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Abstract

The human antigen R (HuR) stabilizes many mRNAs of proto-oncogene, transcription fac-
tors, cytokines and growth factors by recognizing AU-rich elements (AREs) presented in
their 3’ or 5’ untranslated region (UTR). Multiple lines of experimental evidence suggest that
this process plays a key role in cancer development. Thus, destabilizing HUR/RNA interac-
tion by small molecules presents an opportunity for cancer treatment/prevention. Here we
present an integrated approach to identify inhibitors of HUR/RNA interaction using a combi-
nation of fluorescence-based and NMR-based high throughput screening (HTS). The HTS
assay with fluorescence polarization readout and Z’-score of 0.8 was used to perform a
screen of the NCI diversity set V library in a 384 well plate format. An NMR-based assay
with saturation transfer difference (STD) detection was used for hits validation. Protein
NMR spectroscopy was used to demonstrate that some hit compounds disrupt formation of
HuR oligomer, whereas others block RNA binding. Thus, our integrated high throughput
approach provides a new avenue for identification of small molecules targeting HUR/RNA
interaction.

Introduction

Post-transcriptional regulation of gene expression is a general theme in all living organisms
[1]. RNA binding proteins (RBPs) that associate with specific mRNA and function as mRNA
turnover and translation regulatory RNA binding protein (TTR-RBP) have emerged as pivotal
post-transcriptional regulators of gene expression in mammalian cells [2-4]. HuR stabilizes
many mRNAs by recognizing AU-rich elements (AREs), which are presented in 3’ or 5’
untranslated region (UTR) of many mRNAs, encoding proto-oncogenes, transcription factors,
cytokines, and growth factors [5-17]. HuR contains three RNA recognition motifs (RRMs): N-
terminal tandem RRM1-2 and C-terminal RRM3 [18]. Although the sequence alignment indi-
cates that all three RRMs have the same canonical B0, 8,330, B4 fold [19,20], the function of

PLOS ONE | DOI:10.1371/journal.pone.0138780 September 21,2015

1/13


http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0138780&domain=pdf
http://creativecommons.org/licenses/by/4.0/
https://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=1159522
https://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=1159522
https://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?aid=1159522

@’PLOS ‘ ONE

Identify HUR Specific Inhibitors

was supported in part by the NIH P30 CA054174 to
the Cancer Therapy and Research Center.

Competing Interests: The authors have declared
that no competing interests exist.

the individual RRM domains is different. RRM1 and RRM2 are mainly responsible for binding
to AREs [21,22], whereas RRM3 binds to the polyA tail and other proteins [21,23]. RRM3 does
not contribute to high affinity recognition but instead it is required for cooperative assembly of
HuR oligomers when ARE substrates are at least 18 nucleotides in length [24].

Elevated expression of HuR is linked to carcinogenesis in many human tumors and corre-
lates with poor outcome [25-29]. For example, the over-expression of HuR in brain cancers
promotes the growth of brain tumor such as Glioblastoma multifome and medullobastoma
[30,31]. The overexpression also correlates with resistance to chemotherapeutic agents in a
variety of cancers such as brain cancer [16], and breast cancer [32]. The knockdown of HuR
increased sensitivity to chemotherapeutic drugs [16,33] and promotes apoptosis [34]. HuR has
been studied for decades since its discovery in 1996 [18]. It has merged as a promising drug tar-
get for cancer treatment/prevention. Our goal is to develop an integrated approach for identifi-
cation of specific HuR inhibitors which destabilize HuR/RNA interaction. We utilize an assay
with florescence polarization (FP) readout, which is a homogeneous method for rapid and
quantitative analysis of molecular interactions [35], as our primary HTS assay. The assays
yielded the Z’score of 0.8, indicating robustness and suitability for HTS. Here, we also take
advantage of modern NMR techniques and use ligand-based and protein-based approaches as
secondary assays for validation of the hits from primary screen. [36-42]. The advantage of the
saturation transfer difference (STD-NMR) is that it can be used to observe binding to large pro-
teins [43-45], whereas the chemical shift perturbation using 2D 'H-""N HSQC is unparalleled
in its ability to identify the binding site, even though its utility is limited to smaller proteins
that yield good NMR spectra [45]. 12 compounds identified in the primary screen of the NCI
diversity V library were further analyzed by STD-NMR. 4 of 12 compounds were shown to
interact with HuR directly. The data from 'H-'°N protein HSQC spectra revealed that one of
the compounds (C10) disrupts HuR/RNA interaction, whereas another compound (C11)
impedes HuR oligomerization. Our results suggest that this integrated approach can be a valu-
able strategy for screening compound libraries for inhibitors of the HuR function.

