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Abstract:

Chandipura Virus (CHPV), a rhabdovirus belonging to mononegavirales, is an emerging
pathogen in Indian subcontinent. The virus infection causes fever, brain encephalitis
among the young children below 14 yrs of age. In recent past, several outbreaks and
deaths among children were reported from in India. There are no targeted drugs or
vaccines available against CHPV and symptomatic treatments are the only option. In this
background, we aimed to investigate the inhibitory effects of some priviously known
viral RNA polymerase inhibitor drugs on CHPV replication. First, we examined
remdesivir, which is known to inhibit HCV, Ebola and SARS-CoV-2 replication and
close structural similarity along with conserved residues in the finger region of RNA
dependent RNA polymerase (RdRp) domain is the basis of replication inhibition. Our
results showed that remdesivir inhibits CHPV replication in vero E6 cells to a significant
level. In this study we have also included non-nucleoside anti-retroviral inhibitor
(NNRTTI) drug nevirapine, and nucleoside inhibitor (NRTI) drug AZT (Zidovudine) to
determine if these are also able to inhibit CHPV replication. Interestingly, we observed
inhibition of CHPV replication by both nevirapine and AZT (in the order
nevirapine>AZT), albeit to a lesser extent compared to remdesivir. We next performed
molecular docking and modeling study to get an insight about the interactions of these
drugs with CHPV polymerase protein. Modeling study predicts that remdesivir has most
favourable CHPV polymerase binding energy among these three drugs. Both remdesivor
and AZT binds near the polymerase active site through interctions with residues in finger
and palm regions of RdRp. In contrast, nevirapine binds to the N-terminal domain (NTD)
of the RdRp. In summary, we found remdesivir as a potent inhibitor of CHPV. A
combination therapy including remdesivir, nevirapine and AZT may be a better drug
cocktail to treat CHPV disease. Our findings warrant further studies of these drugs

against CHPV in animal models for clinical use in near future.
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Introduction:

Viral polymerases are potential drug target because of it’s key role in virus RNA
transcription and genome replication. In past three decades detailed information was
gained about the structure-function relationship of different families of polymerases
isolated and chanraterized from RNA and DNA viruses (1-3). X-Ray crystallographic
studies of polymerases with bound inhibitors helped in understanding 3D structure and
key amino acid residues involved in inhibitor-polymerase interactions. Based on this
knowledge, clinically important drugs were designed and used in successful treatment of
several recently emerged deadly viruses, such as EBOV, MERS, SARS, SARS-CoV-2
4-7).

CHPV is an emerging pathogen of Indian subcontinent and in some of the African
countries (8-10). Since first reported in 1965 (11), several major outbreaks were reported
from the states of Maharastha, Gujrat, Bihar in India (12-15). CHPV causes fever, brain
encephalitis among young children below 14 years of age and the case-fatality rate is
more than 50% among the infected children. It is a vector-borne disease, spread by
phlebotomus sandfly (16) and there are possibilities of major endemics by CHPV in
future if there is no preventive therapeutics are available. Currently there is no targeted
treatment for CHPV encephalitis, and clinical management is done by fluid and
electrolyte balance, paracetamol, diclofenac.

