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Abstract The non-structural proteins (nsPs) of the

chikungunya virus (CHIKV) form the virus’s replication

complex. They are known to participate in several func-

tions that allow efficient replication of the virus in diverse

host systems. One such function is evading the host defense

system such as RNA interference (RNAi). Two nsPs of

CHIKV, namely, nsP2 and nsP3, were found to suppress

the host/vector RNAi machinery and exhibit RNAi sup-

pressor activity. The present study was undertaken to

identify interacting partners of CHIKV-nsP3 in Aedes

aegypti. We performed pull-down assays with the mass

spectrometry approach and showed the interaction of

CHIKV-nsP3 with several Aedes proteins. Further co-im-

munoprecipitation assays revealed that CHIKV-nsP3

interacts with RM62F, a DEAD-box containing RNA

known to play roles in multiple gene regulatory processes

such as alternative splicing, RNA release, and also is a

component of Ago2-RISC complex.

Keywords Chikungunya virus � Aedes aegypti � nsP3 �
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Introduction

Chikungunya virus (CHIKV), a positive-sense single-

stranded RNA virus, is a member of the alphavirus family

[38] and is responsible for causing outbreaks to human

populations globally [31]. The CHIKV genome is

*11.8 kb which contains 30 polyadenylation and 50 cap-

ping. It consists of two open reading frames encoding three

structural proteins (capsid, envelope glycoproteins E1 and

E2), two small cleavage peptides (E3 and 6 K/TF), and

four non-structural proteins (nsP1, nsP2, nsP3, and nsP4).

Structural proteins are involved in facilitating the entry and

fusion of viral particles to the membrane of hosts [38], and

the nsPs are engaged in the various steps of virus replica-

tion [38]. These proteins exhibit multiple functions and

enzymatic activities, e.g., methyltransferase (nsP1), pro-

tease and helicase (nsP2), ADP-ribosylhydrolase (nsP3),

and RNA-dependent RNA polymerase (nsP4). They have

been shown to interact actively with many host proteins to

execute their functions ranging from viral RNA capping,

proteolysis, replication complex formation, and RNA

replication [6] to evade the host immune system [3, 28, 41].

Viral proteins interact with host proteins to help in viral

replication and restricting host immune pathways. Among
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the immune pathways, RNA interference (RNAi) serves as

the primary antiviral defense mechanism in insects and is a

phenomenon of post-transcriptional gene silencing in a

sequence-specific manner [2, 13]. Upon viral infection,

Dicer (DCR), a host RNase III endonuclease, recognizes

viral dsRNA and processes the dsRNA into siRNA or

viRNA [11]. These viRNAs/siRNAs interact with a highly

specialized complex called the RNA interference silencing

complex (RISC), which ultimately results in the viral

genome’s degradation [30, 39]. Genome-wide screening of

RNAi factors in insects revealed that Argonaute, Dicer,

Drosha/Pasha, Aubergine, R2D2, and Loquacious form a

core RNAi component while several other proteins, i.e.,

DEAD-box family of RNA helicases, chromatin factors,

and proteins associated with cell cycle, ABC transporter

family, metabolic factors and translational machinery

components comprise auxiliary components of RNAi

complex [16]. These proteins act in a complementary

manner with each other to mount an antiviral response

against the invading virus. To counteract this response,

viral proteins act as viral suppressors of RNAi (VSRs) to

create conditions favorable for viral replication by target-

ing components of the immune pathways [30, 32].

Previous research from our laboratory has identified

CHIKV-nsP2 and nsP3 to possess VSR activity [24]. The

present study is undertaken to identify potential interacting

partners of CHIKV-nsP3 that could be part of the Aedes

aegypti (Ae. aegypti) RNAi machinery. Our preliminary

interaction study revealed an RNAi factor, RM62F, as one

of the interacting partners of nsP3.