Material and Methods
RNA sample

5’-FAM labeled RNA oligonucleotide (AUUUUUAUUUU) derived from the 3’ UTR of the c-
Fos proto-oncogene was purchased from MWG operon (HPLC purified and RNase free).
Unlabeled c-Fos RNA oligo was purchased from IDT (HPLC purified and RNase free).

Protein production

Full length (residue 1-326), RRM1-2 (residue 1-190), RRM1 (residue 1-98) and RRM2 (resi-
due 102-186) constructs of HuR was PCR amplified from pMal-c2x plasmid containing full
length HuR (gift from Dr. Gorospe) and cloned into pET14b vector. They were both expressed
in E.coli. BL21 Rosetta cells. The culture was grown to OD,¢,~0.6 at 37°C, and the protein
expression was induced by addition of ImM IPTG. The incubator temperature was reduced to
18°C immediately following IPTG addition and the cells cultured for additional 16-18hrs. The
cells were harvested by centrifugation for 20 min at 6000rpm and sonicated in the presence of
protease inhibitors and 15% Glycerol in 50mM Tris pH8.0. Cell lysate was spun down at
18000rpm and the supernatant was collected. The protein was purified using metal chelation
chromatography, followed by size exclusion chromatography on the G75 (for the RRM1-2,
RRM1 and RRM3 constructs) or G200 (for full-length construct) resin. Size exclusion chroma-
tography buffer contained 50mM phosphate buffer, 100mM NaCl, 5mM TCEP at pH?7.0.
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3C/"™N or "N labeled proteins were expressed in ">C/**N or '°N-enriched M9 minimal media
respectively and purified using the same protocol.

Fluorescence polarization (FP) assay

Fluorescence polarization measurements were performed in the 384-well plate format on a Bio-
tek Synergy?2 plate reader using 480/20nm excitation and 520/20nm emission filters. The NCI
diversity set V library containing 1597 compounds was screened in this study. All samples
were dissolved in phosphate buffer (50mM Napi, and 100mM NaCl, 5mM TCEP at pH 7.0).
The assay mixture contained 50nM HuR and 10nM RNA to yield FP values approximately
80% of the maximum value observed for fully bound RNA. NCI diversity set V library in
96-well format (10mM stock in DMSO) was transferred to 384-well plate, and then diluted
into 50uM in phosphate buffer. 5ul of 50uM compound stock was added to 20 ul assay mixture
to yield 10uM final compound concentration.

NMR spectroscopy and data collection and assigment

Protein samples were prepared in 50mM phosphate buffer at pH 7.0 containing 100mM NaCl,
5mM TCEP in D,O or H,O. Saturation transfer difference (STD) NMR spectra were acquired
at 298K on Avance III Bruker 500 MHz spectrometer equipped with a 1.7mm TCI cryogenic
probe and an automated SampleJet sample changer. Compound concentration in the samples
was 0.5 mM and the HuR concentration was 10uM. Protein saturation was achieved using the
STDDIFFESGP.3 pulse. The on resonance was set for -500Hz (-1ppm) and off resonance was
set for 25000Hz (50ppm), the saturation time is 3s. 16 scans were acquired with 1.5s relaxation
delay between the scans. The data was processed using nmrPipe and plotted using Xmgrace.
2D "H-"N HSQC was acquired with 2048 and 128 complex points in the direct and indirect
dimensions, respectively. Protein concentration was 0.1~0.2mM. Backbone assignment of
RRM1-2 was derived from the analysis of 3D HNCACB, CBCACONH.

