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1. Brief introduction

Rotaviruses are a major cause of acute gastroenteritis in infants and young children, producing a
high burden of disease worldwide and over 600,000 deaths per annum, mainly in developing
countries (1). Rotavirus NSP5 encoded by the genomic double-stranded RNA (dsRNA) segment
11, is a major component of the viroplasms in infected cells. NSP5 consists of 198 amino acids
with a predicted molecular mass of approximately 21 kDa. NSP5 is highly phosphorylated in
infected cells resulting in a series of post-translationally modified isoforms that range from 26- to
35-kDa (2). NSP2 is reported to interact with N- and C-terminal domains of NSP5 leading to
NSPS5 hyperphosphorylation and formation of viroplasm in rotavirus-infected cells (3). NSP5 in
infected cell is likely to interact not only with viral proteins (like NSP2, NSP6, VP1, etc) but
cellular/host factors as well to form proper viroplasm where viral replication and morphogenesis
takes place. Until now, host cell proteins involved in viroplasm formation have not been
identified. It has been shown recently that a cellular factor Perilipin A is as important as NSP5 in
regulating the formation of viroplasm in infected cells (4). We have previously identified MAPK
kinase pathway as one of the signaling cascade that abolishes the hyperphosphorylation of NSP5
using pharmacological inhibitor U0126. The primary objective of the present project is to dissect
signaling pathways and identification of host factors that regulate the formation of viroplasm and
phosphorylation of NSP5.

2. Objectives

It is proposed to study the involvement of cellular kinase (s) or host factox"s that contribute
towards the formation of productive viroplams and hyperphosphorylation of NSP5 in rotavirus-
infected cells.

1. Dissection of signaling pathways that regulate phosphorylation of NSP5 and the formation of
viroplasm in virus infected cells (using pharmacological inhibitors/siRNA approach).



2. Identification of NSP5 interacting cellular factors in rotavirus-infected cells (using

experimental approaches like Co-immunoprecipitation and mass spectrometry).

3. Time schedule of activities giving milestones:

Period of study Achievable targets

6 Months Appointments and procurement of instruments,
chemicals, consumable, etc.

12 Months Preparation of domain specific polyclonal antibody
production against NSPS.

18-24 Months Generation of GST-NSP5 and development of GST-
pull down and co-immunoprecipitation assays using
virus infected cell extracts.

24- 36 Months Screening of pharmacological inhibitors/siRNA for

identification of signaling molecules that regulate
hyperphosphorylation of NSPS5 in the infected cells.
36-48 Months Identification of NSP5 interacting cellular factors

using GST-pull-down and Co-immunoprecipitation

coupled tandem mass spectrometry.

4. Results and discussion

4.1. Generation of N- and C-terminal deletion mutants of rotavirus NSP5.

Using cDNA of rotavirus NSP5 IS2 strain, the N-and C-terminal deletion mutants of rotavirus
non-structural protein 5 (NSP5) was generated using gene specific PCR (Table 1). Deletion
mutants of NSP5 that lacked 33, 52, 132, 68, and 133 amino acids (aa) at the N- and C-termini
were referred to as AN33, AN52, AN132, AC68 and AC133, respectively (Table 2). Double
deletion constructs lacking 52 and 68 aa, 33, and 38, 48 aa at the N- and C-termini of NSP5 were
designated as AN52-AC68, AN33-AC38, and AN33-AC48, respectively were also generated by
PCR based approach (Table 2). These deletion mutants were PCR amplified (Fig.3), cloned
(Fig.1) and sub-cloned into prokaryotic expression vector using pET-22b (Fig.2). These PCR
products were digested with appropriate restriction enzymes (Tablel) and ligated with digested



