RESCEARCH ARTICLE

Nucleotide sequence and expression in
E. coli of the sequence-specific RNA-binding

human rotavirus

nonstructural protein NSP3 of a G2 serotype

C. Durga Rao" **, Bhargavi S. Rao' and Krishne Gowda!

l[I'ff.“:]:):::'utm«ent of Microbiology and Celi Biology, Indian Institute of Science, Bangalore 560 012, India
Centre for Genetic Engineenng, Indian Institute of Science, Bangalore 560012, India

The sequence-specific single-stranded RNA-binding
rotavirus nonstructural protein NSP3 plays a central
role in the assembly and replication of the 11 double-
stranded RNA segments in the nascent viral particles.
We have determined the nucleotide sequence of gene
7, encoding the NSP3, from an Indian isolate of G2
serotype human rotavirus strain IS2. This is the first
report of the sequence and expression of NSP3 from
a human rotavirus. The gene consists of 1066
nucleotides (nt) in length and potentially codes for a
polypeptide of 313 amino acids (aa). Comparison with
the published, corresponding gene sequences from the
simian SA11 and bovine UK strains revealed approxi-
mately 75% identity of the IS2 NSP3 at both nucleotide
and amino acid levels. An interesting observation is
that, in contrast to the nucleotide sequence divergence
in the protein coding region, a stretch of about 80 nt
in the 3’ untranslated region (3'UTR) is highly con-
served (>97%). This conserved sequence might play
an important role in the regulation of not only the
expression of NSP3 but also the viral replication cycle.
The 34 kDa NSP3 protein has been expressed in E. coli
at high levels and purified to homogeneity. Antibodies
produced against NSP3 should facilitate studies on the
control of expression of NSP3 as well as the replication
cycle of the rotavirus.

RoTAVIRUSES are one of the major causes of acute
gastroenteritis in infants and young children and represent
the leading cause of infant morbidity and mortality in
developing countries'. Rotaviruses have been classified
into 7 groups, A to G’, and group A rotaviruses are
the subject of intense study as they represent the major
pathogens causing diarrhoea in humans. Rotaviruses,
members of the family Reoviridae, are composed of a
triple-layered capsid enclosing a genome of 11 segments
of double-stranded RNA (dsRNA)3'4. The genome en-
codes 6 structural (VP) and 5 nonstructural (NSP)
proteins®, The outer capsid consists of two proteins,
VP4 and VP7, encoded by gene segments 4 and 9,
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respectively. The outer capsid proteins exhibit two inde-
pendent serotype specificities, the G serotype and the
P serotype’. While the major outer capsid protein, VP7,
represents the G serotype, the spike protein, which is
also the viral haemagglutinin, specifies the P serotype.
To date, at least 14 G serotypes and 18 P types of
group A rotaviruses have been identified among humans
and animals™®, VP6, the intermediate capsid protein
encoded by gene 6, represents the subgroup-specific
antigen and two subgroups I and II have been observed
among rotaviruses’. The inner capsid consists of VP2,
encoded by gene 2, which encloses the 11 segments
of dsRNA and the core proteins VP! and VP3
(ref. 3)

The nonstructural proteins encoded by the viral genome
play an important role in the regulated expression of
the viral genome, viral genome replication and assembly
as well as inhibition and/or modification of host cellular
functions. Although much of the previous work was
directed towards understanding the structure and function
of the structural proteins, especially the immunogenic
proteins VP4, VP6 and VP7, studies on the nonstructural
proteins have begun only in the recent years. The five
nonstructural proteins NSP1, NSP2, NSP3, NSP4 and
NSP5 are encoded by gene segments 5, 8, 7, 10 and
11, respectively’. Although the function of NSP5 is
unclear, NSP4 (NS28) was shown to function as the
intracellular receptor, in the endoplasmic reticulum, for
subviral particles during viral maturation®. NSP1, NSP2
and NSP3 were shown to possess RNA-binding activity
and to be associated with the replication intermediates”;
but the precise roles of these proteins in viral replication
are unclear.

