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The pharmacological suppression of the DNA damage response and DNA repair can increase the thera-
peutic indices of conventional chemotherapeutics. Replication Protein A (RPA), the major single-stranded
DNA binding protein in eukaryotes, is required for DNA replication, DNA repair, DNA recombination, and
DNA damage response signaling. Through the use of high-throughput screening of 1500 compounds, we
have identified a small molecule inhibitor, 15-carboxy-13-isopropylatis-13-ene-17,18-dioic acid
(NSC15520), that inhibited both the binding of Rad9–GST and p53–GST fusion proteins to the RPA N-ter-
minal DNA binding domain (DBD), interactions that are essential for robust DNA damage signaling.
NSC15520 competitively inhibited the binding of p53-GST peptide with an IC50 of 10 lM. NSC15520 also
inhibited helix destabilization of a duplex DNA (dsDNA) oligonucleotide, an activity dependent on the N-
terminal domain of RPA70. NSC15520 did not inhibit RPA from binding single-stranded oligonucleotides,
suggesting that the action of this inhibitor is specific for the N-terminal DBD of RPA, and does not bind to
DBDs essential for single-strand DNA binding. Computer modeling implicates direct competition
between NSC15520 and Rad9 for the same binding surface on RPA. Inhibitors of protein–protein interac-
tions within the N-terminus of RPA are predicted to act synergistically with DNA damaging agents and
inhibitors of DNA repair. Novel compounds such as NSC15520 have the potential to serve as chemosen-
sitizing agents.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Pharmacological manipulation of the DNA damage response
(DDR) and DNA repair pathways are attractive additions to conven-
tional radiation and genotoxic anticancer therapies. The possibility
of increasing the efficacy and decreasing the toxic side effects of
radiation and chemotherapeutics has stimulated interest in identi-
fying chemical compounds that sensitize cells by targeting DDR
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DNA damage response; BER,
repair; SMI, small molecule

ssDNA, single-stranded DNA;
titute; HTS, high-throughput
tathione s-transferase; ELISA,
horetic mobility shift assay;

50, half maximal inhibitory
anoside; FPLC, fast protein
polyT, polythymidine; SDS–

ard error of the mean; DMSO,

Oral Biology, University of
oln, NE 68583, United States.

er), sliu@unmc.edu (S. Liu),
and DNA repair pathways. For example, exploiting the homologous
recombination repair (HRR) pathway with conventional platinum
based therapies has been shown to be successful in BRCA1- and
BRCA2-deficient ovarian cancers.1–3 In addition, DNA repair inhib-
itors such as poly (ADP-ribose) polymerase 1 (PARP1) inhibitors
are relatively non-toxic to most cancer cells. However, these drugs
display synthetic lethality in tumor cells deficient for BRCA1 or
BRCA2 without exogenous DNA damage.4

In support of identifying small molecule inhibitors (SMIs) of
DDR pathways, increased radio- and chemo-resistance due to en-
hanced DDR signaling in leukemia and glioma cancers has been re-
ported.5,6 Additionally, the frequent mutation of p53 in many
different human cancers sensitizes cancer cells to the cytotoxic ef-
fects of genotoxic chemotherapeutics.7,8 This creates the opportu-
nity to further enhance therapeutic indices by combining
chemotherapeutics with compounds that inhibit ATM-Chk2 and
ATR-Chk1 checkpoint signaling pathways.9–11 One protein essen-
tial to both HRR and DDR signaling is Replication Protein A
(RPA). RPA, a heterotrimeric protein that consists of 70 kDa,
32 kDa and 14 kDa subunits, has a high binding affinity for
single-strand DNA (ssDNA) and interacts with multiple proteins in-
volved in DNA metabolic processes.12,13 The primary structural
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feature of RPA is the presence of multiple oligonucleotide/oligosac-
charide binding (OB) folds, common DNA binding domains of
ssDNA binding proteins.14 These DNA binding domains (DBD) are
found on all three subunits.15–19 The DBDs responsible for high
affinity ssDNA binding, DBD-A and DBD-B, are centrally located
on RPA70.20 DBD-F, connected by an extended flexible linker lo-
cated at the N-terminus of RPA70, interacts with multiple DDR
and DNA repair proteins that include Rad9, ATRIP, Mre11, and
p53 (Fig. 1A).21–23 Each of these proteins contains a conserved
acidic alpha helical domain, which is, responsible for binding to
the basic cleft of DBD-F, (Fig. 1B). The importance of this domain
has been demonstrated previously in yeast. A single rfa1-t11 muta-
tion in Saccharomyces cerevisiae, K45E, within the N-terminal basic
cleft binding domain of RPA70, equivalent to a mutation at Arg41in
human RPA70, leads to chromosomal instability, sensitivity to UV
radiation and a loss of recruitment of checkpoint proteins.24–28