vector pBS. The transformants were grown in Luria broth supplemented with ampicillin and the
plasmid DNA was isolated (Fig.6) and the recombinant clones were confirmed by colony PCR
and restriction enzyme digestion of isolated plasmid (Fig.7). The pBS containing recombinant
clones were further digested with Bam HI and Xho I and sub-cloned into pET22 in between Bam
HI and Xho 1 sites. The plasmid DNA isolated from E. coli DH5a transformants were analyzed
on 1% agarose gel (Fig.8) and the restriction enzyme digestion of recombinant clones reveal the
release of inserts or fragment of interest with a corresponding expected size and migration
pattern on agarose gel (Fig.9). Further, the recombinant proteins were expressed in E. coli BL21
(DE3) using IPTG as inducer. Briefly, transformed cells were grown to an ODsgo of 0.4 and
induced with 250 uM of IPTG for 3 h. The cells were lysed by sonication in 10 mM Tris-HC1 pH
7.4, 150 mM NaCl and 8 M urea buffer and centrifuged at 18000 rpm for 40 minutes to remove
the cellular debris. The NSP5 proteins in the supernatant fraction was bound to Ni-NTA column,
washed extensively with Tris buffer pH 7.4 containing 40 mM imidazole, 8 M urea and 300 mM
NaCl to remove all non-tagged proteins and the bound proteins were eluted with 10 mM Tris
buffer pH 7.4, 4-8 M urea containing 500 mM imidazole, 20% glycerol and stored at -70°C till
use. Figure 10 shows the induction of full length NSP5 and its mutant recombinant protein in
bacteria and the two mutants (AN132 & AC133) could not be expressed under the given
experimental condition (Fig.10). These recombinant NSP5 proteins were mainly found in
inclusion bodies and hence purified to homogeneity using urea as denaturing agent in elution
buffer by Ni-NTA affinity chromatography (Fig.11-12). In this study, we also observe the effect
of different concentration of urea on the final yield of protein during purification process. It was
found that the maximum yield of purified recombinant rotavirus NSP5 and its mutant protein
was associated with 8M urea concentration (Fig.13). It is reported that the deletion of N-terminal
33 aa of rotavirus NSP5 affects its interaction with NSP2 which is known to facilitate
hyperphosphorylation of NSP5 in virus infected cells and transfected mammalian cells (5).
However, very recently it has been demonstrated that the deletion of C-terminal 25 aa affects the
dimerization of NSP5. Since the crystal structure of rotavirus NSP5 is unknown, we have
predicted the secondary structure using online server tool-PSI-PRED. Bioinformatics prediction
revealed the presence of a right-handed amphipathic a-helix between residues 178 and 198 at
the C-terminus of NSP5 (Fig. 3). Further, the sequence alignment of 30 aa from the C-terminal
region of NSP5 from different rotavirus strains of group A and C revealed a high level of amino



acid conservation within the predicted a-helix spanning the carboxyl terminal 21 residues,
suggesting a functional importance of the C-terminal a-helix of NSP5 (Fig.4). It has been
demonstrated that truncation of the C-terminal 30 residues from NSPS5 abolishes its insolubility
and hyperphosphorylation in transfected mammalian cells (6).

4.2. Preparation of in house polyclonal antibody against recombinant NSPS.

Though the objective was to create domain specific in house polyclonal antibodies against NSP5,
but due to lack of animal house facility in our University, the objective could not be fulfilled.
However, we could raise polyclonal antibody against full-length NSP5 in rabbits using standard
protocol. Briefly, the full-length NSP5 protein was renatured by step-dialysis in a buffer
containing 10 mM Tris-HCI, pH 7.4, 100 mM NaCl and 6 M urea. The dialysis bags containing
purified protein was transferred to second buffer containing 4 M urea and incubated for 3 hours
followed by replacement with a change buffer containing 10 mM Tris-HCI, pH 7.4, 75 mM NaCl
and 2 M urea and after 3 hours, the dialysis bags were kept in a final buffer having only 10 mM
Tris-HCI (pH 7.4), 50 mM NaCl and 5% glycerol. The polyclonal antibody to purified NSP5 was
generated in rabbits by subcutaneous injection following the protocols described below.

Antigen preparation

An aliquot of the purified protein (stored at -70°C with 20% glycerol) was dialyzed. Desired
amount was transferred to a fresh eppendorf tube and equal volume of Freund’s (Sigma Aldrich)
complete adjuvant was added (incomplete Freund’s adjuvant was used for booster dose
preparation).

Immunization of rabbit

The emulsion of about 1 ml per rabbit was injected subcutaneously using a 2 ml clinical syringe.
After first immunization, rabbits were given two boosters: first booster after 22 days of first
immunization followed by the second booster after 7 days of first booster. Test bleeds were
collected 7 days after each booster dosage to monitor anti-serum levels.

