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A B S T R A C T   

West Nile virus (WNV) is a re-emergent mosquito-borne RNA virus that causes major outbreaks of encephalitis 
around the world. However, there is no therapeutic treatment to struggle against WNV, and the current treatment 
relies on alleviating symptoms. Therefore, due to the threat virus poses to animal and human health, there is an 
urgent need to come up with fast strategies to identify and assess effective antiviral compounds. A relevant target 
when developing drugs against RNA viruses is the viral RNA-dependent RNA polymerase (RdRp), responsible for 
the replication of the viral genome within a host cell. RdRps are key therapeutic targets based on their specificity 
for RNA and their essential role in the propagation of the infection. We have developed a fluorescence-based 
method to measure WNV RdRp activity in a fast and reliable real-time way. Interestingly, rilpivirine has 
shown in our assay inhibition of the WNV RdRp activity with an IC50 value of 3.3 μM and its antiviral activity was 
confirmed in cell cultures. Furthermore, this method has been extended to build up a high-throughput screening 
platform to identify WNV polymerase inhibitors. By screening a small chemical library, novel RdRp inhibitors 
1–4 have been identified. When their antiviral activity was tested against WNV in cell culture, 4 exhibited an 
EC50 value of 2.5 μM and a selective index of 12.3. Thus, rilpivirine shows up as an interesting candidate for 
repurposing against flavivirus. Moreover, the here reported method allows the rapid identification of new WNV RdRp 
inhibitors.   

1. Introduction 

The genus Flavivirus encompasses a wide range of well-known 
pathogenic viruses such as Dengue Virus (DENV), Zika Virus (ZIKV), 
Yellow Fever Virus (YFV), Japanese Encephalitis Virus (JEV), Tick- 
borne encephalitis Virus (TBEV) or West Nile Virus (WNV). These 
arthropod-borne viruses (arboviruses) cause hemorrhagic fevers, en-
cephalitis, teratogenic problems in fetuses or other neurological disor-
ders (Barrows et al., 2018). In the case of WNV, the bite of infected 
mosquitos can cause a febrile illness and severe neurological diseases, 
including meningitis, encephalitis, and acute flaccid paralysis (David 

and Abraham, 2016). 
WNV virions (50 nm in diameter) contain a positive single-stranded 

genomic RNA of 11 kb. This genome encodes a single polyprotein, which 
is processed into three structural proteins (capsid, membrane, and en-
velope), and seven nonstructural proteins (NS1, NS2A, NS2B, NS3, 
NS4A, NS4B, and NS5). The NS5 protein is the main actor in the repli-
cation and transcription viral processes. The N-terminal domain of this 
protein (amino acids 1–272) contains the methyltransferase activity, 
responsible for generating the cap structure at the 5′ end of newly syn-
thesized RNA (Issur et al., 2009; Ray et al., 2006), that promotes the 
translation (Fajardo et al., 2020; Zhou et al., 2007) and is involved in the 
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evasion of the host’s innate immune response (Daffis et al., 2010; Fleith 
et al., 2018). The RNA-dependent RNA polymerase (RdRp) activity is 
located at the C-terminal domain (Barrows et al., 2018) of NS5 (amino 
acids 273–905) and is responsible for viral genome transcription and 
replication, which starts by a de novo mechanism, the hallmark activity 
of flavivirus RdRps (Selisko et al., 2006). The three-dimensional struc-
ture of the two WNV NS5 motives has been solved separately (Malet 
et al., 2007; Zhou et al., 2007). They share similar architecture and 
conserved motifs as those observed in the structure of full-length flavi-
virus NS5 proteins (Lu and Gong, 2013; Zhao et al., 2015, 2017). The 
WNV RdRp domain possess the right hand-like typical structure of 
nucleic acid polymerases containing fingers, palm and thumb sub-
domains (Lu and Gong, 2017; Malet et al., 2007). Within these sub-
domains are the crucial motifs involved in both RNA and nucleotide 
binding and the key residues for the nucleotidyl transfer reaction which 
endow NS5 with RdRp activity (Lu and Gong, 2017; Malet et al., 2007; 
Wu et al., 2015). Thus, the fundamental role of RdRp in the virus 
replicative cycle makes it an excellent target for direct-acting antiviral 
drugs (Dong et al., 2008; Malet et al., 2008). Depending on their 
chemical structure, two main classes of RdRp inhibitors have been 
described: nucleoside or nonnucleoside analogues (NAs or NNAs, 
respectively). NAs are prodrugs that after activation mimic the natural 
polymerase substrates, and are incorporated in the nascent RNA strain, 
leading to chain-termination (Eyer et al., 2018) and/or lethal muta-
genesis (Perales et al., 2011). On the contrary, NNAs bind to allosteric 
sites outside the catalytic site, inducing conformational changes that 
lead to inhibition of the polymerase activity (Acharya and Bai, 2016; 
Sinokrot et al., 2017). The effect of NAs on WNV RdRp domain has been 
studied both in vivo and in vitro, but the results obtained have not pro-
gressed to the identification of a clinical candidate (Saiz et al., 2021). 
This highlights the pressing need to identify new candidates that, by 
targeting NS5 RdRp activity, may lead to new drugs to control WNV 
infection. 