Recently, NSP3 was shown to bind selectively the 3°
terminal sequences that are conserved in all the 11
segments of rotaviral RNA™ " and to be preferentially
localized to the cytoshkeletal subcellular compartment in
the cell”, NSP3 is also the major component of the
replication intermediates and has been implicated to play
a central role in the assembly and replication of the 11
RNA segments in the nascent replication structures' .
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Althousch the genes encoding NSP1, NSP2, NSP4 and
NSP5 have been sequenced from several human and
animal group A rotaviruses' 7'® ', the sequence of
NSP3 from a human rotavirus has not, so far, been
reported. The only group A rotavirus strains for which
the NSP3 sequence has been reported are the simian
SAIl and bovine UKW "™ P,

In our labaratary, we are studying the genetic vartation
in human rotaviruses isolated in India to determine the
extent of genetic diversity from prototype viruses. Recent-
ty, we have reported isolation and characterization of
Gi0Pi1 type human asymptomatic neonatal viruses that
are multicene reassortants between a bovine serotype
10 rotavirus and a human rotavirus™>*. In this study,
we report the complete nucleotide sequence of the NSP3
from an Indian isolate of the human G2 serotype,
expression of the protein in £. coli and 1ts purification
to homogeneity.

Methods

Extraction of viral dsRNA

The isolation and serotypic characterization of
rotaviruses, including the G2 serotype rotavirus isolate
1S2, isolated from children suffering from diarrhoea,
admitted to various hospitals in Bangalore, has been
described earlier™. Total nucleic acids from the clarified
supernatants of 20% suspension of the stool sample
containing IS2 were extracted with phenol—<hloroform
in the presence of 1% SDS and precipitated with ethanol
as described™.

Purification of the viral dsRNA segments 7, 8 and 9

The viral double-stranded RNA extracted from the IS2-
positive faecal sample was electrophoresed on a 1%
agarose gel in the presence of ethidium bromide. The
closely migrating dsRNA segments 7, 8 and 9 were
eluted together on to a dialysis membrane and the RNA
was recovered from the membrane in a buffer containing
0.3 M sodium acetate and 1 mM EDTA. The RNA was
precipitated with ethanol after extraction with n-butanotl,
followed by phenol-chloroform.

Synthesis of ¢cDNA

The dsRNA segments were denatured with methyl mer-
curic hydroxide and the 3’ ends were polyadenylated
using E. coli poly(A)-polymerase”. Double-stranded
cDNA was synthesized directly on the oligo(dT)-tailed
plasmid according to the method described by Okayama

and Berg™. A c¢DNA library was constructed in E. coli
HBI101.
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ldentification of NSP3 gene-specific clones

The cDNA library was screened with [*’P}-labelled mixed
cDNA probes for genes 7, 8 and 9. Clones containing
gene-7-specific sequences were identifted by comparison

of the sequence of the 5" and 3’ terminal 100 nt with
that of bovine UK and SAll strains'®”.

Qligonucleotide primers

The different primers used for nucleotide sequence analysis
are: 5" GAAGTGTTACTTCTGCTCT 3" (5" primer for
Okayama and Berg vector); 5" ATCGTCATCTATCAT-
TA 3" (position 421437); 5 TAATGATAGATGACGAT
3" (position 437-421); 5 CTACAATTGATCAGGCTT 3’
(position 228-245); 5" AAGCCTGATCAATTGTAG 3’
(position 245-228); 5" TTGAACAACAATTCAAT 3" (posi-
tion 810-826) and 5" ATTGAATTGTTGTTCAA 3" (posi-
tion 826-810). The 5" and 3" primers used for
amplification of the gene 7 open reading frame by PCR
are S’ATCCCGG/ATGCTCAAGATGGAGTCT 3 and 5
ATAAGCTT/ATAGGTATAAGTGTA 3/, respectively.

Nucleotide sequence analysis

The complete nucleotide sequence was generated by
sequencing either the original DNA clones or after
subcloning the ¢DNA insert into the BamHl site of
pBluescript KS*. Nucleotide sequence was determined
by dideoxynucleotide-mediated chain termination method™.
The original ¢cDNA clones were sequenced at the 5
end using a primer specific for the Okayama and Berg
vector'. Sequence of both the strands was determined
using KS and SK primers on the vector as well as
1S2-gene 7-specific primers. The sequence data were
processed on a Dec/Vax-6000 main frame using version
6.1 of the GCG application software.

