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Abstract
Replication Protein A (RPA) interacts with multiple checkpoint proteins and promotes signaling
through the ATR kinase, a key regulator of checkpoint pathways in the mammalian response to
DNA damage. In cancer cells, increased DNA repair activity contributes to resistance to
chemotherapy. Therefore, small molecules that block binding of checkpoint proteins to RPA may
inhibit the DNA damage response and thus sensitize cancer cells to DNA-damaging agents. Here
we report on the development of a homogenous, high-throughput fluorescence polarization assay
for identifying compounds that block the critical protein-protein interaction site in the basic cleft
of RPA70N. A FITC-labeled peptide derived from the ATR cofactor, ATRIP, was used as a probe
in the binding assay. The ability of the assay to accurately detect relevant ligands was confirmed
using peptides derived from ATRIP, RAD9, MRE11, and p53. The assay was validated for use in
high-throughput screening using the Spectrum collection of 2000 compounds. The FPA assay
performed with a Z’ factor of ≥0.76 in a 384-well format and identified several compounds
capable of inhibiting the RPA70N binding interface.
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Introduction
The abundant eukaryotic single-stranded DNA (ssDNA) binding protein replication protein
A (RPA) plays an essential role in virtually all DNA transactions in the cell, including
replication, damage response, and repair[1]. RPA not only serves to protect and organize
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ssDNA, but also has an important role as a scaffold for the recruitment and docking of
proteins in DNA processing machines [2]. RPA is a heterotrimer of RPA70, RPA32, and
RPA14 subunits that contain six oligonucleotide-oligosaccharide fold (OB-fold) domains,
four of which mediate the binding to ssDNA. The N-terminal OB-fold domain of RPA70
(RPA70N) binds ssDNA very weakly but instead uses its basic cleft as a protein docking site
for recruiting other DNA processing proteins.

RPA-coated ssDNA at sites of DNA damage signals for recruitment of critical checkpoint
proteins, including the ATR kinase [3; 4]. ATR interaction with RPA70N is mediated
through the ATR interacting protein (ATRIP), which is tightly associated with ATR and
required for ATR function [5]. RPA70N also mediates recruitment of other DNA damage
response proteins including Rad9, p53, and MRE11 [4]. It has been shown that mutation of
residues that disrupt ATRIP or RAD9 interactions with RPA70N can modify their
localization [4,3]. In addition, disruption of the RAD9-RPA70N interaction impairs ATR
signaling to CHK1 and causes hypersensitivity to both DNA damage and replication stress
[3; 4].

RPA’s role in the ATR signaling pathway suggests that inhibition of its activity may
increase replicative stress [4; 6]. Molecules that specifically target the protein-protein
interaction surface on RPA70N are of particular interest because they have the potential to
increase replicative stress without deleteriously affecting RPA’s binding of ssDNA, a
potential source of unwanted toxicity [4]. Cancer cells have higher levels of replicative
stress than normal cells and may thus be more sensitive to therapeutics that target the
replicative stress response [4; 7]. Inhibiting RPA’s role in DNA repair may also be useful in
treating cancers that have acquired resistance to DNA damaging agents through enhanced
DNA repair mechanisms [6].

Inhibitors of protein-protein interactions are of considerable interest as potential therapeutic
targets. Traditionally, these large, sometimes relatively flat interaction surfaces have a
reputation of being very difficult to disrupt with small molecule inhibitors [8]. Fragment-
based drug discovery methods, including SAR by NMR, have recently shown promise as a
way to discover protein-protein interaction inhibitors [9]. This approach can robustly
identify low affinity and low molecular weight small molecule leads [10; 11], is tolerant of
standard solvents such as DMSO, which is widely used as the carrier for compounds in
screening libraries, and can robustly identify compounds that bind to the protein at high
concentrations. However, once these small molecule leads are identified, follow-up assays
are required to evaluate their ability to effect function.