In this study, we have used a high throughput fluorescence-based 
activity assay to measure the RdRp activity of WNV NS5. Using our 
method, we have demonstrated that the antiviral rilpivirine impedes the 
WNV NS5 RdRp activity. Moreover, the prospectiveness of the assay is 
exemplified by identifying WNV NS5 polymerase activity inhibitors 
after sampling a small chemical library of compounds without previ-
ously known antiviral activity. In addition to rilpivirine, we have also 
identified novel compounds that displayed good antiviral profiles in 
terms of activity and selectivity when tested in cell culture assays against 
WNV. 

2. Materials and Methods 

2.1. Reagents and hit compounds 

A comprehensive list of reagents used in this study, as well as the 
synthesis and structural characterization of the hit compounds 1–4 are 
included in the supplementary material. 

2.2. Radioactivity-based polymerization assay 

Standard radioactivity assays were performed in 20 μL reactions 
containing 50 mM Tris-HCl, pH 7.5, 2.5 mM MnCl2, 0.1 mg/mL BSA, 5 
mM DTT, 500 μM ATP, 16 nM [α-32P]ATP and 20 ng of poly-U. After 
starting the reactions by addition of NS5 WNV (950 nM), samples were 
incubated at 30 ◦C for the indicated time. Samples were stopped by the 
addition of 8 μL of loading buffer [10 mM EDTA, 95% (v/v) formamide, 
0.03% (w/v), xylene-cyanol]. The reaction products were incubated at 
85 ◦C for 5 min and then loaded onto 12.5% polyacrylamide, 8M urea 
gels. After electrophoresis (50W for 120 min in 1X TBE buffer), the de 
novo polymerization products were detected by autoradiography. 
Different variations of this protocol are properly indicated in the legend 
of Fig. 1. 

2.3. Activity in the presence of inhibitory compounds 

Assays were performed using a 96-well plate format, each well 
contained 0.5 μL of each compound (5 mM in DMSO) and starting the 
polymerization reaction by addition of 49.5 μL of reaction mix (50 mM 
Tris-HCl, pH 7.5, 2.5 mM MnCl2, 500 μM ATP, 5 mM DTT, 1 ng/μL poly- 
U, 0.1 mg/mL BSA, 0.25 μM SYTO-9, and 300 nM of recombinant WNV 
NS5) with a multichannel micropipette to streamline the filling process. 
The half-maximal inhibitory concentrations (IC50) were calculated per-
forming fluorescence-based polymerization assays using increasing 
concentrations of the inhibitory compounds. The determination of the 
mechanism of inhibition was carried out using variable concentrations 
of ATP (200–800 μM) with increasing amounts of inhibitor. Relative 
velocity data were represented by Lineweaver-Burk plots. In all cases, 
the activity values were determined as the velocity of polymerization 
recorded from minute 7 to minute 10 of the reaction. Statistical and data 
analysis data treatment is explained in the supplementary material. 

