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Abstract

Purpose—The frequency of DNA strand breaks produced by the decay of Auger electron-
emitting radionuclides is inversely proportional to the distance of DNA nucleotides from the decay
site; and thus is very sensitive to changes in the local conformation of the DNA. Analysis of the
frequency of DNA breaks, or radioprobing, gives valuable information about the local DNA
structure. More than 10 years ago, we demonstrated the feasibility of radioprobing using a DNA-
repressor complex with a known structure. Herein, we used radioprobing to study the
conformation of DNA in complex with the tumor suppressor protein 53 (p53). Several structures
of p53-DNA complexes have been solved by X-ray crystallography. These structures, obtained
with the p53 DNA binding domain, a truncated form, laid the groundwork for understanding p53-
DNA interactions and their relation to p53 functions. However, whether all observed
stereochemical details are relevant to the native p53-DNA complex remains unclear. A common
theme of the crystallographic structures is the lack of significant bending in the central part of the
DNA response element. In contrast, gel electrophoresis and electron microscopy data showed
strong DNA bending and overtwisting upon binding to the native p53 tetramer.

Methods—To analyze DNA in complex with p53, we incorporated 1251-dCTP in two different
positions of synthetic duplexes containing the consensus p53-binding site.

Results—The most significant changes in the break frequency distributions were detected close
to the center of the binding site, which is consistent with an increase in DNA twisting in this
region and local DNA bending and sliding.

Conclusions—Our data confirm the main results of the studies made in solution and lay a
foundation for systematic examination of interactions between DNA and native p53 using 12°]
radioprobing.
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Introduction

The tumor suppressor protein p53 plays a central role in a cell's response to tumorigenic
events (Meek, 2009). In response to DNA damage and other types of cellular stress,
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activated p53 binds to specific DNA response elements and functions as a transcriptional
factor. p53 regulates a wide spectrum of genes: hundreds of human genes are either
activated or repressed by p53 (Staib et al., 2005). Normally, p53 binds to DNA response
element (RE) as a tetramer, recognizing two decamers RRRCWWGYYY (where R=A,G;
Y=C,T; W=AT) (el-Deiry et al., 1992) separated by a spacer whose length varies from 0 to
~20 bp (Riley et al., 2008). In the strongest p53 binding sites the spacer is very short (0 or 1
bp). Therefore, most of the structural studies of p53-DNA complexes used a 20-bp long RE,
with no spacer. In most cases, the central tetramer CWWG was either CAAG:CTTG or
CATG:CATRG, the latter occurring in the strongest binding RE, such as cyclin-dependent
kinase inhibitor 1 (p21) and growth arrest and DNA damage gene A (GADD45A). There are
indications that the type of p53-induced regulation of gene expression, /.e. induction or
repression, is encoded in the sequences and relative arrangements of the decamers (Ho and
Benchimol, 2003, Riley et al., 2008, Zilfou et al., 2001). It was hypothesized that indirect
readout in the p53-DNA interaction, conferred by the intrinsic conformation and flexibility
of the DNA binding sites, plays a critical role in p53-induced gene regulation (Kitayner et
al., 2006).

The DNA response elements are bound by the central region of the p53 protein, the so-
called DNA binding domain (p53DBD), covering the conserved region of amino acids
96-308 (Bargonetti et al., 1993), whereas the C-terminal domain of the protein (amino acids
320 to 356) is responsible for tetramerization of wild-type p53 both free in solution and
bound to its specific DNA binding sites. Sequence-specific DNA binding is linked to the
p53 tumor suppression activity: mutations in the p53DBD have been associated with more
than half of all human cancers (Hollstein et al., 1991).