Analytical ultracentrifugation (AUC)

Sedimentation velocity analytical ultracentrifugation was performed on a Beckman XLA ana-
lytical ultracentrifuge using an AN50 Ti rotor with standard Epon 2-channel centerpieces. The
samples were spun at 25000rpm for~12hrs at 20 C. 25 scans measuring absorbance at 280nm
were collected. The data were analyzed using Ultrascan III software.

Results
FP-based High throughput screening using NCI diversity set V library

We first characterized the binding of the full-length HuR with 11-mer polyribonucleotide
derived from the 3° UTR of the mRNA of the C-fos oncogene (Fig 1A). The binding curves
were obtained by keeping the ’FAM-RNA at 10 nM and adding increasing amounts of HuR.
The apparent dissociation constant for the HuR/RNA binding was estimated to be approxi-
mately 20 nM (Fig 1A) using the simplified equation as described [46]. To evaluate the
expected effect of the inhibitors on the FP readout of the essay, we measured displacement of
the fluorescently labeled RNA by the unlabeled RNA (Fig 1B). In displacement assay, the
10nM of 5FAM-RNA concentration was mixed with 50nM at which fluorescence polarization
value was approximately 80% of the maximal value. Fluorescence polarization was measured as
a function of the unlabeled RNA concentration. IC50 was obtained (~40nM) by fitting to the
equation specified in the figure legend (Fig 1B)
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Fig 1. HTS screening using NCI diversity set V compounds library. (A) Affinity of C-fos to Full length HuR. The Kd was derived by fitting to the equation of
AP = APmax*[HuR}/(Kd+[HuR])[46]. (B) Competition assay using unlabeled C-fos RNA. IC50s were obtained by fitting to the equation of AP = APmax/(1
+107((Logxo-X)*p)). (C) Z'score of HTS, calculated using Z' = 1-[3(0p+0,)/|up-Hnl|] [47], where u, o are the means, standard deviation respectively. p, n are
positive control and negative control respectively. The bottom (red) is positive control measured in the presence of 10uM unlabeled RNA in a total volume of
25ul. The top (black) is negative control measured in the presence of 0.5% DMSO at 10nM RNA and 50nM HuR used in the screen. (D) Z’ score from each
plate under screening condition. (E) Percentage of inhibition from primary screening using Diversity V library. >50% inhibition was used as a threshold to pick
initial hits (blue dotted line).

doi:10.1371/journal.pone.0138780.g001

To evaluate the assay readiness, we performed competition assay with unlabeled RNA. For
FP based competitive HTS, Z’ score is the quality factor for the evaluation of an assay: the
higher of Z’ value, the more robust of the assay is [48]. We calculated Z’ score as of 0.75 using
the established protocol [47]. To evaluate the quality of HTS, we also calculated Z’ score for
each plate under screening condition (Fig 1D). The average Z’ score from different plates is
about 0.80. These results indicate our FP assay is reproducible and reliable HTS (Fig 1C and
1D).

We then performed initial screening using NCI diversity set V, containing 1597 compounds
as described in the Material and Methods section. The standard deviation for FP measurement
in the screen was 18.2 in unfiltered raw data (S1 Fig). Compounds producing FP readings sig-
nificantly higher than the average (20) were ignored as higher FP readings are usually produced
by compounds causing protein precipitation and/or fluorescence quenching. We also discard
the hits which produce a decrease in FP values if the total fluorescence reading is 5-standard
deviation below the average. The compounds falling into that regime typically have intrinsic
fluorescence. The standard deviation for FP after removing 18 compounds was 12.4 with the
average of fluorescence reading at 171.40 (S1 Fig). Compounds with the FP change of 3-stan-
dard deviation below the average FP value (S1 Fig) and above 50% inhibition (Fig 1D) were
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selected for subsequent hit verification. 30 of 1597 compounds were picked from our primary
screening for retesting in original FP screening assay (S1 Fig). 16 compounds were selected
using the same cutoff as the initial hits pick-up (3-standard deviation below the average FP
value) (S1 Fig). To further verify the hits before running STD-NMR assay, we performed the
analysis of dose responses on the selected hits (S1 Table and S2 Fig). The compounds produced
higher FP values at higher concentration of compounds were further removed. Finally, 12 out
of 1597 (hits rate is ~0.75%) compounds were selected for secondary screening using
STD-NMR.