Expression of NSP3 in E. coli

As the complete cDNA of gene 7 contained 5 and
3’ untranslated sequences, the gene was tailored for
expression in E. coli by polymerase chain reaction
(PCR)*® using 5’ primer that contained the ATG codon
and the sequence downstream of it and the 3" primer
containing the sequence upstream of the translational
terminator codon. The 5’ primer contained a recognition
site for Smal and the 3’ primer for HindlIl. The PCR-
amplified DNA containing the NSP3 open reading frame
was digested with Smal and HindlIl and was ligated
to Ndel and HindIll-digested pET20b(+) vector”’
(Novagen), in which the Ndel site was converted to
blunt end by fill-in reaction using Klenow fragment of
DNA polymerase 1. E. coli HB1Q1 was transformed
with the chimaerie plasmid DNA and colonies positive
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for NSP3 gene sequence were identified by restriction
enzyme analysis of the plasmid DNA. The recombinant
pETNSP3 plasmid DNA was then vsed to transform E.
coli BL.21 (DE3) strain for expression of NSP3. Colonies
expressing the expected 34 kDa NSP3 were identified
by analysis of the bacterial lysates by SDS-
polyacrylamide gel electrophoresis {SDS-PAGE)”,

Purification of recombinant NSP3

Recombinant clones expressing NSP3 were grown in
Luria broth and were induced in the presence of 0.4
mM isopropyl f-thiogalactoside (IPTG) for 2-3 h when
the cultures reached an QDGAOQ of 0.40. The bacterial
pellets were lysed by sonication, the inclusion bodies
were purified and dissolved in phosphate buffer con-
taining 8 M urea®””, NSP3 was then purified by immo-
bilized nickel ion affinity chromatography using Ni**—
NTA-agarose resin’ as the recombinant. NSP3 contains
6 consecutive histidines at the carboxy terminus that
form coordination complexes with the immobilized Ni**
in the resin. The bound protein was eluted from the

resin in phosphate buffer containing 500 mM imi-
dazole™ %,

Results

Sequence analysis

The NSP3 gene from the G2 serotype human rotavirus
strain 1S2 was 1066 nt in length and had a single long
open reading frame irom position 26 to 967 that codes
for a polypeptide of 313 amino acids (Figure 1). Two
in~frame AUG codons were found at positions 26-29
and 33-35 as found in other NSP3 genes. The second
AUG codop at position 33 was in the proper context
for translation in eukaryotes™. The IS2 gene is shorter
by 39 and 29 nucleotides than that of SAI14F and
bovine UK, respectively. While the 3'UTR of SAI14F
and SA1l NSP3 gene is 132 and 131, respectively, that
of IS2 and bovine UK is 99 and 109 nt, respectively
(Table 1). The 3'UTR of SA1l is identical to that of
SA114F except for a single nucleotide deletion at position
1011 and both the simian strains contain almost identical
NSP3. The difference in the size of 3'UTR of NSP3
gene is due to deletions in two regions downstream of
the trapslational termination codon (Figure 2). The fact
that the 3'UTR of gene 7 from human IS2 and bovine
UK strains containg deletions in the same region suggests
a similar eyolutionary origin for the NSP3 of these 2 straips.

The human IS2 gene sequence was 78 and 75.8%
homologous at the nucleotide and 78 and 76.9% identical
at the amino acid level with that of bovine UK and
simian $A114F, respectively. While the NSP3 gene from
I52 and bovine UK potentially codes for a polypeptide
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of 313 aa, that of SA11 and SA114F codes for a protein
of 313 aa (Table 1), Multiple-sequence alignment of
the predicted amino acid sequences using the program
MULTALIN” revealed a 2-amino-acid deletion in the
NSP3 from IS2 and bovine UK viruses following amino
acid 303 (Figure 3). Thus, the deletion of amino acids
309 and 310 in the NSP3 of IS2 and bovine UK with
reference to that of SA11/SA114F places glutamic acid
as the carboxy terminal amino acid in all the NSP3
proteins.

