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ABSTRACT

Replication protein A (RPA) is a heterotrimeric, multi-
functional protein that binds single-stranded DNA
(ssDNA) and is essential for eukaryotic DNA metabo-
lism. Using heteronuclear NMR methods we have
investigated the domain interactions and ssDNA
binding of a fragment from the 70 kDa subunit of human
RPA (hRPA70). This fragment contains an N-terminal
domain (NTD), which is important for hRPA70–protein
interactions, connected to a ssDNA-binding domain
(SSB1) by a flexible linker (hRPA701–326). Correlation
analysis of the amide 1H and 15N chemical shifts was
used to compare the structure of the NTD and SSB1
in hRPA701–326 with two smaller fragments that corre-
sponded to the individual domains. High correlation
coefficients verified that the NTD and SSB1 maintained
their structures in hRPA701–326, indicating weak inter-
domain coupling. Weak interdomain coupling was
also suggested by a comparison of the transverse
relaxation rates for hRPA701–326 and one of the
smaller hRPA70 fragments containing the NTD and
the flexible linker (hRPA701–168). We also examined
the structure of hRPA701–326 after addition of three
different ssDNA substrates. Each of these substrates
induced specific amide 1H and/or 15N chemical shift
changes in both the NTD and SSB1. The NTD and
SSB1 have similar topologies, leading to the possibility
that ssDNA binding induced the chemical shift changes
observed for the NTD. To test this hypothesis we moni-
tored the amide 1H and 15N chemical shift changes of
hRPA701–168 after addition of ssDNA. The same amide
1H and 15N chemical shift changes were observed for
the NTD in hRPA701–168 and hRPA701–326. The NTD
residues with the largest amide 1H and/or 15N chemical

shift changes were localized to a basic cleft that is
important for hRPA70–protein interactions. Based on
this relationship, and other available data, we
propose a model where binding between the NTD and
ssDNA interferes with hRPA70–protein interactions.

INTRODUCTION

DNA metabolism is the coordinated replication, recombination
and repair that occurs during the cell cycle, ensuring transmis-
sion of a robust and error-free copy of the genome. Replication
protein A (RPA) is a heterotrimeric protein that is essential for
multiple processes during eukaryotic DNA metabolism (1).
The three subunits of RPA are 70, 30 and 14 kDa in size and
homologs for these subunits have been identified in all eukaryotes
for which sequence data are available (1–4). One essential
RPA function during DNA metabolism is single-stranded
(ss)DNA binding. To perform this function the human
homolog of the 70 kDa subunit of RPA (hRPA70) contains two
high affinity ssDNA-binding domains between residues 181
and 422 (SSB1 and SSB2 in Fig. 1; 1,5,6). hRPA70 also
contains a DNA-binding domain that is important for damage
recognition. This domain is C-terminal of residue 422 and
requires a metal, possibly Zn2+, to function (ZBD in Fig. 1;
1,5,6). In addition, the N-terminal 108 amino acids of hRPA70
form a discrete structural domain that is responsible for many
of the specific hRPA70–protein interactions that occur during
DNA metabolism (NTD in Fig. 1; 5,7–11). The NTD stimulates
the activity of DNA polymerase α and binds to the transcriptional
activators GAL4, VP16 and p53 (5,7–10). Finally, residues
109–181 of hRPA70 form a flexible linker connecting the
NTD to SSB1 (11).

To further the current understanding of how hRPA70
functions during DNA metabolism heteronuclear magnetic
resonance (NMR) methods were used to investigate the
domain interactions and ssDNA binding of an hRPA70
fragment containing the NTD, the flexible linker and SSB1
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(hRPA701–326). The structural model of hRPA701–326 for this work
was the NMR-derived model of hRPA701–168 and the X-ray-
derived model of the hRPA70181–422–ssDNA complex (11,12).
Both the NTD and SSB1 globular domains are structurally
homologous oligonucleotide-binding folds with no sequence
homology.