Secondary screening using Saturation transfer difference (STD)

NMR-based assays are good secondary assays for HTS, because they provide evidence for direct
interaction of the hit compounds with the target protein, thus removing the possibility of the
interaction with the RNA or another false-positive effect arising from the direct influence of
the hit compound on the fluorescent tag. STD-NMR is a powerful way of monitoring small-
molecule/protein interaction because of the ease to implement, the need for low concentration
of protein (less than 10uM protein), and the no-limitation for molecular weight. 4 out of 12
compounds from the primary screens displayed STD difference effects (Fig 2) and those com-
pounds seem to have distinct structural features (S3 Fig).

"H-T>N HSQC as secondary screening

To further elucidate the mode of action of the 4 compounds selected in the secondary assay, we
performed protein-detected NMR studies of their interactions with HuR. Chemical shift per-
turbation (CSP) is one of most robust, reliable and reproducible binding assays used today
[45]: CSP is a guide for identifying the interaction sites and is very sensitive to structural
changes and can be measured accurately. In the meanwhile, CSP can directly provide both an
affinity measurement and a binding site using the same set of experiments. HuR is a 36KDa
protein, which consists of three independently folded domains RRM1, 2 and 3, each approxi-
mately 80 amino acids long, separated by flexible linkers. Recently, it was shown that RRM3
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Fig 2. Secondary screening as hits validation using NMR STD approach. 4 out of 12 compounds from
our primary screening showed direct interactions with HuR. The data were processed and plotted using the
shell script developed for automation in our lab, making STD screening faster, robust and competitive to HTS.

doi:10.1371/journal.pone.0138780.g002
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A

did not interact with RRM1 or RRM2, while it can self-associate to form dimer/oligomer [49].
Our NMR titration data show that RRM1 does not interact with RRM2 either (S4 Fig). Thus,
dimer/oligomer only forms via RRM3 domain. The'H-""N HSQC spectrum of the '*N-labeled
full length protein reveals that very few signals are visible and they display poor spectral disper-
sion (Fig 3A). This indicates that only the flexible portions of the protein are observed whereas
the folded domains broadened beyond detection because of oligomerization. Interestingly,
addition of compound C11 at ratio of 2:1 (C11:HuR) results in a dramatic change in the HSQC
spectrum. A set of well-dispersed weaker signals appears in the spectrum, indicating that com-
pound C11 disrupts protein oligomerization and thus improves the quality of protein NMR
spectra (Fig 3B). In the meanwhile, our AUC data show that C11 affects the formation of
dimer/oligomer (S5 Fig). This is a clear indication that compound C11 directly interacts with
the protein. In contrast, other compounds including compound C10 did not have a significant
effect on the appearance of the HSQC spectrum of the full-length HuR (Fig 3C), although C10
affects the formation of dimer/oligomer of HuR (S5 Fig). We then investigated effect of the
compounds on the "H-""NHSQC spectra of a shorter HuR construct containing only domains
RRM1-2. Only compound C10 was observed to have an effect on the spectrum of RRM1-2 (Fig
4A and 4C). Upon addition of unlabeled 11-mer single stranded RNA oligo to HuR RRM1-2,
many peaks disappeared due to NMR line broadening (Fig 4A and 4C). The crystal structure of
HuR RRM1-2 has been determined and protein-RNA interface was well defined [50]. To inves-
tigate HuR/RNA interaction in solution, we carried out backbone assignment for HuR RRM1-
2. Due to the difficulty to obtain higher concentrated sample for >C/*°N labeled RRM1-2
(maximum concentration we can get is about 0.15mM due to the precipitation above
0.15mM), the assignment of RRM1-2 becomes more challenging task. At the end, we have
managed to obtain 85% backbone assignment (S6 Fig). The chemical shifts were deposited in
BMRB (accession number: 26628). We found that those peaks were indeed located at the HuR/
RNA interface (Fig 4 and S7 Fig), which were consistent with those observed in crystal struc-
ture [50], although there are some residues were not fully assigned. Interestingly, once we
added stoichiometric amount of compound C10 to HuR/RNA complex, most of the NMR sig-
nals broadened by interaction with RNA were restored (Fig 4B and 4D), indicating that C10
interferes with HuR/RNA binding. To investigate if there are some hits missing using STD
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Fig 3. Hits validation using protein based 'H-'SN HSQC. (A) Spectrum of full length HUR (green) (B) Spectrum of full length HuR with Compound C11
(red) (C) Spectral overlay of free (green) and C10 bound (blue).