NSP3 1s an acidic protein with the isoelectric point
ranging from 448 to 604 as determined by the
programme 1soelectric (Table 1), The IS2 NSP3 is
comparatively more basic than that from other strains.
with a pl value of 6.04 (Table 1),

There are four cysteines in the predicted amino acid
sequence of N3SP3 of IS2. Only two of these cysteines
at positions 123 and 139 are conserved in the NSP3
of all the strains whose sequence is known so far (Figure
3). These two cysteines might be critical for inter
molecular covalent interaction in the formation of
Oligomeric structures of NSP (ref. 13). The basic domain
implicated In binding to ssRNA is located between
amino acids 81 to 150 and the basic amino acids are
highly conserved in all the strains. The consensus se-
quence (/L) XXM (/L) (S/T) XXG of ssRNA binding,
found in the NS2 protein of orbiviruses and Sigma NS
protein of reoviruses, is also conserved in the NSP3 of
rotaviruses except that the methionine residue is not
conserved in IS2 NSP3. The heptad repeat region, ob-
served in cellular myosin heavy-chain® and neurofilament
L or M proteins™, responsible for oligomerization is
also found in the NSP3 from position 181 to 236. The
human NSP3 differs from that of simian'' and bovine
UK strains in that the putative leucine zipper domain
located near the carboxy terminus’? is not well-defined
due to replacement of most of the leucine residues.

An interesting feature of the 3'UTR of the genes
encoding the NSP3 is the high degree of conservation
of a stretch of about 80 nt from the 3’ end among all
the group A rotaviruses (Figure 2). Within this stretch
the 1S2 gene 7 shared greater than 96% homology with
that from other strains. This is in contrast to the observed
716-78% homology observed in the protein coding region

of the gene. Interestingly, the 25 nucleotide sequence
of the SUTR is also couserved in all the strains.

Expressian in E. coll

As shown in Figure 4, E coli BL21 (DE3 cells
transformed with the recombinant plasmid pETNSP3,
which contained the NSP3 coding sequence in-frame
with the sequence encoding the six carboxy terminal
histidine residues in the vector, expressed the 33 A\Da
NSP3 ot high levels (lanes 4 and 5% The recombinant
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Figure 1. Complete nucleotide and predicted ammo acid sequence of gene 7 encoding the NSP3 protein from human rotavirus strain
I1S2. Nucleotide sequence was generated from several overlapping ¢DNA clones representing the NSP3 gene (see text for detatls). cDNA
clones were isolated from a ¢cDNA library of genomic RNA segments 7, 8 and 9, punfied, directly from a clinical sample containing
the symptomatic rotavirus [S2, after electrophorests 1n an agarose gel. The nucleotide sequence has been submitted 1o EMBL database

under the accession number X76645.
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Table 1. Comparison of the gene and the gene product, NSP3, from different rotaviruses

Gene segment Gene product

Length Length of Homology Homology
Rotavirus Animal (n) 3I’NCR (%) Size (%) pl
Group A
HulS2 (this work) Human 1066 99 — 313 - 6.04
BoUK (Ward et al '%) Bovine 1076 109 78 1 313 78 5 43
SAll (Both et al'®) Simian 1104 131 (c) 75 8 315 76.7 5.63
SA114F (Mattion et al.'*)  Simian 1105 132 (0) 75 8 315 77.3 5 63

n, number of nucleotides; ¢, corrected length

CURRENT SCIENCE, VOL. 68, NO. 7, 10 APRIL 19935
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Figure 2. Nucleotide sequence alignment of the 3’ region of the NSP3 genes The sites of deletions in human IS2 and bovine UK genes
compared to SA114F are indicated. The translational terrmnation codon is underlined.