Here we describe a homogeneous fluorescence polarization anisotropy (FPA) assay [12] that
uses a FITC-labeled peptide derived from the checkpoint protein ATRIP as a reporter to
detect molecules that bind to the RPA70N protein-protein interaction surface [4].
Compounds that displace this peptide from the N-terminal domain of RPA70 cause a change
in the fluorescence polarization anisotropy of the sample, which is used to quantify binding.
This probe molecule can be used to identify inhibitors over a wide range of potencies and
the resulting assay can be used in a high throughput format to identify small molecule leads
that inhibit binding to the protein-protein interaction surface of RPA70N.

Materials and Methods
RPA70N Expression and Purification

RPA70N was produced as described previously [4] with a few modifications. In summary,
human RPA70 residues 1-120 in a pET15b vector (Novagen) were transformed into BL21-
DE3 cells (New England Biolabs) for expression. Overnight cultures were prepared from
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single colonies and used (10 mL) to inoculate 1 L of LB-broth. The cultures were grown at
37 °C to an OD600 of 0.5-0.6, at which time IPTG was added to a final concentration of 1
mM. After an additional 5 hours, the bacteria were collected by centrifugation and sonicated
in buffer A (50 mM HEPES, 500 mM NaCl, 2 mM BME, 10 mM imidazole, pH 7.5).
Following centrifugation of the bacterial lysate, the supernatant was applied to a Ni
Sepharose column (GE Healthcare) equilibrated with buffer A and then washed. Following
elution of RPA70N with buffer B (50 mM HEPES, 500 mM NaCl, 2 mM BME, 250 mM
imidazole, pH 7.5), thrombin (ZymoGenetics) was added to the eluate, then dialyzed
overnight at 4 °C against buffer A. After re-pass over a Ni column to remove the cleaved
(His)6 tag, RPA70N was obtained at greater than 95% purity as judged by SDS-PAGE gel
analysis. Production of 15N-labeled RPA70N for NMR studies was nearly identical to the
protocol described above except that M9 media containing 0.5 g of 15NH4Cl per liter was
used as a sole nitrogen source. Finally unlabeled or 15N-labeled RPA70N samples were
dialyzed against assay buffer (50 mM HEPES, 75 mM NaCl, 5 mM DTT, pH 7.5) for use in
NMR or fluorescence polarization studies.

Peptide Synthesis
The ATRIP (Ac-DFTADDLEELDTLAS-NH2 ), RAD9 (Ac-DFANDDIDSYMIAME-NH2),
MRE11 (Ac-AFSADDLMSIDLAEQ- NH2), and p53 (Ac-MLSPDDIEQWFTEDP-NH2)
peptides were purchased from GenScript USA Inc. The fluorescein isothiocyanate (FITC)-
labeled ATRIP peptide (FITC-Ahx-DFTADDLEELDTLAS-NH2) was purchased from
NeoBioSci (NEO Group Inc.). All peptides were purified by the manufacturer using high-
performance liquid chromatography to >95% purity. Unlabeled peptides were resuspended
to 10 mM in assay buffer. The FITC-ATRIP peptide was dissolved in DMSO to a final
concentration of 1 mM.

NMR Experiments
Nuclear magnetic resonance (NMR) experiments were performed at 25°C using Bruker
Avance III 500-MHz or 600-MHz NMR spectrometers which are equipped with a 5-mm
single-axis z gradient cryoprobe. Two-dimensional, gradient-enhanced 1H,15N heteronuclear
multiple-quantum coherence (SOFAST-HMQC) spectra [13] were used to track shift
changes upon ligand binding. Concentrations used in the NMR measurements were 40 μM
for RPA70N and 50, 99, 196, 385, and 741 μM for the peptide titration experiments. 1H
and 15N backbone NMR assignments for RPA70N were kindly provided by Cheryl
Arrowsmith (Ontario Cancer Institute, Toronto, Canada). Experimental chemical shift
changes were used to obtain Kd values using in-house software that applies the expressions
of Wang [14; 15] for fitting.

