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Abstract: The Sindbis-like virus was first discovered in China in 1986. Its complete genomic sequence consists
of more than 11 000 bp encoding more than 3 700 amino acids. It contains a 5’ non-transcriptional region (5’-NTR)
in a non-structural region, four non-structural proteins (nsP1, nsP2, nsP3, nsP4) regions, capsids in conserved and
non-conserved regions and structural E1, E2, E3, 6K regions and a 3’ non-transcriptional region (3’-NTR). The
Sindbis-IMB was isolated from the blood of a patient suspected to have encephalitis, and was followed by
identification and passage. The virus RNA was extracted from virus supernatant in infected cells and the whole
genome was divided into 12 fragments; RT-PCR was then performed to amplify the 12 fragments for complete
sequencing. The results showed that the whole genomic sequence of Sindbis-IMB consists of 11 717 bp encoding
3 773 amino acids. Homology comparison with other Sindbis-like isolates demonstrated the highest similarity was
the YN&7448 with a variation of 1% strain isolated in Yunnan Province and the second highest to the SAAR86
strain with a variation of ~1.2%. The nucleotide sequence variations were present in non-structural regions,
resulting in amino acids K, E, N, R, H, and L in protein sequences in positions 230, 231, 443,781, 1 582, and 1746
in the new isolation respectively. Furthermore, three additional amino acids--glutamic acid, serine and
alanine--were noted in nsp4 terminus as compared to the YN§7448 isolate.
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sequences of many

The Sindbis-like virus is a representative Alp- whole or partial genomic

havirus in the Togaviridae family, which infects the
host cells of insects, birds and mammals via mos-
quitoes and insects; infected humans develop fever,

rash, arthritis and on occasion, encephalitis (2, 4). The
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Sindbis-like viral strains have been reported world-
wide (3). In recent years, epidemics of encephalitis
have given the genomic analysis of Sindbis-like
viruses an elevated importance and extensive epi-
demiological significance. The YN87448 strain was
first isolated in 1986 from the blood of a patient with
fever in Yunnan Province (7). Its genome contains a

5’-NTR in the non-structural region, nsP1, nsP2, nsP3,
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nsP4 regions, capsids in conserved, non-conserved
and structural regions, El, E2, E3, 6K structural
regions and a 3’-NTR in non-transcriptional region (4),
revealing a high homology to Sindbis-like isolates and
in particular, a 99% homology to the SAARS&6 strain
isolated from Africa. In order to investigate the
epidemics of Sindbis-like virus infections in Yunnan
and the molecular differences between the YN87448
strain and other Sindbis-like viral isolates, we isolated
a Sindbis-IMB strain from the blood of a suspected
encephalitis patient in Yunnan Province. The results of
virus identification demonstrated a high homology to
the YN87448 strain. The sequencing of the whole
genome was performed and compared with other

isolates.

MATERIALS AND METHODS

Virus isolation

24 serum samples were collected from patients with
unexplained fever in June, 2006 at Medical In-
stitutions in Eryuan County of Yunnan Province.
Serum samples were inoculated into Vero cells (Vero
cells were provided by the Viral Immunology Dept. of
the Institute of Medical Biology, Chinese Academy of

Medical Sciences (CAMS), and samples with obvious

cytopathic effect (CPE) observed in 3 continuous
passages were inoculated into mice with an age of 1 —
3 days. Each of the samples with obvious CPE
observation was inoculated intracranially into 6 to 8
mice for observing fever development in mice. Brain
tissues of mice with fever were triturated to 10%
suspension for passage amplification in Vero cells.
The virus was identified by blood clotting and blood
clotting inhibition tests (the Sindbis-like virus blood
clotting antigen was provided by Yunnan Institute for
Endemic Diseases Control and Prevention).
Primers design

Based upon the complete sequence of the YN87448
strain, 12 primers were designed (Table 1) and syn-
thesized by Shanghai Sangon Biological Eng- ineering
Technology&Service Co.Ltd..
Extraction of viral RNA, Synthesis and cloning of
cDNA

Viral supernatant in infected cells was collected.
Total RNA was extracted using the QIAmp Viral RNA
reagent kit. cDNA was amplified by Promega Access
Quick RT-PCR under the following reaction condi-
tions: 45°C reverse transcription 40 min; 95°C pre-
denaturating 2 min; 94°C denaturating 40 sec; 56°C

annealing 40 sec; 72°C extension 1 min; 35 cycles; 72°C

Table 1. Primers for RT-PCR Amplification
Primer No Forward Primer Reverse Primer Target