Materials and methods

Cell lines and viruses

Aag2 cell line was a kind gift from Dr. Alain Kohl

(University of Glasgow, Scotland, UK). Cells were prop-

agated in Leibovitz’s L-15 medium (Cat no. AL011S,

HiMedia, India) supplemented with 10% fetal bovine

serum (FBS), glutamine, tryptose phosphate broth, and

penicillin/streptomycin at 28 �C and 5% CO2. The Vero

cell line (ATCC-CCL-81) and C6/36 cells were maintained

in Dulbecco’s Modified Eagle Media (DMEM) (Cat no:

AL007A, HiMedia, India) supplemented with 10% FBS,

penicillin/streptomycin at 37 �C and 5% CO2. CHIKV

(Accession no. JF950631.1) was isolated and purified from

a patient serum collected during an outbreak in 2010 [34]

and propagated in both C6/36 and Vero cell lines in

alternate cycles. Virus purified from Vero cells was used

for Aag2 infection.

Virus infection

Aag2 cells were grown in 6-well plates in complete L-15

media. Cells were infected with CHIKV strain at multi-

plicity of infection (MOI) 0.1, 1, and 10. The virus was

diluted in sera and antibiotic-free L-15 media, and cells

were incubated at 28 �C. After 2 h post-infection (hpi),

cells were washed with phosphate-buffered saline (PBS)

(pH 7.4) and grown in complete L-15 media. The cells and

media were collected at different time points, and cell

pellets were washed once with PBS and either resuspended

in TRIzol for RNA isolation or lysis buffer for western

blot.

Plaque assay

CHIKV was quantified with plaque assay using a previ-

ously described protocol [35]. Briefly, Vero cells were

seeded in 96-well plate in DMEM with 10% FBS. Super-

natant media collected of MOI 0.1, 1, and MOI 10 at dif-

ferent time points from CHIKV infected Aag2 cells was

added at different dilutions and incubated for 1 h. After the

incubation, viruses containing media were removed from

the wells and covered with 1% carboxymethylcellulose

(CMC) in sera-free media. Cells were incubated for 48 h at

37 �C. Post washing with PBS, cells were fixed with 4%

formaldehyde and stained with 0.25% crystal violet in 30%

methanol. Virus titer in infected cells was calculated by

plaque-forming units (pfu) = (No. of plaques)/(Dilu-

tion 9 volume of the virus).

Quantitative real-time PCR

Expression profiles of RNAi factors and CHIKV genes

were performed from infected cells from different time

points. The sequences of RNAi factors were retrieved from

ImmunoDB, and the CHIKV-nsP3 sequence was taken

from CHIKV/IND/DEL/01 strain (Accession no.

JF950631.1) [34]. Primers for qPCR were made using the

Prime Quest tool of Integrated DNA Technologies (IDT)

with amplicon length ranging from 90–110 nucleotides.
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Total RNA was extracted from cells using Trizol and

quantified with Nanodrop. We used 300 ng RNA per

reaction. The qPCR was carried out using the Quantitect

SYBR green one-step real-time PCR kit (Cat. no. 204243

Qiagen). The qPCR was done with the protocol as: cDNA

synthesis 50 �C for 30 min, initial denaturation at 95 �C
for 2 min, followed by 40 cycles as denaturation at 95 �C
for 15 s, annealing at 56 �C for 30 s and extension at 72 �C
for 30 s, data acquisition and followed by melt curve

analysis. Expression values were normalized to RPS17

housekeeping control mRNA levels. Relative log-fold

expression levels were calculated using 2̂(–DD CT) method

[33] and represented as mean ± SD. Statistical analysis of

experimental data was conducted using GraphPad Prism

(version 6). Two-tailed student’s t-test and Fisher’s Least

Significant Difference (LSD) test were performed to check

the significance of the data and p values\ 0.001 were

considered significant.

Generation of plasmid constructs

RM62F sequence was retrieved from ImmunoDB database

and primers were designed from N-terminal region of

RM62F (10 to 576 amino acids of total 911 amino acids).

