the labeled pets sequence competed with the unlabeled
pets oligonucleotide or an unrelated HIV-2 kB oligonucleotide
was inconclusive [®g. 7 of Fu and Markovitz (33)]. Our present
data agree with the previous ®ndings of Alexiadis et al. (11),
who had shown that changes in chromatin topology occur
independently of the DNA sequence. Thus, we conclude that
the underlying DNA sequence is not a critical determinant for
DEK±DNA interaction.

In fact, the structure of the DNA could be a more important
parameter that determines the interaction of DEK with DNA.
In support of this, we report here that DEK has a strong
preference for negatively supercoiled DNA compared with
relaxed or linear DNA, and that the element recognized by
DEK could be a 4WJ DNA. The 4WJ (Holliday junction)

DNA was initially proposed as the central intermediate in
homologous genetic recombination; it is also involved in
replication-related events. Furthermore, binding to 4WJ DNA
seems to be a common property of architectural proteins (38)
as shown, for example, for the HMG proteins (45,46), the
linker histone H1 (47) or the structural maintenance of
chromosomes (SMC) proteins (48). It has also been reported
that the chromatin-remodeling complex SWI/SNF preferen-
tially binds to 4WJ DNA (49). Binding and competition
experiments demonstrated that DEK binds preferentially to
4WJ DNA compared with duplex DNA.

At least some of the binding properties of DEK are
reminiscent of the HMGB1 and HMGB2 proteins [old name:
HMG 1 and 2 (50)]. They bind DNA without sequence
speci®city but have a high af®nity for bent or distorted DNA
such as 4WJs (46). They also bind to crossovers in supercoiled
DNA and can cause looping of linear DNA. HMGB1 and 2
play important architectural roles in the assembly of
nucleoprotein complexes in a variety of biological processes,
e.g. V(D)J recombination and the initiation of transcription. A
function in DNA repair has also been reported (51).

We have observed that DEK stimulates the intermolecular
end-to-end joining of linear DNA molecules in the presence of
DNA ligase (Fig. 6C). Increasing concentrations of DEK
favored the formation of linear multimers but did not induce
circularization of the substrate, as observed with the HMG
protein (44). We also found that DEK promoted the
formation of catenated DNA molecules in the presence of
topoisomerase II (Fig. 6B). The same properties were
observed for the cohesin complex, which consists of a
heterodimeric pair of SMC proteins and at least two non-
SMC subunits (52). Cohesin functions as a molecular cross-
linker and holds sister chromatids together (53). Whether DEK
is involved in such a kind of chromatin organization has yet to
be investigated.

Figure 4. EMSA with duplex and 4WJ DNA. (A) Model and sequence of the duplex DNA. (B) Model and sequence of the cruciform DNA. Oligonucleotides
1±4 are partially complementary to each other and, when annealed, assemble into the cruciform molecule indicated. (C) Bandshift with duplex and cruciform
DNA. Oligonucleotides were annealed, puri®ed on native polyacrylamide gels and then labeled. Labeled duplex DNA (lanes 1±7) and 4WJ DNA (lanes 8±14)
were incubated for 1 h at 37°C with increasing amounts of GST±DEK and analyzed on an 8% polyacrylamide gel. Bands were visualized by autoradiography.
The molar ratios of DEK/DNA were as follows: lanes 1±7 and lanes 8±14, 0, 11, 22, 33, 45, 56 and 90.
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It has been postulated that proteins which bind to 4WJs all
perform a particular kind of architectural role in vivo (38). In
most cases studied, the non-speci®c binders induce DNA
looping and change the topology of circular closed DNA
molecules, in both a negative and positive orientation. These
are precisely the properties of DEK: it promotes the looping of
DNA (Fig. 6A) and induces positive supercoils into protein-
free DNA (12). The mechanism of DEK-induced positive
supercoiling is not known. Electron microscopic analysis
demonstrated that DEK caused no shortening of DNA
molecules, excluding a wrapping of the DNA around DEK
(12). Another possibility is that protein±protein interactions
between DNA-bound DEK molecules cause a change in
helical twist by bending the DNA and thus introducing
positive supercoils (see Fig. 6A). Further studies are necessary
to clarify the exact mechanism.

The function of DEK in vivo is not yet known, but its
structure-speci®c binding strongly resembles those of archi-
tectural proteins. The DNA entering and exiting from the
nucleosome, which shows structural similarity to 4WJ DNAs

Figure 5. Competition with duplex and 4WJ DNA. Labeled DNA fragments
were incubated for 1 h at 37°C with DEK (at a molar ratio of DEK/DNA of
40) and increasing amounts of non-labeled competitor DNA. (A) Com-
petition of duplex binding. Lane 1, duplex DNA without DEK (c±); lane 2,
duplex DNA with DEK (c+); lanes 3±7 and 8±12 were incubated at the
following ratios of the indicated competitor DNA: 1:1, 1:10, 1:50, 1:500
and 1:1000. (B) Competition of 4WJ DNA binding. Lane 1, 4WJ DNA
without DEK (c±); lane 2, 4WJ DNA with DEK (c+); lanes 3±7 and 8±12
were incubated at the following ratios of the indicated competitor DNA:
1:1, 1:10, 1:50, 1:500 and 1:1000.

Figure 6. DEK directs intermolecular interactions. (A) Electron microscopic
analysis. Circular SV40 DNA was incubated in the absence (±DEK) or pres-
ence of DEK (a, b and c) (at a molar ratio of DEK to DNA of 90:1) and
visualized by electron microscopy. Bar = 100 nm. (B) A 175 ng aliquot of
SV40 DNA was incubated with increasing amounts of DEK in the absence
(± topo II) or presence of topoisomerase II (+ topo II). Deproteinized DNA
was analyzed by agarose gel electrophoresis and ethidium bromide staining.
Molar DEK/DNA ratios were in lane 3, 28; in lane 4, 56; and in lane 5,
112 mol DEK/mol DNA. I, supercoiled; II, relaxed, closed circular and nicked
DNA. Deproteinized DNA of reaction 5 (input) was treated with topoisomer-
ase II and fractionated on an agarose gel. (C) A 123 bp 32P-labeled DNA frag-
ment (8 ng) with AvaI sticky ends was incubated in the absence (lanes 1±3) or
presence (lanes 4±6) of DEK. Protein/DNA molar ratios used were 10:1 (lanes
4±6). T4 DNA ligase was added to the reactions as indicated and incubated at
37°C for 10 min. Samples in lanes 3 and 6 were subsequently incubated with
exonuclease III to remove linear ligation products. Reaction products were
electrophoresed on an 8% polyacrylamide gel and visualized by
autoradiography. The positions of the 123 bp multimers are indicated.
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(54), provides possible DEK-binding sites. Whatever the
precise function of DEK may be, it seems to be required in
many physiological states, because we see no signi®cant
changes in the amount of chromatin-bound DEK throughout
the cell cycle (27).
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