Fig. 1. Purification and activity of WNV NS5. A) SDS-PAGE analysis of WNV NS5 protein expressed in E. coli BL21 (DE3)-pRIL and purified by affinity chro-
matography. NS5-WT (lane 1) and NS5-GAA (lane 2) recombinant proteins after purification by Ni-NTA resin. M, molecular weight marker. Molecular weight (in 
kDa) of each standard band is indicated. B) Representative electrophoretic analysis of control polymerization reactions conducted in the absence of NS5-WT (lane 1), 
poly-U (lane 2), ATP (lane 3), or using NS5-GAA (lane 4). Standard reactions carried out by WNV NS5 as described in Section 3.4 reactions were stopped at increasing 
time points (15, 30 and 60 min, lanes 5 to 7, respectively). C) Polymerization assay measured by fluorescence in the presence of the indicated reagents, keeping the 
rest of experimental conditions as in a preliminary assay (Materials and Methods). Emission kinetics was recorded during 110 min, measuring the fluorescence each 
30 s. The experiments were performed in quintuplicate. 
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2.4. Infections and drug treatments 

Infectious virus manipulations were conducted in biosafety level 3 
facilities. The origin of lineage 2 WNV Novi Sad/12 (Genebank acces-
sion: KC407673.1) isolate has been previously described (Petrovic et al., 
2013). All infections were performed on Vero CCL-81 cells (ATTC). Cells 
were infected (MOI of 1) and viral inoculum was removed after 1 h of 
adsorption and replaced by fresh medium containing the compounds or 
drug vehicle (DMSO). WNV titers were determined 24 h postinfection 
(p.i.) by standard plaque assay is semisolid agarose medium (Marti-
n-Acebes and Saiz, 2011; Merino-Ramos et al., 2016). At this time 
post-infection titers in control samples were in the range of 108 PFU/mL. 
Cellular ATP content was measured to monitor cell viability in unin-
fected cells using the Cell Titer Glo luminescent cell viability assay. 

2.5. Statistical and data analysis 

Fluorometric results were expressed as mean ± SD, indicating in 
each case, the number of experimental replicates. Dose-response and 
Lineweaver-Burk plots were obtained from non-linear regression curve 
fitting. Nonlinear regression was determined using GraphPad Prism 9 
program. Z′ factor value was calculated as statistical estimator to eval-
uate the suitability of a prospective method as a high-throughput system 
(Zhang et al., 1999). This factor was calculated as previously described 
(Saez-Alvarez et al., 2019): Z’ = 1 − [(3SDc+ + 3SDc− )/(meanc+ −

meanc− )] where “c+” is the activity obtained in a standard assay and 
“c− ” is the activity obtained in a negative assay in the absence of MnCl2. 

3. Result 

3.1. Purification and biochemical characterization of recombinant WNV 
NS5 

NS5-WT and NS5-GAA (a catalytically inactive mutant of WNV NS5 
RdRp domain, see supplementary material) recombinant proteins were 
expressed and purified as described in Section 2.2 (Fig. 1A), and a 
polymerization assay was carried out to check their activity. Reactions 
were performed using only [α-32P]ATP and poly-U as substrates, and the 
polymerization products were dissolved on a polyacrylamide gel. RNA 
synthesis was observed only when NS5-WT was used in addition of both 
template and MnCl2 (Fig. 1B). This result agrees with previous results, 
confirming that, in the presence of Mn2+, homopolymeric ssRNA can be 
used as template for de novo polymerization carried out by flavivirus 
RdRps (Saez-Alvarez et al., 2019; Selisko et al., 2006). This result 
encouraged us to build up a fast non-radioactive assay for screening 
compounds as inhibitors of the polymerase activity of WNV NS5, based 
on our previously reported real-time polymerization method (Agudo 
et al., 2017; Saez-Alvarez et al., 2019). This technique relies on the 
strong binding preference of fluorescent dye SYTO-9 towards dsRNA 
versus ssRNA, so that the dye will bind to nascent dsRNA synthesized by 
WNV NS5 during the assay. The real-time increase of fluorescence was 
only detected in assays carried out in the presence poly-U and MnCl2 
using NS5-WT. The same assay conditions using the mutant NS5-GAA 
provided identical results, confirming the importance of the catalytic 
activity of RdRp for detecting increase fluorescence (Fig. 1C). In addi-
tion, no NS5 fluorescence-associated activity was shown when the 
substrates were poly-A and UTP, or when Mg2+ was used as a metal 
donor. 