VSV is a close family member of CHPV and both viruses share high degree of sequence
homology. Crystal stucture of VSV polymerase has been demonstrated recenly and its
RdRp (RNA dependent RNA polymerase) was found structurally similar to other
rhabdoviruses and negative stranded virus polymerases (3). There is no crystal stucture of
CHPV polymerase (called Large or L protein) is available yet but using in-silico
modeling we have determined 3D structre of CHPV polymerase L protein, which predicts
close similarity in structure to VSV L. Recently published study results also suggest that
non-segmented negative stranded RNA viruses (including Rabies, VSV, HRSV) have
similar structural domians and have some conserved amino acid sequences in this region
of polymerase protein (17). We hypothesized that polymerase drug remdesivir, a ATP
analog, which is a potent inhibitor EBOV and also is in emergency clinical use for
SARS-CoV-2, may bind CHPV RdRp and inhibit virus replication (18-22). We also
assumed that retroviral NRTI drug AZT and NNRTI drug nevirapine may inhibit CHPV
replication because of basic structural similarity shared by viral RNA polymerases having
a right-hand like structure with finger, palm and thumb subdomains present. Both AZT
and nevirapine are clinically used as HAART regimen agaisnt HIV/AIDS in adults and
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newborn children. AZT inhibits HIV-1 replication through interaction with residues in
dNTP binding pocket of reverse transcriptase, whereas nevirapine binds to the palm and
connection regions near the active site. AZT acts as a terminator of newly synthesized
nucleotide chain (23,24). On the other hand, nevirapine and other NNRTIs binding to
HIV-1 RT causes structural distortion causing inhibition to overall polymerase activity
(25,26). To examine if these three drugs have any inhibitory effects on CHPV replication
we have conducted ex vivo infection studies in cultured vero E6 cells and analysed viral
proteins and viral RNA transcripts from drug treated and infected cell. To better
understand the mechanistic insights, we have also done molecular docking and in-silico

modeling studies of the chandipura virus plymerase protein L bound with these drugs.

Methodology :

Polymerase inhibitor drugs

AZT and nevirapine was obtained from Prof. Sanjeev Sinha, All India Institute of
Medical Sciences, New Delhi. Powdered nevirapine was dissolved in DMSO (Stock 100
mM) and AZT was dissolved in deionized water as per solubility data (10 mM stock).
Aqueous solution of Remdisivir (Jubilant Generics, Authorzed by Gilead Sciences, Stock
is 5.2mg/ml or 8.5 mM ) was used in our study. ImM and 100 uM final concentrations of
each drug were used to determine the inhibitory effects.

Cells and Virus

Vero E6 cells were used for all the experiments. Cells were maintained in DMEM
(Gibco) containing 10% FBS. Chandipura virus Indian strain, stock (Titer ~1x10*/ml)
was obtained from Prof. DJ Chattopadhyay lab (University of Calcutta, Kolkata), was
used in this study.

Drug treatment and virus infection

Vero E6 cells were treated with remdesivir, AZT and nevirapine at ImM and 100 uM
concentrations. 2h post treatment cells were washed with PBS twice and then infected
with CHPV at 0.005 moi in serum free DMEM media. Cells were washed 2x with PBS
and incubated with complete DMEM containing remdesivir, AZT and nevirapie
respectively at same concentration mentioned above. 24h post-infcetion cells were
harvested. Total proteins extracted from half of the harvested cells, were analyzed by
western blot using anti-CHPV N (obtained from Prof. D Chttopadhyay lab) and anti-
tubulin nonoclonal antibody (as internal control). Remaining part of the harvested cells

were mixed with 0.5 ml Trizol reagent (Invirogen) and harvested at -80 deg until used.
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Supernatants containing released virus particles were filtered through 0.45 um filtration
unit (Millipore) and harvested at -80 deg, until these were used for Western blot analysis
and plaque assay.

Plaque assay

Cell free supernatants were used for plaque assay to determine the amounts of virus
produced in the presence and absence of drugs. For plaque assay 0.75 million vero E6
cells were seeded in 6-well plates and 48h later cells were infected with serially diluted
virus-containing supernatants. Virus dilution and infection was carried out in serum free
DMEM media. First, viruses added to cells and incubated at 37°C for 2hrs. Cells were
then washed with PBS twice and overlayed with 2x DMEM mixed with equal volume of
2% low melting agarose. Plates were then incubated for 24h at 37 deg. To visualize
plaque, cells were stained with crystal violet for 2h, then discarded the agarose overlay
and finally wells were rinsed with water. T-test was performed do determine the p values.