The first crystal structure of a complex containing the human p53DBD and a DNA binding
site was resolved by X-ray crystallography more than 15 years ago (Cho et al., 1994). This
structure elucidated the framework of p53-DNA interactions and shed light on the
importance of the DNA binding domain for the biological activity of p53. However, it could
not correctly describe the overall 3D organization of p53 tetramers bound to the response
element. Later, “in solution” studies using gel retardation (Nagaich et al., 1999) and electron
microscopy (Cherny et al., 1999) showed that both wild type (wt) p53 and p53DBD induced
significant DNA bending and an increase in its twisting. Importantly, wt p53 induced
substantially more distortion in the DNA RE compared to p53DBD. Specifically, by using
A-tract phasing analysis it was shown that the binding of wt p53 and p53DBD resulted in
bending the DNA by ~55° and ~35°, respectively; the DNA overtwisting was estimated as
~70° for wt p53 and ~35° for p53DBD (Nagaich et al., 1999). In addition, our computer
modeling (Durell et al., 1998, Nagaich et al., 1999) predicted a lateral displacement of the
DNA helical axis, termed Slide, of approximately 2A in the center of RE upon p53 binding
(Figures 1A, 1B).

Over the past several years, additional structures of mouse (Malecka et al., 2009) and human
(Chen et al., 2010, Kitayner et al., 2010) p53DBD bound to DNA have been solved with X-
ray crystallography. The conformations of the RE in the p53DBD-DNA structures obtained
in these studies differ. The DNA Slide in the center of the RE varies from 1.3 A (Kitayner et
al., 2010) to 2.9 A (Chen et al., 2010) to 4.2 A (Malecka et al., 2009), which are generally in
agreement with our earlier prediction (Durell et al., 1998). On the other hand, the
conformations observed in crystals are not entirely consistent with the strong DNA bending
observed in solution. One explanation of this discrepancy is that the DNA conformation
could be affected by the interactions of the side chains that are present in the native p53 but
were missing in the p53DBD utilized in the X-ray structures. Here we address the question
of conformational changes in the DNA RE upon binding to native p53 using iodine-125
radioprobing.
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Radioprobing is an approach to study DNA conformation based on analysis of the strand
breaks produced by the decay of 12| incorporated into a defined place in DNA molecule
(Panyutin and Neumann, 1997, Karamychev et al., 1999). Frequency of the single strand
breaks in DNA produced by the Auger electrons emitted by decay of 1251, inversely
correlates with the distance from the radioisotope to the sugar ring in a given nucleotide
(Karamychev et al., 1999, Panyutin and Neumann, 1997) (Karamychev et al., 2000).
Therefore, frequencies of the 1251-induced DNA breaks provide information on the DNA
conformation. Radioprobing can be used to trace conformational changes resulting in a few
angstroms alterations in the internucleotide distances in nucleic acids in solution by
comparing relative frequencies of DNA strand breaks at individual nucleotides. The method
was originally tested by the study of DNA complex with bacterial CAMP receptor protein
with well established 3D structure (Karamychev et al., 1999). The estimation of sensitivity
of method indicates that, for example, the roll angles of 20-25° would be reliably detected
(Karamychev et al., 1999). This method was also applied to characterize the spatial
organization of the three DNA strands in the RecA filament (Malkov et al., 2000) and the
DNA and RNA strands in the transcription elongation complex (Karamychev et al., 2000)
(Karamychev et al., 2003). Here we employed radioprobing to determine structural changes
in DNA RE upon binding to wt p53.