doi:10.1371/journal.pone.0138780.9003
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Fig 4. C10 displaces the RNA from RRM1-2/RNA complex. (A) Overlay of free RRM1-2 (blue) and RRM1-2/RNA (red). (B) Overlay of free RRM1-2 (blue)
and RRM1-2/RNA/C10. (C) Zoom-in region of (A). (D) Zoom-in region of (B). When RNA binds to RRM1-2, many peaks disappeared as indicated in the cycle
and arrow. The peaks come back once adding C10 to RRM1-2/RNA complex, indicating that C10 does block the RRM1-2/RNA interaction.

doi:10.1371/journal.pone.0138780.9004

followed by 2D HSQC, we carried out protein-based method using "H-'""N HSQC (S8 and $9
Figs). The data indicated only C10 restored the peaks which disappeared from the spectrum of
HuR/RNA complex, other compounds did not.
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Discussion

RNA binding proteins (RBPs) that associate with specific mRNA and function as mRNA turn-
over and translation regulatory RNA binding protein (TTR-RBP) have emerged as pivotal
post-transcriptional regulators of gene expression in mammalian cells [2-4]. The aberrant
overexpression of RBPs in cancer led to the hypothesis that RBPs might play a pivotal role in
the development of malignancies. Elevated expression of the human antigen R (HuR), for
example, has been linked to carcinogenesis in many human tumors. Elevated HuR levels corre-
late with poor outcome and with resistance to chemotherapy [25-29]. HuR is known to stabi-
lize mRNAs of proto-oncogenes, transcription factors, cytokines and growth factors, such as
Bcl-2, SIRT1, c-Fos, COX-2, TGF-B, VEGF, TSP1 by recognizing AU-rich elements (AREs)
presented in the 3’ or 5’ untranslated regions (UTRs) and promoting their expression, thus
contributing to the cancerous phenotype[5-17]. HuR inhibition, therefore, may hold promise
for treatment of cancers known to depend on the elevated expression of these oncogenes.

HuR contains three distinct modules known as RNA recognition motifs (RRM:s): the N-ter-
minal tandem RRM1-2 and the C-terminal RRM3 [18]. RRM1 and RRM2 are mainly responsi-
ble for binding to AREs [21,22]. RRM3 is an oligomerization domain required for cooperative
assembly of HuR on the ARE substrates that are at least 18 nucleotides in length [24,49].
RRM3 did not interact with RRM1 or RRM2 [49]. In the meanwhile, RRM1 did not interact
with RRM2 either (5S4 Fig). These facts indicate that there is no domain-domain interaction
among three RRMs. Thus, HuR inhibitors can only block dimer/oligomer formation, which
has been tested using AUC experiment (S5 Fig). We propose that inhibition of HuR/RNA
interaction can be achieved by distinct mechanisms: a) by directly inhibiting HuR/RNA inter-
action; b) attenuating HuR/RNA interaction by blocking formation of HuR oligomer; c) by
blocking HuR/RNA interaction and dimerization simultaneously.