Western blot analysis

Infeted cell proteins were extracted using cell lysis buffer (150mM NaCl, 1.0% NP-40,
0.5% sodium deoxycholate, 0.1% SDS and 50 mM Tris-cl pH 8.0) containing protease
inhibitor cocktail (Sigma). Lysates were mixed with 2x lameilli buffer containing beta-
marcaptoethanol and analyzed on 10% SDS PAGE gel. Viral proteins were extracted
from cell-free supernatants by mixing with equal volume of 2x lameilli buffer followed
by heating at 100°C for 10 min and proteins were separated on 10% SDS-PAGE gel.
Transferred proteins from cell lysates or cell-free supernatants on PDVF/nitrocellulose
membrane were detected with anti-CHPV N antibody. Cell lysates were also blotted with
anti-beta tubulin antibody (as internal control). Levels of viral proteins present in drug
treated and untreated cells were compared.

Analysis of viral transcripts by PCR and quantitative real-time PCR

For analysis of viral RNA, total RNA from infected cells were isolated using Trizol
reagent and following the respective protocol. cDNAs were prepared from 0.5 pg RNA
samples using high-capacity cDNA synthesis kit (Applied Biosystems) following
standard protocol. cDNA were then used as template to amplify CHPV G (envelope)
gene using CHPVG-F (Sequence 5’-CCAAGCTTATGACTTCTTCAGTGACA-3’) and
CHPV G-R (5’-CCGTCGACGATATCACTCATACTCTGGCTCTCAT-3") following
standard protocol. Condition for PCR amplification was 1 cycle at 94 deg for 5 min, 25
cylces of 94 deg 15 sec, 55 deg 30 sec and 72 deg 2 min, 1 cycle at 72 deg for 5 min.
GAPDH forward and reverse primers (5’-ACCTGACCTGCCGTCTAGAA-3’ and 5’
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TCCACCACCCTGTTGCTGTA-3’) were used to amplify GAPDH sequence as internal
control.

To get a quantitative measurement of the relative amounts of transcripts synthesized in
the infected cells in presence or absence of drugs, we have conducted a SYBR Green
based real-time PCR assay. cDNA systhesised were used as template for quantitative
PCR. GAPDH and CHPV G specific primers mentioned above were used for this
purpose. Real-time PCR were conducted in presence of 1x SYBR Green PCR mix
(Applied Biosystems), 200 nM each of forward and reverse primers and 2.5 pul cDNA in a
total volume of 20 pl. Reaction was done QuantStudio™™ 6 Flex Real-Time PCR System
(Applied Biosystems). Reaction was conducted at 25 deg 10 min, 40 cycles of 95 deg 30
sec and 60 deg 1 m 30 sec. Ct values obtained were analysed and comparison was made.
AACt and 272" was calculated and compared (27).

Molecular docking and in silico modelling

A. 3-D structure prediction and validation

As the 3D structure of L protein (2092 aa) of CHPV is not available in the data bank, we
used a homology-modeling server in order to generate a 3-D model of the protein of
interest. The 3-D structure of CHPV L protein (2092 amino acids) was modeled using the
homology-Swiss-model server. The crystal structure of RNA-directed RNA polymerase
L-Structure of the Vesicular Stomatitis Virus L (VSV L) protein in complex with
phosphoprotein cofactor of Indiana virus strain San Juan protein (PDB ID: 6U1X) was
taken as a primary template to model the structure of CHPV L protein. The sequence
identity between the two proteins was 59.79%. The best model was selected among all
models provided by swiss-model on the basis of global mean quality estimate (GMQE
score) and QMEANDisCo global score. The predicted GMQE and QMEANDisCo global
score for the final structure was listed in Table 1.

The reliability of the modeled structure was assessed using Structural Analysis and
Verification Server (SAVES) (http://nihserver.mbi.ucla.edu/SAVES). SAVES calculates
the backbone conformation and overall stereochemical quality of the modeled structures
by analyzing the phi (®) and psi (y) torsion angles using PROCHECK (28) to cross-
check the Ramachandran plot statistics (Table 2). The nonbonded atomic interactions
were examined using the ERRAT program (29). Prior to docking, the energy of the
modeled structure was minimized using steepest descent (100 steps) and conjugate
gradient (500 steps) method from SPDB viewer software platform.