Materials and methods

DNA substrates

Oligonucleotides were synthesized and purified as described (Panyutin and Neumann,
1997). For 125-dCTP incorporation, 15 pmol of primer (the oligonucleotide that spans from
the 5' end to position #7 or #2 of the bottom strand in Figure 1C), and 15 pmol of template
(top strand in Figure 1C) were annealed at 75°C for 1 min in buffer containing 10 mM
Tris-HCI, pH 7.5, 10 mM MgCl,, 50 mM KCI, 1 mM dithiothreitol (DTT) followed by slow
(1 hr) cooling to room temperature. Primer extension reactions were carried out in the
presence of 1 mM dATP, 1 mM dTTP and 70 xCi lyophilized 1251-dCTP 2200 Ci/mmol
(Perkin-Elmer/NEN Life Science, Beverly, MA, USA) by 0.5 U exonuclease-free Klenow
fragment of DNA polymerase | (US Biochemicals, Cleveland, OH, USA) in a total volume
of 50 wl at room temperature. After 3 min the reaction was chased with a 1 mM mixture of
all 4 dNTP for 2 more min and then stopped by addition of 4 uI of 200 mM
ethylenediaminetetraacetic acid (EDTA); the samples were extracted with
phenol:chlorophorm and the product duplexes were purified by gel electrophoresis as
described (Panyutin and Neumann, 1997). The samples were labeled with [y-32P]-ATP
using T4 polynucleotide kinase (New England Biolabs, Ipswich, MA, USA) and with 3'-
[a-32P]-dATP using terminal transferase (New England Biolabs). The samples were purified
with MicroSpin G-50 columns (GE Lifesciences, Piscataway, NJ, USA) equilibrated with
STE buffer (50 mM Tris-HCI, pH 7.5, 1 mM EDTA, 150 mM NaCl) and their final
concentration was estimated to be 0.1 pmol/uL.

p53-DNA binding

Purified human p53 protein was obtained from Protein One (Rockville, MD, USA); the
protein has a His tag and was expressed in baculovirus-infected insect cells. To form the
p53-DNA complex, DNA duplexes (1 pmol) and p53 (10 pmol) were mixed in a buffer
containing 25 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) pH 7.4, 1
mM DTT, 50 mM KCI, 0.1% Nonidet P-40, 8 pmol poly(dI-dC), in a total volume 20 p.l and
incubated at 4°C for 40 min. A 4% native polyacrylamide gel electrophoresis (PAGE) was
pre-run for 30 min at 4°C at 120V in a buffer containing 30 mM Tris Base, 30 mM boric
acid, 0.7 mM EDTA. Then samples were quickly loaded onto the gel and the electrophoresis
was continued for 2.5 h. The bands corresponding to p53-DNA complexes and DNA
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duplexes were cut out from the gel and stored at —80°C. After 14 days, the gel slices were
crushed, the DNA was extracted and the samples were analyzed on a 20% denaturing gel.
The positions of DNA breaks were determined by comparison with the fragments in the
Maxam-Gilbert sequencing ladders (Maxam and Gilbert, 1980).

Analysis of DNA breaks and distances

Results

The autoradiographs of the gels were visualized and measured with a BAS 1500 Biolmaging
Analyzer (FUJI Medical Systems, Stamford, CT, USA) as described (Karamychev et al.,
2003). To measure the intensity of the individual bands, the profile of each lane was fitted
with a series of Lorentz-type peaks corresponding to the bands. To calculate the frequency
of breaks at a given nucleotide, the intensity of the corresponding band was divided by the
sum of intensities of all bands in the lane. Data from at least three independent experiments
were normalized such that the relative frequency of breaks at the G opposite to the 12°]-dC
(denoted G*) was 1. This normalization is based on the fact that the G:C pairs retain
Watson-Crick geometry both in free DNA and in the protein-DNA complexes, including the
p53-DNA complex in crystal ((Malecka et al., 2009), (Chen et al., 2010, Kitayner et al.,
2010). Therefore, the distance between 1251 incorporated in cytosine and the complementary
guanine also remains the same in free DNA and in the complex. In this way, the relative
changes in the intensity of breaks can be directly linked to the changes in DNA
conformation, given that the frequency of breaks inversely correlates with the distance from
the radioisotope to a given nucleotide — more specifically, to the iodine-sugar (1-S) distance
(Karamychev et al., 1999, Panyutin and Neumann, 1997) (Karamychev et al., 2000).

To compare the radioprobing results with various DNA conformations, the I-Sdistances
were measured in the following way. The 1251 atom was positioned in cytosine by analogy
with the methyl group in thymine; the resulting distances from the 125] to the C1' atoms of
sugar rings were calculated.