Mutations in the Rad9 and Mre11 acidic helical domains cause de-
fects in ATR-Chk1 signaling and the S and G2 checkpoints.22,29 The
cells expressing the Rad9 mutant decreased ATR phosphorylation
and activation of Chk1 which increased sensitivity to hydroxyurea,
an agent that depletes the nucleotide pool.22 The nucleoside analog
5-fluorouracil (5-FU), a drug used in the treatment of colon, breast,
skin, stomach and esophageal cancers, is mechanistically compara-
ble to hydroxyurea30 and would potentially synergize with a drug
that inhibits Rad9–RPA interactions. Gemcitabine, another nucleo-
side analog, inhibits DNA polymerase activity as a strand termina-
tor and depletes the nucleotide pool. This drug is commonly used
to treat non-small cell lung, pancreatic, bladder and breast can-
cer.31 In studies where gemcitabine was combined with Chk1
inhibitors, analysis revealed the combination of drugs caused col-
lapse of stalled replication forks with premature entry into mitosis
and apoptosis.32 A SMI targeting RPA that inhibits Chk1 activity has
the potential to synergize with nucleoside analogs with similar
mechanisms of toxicity. Thus, the DBD-F of RPA represents a novel
target whose pharmacological inhibition can potentiate tumor cell
killing by a wide variety of genotoxic agents.

To identify SMIs that target RPA protein interactions, we have
developed an efficient and reliable high-throughput screen (HTS).
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Figure 1. (A) Diagram of RPA heterotrimer and modeled 3D structure of an acidic
alpha helix binding to the basic cleft of the N-terminal domain of RPA70. (B)
Residues within Rad9, p53, ATRIP and Mre11 that have been identified to interact
with the N-terminus of RPA70.
Initial in silico screening of compounds from the NCI Developmen-
tal Therapeutics Program repository provided insight into struc-
tural requirements and suggested potential binding sites within
the basic cleft of DBD-F.

2. Results

2.1. Rad9 does not bind N-terminal truncated RPA70

In designing a HTS for DBD-F, Rad9, a component of the PCNA-
like 9-1-1 checkpoint sensor clamp previously shown to bind to
DBD-F,22 was used to optimize the system. We initially tested
RPA–Rad9 interactions using purified proteins in a pull down assay
(Fig. 2A). Full-length RPA bound to biotin-labeled ssDNA binds to
GST-Rad9 efficiently when pulled down with streptavidin beads
(Fig. 2B, lane 3). In contrast, neither DNA bound to Escherichia coli
SSB nor the RPADDBD-F mutant protein (deletion of 1–168 of
RPA70) interacts with Rad9 (Fig. 2B, lanes 4 and 5). The GST-
Rad9 fusion protein satisfied the requirements of the HTS and
was further used in testing the 1500 compounds for an RPA inter-
action inhibitor.

2.2. Design of a high-throughput screening assay

A plate binding assay, similar to an ELISA, was developed for
determining inhibition of RPA–Rad9 interactions. Using streptavi-
din coated 384-well plates, reagents are added in a stepwise man-
ner, resulting in a positive near-infrared fluorescent signal when all
reagents are added to the plate well in the absence of inhibition
(Fig. 3A, wells 1 and 7). Lack of any of the components results in
a loss of signal (Fig. 3A, wells 2–6). Using this approach, the plate
binding assay accentuates the generation of false positives while
reducing the possibility of false negatives. A set of positive and
negative controls were incorporated into each plate (Fig. 3B, col-
umn 4).

2.3. High-throughput and secondary screening results

Compounds screened in the HTS assay were obtained from the
NCI Diversity Set, Diversity Set II (http://dtp.nci.nih.gov/branches/
dscb/div2_explanation.html). This set contains a diverse collection
of compounds with pharmacologically desirable features specifi-
cally developed for initial HTS projects. Compounds were initially
screened for 50% inhibition of RPA–Rad9 interaction at a concen-
tration of 200 lM. Of the 1500 compounds tested, 44 hits were ini-
tially obtained (Supplementary Fig. S1).