Total Aedes RNA was isolated from Ae. aegypti mosqui-

toes with Trizol (Invitrogen). To clone full-length CHIKV-

nsP3 protein, the viral RNA was isolated using High Pure

Viral RNA Kit (Cat. no. 11858882001, Roche). Both

RM62F and CHIKV-nsP3 were amplified using gene-

specific primers such as CHIKV-nsP3: (Forward: 50-
GTAATGGGATGTGCACCGTCGTACCGG-30), (Rev-

erse: 50-TTACTCGTCGTCCGTGTCTG-30) and RM62F:

(Forward: 50-ATAGGTACCATGGATCCGGGAGGT

TTCCGCCCAC-30 and Reverse: 50-TATGGATCCCCG-

TACGAAGAGCAACGGCC-30) with the PrimeScript

One-Step RT PCR kit (Cat. no. RR055A, Takara, Japan) as

per manufacturer instructions and cloned in pET28a

respectively and RM62F-pET29a vector which have S-Tag

at N-terminal and His-Tag in C-terminal for protein

expression.

Protein purification

Full-length CHIKV-nsP3 protein was purified using a

previously published protocol [15]. Briefly, CHIKV-nsP3

and RM62F cloned plasmids were transformed into E. coli

codon plus cells. CHIKV-nsP3 and RM62F expressing

E. coli cells were grown separately at 37 �C and induced

overnight with 1 mM IPTG at 18 �C. The cells were col-

lected and lysed in lysis buffer (PBS (pH 7.4), 150 mM

NaCl, 5% glycerol, 3 mM b-mercaptoethanol, with 1 mM

PMSF and lysozyme). After sonication and centrifugation,

the lysates were loaded onto an affinity column (Ni–NTA)

and washed with lysis buffer containing 20 mM Imidazole.

Proteins were eluted with lysis buffer having 300 mM

imidazole. The elution fraction was confirmed with SDS-

PAGE and Western blot for proteins. The CHIKV-nsP3

protein was further purified on the Q-sepharose matrix and

was washed with PBS lysis buffer (PBS (pH 7.4), 150 mM

NaCl, 5% glycerol, 3 mM b-mercaptoethanol), followed

by elution with different pH conditions e.g., pH 7.0, pH

6.0, and pH 5.0. Eluted fractions containing purified

CHIKV-nsP3 and RM62F protein were confirmed by

western blot and concentrated. The proteins were used for

further assays after buffer exchange in lysis buffer.

Antibody generation

Antibodies against proteins were raised in-house. Purified

CHIKV-nsP3 and RM62F proteins were injected into rab-

bit and mice with Freund’s complete adjuvant. Booster

doses of respective proteins with Freund’s incomplete

adjuvant were given in regular intervals and sera were

collected. Antibody specificity was checked against puri-

fied protein and later against cell lysate to confirm the

reactivity.

Primer names Forward primer Reverse primer

Ago-2 TACCCGGCTCCAACCTATTA CTGCATTCTCTCGTACTCCTTG

Dicer-2 TTGCTACCGTTGGGAGTTATG GTGACAGTCGAAGGGTTGAATA

RM62F GACCACAGGTTCGGATTT CAACGACGCAAGTTGGTAATG

RPS17 GTGAGCGCAGAGACAACTAC TCCAGCTGCTTCAACATCTC

TSN CACTGTGGTGGAAGTGTTCA GCCTCACGTGGAGGTTTAAT

VIG GCCGAAAGACGCCAGATTA CGTTTGTTTCCACTCTGTGATT

R2D2 GACGAATTGCTCTGGACGAA CGCTGTTGTCTCGTTTCATTTC-

FMR1 AGAGCTGAACAGTGTTGATAGG CTGGACATTTCCGTTGGATTTG

CHIKV-E1 TACCCATTTATGTGGGGC GCCTTTGTACACCACGATT

CHIKV-nsP3 AAGGCGCACTGTACTCATATC TAGGCAGACTTGCTCATTGG
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Pull-down assay

To examine the interaction between CHIKV-nsP3 and A.

aegypti host factors, pull-down assay was performed using

purified nsp3 protein and Aag2 cell line. Briefly, 100 ll

Ni–NTA beads were washed with 1X PBST and incubated

with 100 lg purified nsP3 protein for 2 h at 4 �C. Aag2

lysate was prepared in IP lysis buffer, and 1 mg lysate was

added to the column, followed by overnight binding at

4 �C. The beads were washed thrice with 20 mM Imida-

zole, and the bound proteins were eluted in 300 mM Imi-

dazole and processed for mass spectrometry (MS).