We designed our DNA sequence based on the strong p53 binding site used earlier in the
PAGE experiments (Nagaich et al., 1999). The minor changes were introduced in DNA to
avoid formation of hairpins in the relatively short DNA fragments used in lodine-125
radioprobing. One strand of the DNA duplex (the bottom strand in Figure 1C) was
synthesized by primer extension with 1251-dC either at position #7 or #2. lodine-125-induced
breaks were analyzed in the complementary strand (the top strand shown in bold in Figure
1C). To detect breaks 5' from the 125]-dC positions, the top strand was labeled with 32P at
the 5'-end; to detect breaks 3' from the 1251-dC positions, the top strand was labeled at the 3'-
end. The notations of the resulting duplexes are based on the site of the 32P labeling and the
position of 1251-dC. For example, notation “3'-1” refers to the duplex labeled with 32P at the
3"-end and containing 12°1-dC in position #7. The range of nucleotides where DNA breaks
could be reliably measured is shown in Figure 1C by arrows.

Formation of the p53-DNA complexes was detected by a gel retardation assay (Figure 2).
The p53-DNA complexes (lanes 5-8) migrate more slowly than the free duplexes (lanes
1-4). The bands, corresponding to duplexes and p53-DNA complexes, were cut from the gel,
frozen and kept at —80°C for accumulation of 12%] decay-induced breaks.

After 14 days of storage, the samples were analyzed for DNA breaks (Figure 3). The
intensities of the bands were measured, and the frequencies of breaks at the individual
nucleotides were calculated as described in Materials and Methods. To compare the
frequencies of breaks obtained in independent experiments and different datasets, all the
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data were normalized such that the frequency of breaks at the G complementary to 1251-dC
was equal to 1 (Figure 4).

The frequency of breaks in the top stand (Figure 1C) for the samples with 122]-dC in
position #7 and #2are shown in Panels A and B, respectively, of Figure 4. A significant
increase in the frequency of DNA breaks upon p53 binding (black circles) was found in the
nucleotides between the two CATG motifs in the dataset obtained from the 3'-1 duplex
(Figure 4A). The binding of p53 induced a smaller, but reproducible increase in the
frequency of breaks in the nucleotides 5' from the CATG* motif (5'-1 dataset, Figure 4A).
The frequency of breaks in this region has a characteristic ‘zig-zag’ pattern, with fewer
breaks observed at the A in the CATG* motif than at the following T (Figure 4A).

The differences in the frequency of breaks between the DNA duplex and p53-DNA complex
for the samples with 1251-dC in position #2were less significant (Figure 4B). There was a
slight decrease in the frequency of breaks for the nucleotides in the 5'-2 dataset and an
insignificant difference in the frequency of breaks for the nucleotides in the 3'-2 dataset
(Figure 4B).

The radioprobing data clearly indicate noticeable changes in the local DNA conformation
induced by p53 binding. In general, the nucleotides became closer to 1251-dC in position #7,
most significantly in the CTT fragment downstream from the CATG* motif. Next we
compared the results of radioprobing experiments with the iodine-sugar, or I-S, distances
obtained from the published p53DBD-DNA structures. We focused our attention on the
datasets with 125]-dC in position #1 because they showed the most significant changes in the
frequency of breaks in the region between CATG repeats.

The rationale for this comparison was based on the observation that the intensity of single
strand breaks in DNA inversely correlates with the 1-S distance for a given nucleotide
(Karamychev et al., 1999, Panyutin and Neumann, 1997). Using the empirical dependence
between these two parameters (Karamychev et al., 2000), we generated two sets of I-S
distances, one for free DNA (white circles in Figure 4A), and another for the p53-DNA
complex (black circles in Figure 4A). The two curves presented in Figure 5 (broken and
solid grey lines) provide a reasonable basis for a semi-quantitative structural interpretation
of the radioprobing results. It should be noted here that DNA sequences were different in
different x-ray studies and in our radioprobing experiments (for details, see Discussion).