Determination of the peptide equilibrium dissociation constant
Fluorescence polarization experiments were performed in black Matrix 96-well flat-bottom
plates (Thermo Fisher Scientific) using the Wallac 2100 EnVision plate reader
(PerkinElmer) running version 1.12 of the EnVision Manager software. Increasing
concentrations of RPA70N (0 – 50 μM) were titrated into a total of 50 μL assay buffer (50
mM HEPES, 75 mM NaCl, 5 mM DTT, pH 7.5) containing 5% DMSO and 50 nM FITC-
ATRIP. The plate was mixed on a shaker for 15 minutes and incubated at room temperature
for 1 hour to reach equilibrium. Samples were measured at an excitation wavelength of 480
nm and an emission wavelength of 535 nm. The emission polarization values were
determined by the EnVision operating software according to the formula:
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The G-factor was determined experimentally by measuring the parallel and perpendicular
intensities of a 1 nM solution of fluorescein using the following formula [16]:

where L is the reported polarization value of a 1 nM solution of fluorescein (27 mP) [16].
Data were analyzed using GraphPad Prism 5 (Graph Pad Software Inc.), plotting the
anisotropy values against RPA concentration and fitting the curve to a single-site binding
model to extract a binding dissociation constant (Kd value). All experiments were run in
duplicate on two different days.

FPA peptide competition assay
Serial dilutions of the ATRIP, RAD9, MRE11, and p53 peptides (0 – 700 μM) were added
to 6 μM RPA70N, 500 nM FITC-ATRIP in assay buffer and incubated for 1 hour before
measurement on the EnVision plate reader. Data were analyzed by plotting anisotropy
against competitor peptide concentration. IC50 values were determined using a four-
parameter dose-response (variable slope) equation in Graph Pad Prism 5:

where X represents log [peptide, M], Y represents the response (emission anisotropy), Top
and Bottom represent the maximal and minimal responses, respectively (in the same units as
Y); and LogIC50 is given in the same log unit as X. IC50 values were converted into Kd
values, using the Ki calculator (http://sw16.im.med.umich.edu/software/calc_ki/) [17],
according to the formula:

where [I]50 is the concentration of the free inhibitor at 50% inhibition, [L]50 is the
concentration of the free labeled ligand at 50% inhibition, [P]0 is the concentration of the
free protein at 0% inhibition, Kd represents the dissociation constant of the FITC-ATRIP-
RPA70N complex.

HTS assay development and optimization
FITC-ATRIP was used at 500, 250 and 50 nM with 3 and 6 μM RPA70N in a total of 50 μL
assay buffer, in 24 wells/condition in 96-well plates. The plate was mixed on a shaker for 15
minutes and incubated at room temperature for 1 hour to reach equilibrium. Emission
anisotropy measurements were performed as for the direct binding experiments. The Z’
factor was calculated based on the following equation [18]:

where σf and σb are the standard deviation of the emission anisotropy for free (FITC-ATRIP
alone) and bound (FITC-ATRIP + RPA70N) probe, respectively. Ub and Uf are the mean of
the emission anisotropy of the bound and free probe, respectively. The optimized conditions
(50 nM FITC-ATRIP, 6 μM RPA70N) were repeated in 384-well plates, in a total volume of
40 μL assay buffer in 48 wells/condition.
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Increasing amounts of DMSO (2.5, 5 and 10%) were added to increasing concentrations of
RPA70N (0 – 50 μM) and 50 nM FITC-ATRIP. The plate was mixed on a shaker for 15
minutes and incubated at room temperature for 1 hour. Emission anisotropy was measured
and the data processed as described above for Kd determination.

The unlabeled ATRIP and p53 peptides were used in the competition assay (described
above); 100 μM of competitor peptide was added to the assay mix (24 wells/condition,
including controls) and emission anisotropy was measured. Z’ for the controls was
calculated as described above.