Several parameters were explored to optimize the fluorescence 
assay. Different concentrations of the metal donor, NaCl, DTT and of the 
recombinant protein, as well as different temperatures, were tested 
while the rest of the experimental conditions remained unaltered. The 
best results (Supplementary Fig. 1) were obtained using 2.5 mM MnCl2, 
in the absence of additional NaCl, 10 mM DTT and the temperature fixed 
at 25 ◦C. As expected, no increase in fluorescence was detected under the 
range of MgCl2 concentrations used (0–10 mM). The increment of the 

reaction velocity is directly proportional to the concentration of the 
recombinant NS5 in the 200–600 nM range, reaching its maximum when 
1250 nM of recombinant protein was used (Supplementary Fig. 1). 
These assays allowed the determination of a Km for poly-U of 2.2 ± 0.8 
μg/mL (~21 nM) and a Km for ATP of 204 ± 55 μM (Supplementary 
Fig. 2). 

3.2. Utility of the fluorescence assay to evaluate the effect of polymerase 
inhibitors 

Based on our previous experience (Saez-Alvarez et al., 2021), we 
considered that the WNV NS5 fluorescence-based polymerization assay 
might be exploited as a high-throughput platform for the screening of 
potential inhibitors of RdRp activity. Towards this aim, we carried out 
fluorescence-based experiments in the presence of cordycepin 
5′-triphosphate (3′-dATP; Fig. 2A), a model compound acting as a chain 
terminator analog of ATP (Rose et al., 1977), which has been proven as 
polymerization inhibitor for several Flaviviridal RdRps (Ackermann and 
Padmanabhan, 2001; Lu et al., 2017; Nomaguchi et al., 2004) The 
presence of 3′-dATP resulted in a concentration-dependent reduction of 
the fluorescence. The IC50 value of 3′-dATP was 60.8 ± 7.8 μM (Fig. 2B). 
Radioactive-based polymerization assays confirmed that the inhibitory 
activity elicited by 3′-dATP was related to the inhibition of dsRNA 
synthesis (Fig. 2C). 

To further assess the suitability of the fluorescence assay as a high- 
throughput screening method, the Z′ value was determined. The rela-
tive activity of both positive and negative controls was calculated as the 
average value obtained from ten independent experiments. Each 
experiment was carried out in triplicate and on independent days. The Z’ 
value obtained was 0.65. According to published standards (Zhang et al., 
1999), this result qualifies our method as an excellent assay for 
high-throughput screening applications. 

3.3. Rilpivirine inhibits WNV RdRp activity 

Recently, rilpivirine (Fig. 3A), an antiretroviral targeting the human 
immunodeficiency virus reverse transcriptase acting as a NNA (Janssen 
et al., 2005), has been proposed to bind ZIKV NS5 polymerase at the 
palm domain (Sariyer et al., 2019). Rilpivirine showed anti-ZIKV ac-
tivity in primary astrocytes and prevented ZIKV-induced mortality in a 
mice model (Sariyer et al., 2019). Thus, rilpivirine was selected as a 
potential inhibitor of WNV polymerase to be tested in the here reported 
fluorescence-based assay. Indeed, rilpivirine showed a strong 
dose-dependent inhibition of NS5-WT activity, showing an IC50 = 3.3 ±
0.5 μM (Fig. 3B). Also in this case, radioactive-based polymerization 
assays confirmed that synthesis of RNA by NS5-WT was inhibited by 
rilpivirine (Fig. 3C). To the best of our knowledge this is the first report 
on WNV RdRp inhibition by rilpivirine. 