B. Protein-ligand docking protocol
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The modeled structure of CHPV L protein was docked with three antiviral drugs namely,
nevirapine, zidovudine and remdesivir. The molecular coordinates of all three drugs were
retrieved in PDB format from the DrugBank database (https://www.drugbank.ca/). The
drug bank ID of nevirapine, zidovudine and remdesivir were DB00238, DB00495 and

DB14761 respectively. Both protein and ligand structures were pre-processed using
AutoDockTools (ADT) version 1.5.6. The ligand preparation was done by adding charges
to the hydrogen atom. From the protein molecule polar hydrogen atoms and Kollman
charges were added and all non-protein molecules were removed. Finally both pre-
processed protein and ligand structures were converted into the PDBQT format using
ADT with default parameters. Each drug molecules such as Nevirapine, Zidovudine
(AZT) and Remdesivir were docked on modeled CHPV L protein structure using the
AutoDock4 with default parameters and the mean predicted binding affinity from the set
of predicted binding poses was accepted as the true binding affinity for each docking run.
The maximum number of poses per ligand was set to 10. Each docked complex of all the
three drugs were also selected on the basis of their lowest binding free energy.

C. Validation of docking results

Complexes with lowest binding energy were further used for estimating the consensus
scoring function X-score V2.1. X-Score calculates the binding energy (kcal mol—1) of the
ligand to the protein as negative logarithm of the dissociation constant of ligand, —log
(Kd). X-score is basically the average of three empirical scoring functions that includes
terms for hydrogen bonding, van der waals interaction, deformation penalty and
hydrophobic effects. LIGPLOT v4.4 was used to find the interacting residues/atoms
between the CHPV L protein and nevirapine, AZT and remdesivir. Also, two output files
are written where the hydrogen bonded interactions and non-hydrogen bonded
interactions are tabulated. All molecular images of interaction were generated through

PyMOL version 2.0.

Results :
Remdesivir inhibits CHPV replication and virus production in vero E6 cells

To determine the effects remdesivir on CHPV replication, we treated cultered monolayer
of vero E6 cells with 1 mM and 100 uM final concentrations of the drugs. Untreated cells
were taken as control for comparison. After 2h drug treatment cells were infected with
CHPV as described in the methodology. 24h post infection cells were viewed under
microscope, cells and supernatants were harvested. Microscopic images (bright field)
showed visible cytopathic effects of CHPV infection on drug unterated cells and cells

were rounded (Fig. 1A, middle). Drug treated but uninfected cells were healthy,
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suggesting that remdesivir did not affect cell growth or morphology (Fig 1A, top).
Interestingly, we found that cells that were treated with 1 mM remdesivir and infected
with CHPV had no or a minimum cytopathic effects, suggesting significant supression of
virus replication by remdesivir (Fig. 1A, bottom). To confirm this results, we have
analyzed 1 mM and 100 uM remdesivir treated and CHPV infected cell proteins by
western blot analysis. Blotting with anti- CHPV N antibody showed that compared to
drug untreated cells, levels of N proteins in 1 mM remdesivir treated cells were much
lower. Lesser amounts of N levels were also observed in 100 uM drug treated cells (Fig.
1B, top ). We further analyzed virion proteins obtained from cell-free supernatants. We
observed significant reduction in the levels of virus production in 1 mM remdesivir
treated vero cells and moderate decrease in 100 uM remdesivir treated cells (Fig. 1B,
middle). We looked at cellular B-tubulin protein as an internal control. Blot with anti-3-
tubulin antibody confirmed that low CHPV N protein in drug trated cells are not because
of lower total cell proteins used for analysis (Fig. 1B, bottom).