The ability of ssDNA binding by SSB1 to induce structural
changes in the NTD was investigated under the hypothesis that
interdomain coupling, i.e. a direct interaction between the
surfaces of the two domains, modulates hRPA70–protein and/or
hRPA70–ssDNA interactions. This hypothesis could explain
the observation that ssDNA binding by hRPA70 interferes
with NTD–protein interactions (13). Alternative hypotheses
are that ssDNA modulates NTD interactions with an hRPA70
domain other than SSB1 or with one of the other two hRPA
subunits or that the NTD interacts directly with ssDNA.
However, previous binding studies failed to detect an inter-
action between the NTD and ssDNA, rendering the latter
hypothesis unlikely. Interestingly, our study shows that the
NTD can interact weakly with ssDNA and that NTD residues
with the largest chemical shift changes after addition of
ssDNA cluster near a basic cleft that is also important for
NTD–protein interactions.

MATERIALS AND METHODS

Protein expression and purification

The hRPA701–326, hRPA701–168 and hRPA70182–291 fragments
were expressed in Escherichia coli and purified as described
(11,14). The following changes were made to the published
protocols. Standard minimal medium was used for bacterial
growth, which included 15N-labeled ammonium chloride and
13C-labeled glucose when necessary. A buffer containing
20 mM Tris–HCl, pH 7.4, 50 mM KCl, 0.02% sodium azide
and 5 mM DTT was used for cell lysis and chromatography.
This was also the final buffer used for NMR experiments on
the three fragments. The homogeneity of the NMR spectra as
well as gel analysis was used to verify the purity and stability
of samples.

Oligonucleotide synthesis

Four ssDNA oligomers were synthesized using an Applied
Biosystems DNA synthesizer model 392. Three of these

oligomers contained all thymines with lengths of 8, 10 and
12 bases (dT8, dT10 and dT12). The fourth oligomer was a
nonanomer with sequence CCAATAACC (9mer). After
synthesis all oligomers were lyophilized overnight to remove
ammonia, then each oligomer was incubated in 600 µl of
300 mM KCl for 1 h at 55°C. The oligomers were then purified
by passage over a G25 desalting column using deionized nano-
pure water as the eluent. The samples were then lyophilized
and resuspended in 50 µl of the same buffer used for protein
purification. Final concentrations of the purified samples
ranged from 8 to 20 mM.

NMR experiments

All NMR experiments were performed on Varian spectrometers
at 600–800 mHz. Two-dimensional, gradient-enhanced 1H-15N
HSQC spectra were acquired on uniformly 15N- or 13C/15N-labeled
hRPA701–168, hRPA701–326 and hRPA70182–291 samples in 90%
H2O/10% D2O (15,16). The backbone nuclear resonances (1HN,
15N, 13Cα, 13C′) and 13Cβ nuclear resonances were tentatively
assigned for hRPA701–168 and hRPA70182–291, in the absence of
ssDNA, using data from a combination of the 3D HNCACB
(17,18), 3D CBCA(CO)NH (17–19) and/or 3D HNCO (17–20)
experiments. The backbone nuclear resonances (1HN, 15N) of
hRPA701–326 were assigned, in the absence of ssDNA, by
comparison with the assigned 1H-15N HSQC spectra of
hRPA701–168 and hRPA70182–291. This approach assumed a
minimal perturbation in the 1H-15N HSQC spectra of hRPA701–326
compared with spectra of the individual globular domains.
Resonance assignments for hRPA701–326 were primarily
confined to M1–A128 of the NTD and S182–D291 of SSB1.
Spectral overlap and intermediate exchange prevented
unambiguous resonance assignments for most of the linker
residues, with the exception of V106–Y118, G121, G123 and
A128. In addition, 15 resonances were assigned between D292
and Y326. These 15 resonances correspond to residues in a
region that connects SSB1 to SSB2 and are unfolded based on
the lack of 1H and Cα chemical shift dispersion.

The backbone nuclear resonances (1HN, 15N, 13Cα) and 13Cβ

nuclear resonances of hRPA701–326 bound to dT8 were initially
tentatively assigned by assuming a minimal change in
chemical shifts upon addition of ssDNA and partly confirmed
using 3D HNCACB. The backbone nuclear resonances (1HN,
15N, 13Cα) and 13Cβ nuclear resonances of hRPA701–326 bound
to the 9mer were also assigned by assuming a minimal change
in spectrum and using 3D CBCA(CO)NH to determine
whether the possible amino acid types that are N-terminal are
consistent with the amino acid type of the resonance that shifts.
The assumption of minimal change in spectrum has been used
several times to assign perturbed spectra and the strategy
generates the most conservative conclusions about the nature
of the perturbation (21–25). Using the minimal change criterion,
3D HNCACB and CBCA(CO)NH, it was possible to make 1H
and 15N resonance assignments for 169 of the 217 possible
resonances from the NTD and SSB1. The backbone nuclear
resonances (1HN, 15N) of hRPA701–326 bound to dT10 and dT12
were assigned by comparison with the 1H-15N HSQC spectrum
of hRPA701–326 bound to dT8. This assignment approach
assumes a consistent direction, but not magnitude, in the 1H
and 15N chemical shifts when the length of the thymine
oligomers was increased. Transverse relaxation experiments
were a variation of those developed by Kay et al. (26). A series