Previous efforts to discover inhibitors of HuR/RNA interaction yielded a low molecular
weight inhibitor using confocal fluctuation spectroscopic assay [51], in which short construct
was used for screening and there is no secondary screening included. A distinct screening strat-
egy using the Alpha Screen method has recently been described using HuR expressed in mam-
malian cell-based system [52], in which full length HuR was used for screening, and EMSA as
secondary screening was included. However, using EMSA for hits verification may become
time-consuming and cumbersome if larger compound library used in screening (for example,
500K compounds library). Here, we set out to develop an alternative strategy using a fluores-
cence polarization readout that has proven to be very robust in the high throughput setting
[35]. We demonstrate here that a fluorescence polarization assay performs very well with the
recombinant full-length HuR produced using an E. coli expression system and a fluorescently-
labeled RNA oligo. We also show that NMR-based assays can be used as a secondary filter to
remove false positives arising in the primary screening assay by selecting compounds that
directly interact with the target protein. During the time of preparing manuscripts, a paper
using FP to screen HuR inhibitor was published [53]. SPR was used to detect direct binding,
but it may still be a time-consuming step during the hits verification. Although we still use FP
as primary HTS, our system is unique. First of all, NMR based method has been developed as a
high throughput method compatible to conventional HTS [40] and is now used as orthogonal
read-out to the biochemical HTS [41,42]. NMR based approach has been proven to be an effi-
cient method for drug discovery [36-39]. Thus, we take advantage of modern NMR techniques
and use ligand-based and protein-based approaches as orthogonal methods to HTS to remove
false positive hits from FP-HTS. Second, NMR-based approach provides structure activity rela-
tionship (SAR) of inhibitors and HuR, which can be used for hit optimization. Saturation
transfer difference (STD-NMR) and chemical shift perturbation using 2D 'H-1N HSQC are
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commonly used for studying the protein-ligand binding, which provide the information for
residue specific interaction as illustrated in Fig 4. Third, our protocol will be fast-performed,
due to the nature of high throughput screening of both FP and NMR in the primary and sec-
ondary screening. Finally, NMR-STD and HSQC can be used in parallel and can also be used
as an approach for the cross-validation between STD and HSQC experiments (Fig 2, S8 and S9
Figs) to remove false positives. We also added AUC experiment at the end of secondary screen-
ing (S5 Fig), since AUC was commonly used as a tool for molecular interaction [54].

The primary assay yielded a ~0.75% hit rate in the test screen of the NCI diversity set V
library. This hit rate makes an NMR-based secondary assay practical. STD-NMR experiments
were used as the secondary screening assay using a 500 MHz NMR spectrometer equipped with
an automated sample changer and a 1.7 mm cryogenic NMR probe. The 1.7 mm probe requires
less than 40 uL of sample volume, thus less than 10 micrograms of compound per sample was
used in the secondary STD-NMR assay. Protein concentration in the STD-NMR samples was 10
uM, making protein consumption in the secondary assay also very low. Once the hit pool was
further narrowed down by identifying compounds that directly interact with the HuR protein,
we used protein-detected NMR experiments to further elucidate the mode of action of the
STD-NMR positive compounds. Protein-detected NMR experiments require larger amounts of
isotopically labeled protein, thus their utility in the screening efforts is limited by their modest
throughput, particularly for larger molecular weight proteins. Nevertheless, they are still ideal as
the last validation step of the already limited pool of candidate compounds, because of their sen-
sitivity to even relatively week protein/small molecule interactions and their ability to map the
interaction site. Furthermore, "H-'>N HSQC experiments can be used to evaluate effects of the
compounds on protein oligomerization and protein/RNA interaction as is demonstrated in this
study. HSQC spectra revealed that compound C11 restores signals that are not observed in the
spectra of the full-length HuR protein. This striking effect most likely arises from the inhibition
of HuR oligomerization caused by C11 binding to the protein, since there is no domain-domain
interaction among three RRMs ([49], S4 Fig). In contrast, compound C10 has no or little effect
on the spectra of the full-length protein, but its effect on the RNA binding is revealed in the
HSQC spectra collected on the shorter RRM1-2 construct. These results illustrate the power of
the protein-detected HSQC experiments for elucidation of the inhibitory mechanism of the small
molecule ligands. The utility of the HSQC spectra in compound screening and characterization
may be further improved if individual domain constructs are used to detect interaction with the
hit compounds. These efforts are currently in progress.