One mechanism that decreases detection of RPA–Rad9 interac-
tions in the HTS assay is the inhibition of RPA ssDNA binding activ-
ity. A large decrease in RPA ssDNA binding activity can occur when
compounds bind to DBD-A and DBD-B, compete for binding to
ssDNA or act as a chelating agent on RPA’s zinc finger motif. The
zinc binding motif of RPA located in the C-terminal of RPA70 is
important in structural stability and ssDNA binding.33 To identify
compounds that affect RPA ssDNA binding activity, electrophoretic
mobility shift assays (EMSAs) were employed (Fig. 4). Upon an ex-
cess of a fluorescent ssDNA probe, RPA binds a fraction of ssDNA,
visualized as a ‘shifted’ band of slower mobility. Inhibitors that re-
duced the ratio of shifted ssDNA to free ssDNA by more than 20%
were considered undesirable and were dropped from further test-
ing, which resulted in the elimination of 14 inhibitors (Fig. 4, and
Supplementary Fig. S1, shown as red).

The remaining 30 inhibitors were retested in two separate HTS
assays in triplicate. Of these compounds, four were confirmed as
strong inhibitors of RPA–Rad9 interaction (Fig. 5). Compound D,
also called NSC15520 (Supplementary Fig. S1), is obtained from
wood resins and has been synthesized in both academic and
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Figure 2. Purification and interaction of recombinant RPA and GST–Rad9. (A) Proteins were separated by SDS–PAGE and stained with Coomassie blue. (B) Pulldown of Rad9
with ssDNA bound RPA using streptavidin-linked magnetic beads. Lane 1 does not include RPA and ssDNA and Lane 2 does not include RPA. Lanes 3–5 used RPA, mutant RPA
(D1–168 RPA70), and E. coli SSB protein bound to biotin-labeled ssDNA, respectively.
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Figure 3. HTS for an RPA inhibitor. (A) Controls used in the 384-well HTS. (B) An
example of a 384-well plate used in the assay. Wells in column 4 were used for
controls.
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industrial laboratories34 The familiarity and potential abundance
of NSC15520 made this compound an ideal candidate for further
testing.

2.4. NSC15520 inhibits the interaction of RPA with GST-p53
peptide

While initial results demonstrated that NSC15520 inhibited
RPA–Rad9 interactions without affecting RPA ssDNA binding activ-
ity, the analyses did not determine whether NSC15520 was directly
binding to Rad9 or RPA. To ensure that the action of NSC15520 was
specific for RPA, GST-Rad9 was substituted with a GST-peptide fu-
sion protein containing an 18 amino acid sequence derived from
the p53 acidic helical domain, MDDLMLSPDDIEQWFTED, which
binds DBD-F.23 Using titrations of the GST-p53, the IC50 of
NSC15520 was determined to be 10 lM (Fig. 6).

2.5. NSC15520 inhibits RPA dsDNA binding and helix
destabilization activity

In addition to binding ssDNA, RPA can also bind duplex DNA
(dsDNA) with lower affinity via a highly efficient helix destabiliza-
tion process.35,36 This unwinding ability is greatly reduced in the
absence of the DBD-F of RPA.37 However, deletion of the DBD-F
does not significantly alter ssDNA binding affinity.36 The basic cleft
of DBD-F has been shown to contribute to the nucleation of dsDNA,
the initial and rate limiting step in DNA unwinding by RPA.37 In the
nucleation process, RPA binds to transient ssDNA regions in the
dsDNA contributing to the helix destabilization of dsDNA.
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Due to the ability of NSC15520 to block protein-protein interac-
tions known to occur at DBD-F, the compound was also tested for
its effect on DBD-F activity in dsDNA binding and helix destabiliza-
tion. NSC15520 inhibits RPA binding of a dsDNA 30-mer at concen-
trations below 100 lM (Fig. 7A). The concentrations of NSC15520
used did not inhibit the binding activity of RPA to ssDNA
(Fig. 7B). These results further implicate NSC15520 as a specific
inhibitor of DBD-F, as both protein interactions with DBD-F and
DBD-F dsDNA binding and helix destabilization activities are de-
creased while ssDNA binding activities remain unchanged.