Co-immunoprecipitation (Co-IP)

To confirm the interaction of CHIKV-nsp3 with Ae.

aegypti RM62F, co-immunoprecipitation of Aag2 lysate

was performed with purified nsp3 protein using Pierce co-

immunoprecipitation kit (Thermo Scientific, USA) as per

the manufacturer’s instructions. Briefly, 100ul Protein A

beads were incubated with CHIKV-nsP3 specific antibody,

and after wash, these were incubated with purified nsP3

protein (100ug) and allowed to bind overnight to antibody

at 4 �C. Beads were washed with IP wash buffer and

incubated with Aag2 lysate (1 mg) for 4 h. After washing,

elution fractions were taken for Western blot analysis using

nsP3 and RM62F specific antibodies.

Sample preparation and mass spectrometry

Pull-down elutes were processed with in-solution

trypsin digestion. The elutes were reduced with 10 mM

DTT (Dithiothreitol) for an hour at RT and alkylated with

40 mM IAA (iodoacetamide) for an hour. Proteins were

digested using trypsin-Gold (Promega) at 1:50 proportion.

Samples were incubated in water bath at 37 �C for 16 h.

Trypsin digestion reaction was stopped by formic acid

(0.1%).

LC–MS/MS analysis was performed Orbitrap Velos Pro

MS coupled to Easy n-LC 1000 (Thermo Fisher Scientific).

Tryptic digested peptide mixtures were first loaded onto a

reverse-phase C-18 pre-column (Acclaim PepMap, 75 lm

x 2 cm, 3 lm, 100 Å, Thermo Fisher Scientific) and then

separated using an analytical column (Acclaim PepMap,

50 lm x 15 cm, 2 lm, 100 Å) using a gradient of 5%

solvent B (0.1% formic acid in 95/5 acetonitrile/water) to

35% solvent B in 35 min. The eluted peptides were

injected into the mass spectrometer and MS1 data were

acquired using mass range from 350-2000 Da in Full scan

mode at 60,000 resolution. The raw data were analyzed

using Proteome Discoverer 1.4 with the SEQUEST algo-

rithm against lab generated Ae. aegypti database. The

identification of peptides was validated using Percolator at

5% FDR.

Western Blot assay

Protein sample concentration was determined by Brad-

ford’s reagent and plotted against bovine serum albumin

(BSA) standards of known concentrations. An equal

amount of protein samples was loaded in 10% SDS-PAGE

gels and run at 100 V till the dye front reaches the other

end. Proteins were then transferred onto the nitrocellulose

membrane. The membrane was then blocked with PBS (pH

7.4) ? 5% BSA for 1 h at RT (room temperature). The

membrane was then incubated with primary antibodies

(1:2000 dilution) in PBS ? 2.5% BSA overnight at 4 �C.

The membrane was then washed with PBS ? 0.1%

Tween-20 for 10 min and repeated thrice. It was then

incubated with anti-mouse HRP secondary antibodies

(1:5000 dilution) in PBST ? 2.5% BSA for 1 h at RT. The

membrane was then washed with PBS ? 0.1% Tween-20

for 3 X 10 min. The membrane was then visualized in

Chemidoc MP (Bio-Rad) after brief incubation with

SuperSignal West Pico Chemiluminescent Substrate

(Thermo scientific).

