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Alphaviruses
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The al phaVi rus non -Stru Ctu ral prOtei n 2 ("SPZ) is a Critical Figure 1. (A) Hela cells were pretreated with indicated inhibitors for 1 h prior to and during infection with VEEV TC-83 (MOI 1). 24 hours after

infections cell viability was measured (upper right panel) then cells were fixed and stained with anti-VEEV antibodies. DMSO treated and infected

prote a se samples were treated as 100% infected (upper left panel). (B) Two Inhibitors Specifically and Effectively reduce VEEV Infection by Blocking Activity of
nsP2. For pretreatment samples (pre-treat) inhibitors were added at indicated concentrations for 1 h prior to and during 3 h infection, then virus and
inhibitors were removed for overnight incubation. Alternatively, untreated cells were incubated with indicated viruses (MOI 1) for 1 h, washed with PBS - - -
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The alphavirus nonstructural protein 2 (nsP2pro) is an attractive anti-viral target, since its proteolytic processing of the 0.75 150 - 2 E #O0E M p10 2 SO = S::O
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-0.75 -50 | Figure 5. Hela cells were incubated indicated inhibitors for 1 h prior to and during viral infection (MOI 1). 2G3, A3, and D10 were used at 5, 10 and 20
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UM, while G8 was used at 1, 5, and 10 uM for infections with CHIKV 181/25, VEEV TC-83, and Rift Valley fever virus (RVFV) strain MP12 (RVFV-
MP12). For Zika virus infections, all compounds were used at 5 and 10 uM. Supernatants were collected at 24 hpi, and viral titers were measured by
plaque assay on Vero cells. Zika virus and RVFV were included to characterize the spectrum of inhibition of these compounds. Zika virus belongs to
the Flaviviridae family, and alphaviruses, Zika virus has a positive strand genome that contains a protease for post-translational processing of the
polyprotein. RVFV is a member of the Bunyaviradae family with a negative strand RNA segmented genome that does not encode a protease.

LS Library (125 Plates)

n.SPZ_SpeCIfIC |nh|.b|t(.)rs result in UCLA's MSSR has libraries Of small-molecule |nh|b|j£ors and robotics for Figure 2 (A) 125 plates containing 40,000 unique compounds were used in high-throughput screening. Screen quality was assessed by Z’ scoring of

continued FRET-excitation of mRuby2 automated, high-throughput screening. the 125 plates (right). The black bars represent mean and standard deviation. A Z’ factor above 0.5 is considered “excellent” and represents very-high
UCLA MSSR s '- ' confidence. Compounds from assay plates scoring below a 0.3 threshold (dotted line) were filtered out. (B) Changes in the Clover:mRuby2

47Qnm 518nm fluorescence ratios were normalized against DMSO-treated controls, and plotted as a percentage of relative cleavage. The top 1,000 compounds (red
box, lower) reduced FRET emission to below 50% of controls, indicating inhibition of nsP2pro cleavage activity. (C) 320 candidate compounds from
the initial screen were chosen for secondary screening and arrayed into a single plate. These compounds were then assessed at three different
concentrations: 10uM in duplicate, 5uM in triplicate, or 1uM in triplicate. Results are plotted as percentage cleaved relative to DMSO-treated controls
based on FRET fluorescence ratios. The top compounds (gray square) were chosen for subsequent analyses.
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Summary and Conclusions