2.6. Virtual docking implicates NSC15520 as a direct competitor
of Rad9 for binding to the DBD-F

To gain further insight into the structural determinants of DBD-
F binding by NSC15520, both the 3D structure of the inhibitor and a
virtually constructed peptide containing the acidic helical domain
of Rad9 were docked to the crystal structure of DBD-F (PDB: 2B29)
in silico (Fig. 8A). Using the Autodock Vina software suite,38 a large
section of the N-terminal domain of RPA containing the entire ba-
sic cleft as well as the adjacent cleft walls were included in the grid
for docking of both inhibitor and peptide. Consistent with the HTS
analyses that demonstrate NSC15520 inhibiting RPA–Rad9 interac-
tions, the calculated lowest free energy binding state of the peptide
overlapped with the two most favorable binding conformations of
the inhibitor (Fig. 8A). In this virtual model, a carboxyl group,



Figure 8. Predicted binding models of the N-terminus of RPA70 with NSC15520 and Rad9. (A) RPA is shown in surface representation where carbon, oxygen, nitrogen, and
sulfur atoms are colored in gray, red, blue, and yellow, respectively. The carbon atoms in NSC15520 are shown in blue and green and oxygen atoms are red. The Rad9 peptide
is shown as a dark blue helix. The two lowest docking energy sites of NSC15520 within the entire crystal structure of the RPA N-terminal domain, PDB: 2B29 are shown. (B)
Predicted hydrogen bonding between RPA70 and NSC15520 are depicted as dotted lines in yellow. Hydrogen bond lengths are given in angstroms.
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within the aspartic acid doublet of the Rad9 peptide competes with
a carboxyl group of the inhibitor for electrostatic interaction with
Arg41 located deep within the cleft (Fig. 8B). The competition of
the Rad9 peptide and NSC15520 for Arg41 is consistent with a pre-
vious report that demonstrated Arg41 as essential for Rad9 binding
to RPA70.22
3. Discussion

RPA interactions with other proteins involved in DNA replica-
tion, DNA repair and checkpoint signaling create several unique
potential mechanisms of synergistic cell killing with radiation
and chemotherapeutics. RPA consists of six OB-folds that have sim-
ilarities and differences in structure.15–19 DBD-A and DBD-B have a
short 10-residue linker between the two domains which allows
these two domains to work in tandem and promotes ssDNA bind-
ing. The extended 70-residue linker between DBD-F and DBD-A en-
ables a large amount of flexibility for DBD-F. In fact, a recent study
provides evidence that DBD-F does not bind ssDNA and suggests
this OB-fold functions as a protein recruitment module orchestrat-
ing protein exchanges analogous to FEN1-PCNA and BRCA2-
Rad51.39–41 The flexibility and dynamic nature of DBD-F creates
distinctive differences between this domain and other OB-folds
of RPA. These differences may partially explain the specificity of
NSC15520 for DBD-F.

Targeting distinct OB-folds within RPA has the potential to
exploit distinct pathways in which RPA participates. The DBD-F
OB-fold is not required for DNA replication yet is important in
checkpoint activation and DNA repair.22,42,43 An inhibitor that
limits RPA function in checkpoint responses and DNA repair will
amplify levels of DNA damage and potentiate cell killing by a wide
variety of genotoxic agents. Studies supporting this principle
include a Rad9 mutant incapable of binding to RPA showed
decreased ATR phosphorylation and activation of Chk1 which
increased sensitivity to hydroxyurea.22 Other studies have shown
cell cycle regulation defects in cells expressing RPA DBD-F mutants
following camptothecin and etoposide exposure that were attrib-
uted to deficiencies in DNA repair.42,43

NSC15520 also prevents interaction between p53 and RPA. The
p53-RPA interaction has been extensively studied, however, the
functional consequences remain to be established. One model is
that p53-RPA binding serves to organize a pool of p53 protein
which allows for quick release of p53 from RPA to participate
either in DNA repair or the transactivation of p53 responsive
genes.44 Blocking this interaction with a specific DBD-F inhibitor
could disrupt temporal and spatial localization of p53 at critical
times in the DDR, causing increased genomic stress and death.
Alternatively, sequestering of RPA by p53 has been suggested to
regulate HRR;45 however, the precise mechanisms of how p53-
RPA interactions affect HRR remain to be elucidated.