High Throughput Screening
The SPECTRUM collection (Microsource Discovery Systems Inc.) of 2000 compounds was
distributed into seven 384-well plates. 40 nL of compound was dispensed into a well using
the ECHO 555 (Lab Labcyte), to which 6 μM RPA70N and 50 nM FITC-ATRIP in assay
buffer were added to give a compound concentration of 10 μM in 0.01% DMSO with a total
volume of 40 μL. Columns 1 and 24 of the plate contained 40 μL of 50 nM FITC-ATRIP
alone, as a positive control (32 total wells) while columns 2 and 23 contained 40 μL of 6 μM
RPA70N and 50 nM FITC-ATRIP in assay buffer (32 total wells) as a negative control.
Plates were incubated at room temperature for 20 minutes prior to reading on the EnVision
for both total fluorescence and emission anisotropy. Total fluorescence values were used to
identify compounds with the ability to directly interfere with the assay. Assay performance
was assessed by calculating a Z’ factor, as described above, from the controls present on
each plate.

Concentration response curves
Compounds were diluted in DMSO in a 10-point, 2-fold serial dilution scheme with a final
assay concentration range of 500 – 0.5 μM. Compound was added to 50 nM FITC-ATRIP, 6
μM RPA70N in assay buffer to give a final volume of 50 μL and 5% DMSO. Emission
anisotropy was measured and plotted against compound concentration to generate an IC50
value using a four-parameter fit, as above. IC50 values were converted to Kd values, as
described above.

Results and Discussion
Identification of a FITC-ATRIP peptide as a suitable probe for the RPA70N basic cleft

Previous studies using NMR spectroscopy have shown that peptides derived from ATRIP,
RAD9, MRE11, and p53 interact with the basic cleft of RPA70N [4; 19]. To identify a probe
suitable for detecting disruption of this binding interface, we first determined the affinities
of these peptides for RPA70N using NMR titration studies (Table 1). The ATRIP-derived
sequence binds more tightly to RPA70N (Kd = 48 μM) than the RAD9 (Kd = 78 μM),
MRE11 (Kd = 100 μM), and p53 (Kd = 102 μM) peptides, and was thus selected for use in
the fluorescence polarization assay.

We verified that a fluorescein-labeled ATRIP (FITC-ATRIP) peptide binds to the RPA70N
cleft in the same manner as the unlabeled peptide by using 1H,15N-HMQC spectra of 40 μM
RPA70N in the presence of 50 μM of either unlabeled ATRIP or FITC-ATRIP peptide. As
shown in Figure 1A, both peptides induce a very similar pattern of chemical shift
perturbations (CSPs) of protein peaks. Weak or no shifts were observed for resonances
outside of the basic cleft, consistent with a single binding site with negligible non-specific
interactions. These results indicate an identical binding mode for both the labeled and
unlabeled peptides. NMR-based titration experiments revealed that the FITC-ATRIP-
induced RPA70N shifts are dose-dependent and provided a dissociation constant of 15 μM.
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A higher protein affinity of FITC-ATRIP compared to unlabeled ATRIP was revealed by
stronger CSPs (Fig. 1A & B). Indeed, several peaks of RPA70N (e.g. G90, Fig. 1A, see
inset) are broadened upon addition of the FITC-ATRIP peptide due to intermediate
exchange (on the NMR chemical shift time scale) of bound and unbound states. Although
the reason for this improved binding affinity is unknown, the increase may be due to
additional interactions with the protein mediated by the modified peptide, either through the
hydrophilic FITC moiety or the aliphatic Ahx linker. This hypothesis is consistent with the
structure of the p53/RPA70N complex, which reveals a basic patch on the surface of
RPA70N that would be available for additional interactions with the FITC moiety when the
peptide is bound.