Figure 3. Comparison of the deduced amino acid sequences of NSP3
of NSP3 are indicated. The basic region is overlined and the heptad repeat regions are
the carboxy termuinal leucine zipper doman (overhined by broken hine) present in the
human 1S2. The three-amino-acid region where two cCysteines are located (position 24-26)
four-aruno-acid stretch conserved between 182 and bovine UK but diiferent in SA114F 1n the basic gegion 15
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———————— e I o e e e ———————— e —
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BoUK LV V K P EVT L TSI I L IL H T L
SAll LT DPE A X A LR L VI KL L
SAl114F LT DPE A I A LH L VI KL L
Huls2 GLLQQSNY..TYTYE 315
BoUK R C E A
SAll I RC QYSFGC
SA114F I RC QYSFGC

conserved cystemnes at positons 123 and 139 are muked by astensks.
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from group A rotaviruses. The regions of predicted structural features
underlined. Majonity of the leucine residues located i
simian virus SA114F have undergons subsututions in
near the ammo ternunal regwoa s overhined, The
marhed by a thick bar The
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Figure 4. SDS polvacnlamude gel clectiophorcue analysts of NSP3
expressed m £ coflt Lanes | and 2 represent total cell lysates of E.
coli BL21 {(DE3), transformed with pET20b(+), uninduced and induced
with 04 mm. {sopropyl B-p-thiogalactoside, respectively. Lane 3 rep-
resents uninducted total lysate from cells containing the recombinant
plasmid pETNSP3; Lanes 4 and 5 represent induced total lysates of
two individual colomes contamning pETNSP3. Lane 6 represents the
NSP3 punfied by single-step affimity chromatography on Ni—NTA-
agarose resin. M, protein molecular weight markers.

protein was found to be predominantly present in the
inclusion bodies. NSP3 from the inclusion bodies solubi-
lized in 8 M urea was purified to homogeneity by a
single-step affinity chromatography on a Ni-NTA-
agarose column (lane 6).

Discussion

Rotaviruses, besides being the major pathogens of
infantile diarthoea in humans, represent excellent model
system for studying the molecular mechanisms of replica-
tion and assembly of the multipartite genomes in the
nascent viral particles. In general, in all the group A
rotaviruses, the first four and the last six nucleotides
are highly conserved in all the 11 dsRNA segments".
NSP3, by its ability to bind selectively the 3’ terminal
conserved sequences of the rotaviral RNAs, has been
implicated as the central player in the assembly of the
11 positive-sense RNAs into the early replication inter-
mediates, where the ssRNA segments are replicated to
form dsRNA segments'™'*. Moreover, NSP3 has been
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shown to form oligomeric structures and was found to
be predominantly localized on the cytoskeietal compart-
ment in the cell on which the replication intermediates
are assembled'’, In spite of the importance of NSP3 in
rotavirus replication, the gene has not been sequenced,

¢ far, from a human rotavirus.

Amino acid sequence comparisons, in the present
study, indicate that while the ssRNA-binding domain
(basic region) and the heptad repeat region are highly
conserved in all the strains, the carboxy terminal leucine
zipper domain is not conserved. This observation cor-
roborates the finding that the leucine zipper domain in

the NSP3 of SAll is not absolutely required for
oligomerization'”. The present studies also suggest,

though not experimentally proven, that the cysteines at
posttions 123 and 139 are critical for the intermolecular

covalent interaction in the formation of oligomeric struc-

tures of NSP3 as these are the only cysteines that are

conserved in all the three sirains.

The most interesting observation from our studies is
the extreme conservation of a stretch of 80 nt in the
3'UTR of all the NSP3 genes in contrast to the protein

coding region (Figure 3). This region might play an
important role 1n the regulated expression of the NSP3.

Sequences located in the 3'UTR of certain cellular
mRNAs are known to play an important role in the

regulation of the stability, translation and intracellular

sequestration of the mRNAs>*", NSP3 has been observed
to be associated with the cytoskeleton" although the
molecular basis for such an association is not clear. In
this context, it 1s reasonable to speculate that the highly
conserved 3"UTR could mediate selective localization
of the mRNA by interaction with specific cellular factors,
thereby facilitating the translation of the mRNA directly
on the cytoskeleton.

Availability of antibodies against NSP3 should
facilitate studies on the structure and function as well
as regulation of the expression of NSP3. The role of
3'UTR in the overall regulation of the expression of
NSP3 and its possible interaction with cellular factors
are being investigated.
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