Site of injection and immunogenic doses )

The site of administration was by intra-dermal or sub-mucosal route at the backside of the rabbit.
The immunogen dosages of antigens were as follows: First immunization 1 mg/ml; 1% booster
dose 0.5 mg/ml; 2" booster dose 250 pg/ml.

Bleeding process



The animals were bled after the second booster and antibody titers were examined by ELISA. In
between the first immunization and the administration of the first booster, about 100 ul of blood
from rabbit was bled to analyze the antibody titers. Bleedings were done under aseptic conditions
and the blood samples were collected in a fresh eppendorf tube for serum preparation. The final
bleedings were done by cutting ear vein of rabbit.

Antiserum preparation

Serum is a clear liquid, the non-cellular part of the blood. The blood collected after bleeding in
sterile eppendorf tubes was kept at room temperature for about 1 hour and were then kept at 4°C
for 12-18 hours. This incubation period results in the clotting of blood (fibrinogen in the form of
fibrin encases the blood corpuscles in its mesh) and separation of the clear liquid. After 12-18
hours, the samples were spun at 3000 rpm for 10 minutes resulting in the sedimentation of all
blood cells, and the clear supernatant was transferred to a new eppendorf tube and was
centrifuged at 12000 for 20 minutes at 4°C. The supernatant was transferred into new sterile
microfuge tube, glycerol up to 5-10% was added as cryo- preservant and 0.05% of sodium azide
was added as antibacterial agent. The prepared serum was stored at -80°C for long-term storage,
while for routine use small aliquots were kept at -20°C.,

The antibody titers were examined by an indirect ELISA method and the specificity of laboratory
generated rotavirus polyclonal antibody to NSP5 was checked using western blotting on
bacterially expressed and purified NSP5 proteins (Fig.14). The animal facility at Defence
Research Laboratory, Tezpur, DRDO was utilized for the production and generation of
polyclonal antibody against recombinant NSP5. In addition to the expected monomeric NSP5
protein, the polyclonal anti-sera also recognized a protein migrating with a molecular weight of ~
46 kDa, approximately twice the size of NSP5 monomer that could be seen on SDS-PAGE
(Fig.14). Based on its molecular mass, recognition by anti-NSP5 antibody, and previous
evidence for the homodimerization of NSP5 (7), it is presumed that the 46-kDa band probably
represents heat stable dimer of NSP5-CH and its mutant protein. The antibody generated will
now be used for carrying out co-immunoprecipitation and antibody blocking experiments in our
future work.

5. Future plans

5.1. Identification of signaling pathways that regulate phosphorylation of NSP5 and the

formation of viroplasm in virus-infected cells using pharmacological inhibitors/siRNA approach.
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5.2. Identification of NSP5 interacting cellular factors in rotavirus-infected cells using
experimental approaches like co-immunoprecipitation and mass spectrometry.
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Table 1. List of olig Teotid: g es used for generation of N- and C-termimal deletion constructs of NSPS

Construct Primer sequence Restriction | Expected molecular Observed
designation site weight molecular weight
(kDa) on SDS-PAGE
(kDa)
HNSP5-CH | Forward 5'- BamHI 200
ATCTAGGATCCGATGTCTCTCAGCATTGACG-3' 2310 ’
Reverse 5'-
ATGTACTCGAGGCCAAATCTICAATCAATIGY Xhol
AN33-CH | Forward 5'- BamHI} 280
ATCTGGATCCATATGATTGGTAGGAGTGAACA Nde I 19.69 ’
GTAC
3
AN5S2-CH | Forward 5'- BamHI1 200
ATCTAGGATCCGATGTIGTCAAAATCTCCAG-3 17.49 i
AN132-CH | Forward1 5'- BamHI :
N -
ATGCTAGGATCCGATGAAGAAGGAGAAATCTA 748 ERTE
AAC
B,
AC68-CH | Forward 5'- BamHI 1481 ~180
ATCTAGGAT CCGATGTCTCTCAGCATTGACG-3" i
AC133-CH | Reverse 5'- Xhol
N
TACGTCTICGAGGCGATGCAGAATCAGAAGGTC 120 © Expreasion
-3
ANS52- Forward 5'- BamHL ~14.0
AC6BCH | ATCTAGGATCCGATGTIGTCAAAATCTCCAG 861 1
3
Reverse 5'- Xbal
ATCTACTCGAGGCTGATGTGGTAGATATTGA-3"
Table2. Sch tic vepy tion of N- and C-teyminal dedetion mutants of rotavirns INSPS nsed in this stmdy.
Constructs Expected Molecular (Da)