In summary, our preliminary studies reveal that small molecules can inhibit HuR/RNA
interaction either by directly competing for the RNA binding site on the RRM1-2 segment
(Fig 4) or indirectly interfering with HuR oligomerization mediated by the RRM3 module
(Fig 3B). Performance of our screening strategy on the NCI diversity set V library suggests
that the method is sufficiently robust for screening of larger compound libraries.

Supporting Information

S1 Fig. HTS screening using NCI diversity set V compounds library. (A) The standard devi-
ation is 18.2 in unfiltered raw data. The average FP value is 171.22 (red solid line). Compounds
producing FP readings significantly higher than the average (20, 2x18.2, blue line) were ignored
due to protein precipitation and/or fluorescence quenching caused by compounds. The hits
having 5-standard deviation (5x18.2, cyan line) below the average were also removed due to
their intrinsic fluorescence. (B) The standard deviation was 12.4 with the average of fluores-
cence reading at 171.40 (red dotted line) after the removal of 18 compounds from (A). The hits
having 3-standard deviation (3x12.4, green line) below the average were selected for further
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verification. (C) The selected hits from (B) were subjected retesting using original condition.
The cut-off is same as initial hits pick-up.
(TIF)

S2 Fig. Dose responses of hits on confirmed hits from primary screening. Compounds at
250uM in final concentration in the assay volume of 25uL were added to the mixture of 10nM
RNA and 50nM HuR in the first well in 384 format plate followed by a serial dilution into next
well where the concentration of RNA and HuR was kept constant.

(TIF)

$3 Fig. Chemical structures of selected hits.
(TIF)

S4 Fig. The spectral overlay between RRM1 and mixture of RRM1 with unlabeled RRM2.
Unlabeled RRM2 was titrated into 0.1mM '*N-labeled RRM1. The end-point spectrum
(RRM2/RRM1 = 9:1) (red) was overlaid with that of free RRM1 (blue). Two spectra overlaid
very well, indicating that RRM1 did not interact with RRM2.

(TIF)

S5 Fig. Post-hit validation using analytical ultracentrifugation (AUC). Sedimentation veloc-
ity studies are informative of the overall shape of molecule. The predicted moomer of full
length HuR (36 kDa) is ~2.5x10" (vertical light blue line) using Ultrascan III software, while
our AUC data indicated that only ~10% monomer existed in solution, the majority of species
was dimer/oligomer. We tested 4 compounds from secondary screening. 30% and 50% fraction
of boundary were in orange. 10uM HuR and 20uM compounds were used in AUC experiments
in the total volume of 500ul. We found that both C10 and C11 shifted the boundary of species
toward monomer, while C2 and C8 did not, indicating that C10 and C11 partially disrupted
the formation of HuR dimer/oligomer.

(TIF)

S6 Fig. Backbone assignment of HuR RRM1-2 (residues 1-186).
(TIF)

S7 Fig. Chemical shift mapping of HuR/RNA interface. The cartoon representation of crys-
tal structure of HuR RRM1-2 was shown. RRM1 and RRM2 are colored green. RNA is in
orange. The residues interact with RNA was shown in sticks and colored red.

(TIF)

S8 Fig. The spectral overlay of HuR/RNA complex with or without compounds. The panel
A-F represents compounds C1-6 respectively.
(TIF)

S9 Fig. The spectral overlay of HuR/RNA complex with or without compounds. The panel
A-F represents compounds C7-12 respectively.
(TIF)

S1 Table. IC50 for confirmed hits from primary HTS screening. IC50s were obtained by fit-
ting to the equation of AP = APmax/(1+10/((Logxo-X)*p)).
(DOC)
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