Figure 1. Schematic diagram of the 70 kDa subunit of human RPA showing the
relative positions of the functional domains in the linear sequence. Also shown
are the positions of the three fragments used in this study, hRPA701–168,
hRPA701–326 and hRPA70181–291, and the regions of hRPA70 required for p53
binding.
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of 1H-15N HSQC spectra were collected for hRPA701–168 and
hRPA701–326 with relaxation delays varying from 5 to 50 ms in
5 ms increments. Relaxation rates were determined by fitting
the decaying intensities from these experiments to a single
decaying exponential function. All NMR data were processed
using the FELIX97 program distributed by MSI (San Diego,
CA).

ssDNA titration experiments

In this study titration experiments with hRPA701–326 were
performed with the four ssDNA oligomers mentioned above.
The dT10 oligomer was also used for a titration experiment
with hRPA701–168. The concentrations of the hRPA701–326 and
hRPA701–168 samples were between 0.5 and 1.0 mM. Four
equal amounts of ssDNA were added to each protein sample
until the concentration of ssDNA was 2 mM. 1H-15N HSQC
spectra were acquired and analyzed after each addition of
ssDNA. The pH of the NMR sample before and after one of the
titrations was directly measured and did not change.

RESULTS AND DISCUSSION

Conservation of the NTD and SSB1 structures in hRPA701–326

To test if the NTD and/or SSB1 structures adopted a new
conformation in the hRPA701–326 fragment, the amide 1H and
15N chemical shifts from the 1H-15N HSQC spectra of
hRPA701–168, hRPA70182–291 and hRPA701–326 were correlated.
Figure 1 shows the positions of these fragments in the linear
sequence of hRPA70. The correlation coefficients and slopes
for the NTD and SSB1 resonances in the context of the three
fragments are listed in Table 1. The values are close or equal to
one, implying that there are minimal changes in the structures
of the two domains when they are connected by the flexible
linker. The largest amide 1H and/or 15N chemical shift changes
occurred for NTD residues M57 (1Hδ∆ = 0.05 p.p.m.) and L87
(15Nδ∆ = 0.42 p.p.m.) and for SSB1 residues W197 (1Hδ∆ =
0.06 p.p.m.) and F269 (15Nδ∆ = 0.65 p.p.m.). From this analysis
we conclude that any coupling that exists between the NTD
and SSB1 in hRPA701–326 is weak. Of course, we cannot rule
out the possibility of coupling between the NTD and SSB2, the
ZBD or the other two subunits of hRPA.

The two globular domains of hRPA701–326 rotate independently

Transverse relaxation experiments were performed on
hRPA701–168 and hRPA701–326, with the expectation that the
lack of a strong direct interaction between the two domains
would give rise to similar transverse relaxation rates for
hRPA701–326 compared with hRPA701–168 (27). 15N transverse

relaxation rates (R2) were calculated by fitting the residue-
specific intensities from a series of relaxation experiments to a
single decaying exponential function. Figure 2 shows a plot of
R2 for the NTD in hRPA701–168 and hRPA701–326 versus residue
number. Unambiguous rate determinations were possible for
94 of the N-terminal 114 residues of hRPA701–168 and for 78 of
the N-terminal 117 residues of hRPA701–326.

The mean value for the 94 rates from hRPA701–168 was
14.5 ± 3.5 s–1 and for the 78 rates from hRPA701–326 was 19.7 ±
4.5 s–1. This increase seems unusually small considering that
the molecular weight of hRPA701–326 is almost double the
molecular weight of hRPA701–168. The small increase in the
mean R2 suggests that the linker is still flexible in hRPA701–326
and rotational diffusion of the two domains is relatively
independent. A much larger increase in R2 was expected if the
NTD and SSB1 were tightly bound. The observed increase is
further evidence of weak coupling between the two domains.