Results

CHIKV regulates host RNAi machinery

As a first step to understanding the relevance of CHIKV

infection on the RNAi machinery, we sought to evaluate

the expression of some important RNAi factors at different

multiplicity of infections (MOIs) of CHIKV, namely, 0.1, 1

and 10 over several time points post-infection, namely, at

0hpi, 12hpi, 24hpi, 36hpi, 48hpi, 60hpi, and 72hpi using

plaque assays. Analysis of viral kinetics revealed that the

virus replicates vigorously till 48hpi at 0.1 and 1 MOI and

thereafter growth kinetics reduced both at 0.1 and 1 MOI.

In case of MOI 10, it replicates vigorously till 36hpi, and

thereafter the viral growth reached a plateau (Fig. 1A).

Next, we sought to profile CHIKV-nsP3 during these

time points of infection at different MOIs to understand the

expression of the viral transcript and the protein in relation

to viral replication in Aag2 cells. Transcript expression

profiling of nsP3 gene of CHIKV during infection in Aag2

cells showed that expression level of nsP3 begins to

increase from 12hpi and peaked at 72hpi both in 0.1 and 1

MOIs and thereafter expression level decreases whereas in

MOI 10 it peaked at 48hpi and then decreases. The

expression of nsP3 protein during MOI 0.1, 1, and 10

increased steadily and peaked at 72hpi and was increased

as MOI increased (Fig. 1B). It was observed that there
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were cytopathic effects on the cells post 60 h that might

have contributed to the decrease in nsP3 transcript

expression post this time point. Taken together, these

results suggested that viral replication and viral protein

expression were similar at lower MOIs of 0.1 and 1 and

there was a more efficient expression of nsP3 at MOI 10 at

earlier time points.

Further, we assessed the expression pattern of RNAi

core and auxiliary factors such as Ago-2, Dicer-2, FMR1,

R2D2, TSN, and VIG during CHIKV infection at MOI 1

and MOI 10. The expression level of these factors unveiled

that in case of MOI 1. Dicer 2 was significantly upregulated

from 24hpi till 60hpi while TSN, Ago-2 were significantly

downregulated at 48hpi. At MOI 10, Dicer 2 was found to

be significantly upregulated at 60hpi while Ago-2 was

downregulated from 48hpi till 72hpi. TSN, VIG, and R2D2

are significantly upregulated at 48hpi and thereafter

showed a sharp decrease in their expression.

Host interacting partners of CHIKV-nsP3

For a detailed understanding of the nsP3-evoked RNAi

response, we next analyzed the interaction of nsP3 with the

Ae. aegypti proteins and performed pull-down assay using

purified nsP3 protein and Aag2 cell lysate. The IDs of nsP3

specific interacting proteins were fetched from ImmunoDB

database. The host proteins that interacted with nsP3 were

analyzed (Supplementary information 1), and pathway

analysis of these host proteins revealed that 40% of the

interacting host proteins were involved in cellular transla-

tion, ubiquitinylation, RNAi, and cell signaling pathways.

Other pathways included heat shock proteins, translocation,

DNA binding, endocytosis, biomolecule transport, lipid

biosynthesis, protein translocation, mitochondrial proteins,

and some unknown functions (Fig. 2).

Further analysis with emphasis on the RNAi pathway

revealed three proteins, namely 60S ribosomal protein L23

(RPL23) (AAEL013097), DEAD Box helicase RM62F

(AAEL008738), and a hypothetical protein

(AAEL012416), to be interacting with CHIKV-nsP3

(Supplementary information 1). Of these three RNAi

pathway proteins, the DEAD Box helicase was of consid-

erable interest owing to the role DEAD/DExH box heli-

cases such as DDX1, DHX9, DDX5, and DDX18 play in

viral replication and are known to interact with viral non-

structural proteins [20, 25, 29, 43]. Thus, RM62F was

taken further in the present study to evaluate its interaction

with CHIKV-nsP3.