3.4. Identification of potential WNV NS5 inhibitors through fluorescence- 
based screening 

To assess the usefulness of the screening platform, it was challenged 
by analyzing a small in-house chemical library that contains 120 com-
pounds with MW < 500. The screening of this library was performed as a 
proof of concept to evaluate a source of chemicals without known 
antiviral activity. The library was tested at a final concentration of 100 
μM. Only four compounds 1–4 (Fig. 4) afforded complete inhibition of 
the fluorescent signal compared to a control containing DMSO, so they 
were considered hits. The IC50 values for 1, 2, 3 and 4 were determined 
as 9.8 ± 0.7 μM, 7.8 ± 0.7 μM, 9.8 ± 0.5 μM and 12.4 ± 2.5 μM, 
respectively (Fig. 4). All compounds showed non-competitive inhibition 
versus ATP according to Lineweaver-Burk plots (Fig. 5). 

All together, these results show the high potential of the 
fluorescence-based method for the identification and biochemical 
characterization of novel antiviral agents against WNV. 
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3.5. Antiviral activity against WNV in cell culture assays 

In order to assess the antiviral activity of rilpivirine and the here 
identified NS5 polymerase inhibitors 1–4 against WNV, cell culture 

assays were performed in Vero cells (Fig. 6). Rilpivirine exhibited good 
antiviral activity against WNV in these assays with EC50 of 1.5 μM and 
low cytotoxicity (CC50 > 100 μM), thus accounting for a Selectivity 
Index (SI; calculated as the ratio CC50/EC50) of 66.6 (Fig. 6A). Regarding 

Fig. 2. Enzymatic activity of NS5-WT in the 
presence of model inhibitory compounds. A) 
Chemical structure of 3′dATP. B) Dose-response 
curve of NS5-WT in the presence of 3′-dATP used 
as model inhibitory compound. The experiments 
were performed in quadruplicate. C) Representative 
electropherogram of standard radioactive assay 
performed with NS5-WT in the presence of 50 μM 
3′-dATP stopped at 15′, 30′ and 60′ minutes (lanes 1 
to 3, respectively). A positive control reaction 
stopped at 60′ in the absence of 3′-dATP is shown 
for comparison, (lane 4).   

Fig. 3. Enzymatic activity of NS5-WT in the 
presence of rilpivirine. A) Chemical structure of 
rilpivirine. B) Concentration-response curve of NS5- 
WT in the presence of rilpivirine used as model 
inhibitory compound. The experiments were per-
formed in quadruplicate. C) Representative elec-
tropherogram of standard radioactive assay 
performed with NS5-WT in the presence of 10 μM 
rilpivirine stopped at 15′, 30′ and 60′ minutes (lanes 
1 to 3, respectively). A positive control reaction 
stopped at 60′ in the absence of rilpivirine is shown 
for comparison (lane 4).   

Fig. 4. Dose-response inhibition of the RdRp activity in vitro of WNV NS5 exerted by hit compounds 1–4. A) Chemical structure and IC50 calculation of 
compound 1 B) Chemical structure and IC50 calculation of compound 2. C) Chemical structure and IC50 calculation of compound 3. D) Chemical structure and IC50 
calculation of compound 4. 
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the identified hits 1–4, compound 1 showed almost no activity against 
WNV replication (EC50 of 38.3 μM) (Fig. 6B). This lack of activity may be 
ascribed to the potential hydrolysis of the labile ester bond linking the 
palmitic fatty acid to the aromatic core. Remarkably, its non- 
hydrolysable ether analogue 2 showed an improved activity (EC50 of 
21 μM) in the absence of toxicity (CC50 > 100 μM) (Fig. 6C). More 
interestingly, the ether derivative 3 exhibited an EC50 value of 5.3 μM 
although toxicity was also observed with a CC50 of 17.5 μM (Fig. 6D). 
The best compound in this series is compound 4, with an EC50 value of 