We have also performed plaque assay to confirm above results and also to determine the
number of virus particles produced in the CHPV infected vero cell supernatants in
presence and absence of remdesivir. We observed significant reduction (~95%, p value=
0.011) in the number of plaques when cells are treated with 1mM remdesivir compared to
that in untreated cells. Average number of virus produced in 1mM remdesivir treated cell
supernatants were 2.5 x 10°, whereas that number was 6.3x10° in drug untreated cells
(Fig. 1C).

CHPYV replication in inhibited by AZT and nevirapine

In addition to remdesivir, we have also examined the effects of HIV-1 reverse
transcriptase inhibitor drugs AZT and nevirapine on CHPV replication. Infection of
CHPV in vero cells treated with AZT and nevirapine showed that both the drugs inhibit
virus replication but inhibitory effects are lesser than remdesivir. We did not observe
major difference in cytopathic effects in ImM drug tretaed and CHPV infected cells as
compared to drug untreated and infected cells (Data not shown). However, analysis of
cell lysates from 1 mM drug treated and CHPV infected cells showed lower levels of
CHPV N proteins compared to untreated cells (Fig. 2A and 2B, Top). This results
indicated that 1 mM concentrations of both AZT and Nevirapine had inhibitory effects on
CHPV replication. AZT and nevirapine also inhibited virus production at 1 mM
concentration of the drugs as shown by western blot of viral proteins obtained from cell
free supernatants (Fig. 2A and 2B; middle panel). These results were further confirmed

by plaque assay. Averge number of plaques produced are 3.3x10° (~50% inhibition, p
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value = 0.017) and 1.9x10° (~66% inhibition, p value =0.026) in AZT and nevirapine
treated cells respectively as compared to ~6.3x 10° plaques in untreated cells (Fig. 2C).

Remdesivir, AZT and nevirapine inhibit the synthesis of CHPYV transcripts

To see whether remdesivir inhibits CHPV transcripts synthesis, we extrated total RNA
from remdesivir treated cells and prepared cDNA. From cDNA, we amplified G
sequence. End point PCR products after 25 cycles of amplification were analyzed on
agarose gel. Visible differences were observed in 1.6 kb amplicon intensity in the
remdesivir treated lane compared to undreated lanes. (Fig. 3A). As an internal control we
used GAPDH primers to amplify the ~200 bp product and no visible differences was
noticed in remdesivir treated and untreated lanes (Fig. 3A). We did not observe any
difference in band intensity of amplified G gene in case of AZT and nevirapine (Data not
shown).

We next performed real-time PCR assay to measure the quantitative decrease of RNA
transcripts synthesis in the presence of remdesivir. We also wanted to know by real-
tinme PCR if AZT and nevirapine treatment of vero cells affected CHPV transcription
even at a smaller extent as western blotting showed lesser N protein cell lysate and
supernatants. Methodology of real-time PCR was described in materials and methods
section. We measured the CHPV envelope gene transcripts synthesized using CHPV G
specific primers and as internal control we have measured GAPDH. Our results showed
that remdesivir treatment resulted about 5.6 fold (~17%) decrease of treanscript levels
compared to untreated cells (Fig. 3B). Nevirapine and AZT treatment caused 2.2 fold and
1.4 fold decrease respectively in the transcript synthesis compared to no drug treatment
(Fig. 3B).

Structure modeling and assessment

BLASTDp search against PDB database indicated Vesicular Stomatitis Virus L protein
(VSV L) as the most similar sequence (Percentage sequence Identity: 59.79% and E-
value: 0). Hence we used the structure of VSV L protein (PDB ID: 6U1X, Length: 2109
AA) as a template to model the 3D structure of CHPV (Length: 2092 AA). Alignment
showed motif F of finger subdomain of both the viruses has close to 99 % similarity
which predicts identical INTP binding efficiency. Polymerase active domains in the palm
sequence are also identical and both the polymerases have GDNQ sequence in the active
sites, which is also a signature of rabhdoviruses (Fig. 4A). Distribution of ® and y torsion
angles in Ramachandran Plot showed presence of 89.4% of residues in the core region,
10.2% in allowed regions and only 0.4% of residues in disallowed regions (Table 2).