As follows from Figure 5, none of the crystal structures is entirely consistent with the
radioprobing data obtained in solution. For example, the I-S distances calculated for the
Kitayner et al. (Kitayner et al., 2010) structure are very close to the solid black line
downstream from G* (positions 1-4). However, this X-ray structure differs substantially
from the 125] radioprobing data at positions —1 and —2, upstream from G*. On the other
hand, the I-S distances in the structure resolved by Malecka et al. (Malecka et al., 2009) are
closer to the empirical radioprobing distances upstream from G* (positions —1 and -2) but
deviate significantly for positions 1 to 6 downstream from G*. The X-ray structure obtained
by Chen et al. (Chen et al., 2010) is also inconsistent with the radioprobing distances at
positions 1 to 3, but does reproduce the “zig-zag’ profile of the solid grey line upstream from
G*, where the I-S distances for positions 0 and -2 are higher than for positions —1 and -3
(Figure 5).

Comparing the base-pair step parameters (Olson et al., 1998) in the X-ray structures
mentioned above (Chen et al., 2010, Kitayner et al., 2010, Malecka et al., 2009), we see that
the positive Roll and Slide values in the CA:TG dimers (Figure 6) are responsible for the
characteristic ‘zig-zag’ pattern observed for the I-S distances (Figure 5), which, in turn, are
related to the intensities of the 1251 decay-induced breaks in DNA (Figure 4A). Importantly,

Int J Radiat Biol. Author manuscript; available in PMC 2013 December 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Karamychev et al.

Page 6

our data testify against formation of Hoogsteen A:T base pairs in the CATG tetramers, as
observed by Kitayner et al. (Kitayner et al., 2010) in a crystallized p53DBD-DNA complex.
Formation of such pairs would decrease the distance between the two glycosidic bonds (in A
and T) by ~2 A (compared to the Watson-Crick base pairs). Accordingly, the sugar rings in
T(-1) and A(-2) would move closer to the iodine atom in C* (Figure 6). (See also Figure 5
where the 1-S distance for positions —1 and —2 is shorter than for position 0 by 1.5-2 Ain
the Kitayner et al. structure (Kitayner et al., 2010).) Such a shortening of the I-S distances
would result in a noticeable increase in the intensities of the breaks for the A(-2) and T(-1)
nucleotides in the context CATG* (Figure 6), which is not the case, however. As shown in
Figure 4A, the observed increase in A(-2) and T(-1) break frequencies is less than that in
C(-3), and much less than the increase registered at positions +1 to +3 downstream from
G*.

Therefore, we conclude that our radioprobing data for wt p53 are not consistent with a
significant shortening of the iodine-sugar distances originating from the anti-tosyn
rearrangement of adenines and formation of the Hoogsteen A:T base pairs, as observed
crystallographically for a p53DBD-DNA complex (Kitayner et al., 2010). On the other hand,
our data on the Watson-Crick conformation of the CATG tetramer agree with the other two
X-ray structures mentioned above, especially with that by Chen et al. (2010) — see Figure 5.

Discussion

The major advantage of radioprobing is that it is applicable to very large protein-DNA
complexes. For example, this method allows direct comparison of the conformations of
DNA bound to the p53 core domain and to the wild type protein, the latter still beyond the
scope of conventional methods such as crystallography and nuclear magnetic resonance
(NMR). Our results indicate that in a tetrameric complex with wt p53, both the CATG
motifs and the central region of the 20-bp DNA fragment (YYY|RRR) undergo significant
conformational changes, somewhat similar to those observed in nucleosomal DNA
(Richmond and Davey, 2003, Tolstorukov et al., 2007).

Our structural interpretation of the radioprobing data is based on a comparison of the I-S
distances for crystal structures containing the CATG motif. The current model is close to the
CATG structures observed in the nucleosome core particles, NCP-147 (Richmond and
Davey, 2003) and NCP-146 (Luger et al., 1997), and to the p53 half-sites complexed with
the p53DBD dimer (Ho et al., 2006, Kitayner et al., 2006). In all these structures, the A:T
pairs retain their canonical Watson-Crick geometry, and the CA: TG dimers have positive
Roll (bending into the major groove). As a consequence, the p53 half-sites demonstrate an
overall bend into the major groove in the CATG motif.