Another RPA interacting protein involved in HRR includes
BRCA2. RPA binds to the N-terminal acidic alpha helical domain
of BRCA2.46 BRCA2 bound to DSS1, a small (70 amino acid) acidic
alpha helical protein, stimulates Rad51 binding to RPA covered
ssDNA, suggesting a role for BRCA2 and DSS1 interaction with
RPA in HRR.47 We are currently investigating the protein interac-
tions of RPA with the N-terminal acidic alpha helical domain of
BRCA2 and DSS1.47 Inhibition of RPA interactions with these HRR
proteins could potentially sensitize cancer cells to PARP1 inhibitors
by blocking BRCA2 function.

Because genetic instability due to oncogene-driven processes is
one of the leading causes of tumorigenesis in sporadic non-heredi-
tary cancers, targeting proteins involved in the DDR and DNA repair
may improve existing therapies and generate novel treatments.48–50

The result of inhibiting RPA checkpoint and DNA repair activity
without affecting DNA replication could be selectively deleterious
to cancer cells. Unlike normal cells, activated oncogenes in cancer
cells drive replication under inappropriate conditions in a deregu-
lated manner that results in an increased dependency on the DNA
damage response.48,51 RPA has already proven to be a valid target
for cancer therapy. The identification of SMIs that target the central
OB-folds of RPA70, DBD-A and DBD-B, have shown to induce cyto-
toxicity and increase the efficacy of genotoxic chemotherapeu-
tics.52 In these previous studies, a series of structurally similar
SMIs were analyzed for inhibition of RPA ssDNA binding activity.
Those analogs containing an anhydride functional group were
highly active in inhibiting RPA binding to ssDNA.53,54 Interestingly,
analogs containing dicarboxylic acids were much less active. This is
consistent with our data as NSC15520 contains a dicarboxylic acid
and does not inhibit RPA ssDNA binding activity. Protein functional
groups able to react with anhydrides and form stable products in-
clude the e-amine side chain of lysine.55 Acylation with anhydrides
of the e-amine group can form stable amide bonds. Two lysines
important in RPA DNA binding activity, one located in DBD-A,
K263, and the other in DBD-B, K343, are in direct contact with
DNA15,16 and may be targets for SMIs containing anhydride func-
tional groups. In contrast, dicarbonyl compounds, such as
NSC15520, specifically target the guanidinyl group of arginine.56

This may explain the preference of NSC15520 for DBD-F. The muta-
tion of Arg41 and Arg43 to glutamic acids completely blocked the
ability of RPA70 to bind to Rad9.22 The inhibition of Rad9 interac-
tion with RPA by NSC15520 is consistent with NSC15520 targeting
arginine residues located within the DBD-F.
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In summary, we have identified NSC15520 as a novel inhibitor
of functional activities of the RPA N-terminal basic cleft including
protein recruitment and helix destabilization. Taken together, our
data indicate NSC15520 is an ideal candidate for further optimiza-
tion and development as a novel therapy for the treatment of
cancer.
4. Experimental

4.1. Reagents

DNA oligonucleotides were purchased from Integrated DNA
Technologies, Inc. Streptavidin coated plates were purchased from
Thermo Scientific. Superflow glutathione-linked agarose was pur-
chased from Qiagen. Antibodies were purchased from Bethyl
(Rad9, RPA70 and GST), Labvision Corporation (RPA32), GeneTex,
Inc. (RPA14), Invitrogen (Alexa Fluor 680 goat anti-rabbit) and
Thermo Scientific (DyLight 800 goat anti-mouse).

4.2. Cloning, expression and purification of RPA, GST–Rad9,
GST–p53(40–57)

RPA expressing vectors p11d-tRPA and p11d-tRPAD1-169 were
kindly provided by Dr. Marc Wold at the University of Iowa. Re-
combinant human RPA was purified from E. coli as described previ-
ously.57 The GST–Rad9 fusion protein was expressed in the vector
pGEX-4T-2, kindly provided by Dr. Sheau-Yann Shieh at the Insti-
tute of Biomedical Sciences, Taiwan. The GST-p53 fusion protein
was expressed in the vector pRSFDuet-1. After incorporation of
GST, the 18 amino acid p53 sequence, 40MDDLMLSPDDIEQWF
TED57, was added to the N-terminal end of GST by annealing
primers, 5-CATGGATGATCTTATGCTTTCTCCTGATGATATTGAACAAG
GTTTACTG AAGATCA-3 and 5-TCGATGATCTTCAGTAAACCATTGTT
CAATATCATCAGGAGAAAGCATAAGAT CATC-3 to NcoI/SalI cut
pRSFDuet-GST. GST proteins were induced with IPTG (300 lM) in
E. coli, and purified through a glutathione-linked agarose column
(Bio-Rad).