S1 attggcggegtagtacacactattg tatcggtaactttgcatagc 1-1020
S2 tgagctgcgaaggctacgta ctcactcagtgctaagaatt 901 — 1 940
S3 gttaagatcataacgcactc ttetggttagececttgtgag 1821 -2850
S4 ccgtgcaagaagaacatcga ttcgcactgttgaaagtgat 2 691 -3 800
S5 aagagaatcgaatggatcgec aggcacacagttgttgcttg 3651 -4 800
S6 aagacagggattcagtacta ctgaacgggacgatataatt 4661 -5 700
S7 tacggatgtgcctatgtett cggcttgtatcacttgtact 5561 -6720
S8 gcaagaagtgcctatggata gccttatttceectetgatg 6611 —7590
S9 aggtagacaacatcacacct geacggttcagtatggtgac 75018720
S10 tcgacatcctcgaagagaac agacccttactggttcgtga 8551 -9660
S11 ccaaccactgaatggatcat ggaggtagcttgaatgtcte 9561 —10 700
S12 caccattcgatcacaaggtc gaaatgtaaaaacaaaattttg 10 591 - 11 717
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Fig. 1. Cloning approach for Sindbis-IMB complete sequences

extension 10 min. The specific PCR products were
cloned into PMD-18T vector (purchased from TaKaRa
Corp.) and transformed to E coli. DH5a after harvest
and purification.
Sequencing and analysis

Plasmids were abstracted from the screened clones
and the positive clones identified by PCR were se-
quenced by Sangon Corporation by using RV-M and
M13-47 primers in two directions. Sequencing results
were analyzed by the OMEGA(Rainbow Techologies,
inc.) software package. The cloning approach is
shown in Fig. 1. The sequences of other Sindbis-like
isolates YN87448, Girdwood, SAAR 86, SINOCKS2
and SJ160 to be compared with Sindbis-IMB were
obtained from GenBank ( Table 2).
Construction of phylogenetic trees

The data of whole genomic sequence from different
strains were aligned using MEGA package (version
3.1), and phylogenetic trees were constructed using
the neighbor-joining program, from a distance matrix
corrected for nucleotide substitutions by the Kimura
two-parameter model. Tree stability was assessed via
bootstrapping over 500 replicates. The cluster was
regarded as strongly supported if the bootstrap value
exceeded 95%.

RESULTS
Virus Isolation
One viral isolate that could cause CPE in Vero

cells and death of mice was taken from 24 samples
and named Sindbis-IMB.
Whole genomic sequence of Sindbis-IMB

The whole genomic sequence of Sindbis-IMB was
11 717 bp encoding 3 773 amino acids, of which 7 622
nucleotides were in non-structural regions (excluding
5’-NTR): nsP1, nsP2, nsP3 and nsP4 regions, con-
served and non-conserved regions, and capsids in the
structural region. The 4059 nucleotides in the stru-
ctural region (excluding 3’-NTR) were E1, E2, E3 and
6K. The sequencing fragments in two directions were
assembled to obtain the whole genomic sequence.
After analysis, the ratio of four nucleotides in the
whole genomic sequence was determined to be: A:
28.70%; T: 21.22%; G: 25.42%; C: 25.88%.
Homology comparison between Sindbis-IMB and
other isolates

The homology of the whole genomic sequence of
Sindbis-IMB was 98.6% as compared with the other
five isolates. Substantial homology was also found to

other strains, such as SAAR86 and Girdwood isolates

Table 2. Homology Comparison Between Sindbis-IMB and Other Isolates

Origins Isolates GenBank No. Homology (%)
China YN87448 AF103734 99.0
South African Girdwood ACU38340 98.0
South African SAAR 86 ACU38305 98.8
Sweden SINOCK82 M69205 98.0
China XJ160 AF103728 88.0
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Fig. 2. Phylogenetic tree of Sindbis-IMB and other isolates.

from South Africa, the XJ160 isolate from Xinjiang in
China and the Ockelbo isolate from Sweden (Table 2).
In the constructed phylogenetic tree, the closest
genetic relationship was to the YN87448 strain
compared with the whole genomic sequence of
Sindbis-IMB (Fig. 2).
Nucleotides and amino acids comparison between
Sindbis-IMB and other isolates

The results of nucleotides and encoding amino

acids comparison between Sindbis-IMB and other

isolates showed the highest homology to the YN87448
isolate and the second highest to the SAARS&6 isolate
(Table 3). The main variations were observed in the
non-structural region, while the structural region was
relatively stable with a mere additional three nucleo-
tides (AAA) at the 5’-terminus in E2 gene.
Non-structural protein comparison between Sind-
bis-IMB and other isolates

The sequence comparison indicated a greatest varia-

tion of nucleotide sequences in the non-structural region,

Table 3. Whole Genomic Nucleotides and Amino Acids Comparison Between Sindbis-IMB and Other Isolates