Notably, the recently published crystal structures of the tetrameric p53DBD complexes with
DNA have strikingly different conformations of the CATG motif: one with the Hoogsteen
A:T pairs (Kitayner et al., 2010) and the other with the Watson-Crick pairs (Chen et al.,
2010). (Here, we exclude from the direct comparison the structure published by Malecka et
al. (2009) as it was “artificially’ stabilized by the protein-DNA cross-linking.) The two
crystallized complexes differ in the sequence of the central YYY|RRR junction (Figure 1):
one has the C|G step (Kitayner et al., 2010) and the other has the T|A step (Chen et al.,
2010). In this regard, it is remarkable that our p53 site also has the T|A dimeric step in the
center, and we observe the Watson-Crick geometry in CATG motif similar to that in the
crystal structure solved by Chen et al. (2010). Thus, it would be interesting to apply the
radioprobing method to the DNA sequence used by Kitayner et al. (2010), to see if the local
changes (T|A to C|G) in the center of the p53 response element would produce significant
distortions in the CATG motifs observed crystallographically.

Int J Radiat Biol. Author manuscript; available in PMC 2013 December 01.
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We did not speculate on structural interpretation of the minor changes in the frequency of
breaks for C, T and A observed by radioprobing at the 5' side of 1251dC in position #2
(Figure 4B, dataset 5'-2). These nucleotides are partially outside the consensus p53 binding
site and not visible in the crystal structures (Chen et al. 2010; Kitayner et al., 2010), and the
difference in the frequency of breaks is too small for a meaningful interpretation.

The increase in intensities of the breaks in the central YYY|RRR fragment is consistent with
a local B to C-like transition — that is, an increase in Twist and Slide, and a decrease in Roll
(see Fig. 1 in (Zhurkin et al., 2005)). Remarkably, all three conformational changes were
postulated in our early model (Durell et al., 1998, Nagaich et al., 1999). The p53-induced
DNA overtwisting, initially detected by electrophoretic measurements (Nagaich et al.,
1999), is consistent with the high average Twist of ~36° observed recently in crystallized
tetrameric complexes (Chen et al., 2010, Kitayner et al., 2010, Malecka et al., 2009). The
other predicted structural effects, namely the increase in Slide and decrease in Roll, require
further experimental verification. In particular, additional radioprobing measurements, with
the labeled cytosine placed close to the center of the 20-bp long p53 RE, would provide
valuable information and, as we anticipate, will be performed in the near future.

Why are these conformational details so important? First of all, the fact that the p53 subunits
bound to the bent DNA are located on the external side of the loop (Fig. 1) suggests that the
p53 N-termini are accessible for interaction with co-activators and corepressors (Nagaich et
al., 1999). Second, according to our model of the tetrameric p53-DNA complex (Durell et
al., 1998, Nagaich et al., 1999), the DNA deformations are very similar to those observed in
the nucleosome (Luger et al., 1997, Richmond and Davey, 2003). Furthermore, the new data
suggest not only that p53-induced DNA bending obeys the same rules as sequence-
dependent anisotropy of DNA bending, but also that the lateral displacement of the DNA
axis occurs in the same direction as in nucleosome (Richmond and Davey, 2003,
Tolstorukov et al., 2007). Thus, if our model is further substantiated, it would provide strong
support to the notion that p53 effectively recognizes its response elements wrapped in
nucleosome (Nagaich et al., 1999) (Sahu et al., 2010). This, in turn, is important for a better
understanding of the relationship(s) between the mechanism(s) of gene regulation and the
chromatin environment of the p53 binding sites operative in this regulation.
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Figure 1.

(A) Four p53 core domains bound to bent DNA according to our model (32, 97); the overall
bend angle is 40°. The lateral positioning of p53 DBDs on the external side of DNA loop
and the degree of DNA bending imply that in principle, the p53 tetramer can bind to
nucleosomal DNA (Nagaich et al., 1999) (Sahu et al., 2010). The dashed lines indicate that
the N-termini are located on the external side of the DNA loop, thus being accessible for
interactions with ‘downstream’ transactivating factors. Large colored arrows indicate the
orientations of the p53 subunits.