Analysis of non-bonded interactions between different atom types using ERRAT server
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showed an average score of 92.75 for modeled structure that indicated highly accurate
structure models. Together, distribution of ® and y angles in Ramachandran plot and
high ERRAT score indicated the quality of predicted 3-D structures as being reliable and
within the acceptable range of different stereo-chemical features (Table 2).
Superimposition of modeled structure of CHPV L with the VSV L structure showed a
root mean square deviation (RMSD) of 0.171 A, which indicated absence of any
significant structure deviation between the modeled and templated structures (Fig. 4B).
This further confirmed the reliability of the modeled structure.

Docking of antiviral drugs with CHPV L proteins

A. Interaction with nevirapine

The following eight bonds were observed between nevirapine and CHPV L protein out of
which one was hydrogen bond (K66) and remaining seven were hydrophobic contacts
(W68, S204, D464, F206, D217, G205, R218) (Table 3). The CHPV L protein—
nevirapine interaction had a binding energy and X-score of —4.21 kcal mol—1 and —7.18
kcal mol—1 respectively which indicated strong binding affinity.

The nevirapine interacting residues of L, identified by docking analysis, are in the N-
terminal domian of the CHPV polymerase (Fig. 5 and Fig. 6). Recent studies indicated
that this region is important in transcription and this also interact with the residues in th
active site of the polymerase in the folded structure.

B. Interaction with remdesivir

Remdesivir is a well known broad-spectrum antiviral drug which is a nucleotide prodrug
of an adenosine analog. It binds to the viral RNA-dependent RNA polymerase and
inhibits viral replication by terminating RNA transcription prematurely. It was observed
that remdesivir interacts with CHPV L protein by forming the highest number of bonds
(Table 3). Analysis of remdesivir-CHPV L protein complex showed P555, V697 were
involved in hydrogen bonding and L556, H558, E2086, K691, Q687, T695, A690, A696,
K698, and F2084 of CHPV L protein were bound by hydrophobic interactions. The
docking score was —4.56 kcal mol—1 and its corresponding X-score was —7.72 kcal
mol—1. The X-score was found to be lowest for remdesivir among all three drugs, which
confirms that remdesivir interacts with CHPV L protein with high affinity. This high
binding affinity comes from its 12 interactions that are present between remdesivir and
CHPV L protein (Table 3). Residues Phe 555, L556 and H 558 are located in the finger
subdomain of the the polymerase and K691,Q687,T695,A690, A696, K898 are in the
palm domain, whereas E2086 and F2084 are in C-terminal domain. Residues in the finger

domains are important in selecting and binding to the incoming NTPs. Palm region has
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the polymerase active site and residues in this region are important stabilizing the
template and newly synthesized chain and its translocation (Fig. 5).

C. Interaction with AZT

AZT was observed to interact with CHPV L by forming a total of ten bonds (Table 3).
Out of a total 10 bonds four were hydrogen bonds that included G579, R1136, S2087 and
H2089 and six hydrophobic contacts namely, S587, N584, L582, 12085, S578 and S1138
(Fig 5). The CHPV L protein—AZT interaction had the binding energy of —3.81 kcal
mol—1 and X-Score of —6.90 kcal mol—1. The results showed that AZT formed the
maximum number of hydrogen bonds as compared to other two drugs.

These overall results reveal that remdesivir has high binding affinity compared to other
drugs which has an even lower binding affinity and polymerase binding sites of these
drugs are also different (Fig. 5 and Fig. 6). Further experimental MIC and TEM data may

strengthen the conclusions drawn based on bioinformatics analysis.