CHIKV-nsP3 interacts with RM62F

To understand the interaction of RM62F with CHIKV-

nsP3, we first sought to evaluate the expression of RM62F

transcript during CHIKV infection in Aedes cells at MOI 1

Fig. 1 Effects of CHIKV infection on RNAi machinery. A Viral l

load (Y-axis) during CHIKV infection in Aag2 cells at MOI 0.1, 1,

and 10 at different time points. B. Transcripts profiling of nsP3 at

MOI 0.1, 1, and 10 at different time points and western blot analysis

of nsP3 at MOI 0.1, 1, and 10 upon CHIKV infection. C. nsP3 protein

expression profiling at MOI 0.1, 1, and 10 at different time points. D,
E. Transcript profiling of Aedes RNAi factors such as Dicer-2, Ago-2,

R2D2, TSN, VIG and CHIKV E1 at MOI 1 and 10 of CHIKV at

different time points (**p value\ 0.007, *** p value\ 0.0008 and

**** p value\ 0.0001)
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and 10 over 72 hpi at 12 h intervals (Fig. 3A). At the

transcript level, at MOI 1, RM62F was overexpressed at

the initial time points of infection till 24 hpi and then

reduced at 36 hpi and then increased till 72 hpi. In the case

of MOI 10, the expression reduced till 36 hpi and then

increased till 72 hpi. In the case of protein expression, it

was found that the protein level was reduced till 36 hpi as

the infection proceeds and resumed slightly at 48 hpi

(Fig. 3B). The profiling results at the transcript level and at

protein revealed that RM62F was getting temporally

affected during CHIKV infection in Aedes cells.

As the next step, we sought to validate the pulldown

assay by performing a co-IP assay using antibodies against

CHIKV-nsP3 in uninfected Aag2 cells. Purified protein of

CHIKV-nsP3 incubated with nsP3 antibodies immobilized

onto beads served as postitive control while Aag2 lysate

incubated with beads only served as negative control in the

immunoprecipitation assay. Post incubation of the lysate

with CHIKV-nsP3 protein, the sample assessed for the

protein confirmed specificity of CHIKV-nsP3 as shown in

lane 4 of Fig. 3c. Co-IP assay of nsP3 using the CHIKV-

nsP3 specific antibodies in Aag2 lysate and immunoblot-

ting using CHIKV-nsP3 and RM62F specific antibodies

revealed direct interaction between these two proteins

(Fig. 3C).

Discussion

CHIKV replication is known to hijack the host machinery

to regulate its own replication [37]. Owing to its ability to

replicate in diverse organisms such as humans and the

mosquito, the virus has evolved to manipulate both

organisms to ensure its survival during adverse conditions.

The nature of infection of the virus in both the host and the

vector is hugely disparate; the virus multiplies exponen-

tially in the human host cells that triggers a rapid launch of

the host immune system, thereby resulting in faster virus

clearance whereas the virus replication is much slower in

the insect cells. The virus can survive in the insect cells

throughout the life of the mosquito [9, 12]. The virus

employs multiple strategies for its survival in both the host

and the insect, depending on the host’s kind of defense and

the vector mounts on the virus. In the case of mosquitoes,

RNAi is an important defense mechanism employed to

counter viral infections [8, 22]. Several studies have shown

arboviruses specifically activate the RNAi pathway in

mosquitoes in addition to other innate immune systems

such as the TOLL pathway, IMD pathway, and the JAK-

STAT pathway [7, 10, 36]. Earlier reports have shown that

in the case of arboviruses and CHIKV, RNAi was amongst

the immune pathways to be activated upon virus infection

[5, 26]. In the present study, transcript profiling of RNAi

factors such as Ago-2, Dicer-2, FMR, TSN, and VIG upon

Fig. 2 Major pathways of Aedes aegypti proteins interacting with CHIKV-nsP3 protein. Representation of major pathways of host proteins that

interact with CHIKV- nsP3 protein. These includes cytoskeleton, singal transduction, and translation
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the condition with different MOIs of the virus revealed that

at lower MOIs, there was distinct regulation of RNAi

factors. Some of the factors showing downregulation while

others showed upregulation, whereas, in higher MOI, most

of the RNAi factors were downregulated except for Dicer.