(B) Consensus p53 response element (el-Deiry et al., 1992) and the sequence used in
radioprobing. Large arrows indicate orientations of the DNA pentamers. Asterisks denote
the iodine-125 atoms in the C5 position of cytosines. The dotted red and black lines show
the iodine-sugar distances. The DNA is bent as in (A): red arrows show the major-groove
bending in the CATG tetramers (highlighted in dark gray); blue arrow is for the minor-
groove bend in the center of the site.

(C) Sequence of the DNA duplex used as a substrate for p53 binding. Vertical bars separate
consensus half-sites. CATG motifs in the p53 consensus binding sequence are underlined.
Arrows show the range of nucleotides for which the data were obtained using the labeling
schemes indicated above them; 5' and 3' denote the ends labeled with 32P, #7 and #2 denote
the positions of 125]-dC.

Int J Radiat Biol. Author manuscript; available in PMC 2013 December 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1X3]-){Jewtarems

Karamychev et al. Page 11

DNA DNA + p53

1 2 3 4 5 6 7 8

Sl T

- S . e -

Figure2.

Analysis of p53 binding to the 1251 and 32P labeled duplexes in 10% native PAGE. All DNA
duplexes were 32P-labeled at the top strand as follows: lanes 1 and 5 — 3'-2; lanes 2 and 6 —
3'-1; lanes 3 and 7 — 5'-2; lanes 4 and 8 — 5'-1. Arrows indicate the positions of the bands
corresponding to the p53-DNA complexes (upper) and free DNA duplexes (lower) that were
excised for the subsequent DNA break analysis.
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Figure 3.

Analysis of DNA breaks in 20% denaturing PAGE. Marks on the top show the end labeled
with 32P (5' or 3') and position of 1251 (#7 or #2) in DNA samples. Lanes are grouped in
pairs, the first is for the DNA-p53 complex, and the second is for the free DNA, for
example, lanes 1 and 2 show breaks in the top strand labeled at the 5'-end with 32P and 12]
at the position #7 of p53-DNA complex and free DNA, respectively.
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Figure4.

Graphs showing relative frequency of breaks at individual DNA nucleotides in the p53-
DNA complexes (filled circles) and free DNA (open circles). Data were obtained by
measuring the intensities of the bands in the gels like the one shown in Figure 3. Error bars
indicate the standard error of the mean (SEM) for N = 3 independent experiments. G*
denotes the guanine opposite to the 1251-dC. Panels A and B correspond to positions of 1251-
dC #1 and #Zrespectively (see Figure 1C). The cleavage profiles are normalized to make the
frequency of breaks at nucleotide G* equal unity (see Methods for details).
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Figureb5.

The iodine-sugar (I-S) distances calculated for several p53DBD-DNA crystallographic
complexes. Green triangles: (Malecka et al., 2009), pdb access code 3exj. Blue squares:
(Chen et al., 2010), pdb 3kmd. Red circles: (Kitayner et al., 2010), pdb 3kz8). The I-S
distances were averaged over two half-sites, each containing CATG motif. The solid and
broken grey lines represent the I-S distances for the p53-DNA complex and free DNA,
respectively. The distances were calculated using the intensities of the single strand breaks
in DNA (Figure 4A) and the empirical dependence between these two parameters
(Karamychev et al., 2000).
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Figure6.

A scheme illustrating the iodine-sugar distances in the CATG motif. Left panel: The lateral
displacement, Slide, of the pairs A:T(-1) and G:C(-3), indicated by arrows, leads to a
decrease in the I-S distances (broken red lines). (Compare with the solid grey line in Figure
5, positions =3 to 0.) This effect is further emphasized by a positive Roll (bend into the
major groove, from the viewer) in the dimeric steps C*A:TG* and TG:CA, because the 125|
atom in the C5 position of C* is located in the major groove (a small red ball). Right panel:
The fragment of regular B-DNA is shown for comparison.
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