Finally, we monitored the NMR signals of the FITC-ATRIP peptide in the absence of
protein to rule out misleading binding effects caused by self-aggregation or precipitation. All
resonances increased in a dose-dependent manner without changing their chemical shifts
(data not shown), demonstrating that the peptide is well behaved over the concentrations
(50-741 μM) used in the NMR assay.

Determination of FITC-ATRIP Kd by FPA
A direct binding experiment was conducted to determine the dissociation constant (Kd) for
the binding of the FITC-ATRIP probe to RPA70N using the FPA assay format. Increasing
concentrations of RPA70N were added to 50 nM FITC-ATRIP peptide, and the resulting
anisotropy was measured. The data was fit to a single-site binding model to give a Kd of 6.4
μM (Fig. 2), consistent with the NMR-derived value (Table 1). As expected, the emission
anisotropy of the unbound probe is low (~50) and increases to ~190 upon binding to
RPA70N, providing a robust signal window for the development of an assay and the
detection of compounds that interfere with this binding.

Competition Displacement Experiments
A competition experiment was conducted to determine the binding efficiency of the
unlabeled ATRIP, RAD9, MRE11, and p53 peptides in the FPA assay format. Increasing
concentrations of competitor peptide were added to 500 nM FITC-ATRIP and 6 μM
RPA70N in assay buffer, and the resulting emission anisotropy was measured. Data were fit
to a four parameter logistic function using non-linear regression analysis to determine IC50
values (Fig. 3). For easier comparison to the NMR data, these IC50 values were converted to
Kd. Similar to what was observed by NMR, ATRIP is the most potent inhibitor (Kd = 29
μM), followed by RAD9 (Kd = 51 μM), MRE11 (Kd = 66 μM), and p53 (Kd = 102 μM)
(Table 1). The FITC-ATRIP probe is displaced by the endogenous partners of RPA,
suggesting that it is binding to the protein in a functionally relevant manner and that the
assay can detect inhibitors of this binding interface. Additionally, given the range of
measured IC50 values, this experiment also suggests that the assay can detect weakly bound
inhibitors, making it suitable for triaging compounds identified from fragment-based drug
discovery efforts.

FPA Assay Development, Optimization, and Validation
Typical conditions for fluorescence binding assays contain a ratio of protein concentration to
probe Kd close to one [17; 18; 20]. The probe concentration can be optimized to give a
strong emission polarization signal window and enough probe fluorescence to overcome
interference from weakly fluorescent compounds. To find the optimum assay conditions, we
varied the FITC-ATRIP probe concentration (25, 50, 500 nM) and the RPA70N protein
concentration (3 μM and 6 μM), measured the emission anisotropy, and assessed the Z’
factor for each set of conditions (Fig. 4A). At 3 μM RPA70N (0.5x Kd), lower Z’ values
were obtained for all FITC-ATRIP probe concentrations, demonstrating lower assay

Souza-Fagundes et al. Page 6

Anal Biochem. Author manuscript; available in PMC 2013 February 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



performance at this protein concentration. However, at 6 μM RPA70N (1x Kd), the Z’
values indicated excellent assay performance, especially for the higher FITC-ATRIP
concentrations (Z’ > 0.7). The assay performance was stable over time as equally robust Z’
values were obtained upon measuring emission anisotropy after a 24-hour incubation period.
We therefore chose 50 nM FITC-ATRIP and 6 μM RPA70N as our assay conditions. These
optimized conditions were repeated, in a 384-well plate at lower volumes to be more
compatible with typical HTS requirements (Fig. 4B); the large assay window and the highly
consistent data points are reflected in the Z’ factor (0.76) in this plate format. Since most
screening libraries use DMSO as the compound solvent, we examined the DMSO tolerance
of the assay. Over a range of DMSO concentrations (0 - 10%), we saw only a small change
in the measured Kd values (data not shown).