Regions . Nucleotides : : AminoAcids :
YN87448 Girdwood SAAR86 SINOCKS82 Xjl60 YN87448 Girdwood SAAR86 SINOCKS2 Xjl60
5'—NTR 100 100 100 99.0 99.5
nspl 100 99.2 98.5 97.0 96.1 100 98.5 98.5 98.7 97.3
nsp2 99.2 97.2 97.7 98.7 96.2 99.6 98.4 98.6 98.5 96.5
nsp3 98.7 97.5 97.2 98.5 94.3 99.0 98.0 97.6 98.7 92.1
Conserved 99.6 99.2 99.3 99.3 97.1 99.8 99.6 99.4 99.4 97.0
nonconserved 99.4 98.5 98.1 98.2 97.8 99.0 98.8 98.5 98.6 97.0
nsp4 97.2 97.8 97.5 98.0 95.0 98.0 98.4 98.8 98.7 96.0
capisd 99.5 98.2 98.0 97.8 93.4 99.7 98.7 98.5 98.2 93.0
E3 99.3 97.9 98.1 98.0 97.6 99.5 98.4 98.2 98.6 96.0
E2 98.8 97.3 97.0 97.9 95.3 99.2 98.0 98.3 98.7 94.1
6k 99.0 98.1 98.5 98.2 96.3 99.5 98.8 98.9 98.7 95.0
El 99.4 98.3 97.5 97.3 96.0 99.7 98.9 98.6 98.7 95.0
3-NTR 99.5 98.1 98.4 98.2 97.1
Table 4. Non-structural protein comparison between Sindbis-IMB and other isolates

230 231 234 443 781 1581 1746 2523 2524 2526

IMB K E F N R H L Q S A

YN87448 R K F K G L P - - -

SAARS86 R K L K G L P - - -

Girdwood R K L K G L P - - -

Sinock82 R K L K G L P - - -

XJ160 R K L K G L P - - -
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amino acids were noted in positions of 230, 231, 443,
781, 1582, 1746, termed K, E, N, R, H, L; and 3
resulting in some variations of amino acids sequences.
The sequences of completely different additional
amino acids termed Q, S, A were found in the nsP4

terminus (Table 4).

DISCUSSION

Recent years have seen frequent encephalitis
outbreaks. The infectious route and symptoms are
similar to Sindbis-like viral infection, while severe
cross-reaction occurs in serological reaction, resulting
in false diagnosis in clinics. The Sindbis-like virus is a
representative Alphavirus in the Togaviridae family,
which infects insect, bird and mammal etc. host cells
via mosquitoes and insects (5). The Sindbis-IMB virus
show the characteristics of causing death of mice after
the virus was isolated from sera of patients with
unknown reason of fever, which is different from the
YN87448 isolate with no neurovirulence and no death
cause of mice (8). In order to investigate the mole-
cular variations of the isolated Sindbis-IMB virus, whole
genomic sequencing of Sindbis-IMB was performed
using RT-PCR, demonstrating the highest homology
to the YN87448 isolate and second highest to the
SARRS6 isolate (1).

The whole genomic sequence comparison indicated
that though the ratio of four nucleotides were different
between Sindbis-IMB and other isolates, such differ-
ences would not affect sequence variations of amino
acids in the structural region. Compared with the
reported sequences of Sindbis-like viruses, the main
mutations occurred in positions of 230, 231, 443, 781,
1 582, 1 746, termed K, E, N, R, H, L. Because the
YN87448 and Sindbis-IMB strains were isolated from

the blood of patients who had fever during different
periods of time but in the same place in Yunnan
Province, it can be hypothesized that the sequences of
these two isolates varied to some extent exhibited
mainly in non-structural region after infecting humans
via mosquitoes and insects, resulting in changes in
virulence. However, no obvious evidence can demon-
strate that the Sindbis-IMB originated from the YN-
87448 isolate. Further investigations on sequences of
more Sindbis-like viruses should be explored. In
addition, the 3 additional amino acids termed Q, S, A,
which were noted at the nsp4 terminus of Sindbis-
IMB. It is reported that the nsp4 has the function of
RNA polymerase, which affects synthesis of negative-
strand RNA (6), the observed additional three amino
acids at 3’-terminus of nsp4 protein needs to be
further investigated for their function. Whether such
mutations would affect viral neurotoxicity and virus
replication has yet to be determined.

All these works have provided experience in further
studies of alphavirus, in particular the Sindbis-like
viruses. On the other hand, it is suggested that the
epidemiological diseases transmitted by mosquitoes
and insects in Yunnan Province includes not only the
encephalitis, but other Sindbis-like viruses as well,
which would help to pay more attention to Sindbis-
like viruses except for the encephalitic virus during

practical diagnosis in clinics.
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