2.5 μM and a CC50 of 30.7 μM, thus affording a selectivity index of 12.3 
(Fig. 6E). Compounds 1 to 3 exhibited SIs from 2.6 to 5.2 in cell cultures, 
so their antiviral activity was very close to the concentrations that 
started cytotoxicity (note 80% of viability in the graphs). Therefore, we 
cannot exclude that this activity could derive in part from cytotoxicity. 
However, in the case of compound 4 the SI > 10 supported its specificity. 
Overall, these results confirm the utility of the screening assay here 
developed to identify NS5 inhibitors with potential antiviral activity. 

Fig. 5. Characterization of inhibition exerted by hit compounds 1–4. A to D) Kinetics of polymerization inhibition by hit compounds 1, 2, 3 and 4. Line-
weaver–Burk plot of the polymerization catalyzed by NS5-WT in the absence, or in the presence of the indicated amounts of each compound. 

Fig. 6. Antiviral activity of rilpivirine and compounds 1–4 against WNV. A) to E) EC50 and CC50 calculations of rilpivirine (A) and compounds 1 (B), 2 (C), 3 (D) 
and 4 (E). Vero cells were inoculated with WNV (MOI of 1), treated with the compounds and the virus yield was determined a 24 h post-infection. The cytotoxicity 
was measured in parallel in uninfected cells treated with the same amounts of the compounds by quantification of ATP levels. 50% and 80% are denoted by dashed 
lines. At least three independent biological replicates were performed. 
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4. Discussion 

The unique RNA-dependent RNA synthesis of RdRps, without known 
polymerase counterparts among living beings, convert those proteins in 
one of the main therapeutic targets against the RNA viruses. The crucial 
role of this enzyme in flavivirus replication has been evidenced by the 
antiviral activity of different NAs acting at the active site. Relevant ex-
amples described for WNV polymerase includes sofosbuvir (Dragoni 
et al., 2020), favipiravir (Escribano-Romero et al., 2017; Morrey et al., 
2008), remdesivir (Konkolova et al., 2020), 7-deaza-2ʹ-C-methyladeno-
sine (Eyer et al., 2019), ribavirin (Anderson and Rahal, 2002) or 
7-deaza-2ʹ-C-ethynyladenosine (Nelson et al., 2015), which have pro-
duced varying degree of success. However, there is no compound found 
to be effective beyond in vitro models (Eyer et al., 2018), showing the 
need to develop new assays for antiviral compound screening. 

The most ambitious campaign to identify non-nucleoside inhibitors 
of flavivirus NS5 has been performed with DENV RdRp by fragment 
identification using X-Ray crystallography (Noble et al., 2016), followed 
by ligand construction using structure-based drug design (Yokokawa 
et al., 2016) and additional studies on their mechanism of action and 
resistance profiling (Lim et al., 2016). These ligands have also been 
studied and further modified for ZIKV NS5 (Gharbi-Ayachi et al., 2020). 
To the best of our knowledge, this approach has not been applied to 
WNV NS5 and just a few examples have been described of 
non-nucleoside inhibitors against this protein (Puig-Basagoiti et al., 
2009; Tarantino et al., 2016). Thus, there is really a lack of NNAs that 
show inhibitory activity targeting WNV NS5 RdRp. 