The global change in transverse relaxation rates for the NTD,
with and without SSB1, is quite small. However, a number of
residue-specific changes were greater than the average. For
instance, residues R43, S54, N63, C77 and I112 show
increases in their transverse relaxation rates that are >10 s–1.

Table 1. Statistics for chemical shift correlation plots

Correlation Horizontal axis Vertical axis Slope (M) Correlation coefficient (r)

A hRPA701–326 (1H p.p.m.) hRPA70182–291 (1H p.p.m.) 0.99 1.00

B hRPA701–326 (15N p.p.m.) hRPA70182–291 (15N p.p.m.) 1.00 1.00

C hRPA701–326 (1H p.p.m.) hRPA701–168 (1H p.p.m.) 1.00 1.00

D hRPA701–326 (15N p.p.m.) hRPA701–168 (15N p.p.m.) 1.00 1.00

E hRPA701–168 + dt10 (δ1H p.p.m.) hRPA701–326 + dt8 (δ1H p.p.m.) 0.78 0.87

Figure 2. Plot showing the residue-specific transverse relaxation rates for 94 of
the N-terminal 114 hRPA701–168 residues (circles) and for 78 of the N-terminal
117 hRPA701–326 residues (diamonds).
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Localized changes in the transverse relaxation rates indicate
that these residues explore a larger range of conformations
and/or the exchange rate between conformations is decreased
(28,29). It is unclear how the addition of SSB1 to the flexible
linker results in such a large increase in R2 for specific residues
in the NTD.

NMR analysis of hRPA701–326 binding to ssDNA

The amide 1H and 15N chemical shifts of hRPA701–326 were
monitored before and after addition of the ssDNA oligomers
described in Materials and Methods. Figure 3 shows an overlay
of the resonances from a selected region of the 1H-15N HSQC
spectra of hRPA701–326 before and after addition of dT12 to
2 mM, shown respectively in blue and red. Figure 3 shows that
chemical shift changes were observed for specific residues in
both the NTD and SSB1. For instance, chemical shift changes
were observed for the resonances of A59 and R43 from the
NTD as well as K273 and A265 from SSB1. A difference in
the size of the chemical shift changes for the NTD resonances,
compared with SSB1 resonances, is consistently observed
throughout the spectra.

The amide 1H and 15N chemical shift changes that occurred
upon binding of hRPA701–326 to dT8, the 9mer and dT12 were
measured and are plotted in Figure 4. Figure 4A and C show
the amide 1H and 15N chemical shift changes for the assigned
resonances from the NTD of hRPA701–326, respectively. Figure
4B and D show the amide 1H and 15N chemical shift changes for
the assigned resonances from SSB1 of hRPA701–326, respectively.
In all four panels the chemical shift differences, in p.p.m., are
plotted on the vertical axis and the residue numbers are plotted
on the horizontal axis. The chemical shift differences were
taken as the chemical shift of a given resonance in the presence

of 2 mM ssDNA minus the chemical shift of a given resonance
in the absence of ssDNA. In all of the panels in Figure 4 red
circles correspond to the chemical shift changes that occurred
upon binding to dT8, blue squares correspond to the chemical
shift changes that occurred upon binding to the 9mer and green
crosses correspond to the chemical shift changes that occurred
upon binding to dT12.

The largest amide 1H and 15N chemical shift changes
observed for SSB1 were for residues F269–T279. Other SSB1
residues with large 15N chemical shift changes include I209–T211,
R216–E218, K220 and F222. In the crystal structure of
hRPA70181–422 bound to dC8, residues F269–T279 are located
in β-strands 4 and 5, which are part of the ssDNA-binding
pocket (12). However, the only residues from F269–T279
directly contacting the DNA are F269 and E277. The large
amide chemical shift changes observed for all the residues
from F269 to T279 are consistent with a change in the structure of
β-strands 4 and 5 (Fig. 5).

The largest amide 1H chemical shift changes observed for
the NTD were for residues T35, Y42, A59–L62 and D89 and
the largest amide 15N chemical shift changes were for residues
T34, R41, T86, R91, V93 and Y118. In the solution structure
of hRPA701–168 residues A59–L62 are located in a turn
between β-strand 3 and α-helix 2, which is at the base of the
positively charged cleft (11). T34, T35, R41 and T86 are
located in β-strands 1, 2 and 4, respectively, which form the
ridges of the basic cleft. It appears that all NTD residues with
significant amide 1H and 15N chemical shift changes are
localized in the basic cleft (Fig. 5).