Discussions:

In the present study we have investigated the effects of remdesivir, AZT and nevirapine
on CHPV replication with an interest to see if any of these drugs can be of clinical use in
treating CHPV associated disease and to prevent death. These three are previously
known polymerase inhibitor drugs with successful clinical use. Remdesivir is now in use
against EBOV and SARS-CoV-2 (Emergency use), whereas AZT and nevirapine are
included in HAART regime in treating HIV/AIDS. We were intrigued to find out that
remdesivir significantly inhibited CHPV replication in vero E6 cells. In silico model
obtained from molecular docking study suggested strong binding of remdesivir with
CHPV polymerase enzyme L (binding energy -4.56 kcal/mol and x-score -7.72
kcal/mol)(Table 3). Both the vero cell based ex vivo study and docking based modeling
thus supported our hypothesis about remdesivir’s role in binding to CHPV RdRp and
inhibiting the virus replication. A closer view of docked remdesivir with CHPV L
showed that remdesivir binds to finger and palm subdomain of the polymerase (Fig. 5 and
6). As a nucleoside analog, remdesivir is predicted to cause chain terminaton and inhibit
the entry of ATP into active site of the RdRp where polymerase adds the incoming
nucleotide to the 3’ termini of growing RNA chain. Molecular docking revealed that
remdesivir interacts with six residues in the palm region (K691, Q687,T695, A690, A696
and K698) and these in addition to residues in the finger region makes a hydrophobic
pocket for this inhibitor with favorable free energy. Recent in vitro study with purified

EBOV and RSV RdRp showed that remdesivir completes with ATP and causes chain
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termination at +5 position ahead of primer termini (i+6 position) (30). /n vitro studies
with purified CHPV polymerase will further help in better understanding the mechanism
of remdesivir mediated inhibition of CHPV replication. AZT, another drug used in this
study, binds in a region close to remdesivir binding site in the finger domain but with
lesser affinity and less favorable free energy (Table 3). Inhibitory effects of AZT was
expected to be lesser than remdesivir as AZT is a nucleotide analog and we observed the
expected trend in vero cells infecetd with CHPV when treated with this drug.
Nevertheless, these results are important in further in silico designing of new NTP analog
drugs similar to AZT and targeted to the same binding pocket.

To our knowledge this study is the first to examine the inhibitory effects of nevirapine on
a non-segmented negative stranded RNA virus and based on our results this drug may be
studied against other negative stransded viruses in future. We have found that the drug
inhibits CHPV and binds to the N-terminal domain of the polymerase L. A recent study
have shown that D236 and E290 residues in N-terminal dmain of VSV L is important in
efficient viral RNA trnscription (31). These two residues are conserved in CHPV L and
nevirapine interacts with the amino acids which are in close proximity of these residues.
These findings may help in designing new classes of small molecules which will target
this region of the polymerases belonging to this virus family. Moreover, non-nucleoside
inhibitors are of better choice as antivirals because of lesser toxicity as compared to
NRTIs as evident from clinical studies on treatment of HIV/AIDS (32). In summary, we
were able to show that remdsivir may be a targeted drug for CHPV. Our results thus hold
promise to conduct further studies in animal model and clinical use of remdesivir against
the CHPV disease. A drug cocktail consisting of redesivir, nevirapine and AZT may be a

better option to prevent CHPV infection and associated death.
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Table 1: Target-Template details of selected modeled structures

GMQE
Model score | QMEANDisCo | Amino | Template | Sequence Description
Global Acid Identity
Model | 0.70 0.75 £ 0.05 2092 | 6ulx:A | 59.79% | RNA-directed RNA
a.a. polymerase

LStructure of the
Vesicular Stomatitis
Virus L Protein in

Complex with Its

Phosphoprotein
Cofactor (3.0 A
resolution)
Table 2: Model validation
Model Ramachandran Plot Statistics ERRAT
Statistics
Residues | Residuesin | Residues in | Residues in | Number of Score
in most additional generously | disallowed | non-glycine
favorable allowed allowed region and non-
region region region proline
residues
Model 1658 181 8 7 1854 92.75
(89.4%) (9.8%) (0.4%) (0.4%) (100%)
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Table 3: Docking studies of CHPV with remdesivir, nevirapine and AZT