We used the control peptides as further validation of the assay’s ability to detect known
ligands and weakly bound inhibitors. We selected the least potent (p53, Kd = 100 μM) and
the most potent (ATRIP, Kd = 48 μM), peptides and used them in the assay at a single
concentration of 100 μM (Fig. 5). As can be seen, the mean values of the two peptides are
easily distinguished from control wells. Indeed, at a single test concentration of 100 μM,
ligands with an IC50 of 100 μM will cause a probe displacement of 50%, allowing detection
of hits and giving a low false positive rate. Inhibitors as weak as 400 μM are expected to
produce a probe displacement of 20%, which is still within the detectable range of the assay.

Assay Performance
The 2000 compound SPECTRUM collection (MicroSource, Discovery Systems, Inc) was
used to evaluate the assay performance under HTS conditions. This assay validation set
contains natural products, marketed and experimental drugs, and bioactive molecules with a
wide range of biological activities and structural diversity. Compounds were screened at a
single concentration of 10 μM, and plates were read for total fluorescence and emission
anisotropy. The Z’ factor was calculated from the control wells present on each plate and
was found to be ≥0.76 for all of the assayed plates.

Although anisotropy is a ratiometric measurement, strongly fluorescent or quenching
compounds have the potential to adversely affect anisotropy measurements [21]. Turek-
Etienne and collaborators [22] have demonstrated that high values of total fluorescence and
low millipolarization (mP) values are associated with fluorescent compounds and can
adversely affect FPA assays. To rule out these interfering compounds, we measured the total
fluorescence of all control and compound-containing wells and calculated the mean control
fluorescence for the FITC-ATRIP+RPA70N samples. Eight compounds were identified that
increased sample fluorescence >25% of the control mean (Fig. 6A, green circles) and
correspondingly gave a false decrease in emission anisotropy (Fig. 6B, green circles).
Although these compounds appear as hits by emission anisotropy, they are easily identified
as fluorescent compounds by the total fluorescence reading and are therefore easily flagged.
Similarly, 4 compounds were identified that decreased total fluorescence <25% of control
mean (Fig. 6A, blue circles) while giving an apparent increase in emission anisotropy (Fig.
6B, blue circles). These compounds were classified as quenchers and similarly flagged.

Upon removal of the interfering compounds, 9 compounds (0.45% hit rate) were identified
as hits, decreasing anisotropy >3 standard deviations from the control mean (Fig. 6B, red
circles). Of these, three were selected for further analysis in concentration response
experiments to determine their IC50 and Kd values. Compounds 1, 4, and 7 displayed
concentration-dependent decreases in anisotropy (Fig. 7A) leading to Kd values of 19, 23,
and 21 μM, respectively (Fig. 7C). We also tested the literature compound NSC15520 (Fig.
7B), recently reported to be a direct competitor for Rad9 binding to RPA70N [6]. This
compound was initially discovered using a more complex, ELISA-based assay. Using our
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FPA assay, we obtained a Kd value of 18 μM, consistent with the reported value (Fig. 7C).
Therefore, the assay was able to confirm a previously described inhibitor and to discover
additional compounds with similar affinities.