It is interesting that different lengths of ssDNA do not affect
the magnitude of the change in proton chemical shift for the
SSB1 resonances, while longer ssDNAs caused larger shifts in
NTD resonances (Fig. 4). This observation indicates that NTD
binding to ssDNA is unsaturated and in fast exchange, while at
the same ssDNA concentration SSB1 binding is saturated and
in slow exchange. Such exchange regimes for the two domains
are consistent with the published affinities of the fragments for
ssDNA (30): RPA701–326 has a sub-micromolar dissociation
constant while RPA701–168 binding is so weak it could not be
detected. These results, together with the assumption of a
diffusion-controlled on rate, imply that under the present
conditions ssDNA binding by the NTD would be unsaturated
and in fast exchange while binding by SSB1 would be
saturated and in slow exchange. How is it that one domain of a
molecule can have such different spectral sensitivity to ssDNA
than another domain of the same molecule? A possible
explanation is that because the SSB1 domain only binds three
nucleotides, the NTD domain, like SSB2 in the co-crystal (12),
could bind the same oligomer as the SSB1 domain. While
SSB1 tightly binds a particular ssDNA molecule, the NTD is
binding and releasing the same ssDNA molecule with a rate
that is fast on the NMR chemical shift timescale. Longer
ssDNA oligomers contain more NTD binding sites so the
effective concentration of ssDNA is higher, causing increasing
chemical shift changes for NTD but not SSB1.

NMR and correlation analysis of hRPA701–168 binding to
ssDNA

The amide 1H and 15N chemical shift changes observed for the
NTD resonances in hRPA701–326 resulted from either a direct
interaction with ssDNA or an interaction with SSB1 that was

Figure 3. Overlay of a selected region from the 1H-15N HSQC spectra of
hRPA701–326 (blue resonances) and hRPA701–326 bound to dT12 (red resonances).
Representative resonances for residues in the two domains of hRPA701–326 are
labeled. 1H chemical shifts on the p.p.m. scale are on the horizontal axis and 15N
chemical shifts on the p.p.m. scale are on the vertical axis.
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affected by ssDNA binding. To distinguish between these two
possibilities the amide 1H and 15N resonances of hRPA701–168
were monitored before and after addition dT10 to 2 mM. The
amide 1H and 15N chemical shift changes were similar to those
observed for the NTD resonances from hRPA701–326 shown in
Figure 4A and C. The amide 1H chemical shift differences for
the NTD before and after addition of dT10 in the context of
hRPA701–168 and before and after addition of dT8 in the context
of hRPA701–326 are shown in Figure 6. The amide 1H chemical
shift differences for the NTD in the context of hRPA701–168
were measured as described for Figure 4. In Figure 6 the
chemical shift differences, in p.p.m., are plotted on the vertical
axis and the residue numbers are plotted on the horizontal axis.
In Figure 6 red circles correspond to the chemical shift changes
for the NTD in the context of hRPA701–326 and black crosses
correspond to the chemical shift changes for the NTD in the
context of hRPA701–168. These chemical shift differences were
correlated and the statistics for the correlation are listed in
Table 1, correlation E. The correlation strongly suggests a
similar, direct interaction between the NTD and ssDNA for
both RPA fragments (31). This result is consistent with the

Figure 4. (A) Plot showing the amide 1H chemical shift changes in p.p.m. for the assigned resonances from the NTD of hRPA701–326 when bound to dT8 (red
circles), the 9mer (blue squares) and dT12 (green crosses) on the vertical axis versus residue number on the horizontal axis. (B) Plot showing the amide 1H chemical
shift changes in p.p.m. for the assigned resonances from SSB1 of hRPA701–326 when bound to dT8 (red circles), the 9mer (blue squares) and dT12 (green crosses)
on the vertical axis versus residue number on the horizontal axis. (C) Plot showing the amide 15N chemical shift changes in p.p.m. for the assigned resonances from
the NTD of hRPA701–326 when bound to dT8 (red circles), the 9mer (blue squares) and dT12 (green crosses) on the vertical axis versus residue number on the
horizontal axis. (D) Plot showing the amide 15N chemical shift changes in p.p.m. for the assigned resonances from SSB1 of hRPA701–326 when bound to dT8 (red
circles), the 9mer (blue squares) and dT12 (green crosses) on the vertical axis versus residue number on the horizontal axis.