Drug Binding X-score Number of Hydroge Hydrophobi
Energy (kcal/mol) Interactio n Bonds ¢ contacts
(kcal/m ns
ol)
Remdesivir -4.56 -1.72 12 P555, L556, H558,
V697 E2086,
K691, Q687,
T695, A690,
A696, K698,
F2084
Nevirapine -4.21 -7.18 8 K66 W68, S204,
D464, F206,
D217, G205,
R218
AZT -3.81 -6.90 10 S2087, S587, N584,
H2089, L582, 12085,
R1136, S578, S1138
G579
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Legends to the figures:

Figure 1: Effects of remdesivir on CHPV replication.

1A. Cytopathic effects in cultured vero E6 cells infected with CHPV in presence of
(bottom) and in absence of remdesivir (middle). Uninfected cells treated with remdesivir
were also shown (top).

1B. Western blot analysis of CHPV infected, remdesivir treated and untreated cells and
corresponding supernatants. Western blot was done with rabbit anti CHPV-N antibody.
As an internal control beta-tubulin antibody was used.

1C. Plaque assay to determine quantitative difference in the CHPV production in the
supernatants of remdesivir treated and untreated cells. 10* and 10° dilutions of

supernatants were used.

Figure 2. Effects of AZT and nevirapine on CHPV replication.

2A. Western blot analysis of CHPV infected, AZT treated and untreated cells and
corresponding supernatant. Concentrations of AZT used were indicated. Western blot
was done with rabbit anti CHPV-N antibody. As an internal control beta-tubulin antibody
was used.

2B. Western blot analysis of CHPV infected, nevirapine treated and untreated cells and
corresponding supernatants. Concentrations of nevirapine used were indicated. Western
blot was done with rabbit anti-CHPV-N antibody. As an internal control beta-tubulin
antibody was used.

2C. Plaque assay to determine quantitative differences in the virus production in the
supernatants of AZT and nevirapine treated and untreated cells. Numbers of plaques

obtained at 107 dilutions of respective supernatants were graphically presented.

Figure 3. Effects of remdesivir, AZT and nevirapine on CHPV transcription.

3A. Agarose gel electrophoresis of PCR amplified G gene of CHPV (top) and GAPDH
gene (bottom) from remdesivir treated and untreated vero E6 cells.

3B. Real-time PCR analysis of CHPV RNA transcripts synthesized in remdesivir, AZT
and nevirapine treated and CHPV infected vero E6 cells. Levels of transcripts synthesized
were compared with untreated cells. We compared the levels of G gene products in drug
treated vs. untreated cells normalized with GAPDH levels. Relative levels of CHPV G

gene transcripts were calculated and compared using 27" formula.
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Figure 4. Predicated 3D structure of CHPV polymerase protein L.

4A. Sequence alignment of the RdRp domain (fingers and palm regions) of CHPV and
VSV L proteins.

4B. Predicted 3D structure of CHPV L protein. Two views of predicted 3D structure of
CHPV L protein showed in cartoon form with different colors and labeled according to
domain and subdomains (left) and the 180° rotation view (mirror image) of the CHPV L
protein (right) depicted to get a clear view of invisible domains and subdomains. N-
terminal (NTDs), Methyl transferase (MTase), PRNTase and Thumb domains are

marked.

Figure 5: Spatial position of each of three drug on CHPV protein and details of
interacting residues between each drug and CHPV protein. Drug-interacting amino acids
of CHPV protein is highlighted in pink and drugs are highlighted in blue. Detailed

information of interacting residues is given in table 3.

Figure 6. Surface hydrophobicity of CHPV L protein with remdesivir, zidovudine and
nevirapine. The figure highlights the comparative binding sites and hydrophobicity of the
interacting residues of the above-mentioned drugs to the CHPV protein. The color of the
surfaces represents the level of hydrophobicity. The blue, white, and brown colors
represent low, mediate, and high hydrophobicity, respectively. Protein structures are

drawn using Discovery studio 4.0.
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