In conclusion, we've developed an in vitro screening system that’s readily amenable for large scale high-throughput screening of anti-viral compounds.
Using the alphavirus nsP2pro, we screened 50,000 compounds against VEEV nsP2pro and 40,000 compounds against CHIKV nsP2pro and identified
nsP2 Substrate ihi - i i iNi dozens of candidate anti-viral compounds that show some efficacy in cell culture. Four of these compounds were characterized in a variety of assays,
Sequence I n h I b Ito s Decrease C H I KV G F P I nfe Ctl on Wlth M Ini mal Cel I showing reduction in viral protein levels, reduced cellular effects, and a pronounced reduction of viral titers. Although CHIKV nsP2 has a longer
TOXi cit substrate sequence than VEEV nsP2, the crystal structure for both protease domains has been resolved and superposition of the two indicates that
y these proteases have a highly conserved tertiary structure despite only having an amino acid sequence identity of 42%. Thus, it is not surprising that
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To discover inhibitors of nsP2pro with broad spectrum efficacy and low affinity for human proteases we developed novel FRET-based high Compound # We would like to thank multiple people for conceptual and technical assistance. This includes
throughput assays to monitor substrate cleavage. The assay was initially developed for VEEV nsP2pro for DTRA CBM under CB4037, CB-SEED- Out of ~100 compounds, very few were non-cytotoxic and effective Drug Concentration (uM) Joanne Volponi, from Sandia, as well as Robert Damoiseaux and Bryan France from UCLA’s
SEED09-2-0050. and was adapted for CHIKV nsP2pro. The assays for VEEV and CHIKV were used to screen 50,000 and 40,000 compounds, at in’hibition of CHIKV-GEP MSSR.
respectively, at the UCLA molecular shared screening center. Screening for CHIKV nsP2pro inhibitors was done in 384-well plate formats, allowing Sﬁﬂdlﬂ
the testing of 320 small-molecule compounds per plate. Relative emission ratios of Clover and mRuby2 are used to quantify the level of nsP2- Figure 3. To facilitate initial screening of compounds for anti-viral efficacy in cells we generated a CHIKV 181/25 reporter virus that expresses GFP : The first HTS screen and initial studies with VEEV nsP2pro (figure 1) were supported by DTRA
medlatgd cleavage. Fluc_>rescence ratios of Clover to mRuby?2 are rpeasured after 20 hours, a nd. are shown in a cc())lo_r-cc_)d.e.d heat-map. Values were upon entry and replication (A) Top 100 compounds were screened against CHIKV-GFP reporter virus, at 5, 10, or 20uM concentrations. Compounds NHtII]I'IEIl CBM under CB4037, CB-SEED-SEED09-2-0050.
normalized to the negative controls (red, columns 1 and 2). In this image, compounds resulting in greater than 90% inhibition of cleavage (relative | inhibiting CHIKV-GFP to below DMSO-treated controls at 20uM are plotted relative to inhibitory effect. (B) Four compounds, designated A3, G8, D10,

to the positive controls, columns 23 and 24) are shown bolded and boxed. Down-selected inhibitors were then tested for cell permeability, toxicity,
specificity and effectiveness against viral infection. From these screens we identified six compounds, two that specifically block VEEV infection
(figure 1), four that block CHIKV (figure 3-5), three of which are also effective against VEEV (figure 5), and one compound that was effective
against a diverse set of viruses, including bunyaviruses, flaviviruses and alphaviruses without being cytotoxic (figure 5). This compound screening
pipeline can be quickly adapted to new natural or synthetic threats, and offers a rapid and high-throughput way to find both specific and broad
spectrum therapeutic compounds.

and 2G3, significantly and reproducibly reduced virus-induced GFP fluorescence in HelLa cells. The anti-viral efficacy at a variety of concentrations Lﬂhﬂ]’ﬂmﬂﬂﬂ Follow-on Studies (Figure 2-5) were supported by a Laboratory Directed Research and

was measured for these four compounds in HelLa cells to generate an IC50 dose response curve for each inhibitor. The IC50 of each compound was Development Grant at Sandia National Laboratories, Sandia National Laboratories is a

determined using a nonlinear regression curve fitting, using a [inhib] vs normalized response w/variable slope analysis. Compound efficacy was multimission laboratory managed and operated by National Technology and Engineering

assessed in triplicates per dosage, GFP values were normalized against DMSO-treated controls, and a curve was fit to calculate IC50 values. Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International, Inc., for the
U.S. Department of Energy’s National Nuclear Security Administration under contract DE-

NAO0003525.