Further in-depth studies to understand the possible role of

Dicer-mediated cleavage of dsRNA during CHIKV infec-

tion are necessary as observed in other arboviruses.

CHIKV-nsP3 is a vital protein owing to its multiple

functions in CHIKV replication in the host and vector [18].

In the present study, CHIKV-nsP3 was interacting with

numerous proteins of various pathways that include trans-

lation, cell growth, signal transduction, and biomolecule

transport. Such multiple interactions have been possible

due to three domains in the protein, namely, macrodomain,

Alphavirus unique domain (AUD), and hypervariable

domain (HVD). Except for the macrodomain (which has

ADP ribosyl hydrolase activity), other domains don’t have

any enzymatic activity; however, all the domains are

essential, and mutation of amino acids in these regions

affects viral growth and viral replication [1, 14, 28].

Owing to our specific interest in evaluating those host

proteins interacting with CHIKV-nsP3 that were involved

in innate immune pathway, especially RNAi, we identified

three proteins namely, a RPL23 (ribosomal protein large

subunit 23), RM62F, a DEAD Box helicase and a putative

protein. Ribosomal proteins are known to interact with

nsP3 and are part of replication complex that is central for

viral replication more in terms of RNA binding and pro-

cessing [6]. The same holds good for the hypothetical

protein that was a homolog of Drosophila Pumilio protein

that is known to be a RNA binding protein involved in

regulation mRNAs [40]. RM62F, on the other hand, is a

DExH box helicase and DEAD/DExH helicases are known

to be involved in RNA metabolisms such as transcription,

translation, and small RNA generation [4, 17, 23, 25].

Further, studies have shown that RM62F is a member of

the RNAi pathway in other insects such as Drosophila [44],

Fig. 3 Interaction of Aedes aegypti host factor RM62F with CHIKV-

nsP3 protein. A. Expression profiling of RM62F transcript upon

CHIKV post-infection in Aag2 cells. 0 hpi samples along with

different infection time points like 12 h, 24 h, 36 h, 48 h, 60, and 72

hpi at MOI 10 were checked with the antibody against RM62F, and

RPS17 as an internal control. Relative comparison of RM62F

expression levels at different infection time points. B Expression

profiling of RM62F protein upon CHIKV post-infection in Aag2 cells.

Control (Uninfected) samples along with different infection time

points like 12 h, 24 h, 36 h, and 48 hpi at MOI 10 were checked with

the antibody against RM62F, and actin (as a loading control). C. Co-

IP of Aag2 lysate with recombinant nsP3 using anti-CHIKV nsP3

antibody. Immunoblotting was done with anti-CHIKV-nsP3 antibody

and anti RM62F antibody. Lane1: pre-stained Protein ladder, lane 2:

negative control (NC) represent elution of uninfected Aag2 lysate

incubated with anti nsP3 antibody immobilized beads, and then

probing with nsP3 specific antibody lane 3: positive control (PC)

represent elution of recombinant nsP3 with anti-nsP3 antibody

immobilized beads and probing with nsP3 specific antibody, lane 4:

Pure CHIKV-nsP3 protein, probed with nsP3 specific antibody, lane

5: wash fraction after CHIKV-nsP3 incubation and lane 6: Co-IP of

Aag2 lysate with recombinant nsP3 which is bound to anti-nsP3

antibody immobilized beads and blotted wit nsP3 and RM62F specific

antibodies
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Aedes, Anopheles [27] and its closest homologs are known

to play a role in multiple processes such as alternative

splicing, RNA transport, ribosome biogenesis, [42], micro

RNA processing [29], RNAi mediated silencing [19] and

antiviral RNAi [21, 44]. The existing knowledge regarding

the role of this protein in host-virus interactions prompted

us to choose RM62F for further evaluation with respect to

its interaction with CHIKV-nsP3. The present work has

served to establish that this protein interacts with CHIKV-

nsP3; more comprehensive analyses may provide a func-

tional relevance of this interaction.

Supplementary Information The online version contains

supplementary material available at https://doi.org/10.1007/s13337-

021-00734-y.
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