Since our description of the capabilities of real-time fluorescence to 
measure the de-novo RNA synthesis using ZIKV RdRp (Saez-Alvarez 
et al., 2019), different authors have used variation of this method to 
measure the activity of enterovirus 71 (Xu et al., 2020), SARS-CoV-2 
(Yin et al., 2021), ZIKV (Fernandes et al., 2021; Saez-Alvarez et al., 
2021) and DENV (Wang et al., 2022) RdRps in the presence of different 
polymerase inhibitors. The benefits of this measurement method are 
captured again in this work. The here described WNV 
fluorescence-based technique to measure the RdRp activity does not 
require the presence of radioactive substances, which involve additional 
biosafety measures, contention facilities and cumbersome experimental 
conditions (Gong et al., 2013; Madhvi et al., 2017; Su et al., 2010). In 
addition, this method uses homopolymeric RNA molecules as templates 
that are easily accessible. The possibility of real-time recording the RdRp 
activity increases the specificity of the fluorometric method, since it can 
be possible to check in real time those samples not showing an increase 
of fluorescence from the beginning of the assay. This setup speeds up the 
screening capabilities and allows the calculation of the 96 reactions 
velocities of the plate analyzed in only 10 min, as described in Section 
2.3. Data presented here shows that both standard radioactive- and 
fluorescence-based assay requirements are similar, including the pres-
ence of a catalytically active polymerase to obtain either a radiolabeled 
or fluorescent product, respectively (Fig. 1A and B). All these results 
support that our fluorescence-based method faithfully records the RdRp 
catalyzed RNA polymerization. 

Fluorometric measurements in the presence or absence of 3′-dATP as 
a model of chain-terminator nucleotide analogue, revealed a positive 
correlation with the results obtained in the assay based on radiolabeled 
nucleotides (Fig. 2), thus this can be considered as a positive control. In a 
second step, we tested rilpivirine, an approved HIV-1 RT antiviral, 
which recently was reported to inhibit ZIKV replication by interfering 
with the NS5 polymerase (Sariyer et al., 2019). We have found that 
rilpivirine effectively inhibits WNV polymerase (Fig. 3) Moreover, ril-
pivirine showed a marked antiviral effect against WNV in cell culture 
with a SI > 66 (Fig. 6), data that, together with those reported for ZIKV, 
convert rilpivirine into a promising broad-spectrum anti-flaviviral 
compound. 

The 96-well plate configuration and the high reproducibility allows 
using our fluorescence assay as a high-throughput screening (HTS) 

platform. The value obtained for factor Z’ (0.65) qualifies this method as 
an HTS platform of inhibitory compounds targeting the WNV RdRp 
activity. As proof of concept of the platform capacity, a small chemical 
library composed of molecules without known antiviral activity was 
screened. Four structurally related compounds (1–4, Fig. 4) were iden-
tified as inhibitors of the polymerase reaction with IC50 values in the low 
micromolar range, and in all cases, they proved to be ATP-non- 
competitive inhibitors in the fluorescence assay (Fig. 5), suggesting 
their binding to an allosteric pocket outside the active site of the poly-
merase. Although, to the best of our knowledge, no information is 
available on crystal structures of allosteric inhibitors binding to the 
WNV polymerase domain, the existence of allosteric pockets for this 
enzyme has been suggested based on sequence analysis comparison with 
other flavivirus RdRps, both at the so called N-pocket (Noble et al., 
2016) or, more recently, to the RNA template tunnel (Arora et al., 2020). 

Concerning the antiviral effect against WNV in cell culture, two of 
these compounds (3 and 4) showed EC50 values lower than 10 μM 
against WNV (Fig. 6). Particularly interesting is compound 4, with 
marked antiviral activity (EC50 of 2.5 μM) and a good selectivity index of 
12, making of this compound a good prototype for the development of 
novel NNAs directed against WNV polymerase. 

5. Conclusions 

In this work we have set-up a real-time HTS platform to measure the 
WNV RdRp activity that can be of special relevance to the discovery, 
characterization and development of therapeutics against WNV which 
are currently unavailable. The inhibitory activity of rilpivirine against 
WNV RdRp, together with the identification of a novel inhibitor of this 
enzyme (i.e. compound 4) both of them antivirally active in cell culture, 
open new possibilities for the future development therapeutics to com-
bat this pathogen. 
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