Figure 5. Ribbon diagrams showing the backbone topology for residues 183–291
of SSB1 (left) and residues 1–114 of the NTD (right). The backbone positions
for residues from both domains with the largest amide 1H and/or 15N chemical
shift changes are colored red. For SSB1 this includes residues I209–T211,
R216–E218, K220, F222 and F269–T279. For the NTD this includes residues
T34, T35, R41, Y42, A59–L62, T86, D89, R91, V93 and Y118. The ribbon
diagram for SSB1 was adapted from the coordinates in PDB accession file 1jmc
(25). The ribbon diagram for the NTD was adapted from the solution structure
of hRPA701–168 (11).
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earlier observations that showed weak coupling between the
NTD and SSB1 and independent rotation of the two domains.
The presence of a direct interaction between the NTD and
ssDNA also suggests that the weak coupling observed between
the NTD and SSB1 is not greatly affected by ssDNA binding.

The NTD and SSB1 have similar topologies

During the course of this study structural similarities between
the NTD and SSB1 were observed; these similarities are in the
absence of any significant sequence similarity between the two
domains (32; Fig. 5). The global folds of the NTD and SSB1
are classified as 5-stranded, anti-parallel β-barrels (11,12). The
distance alignment algorithm DALI was used to measure the
topological similarities between the NTD and SSB1 (33). A
comparison of the NTD with itself gave a DALI score of 24,
while a comparison of the NTD with an SSB1 structure bound
to ssDNA gave a DALI score of 4.1, with a root mean square
difference (r.m.s.d.) in the average α carbon positions of 3.9 Å.
According to Holm and Sander a DALI score >4 indicates
significant structural similarity (33).

As expected, analysis of the amide 1H and 15N chemical shift
changes for hRPA701–326 indicated a change in the structure of
SSB1 when it is bound to ssDNA. It is likely that the DALI
score would increase and the r.m.s.d. would decrease if the
NTD structure was compared with an SSB1 structure that was
not bound to ssDNA. This idea is supported by the DALI
alignment between the NTD and the human mitochondrial
ssDNA-binding protein, whose structure is also classified as a
5-stranded, anti-parallel β-barrel and was solved in the absence
of ssDNA (34). This alignment gave a DALI score of 4.3, with
a r.m.s.d. of 2.9 Å.

CONCLUSIONS

In this report NMR was used to examine the domain inter-
actions of hRPA701–326. The correlation analysis of the NTD
and SSB1 demonstrated that the two domains interact weakly.
Furthermore, a transverse relaxation study of hRPA701–168 and
hRPA701–326 indicated that molecular tumbling of the two

domains was uncorrelated. NMR was also used to examine the
structural basis for ssDNA binding by hRPA701–326. This
examination revealed that ssDNA binding altered the struc-
tures of both the NTD and SSB1. The specific chemical shift
changes observed for the NTD suggested either the presence of
a ssDNA-binding site or a direct interaction with SSB1.
Unexpectedly, correlation analysis of NTD binding to dT10
verified a direct interaction between the NTD and ssDNA. Due
to the structural similarity between the NTD and SSB1 we
imagine that the NTD will interact with ssDNA in a comparable
manner to SSB1. However, this conclusion is complicated by
the lack of sequence similarity between the NTD and SSB1
and the fact that structurally dissimilar regions of the NTD and
SSB1 had the largest chemical shift changes upon binding to
ssDNA.

According to band shift assays, the affinity of the interaction
between the NTD and ssDNA is weak and significantly less
than the affinity between hRPA70 and p53, a protein known to
interact primarily with the NTD (30,35,36). However, a recent
analysis of the chemical shift changes that occurred when p53
was bound to the NTD suggested that p53 and ssDNA occupy
overlapping sites on the NTD (Yi and Arrowsmith, unpub-
lished results). Furthermore, it is known that ssDNA disrupts
the hRPA70–p53 interaction (13). One interpretation of these
results is that p53 and ssDNA are in direct competition for a
binding site on the NTD. Furthermore, the flexible linker
would enhance this competition by positioning the NTD in
close proximity to ssDNA when SSB1 and SSB2 are tightly
bound.

SUPPLEMENTARY MATERIAL

Supplementary Material is available at NAR Online.
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