4.3. Pulldown assay

All incubations and washes were performed in Binding buffer
(100 mM NaCl, 10% glycerol, 10 lg/ml BSA, 0.1% NP40). For each
sample, 40 ll of streptavidin coated magnetic beads (Invitrogen)
were washed 3�, incubated with 500 pmol 30 biotinylated
polyT(30) oligonucleotide for 30 min, then washed 3� and incu-
bated with 300 pmol RPA or SSB (Epicentre) for 30 min. The result-
ing complex was washed 3�, then incubated with 200 pmol of
GST–Rad9 for 1 h on a rotator at 4 �C. After washing and removal
of buffer, proteins were eluted with SDS sample buffer and each
sample was subjected to SDS–PAGE prior to immunoblotting.
Membranes were incubated sequentially with Rad9 and RPA pri-
mary antibodies, fluorescent secondary antibodies, and visualized
on an Odyssey infrared scanner (LiCor).

4.4. High-throughput screening

The majority of compounds used for high-throughput screening
were derived from the NCI Developmental Therapeutics Program,
Diversity Set II. An additional 200 compounds were selected from
the original diversity set based on a criterion of availability and
low autofluorescence. All compounds were solubilized in DMSO
at a stock concentration of 10 mM.

All incubations were performed at RT with gentle agitation. In
the HTS, streptavidin coated plates (384-well) were washed 3�
with PBS, and then incubated with 15 pmol of biotinylated oligo-
nucleotides in PBS for 2 h. The plates were then washed 3� with
PBS, and then incubated with 20 pmol RPA in PBS for 1.5 h. Each
plate was then washed 2� with PBS, 1� with Binding buffer, then
incubated in Binding buffer in the presence of 30 pmol GST–Rad9,
GST–p53 or GST and 200 lM inhibitor for 30 min. Plates were
washed 4� with Binding buffer, then incubated with Rad9 anti-
body in Binding buffer. Each plate was then washed 5� with
Binding buffer, and then incubated with anti-rabbit fluorescent
antibody in Binding buffer followed by 5� washing before visual-
ization on an Odyssey infrared scanner.
4.5. Electrophoretic mobility shift assays (EMSAs)

All EMSA incubations were performed in 10 ll Binding buffer
(15 mM NaCl was used with dsDNA analyses) with 0.4 pmol RPA
at RT. Reactions were loaded on 1% agarose gels in 40 mM Tris ace-
tate, and run for 15 min at 100 V. Gels were scanned and visualized
on the Odyssey infrared scanner.

For screening of compounds that disrupt ssDNA bound RPA, RPA
was prebound to 2 pmol of polyT(30) oligonucleotide labeled with
50 IRDYE-700 (Integrated DNA Technologies) for 5 min, then ex-
posed to 2 nmol of inhibitor for 30 min. For measurement of the
inhibition of RPA/ssDNA binding, RPA was exposed to varying
amounts of inhibitor for 5 min followed by the addition of 2 pmol
of ssDNA for 30 min.

For dsDNA binding studies, a fluorescent dsDNA substrate was
generated by annealing the fluorescent polyT(30) oligonucleotide
to an unlabeled polyA(30) oligonucleotide. The duplex DNA was
treated with mung bean nuclease to remove any remaining ssDNA.
For detection of dsDNA binding and helix destabilization, RPA was
exposed to varying amounts of inhibitor for 5 min before the addi-
tion of 2 pmol of dsDNA for 30 min.
4.6. Molecular modeling and docking

Conversion of the available 2D structure of NSC15520
(NSC15520: Pubchem) into a 3D PDB structure was accomplished
using the OpenBabel 2.2.3 program. The graphical software tool
PyMOL (Schrodinger) was used to generate a 3D structure of the
RPA binding sequence of Rad9, 297DFANDDIDS305, and to display
the results of the docking simulations.

Molecular docking of both NSC15520 and the Rad9 peptide into
the crystal X-ray structure of the RPA N-terminus (PDB code: 2B29)
was carried out using the Autodock Vina software package as
implemented through the graphical user interface AutoDockTools
(ADT 1.4.6). Default parameters were applied for docking
simulations.
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