NSPS-CH NH

AN33-CH

AN5S2-CH

AN132-CH

AC68-CH NH

AC133-CH NH

ANS2-ACB8 CH

33 80 130

179 200

" T

23098.57

19692.81

17491.37

7480.00

14813.14
12113 11

B8618.00
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A) RUBVS1 ERESDSDDYVLDDSDSDDGKCKNCKYRKRKYF ALRMRMKQVAHQLIEDL
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CNB6 EVDSDSEDYVLDDSDSDDGKCKNCKYRKKYF ALRERHKQVATQLIEDL
cCcss EADSDSEDYVLDDSDSDDGKCKNCKYKKKYF ALRARHKQVANQL IEDL
K9 EADSDTDEYVLDDSDSDDGRCKNCKYKKKYF ALRERAKQVANQL IEDL
10733 EAESDSDDYVLDDSDSDDGKCKNCKYKRKYFALRMREKQVAMOLIEDL
Cat2 EAESDSDDYVLDDSDSDDGRCKNCKYKRKYF ALRMRMKQVAMQLIEDL
SB1A EADSDSEDYVLDDSDSDDGKCKNCKYKREYF ALRMRNKQVAMOL IEDL
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Fig. 4. Rotavirns NSPS protein contains a conserved predicted amphipathic o-helix helix within the carboxyl 30 amime acids.
HSPS sequences of the group A and the group C strain of rotavirus were aligned with Clustal W.



Fig5. Agarose gel showing the PCR amplified products of full length rotavirns NSPS and its deletants.

Fig6. Agarese gel showing the purity and homogeneity of pBS plasmid ligated with the full length NSP5 and its deletants’.
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Fig.7. Agarose gel electrophoresis showing the expected size of the full-length NSPS and its deletion mutants as confirmed by colony
PCR.

Fig 8. Agarose gel showing the purity and homogeneity of pET22b(+) plasmid ligated with the full length NSP5 and its
deletants’. M 1kb plus DA ladder The presence of RNA contamination in other DNA samples has been indicated by an

ATOW,
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Fig 9. Aarese gel electrophoresis showing release of expected insert size following digestion with restriction enzymes that

were used for cloning. M: 1kb plus DNA ladder, Lanes 3 to 6, fulldength NSP5 treated with RN Ase served as control. The

presence of RNA contamination in sther DNA sampl
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Fig. 10. 14% SDS-PAGE showing expression of recombmant NSPS and its deletion mutant proteins. M: Unstained proten

ladder.

12



_(_l

B

R Prere A,

20

15
1o

Fig.11. 14%, SDS-PAGE showing the purified fulllength NSPS and its deletion mutant proteins using 4M urea in the ention

buffer. El=Elution 1, E2=Elution 2, FT=Flow through, W="Wash, B=Beads after elution.

Fig.12. 14% SD5S-PAGE showing purified full-length NSP5 and its deletion mutant proteins usng SMurea in the elution

baffer. E1=Elutien 1; E2=Elution 2; FT= Flow through;, W= Wash, B=Beads after elution.
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Fig.13. 14% SDS-PAGE showing the yield of recombinant INSPS proten and its deletants purified frem imcluson fraction using
two different concentration of urea (40 snd SM) in the cution buffer.
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Fig. 14. The specificity of in house antibody preparation was confirmed by westesn blotiing using purified C-terminally tagged

NEPS (NSPS-CH) and its mutant protem. The purified NSP5-CH and its deleti tant proteins were rated on 14% SDS-PAGE

L ¢ 4

and electrophoresed protein was transferred to a PVDF membrane and incubated with anti-NSP5 polyclonal serum. M, monomer; D

dimer. The presence of monomer and dimer on SDS-PAGE isindicated by the arrows.
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