Conclusions
We have developed a robust, homogenous FPA-based assay to identify compounds that
disrupt binding of a labeled ATRIP peptide to the basic cleft of RPA70N. The assay is
simple to run, low-cost and rapid, and is thus an attractive alternative to previously
published assays used to detect RPA70N inhibitors [6]. The FPA assay is solution-based and
uses a peptide demonstrated to mimic the natural protein binding partners [4]. The suitability
of the assay for high throughput screening was demonstrated using a set of diverse
compounds at a single concentration to displace the probe peptide. Compounds were
identified that have affinities comparable to the literature compounds.
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Fig. 1.
FITC-ATRIP binds to the basic cleft of RPA70N. (A) Overlay of 1H,15N-HMQC spectra
of 15N enriched RPA70N (black), RPA70N + ATRIP peptide (red), and RPA70N + FITC-
ATRIP peptide (blue). (B) Titration curves for the ATRIP (red) and FITC-ATRIP peptides
(blue). Proton chemical shift differences of residue G90 upon stepwise increase in peptide
concentration were used to calculate Kd values.
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Fig. 2.
Determination of FITC-ATRIP Kd. Binding isotherm of the fluorescent FITC-ATRIP to
RPA70N. The fluorescence emission polarization values are plotted against RPA70N
concentration.
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Fig. 3.
Competitive inhibition of FITC-ATRIP binding by different peptides. Displacement of
FITC-ATRIP peptide from RPA70N by ATRIP (red), RAD9 (orange), MRE11 (black), and
p53 (green).
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Fig. 4.
Optimization of assay conditions. (A) Z’ factor determination using different concentrations
of RPA70N and FITC-ATRIP. Z’ factor were calculated using two concentrations of
RPA70N (6 and 3uM) as a function of three different concentrations of FITC-ATRIP (25,
50, 500 nM) at 1 and 24h to evaluate performance of the fluorescence polarization assay;
(B) Optimized conditions were repeated in a 384 well format. The average anisotropy values
from free peptide control (blue) and bound peptide control (black) were obtained from 48
wells to calculate the Z’ factor.
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Fig. 5.
Assay can detect weak ligands at a single test concentration. A scatter plot for a test plate
containing peptides. Each 96-well plate contained 24 wells with the unlabeled ATRIP
peptide (red) and 24 wells with the p53 peptide (green). Reproducibility of FITC-ATRIP
with RPA70N (black) and in the absence of protein control (blue) are represented; dashed
lines represent +/− 3σ.

Souza-Fagundes et al. Page 14

Anal Biochem. Author manuscript; available in PMC 2013 February 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 6.
High-throughput screening (HTS) of Spectrum collection. (A) Total fluorescence intensity
values for the 2000 compounds. Fluorescent compounds (>25% increase in total
fluorescence; green) and potential quenchers (>25% decrease in total fluorescence; blue) are
easily detected by measuring the total fluorescence. (B) Emission Anisotropy of the 2000
compounds screened at 10 μM to identify inhibitors. True hits (red), as well as the
previously identified fluorescent compounds (green) and potential quenchers (blue) are
shown.
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Fig. 7.
IC50 determination for compounds identified from the Spectrum collection. Concentration-
response experiments for Kd determination of three hits (A): Hit 1, Hit 4 and Hit 7 or (B)
NSC15520. The error bars represent standard deviation of two independent experiments,
performed in duplicate. (C) Structure, IC50 values, and calculated Kd values for the hits
obtained in comparison with the literature compound.
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Table 1

Peptide Binding Affinities by NMR and Fluorescence Polarization Assay

Peptide Sequence
(μM)

Kd (NMR)b Kd (FPA) IC50 (FPA)

ATRIPa Ac-DFTADDLEELDTLAS-HN2 47.6 ± 1.0 28.6 ± 3.1 52.7 ± 1.2

RAD9a Ac-DFANDDIDSYMIAME-HN2 77.9 ± 0.4 51.4 ± 8.9 102.1 ± 13.6

MRE11a Ac-AFSADDLMSIDLAEQ- NH2 100.0 ±0.1 65.8 ± 23.7 120.5 ± 39.0

p53a Ac-MLSPDDIEQWFTEDP-HN2 101.5 ± 0.4 99.9 ± 8.4 183.3 ± 9.9

FITC-ATRIP FITC-DFTADDLEELDTLAS-HN2 15.2 ± 2.0 6.4 ± 1.1 -

a
The IC50 values obtained from competitive assays to monitor the inhibition of the binding of 50nM ATRIP-FITC to 6μM RPA70N. IC50 values

were converted into Kd values.

b
CSPs of several protein resonances were used to calculate NMR standard deviations.
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