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Abstract

Objective: To obtain the complete B-actin gene from Aedes albopictus. Methods: Total RNA was extracted from C6/36
cells. Degenerate primers were designed based on the 3-actin sequences of An. gambiae, Ae. aegypti, Cx. pipiens pallens and D.
melanogaster. By RT-PCR, the product was amplified, purified, cloned into the pGT vector and sequenced. The B-actin sequence
was aligned and phylogenetically analyzed by the BLAST program and the CLUSTAL W program. Results: A sequence of 1132
bp including an open reading frame of 1131 bp was obtained (GenBank DQ657949). The deduced protein had 376 amino acids.
Aligned to SWISS-PROT, it exhibited a high level of identity with B-actins from Anopheles, Drosophila and Culex at the amino
acid sequence level. Phylogenetic analysis indicated that Ae. albopictus -actin was much more homologous with invertebrate (3-
actin than with vertebrate B-actin. Conclusion: The gene may be used as the internal control in the experiments of Ae. albopictus.
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INTRODUCTION

Aedes albopictus is a maintenance (occasionally
epidemic) vector of dengue viruses in parts of Asia
and is a competent vector of several other viruses in
experimental conditions. The C6/36 cell line, de-
rived from Ae. albopictus cells, is widely used for
propagation of dengue virus and flaviviruses'.

Actin is one of the most abundant proteins in all
eukaryotic cells and involved in a variety of process-
es such as muscle contraction, cell cytoskeleton,
cell motility ®°' and even parasite invasion into host
cells [, The actin gene is conservative in diverse
species, and its expression is constitutively and u-
biquitously high in all tissues''" 2. Therefore, it has
been widely used as an internal control in gene ex-
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pression studies.

Although numerous actin genes have been identi-
fied from a variety of species, such as An. gambiae,
D. melanogaster, M. musculus, H. sapiens, and S.
cerevisiae, the actin genes from many mosquito
species have not been found yet. We hereby report
the isolation of the actin gene from Ae. albopictus.
The features and applications of the predicted amino
acid sequences are also discussed.

MATERIALS AND METHODS
Cell culture

The Ae. albopictus C6/36 cell line was obtained
from China Center for Type Collection (CCTCC,
China). The cells were maintained in Eagle’s mini-
mum essential media (EMEM) (Invitrogen, USA)
supplemented with non-essential amino acids, fetal
bovine serum (10% ) (Sijiging, China), penicillin
and streptomycin. The cells were grown in a 5% CO,
humidified incubator at 28C.

RNA extraction and cDNA synthesis
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Total RNA was extracted from C6/36 cells with
TRIzol reagent (Invitrogen, USA) according to the
manufacturer’s protocol, and contaminant genomic
DNA was removed by DNase I treatment. cDNA
was synthesized from 2 g of total RNA with
M-MLYV reverse transcriptase (Promega, USA)and
random oligonucleotide primers according to the
manufacturer’s protocol.

Cloning of Ae. albopictus B-actin gene and
sequence analysis

Degenerate primers for the mosquito [3-actin open
reading frame(ORF) were designed based on B-actin
sequences of An. gambiae, Ae. aegypti, Cx. pipiens
pallens and D. melanogaster, and they were used to
amplify a homologous region from Ae. albopictus
C6/36 cell cDNA. The sequences of the oligonu-
cleotide primers were forward; 5'-ATGTG (C/G/T)
GACGA (A/CIT)GA (A/G/T)GTT-3" , reverse; 5'-
CTTAGAAGCACTT (C/G)C (G/T)GTG-3'. PCR
procedures were: initial denaturation at 94°C for 5
min, followed by 30 cycles of 94°C for 30 s, 58C
for 40 s and 72°C for 50 s with final 10 min exten-
sion at 72°C. The PCR product was separated by 1%
agarose gel electrophoresis and purified using a QIA
quick Gel extraction kit (Qiagen, Germany). Prod-
uct was then cloned into the pGT vector (Tiangen,
China) and sequenced.

Sequence alignment and phylogenetic analy-
sis

The standard nucleotide-nucleotide and protein-pro-
tein BLAST sequence comparison (blastn and blastp;
www.ncbinlm.nih.gov/BLAST/)and PSI-BLAST pro-
grams were used to search for sequences respectively
in the GenBank and SWISS-PROT databases with
similarities to the translated sequences of Ae. albopic-
tus B-actin'*.Using the neighbour-joining method, se-
quence alignment and phylogenetic tree analysis were
carried out by the CLUSTAL W program.

RESULTS

The isolated Ae. albopictus [-actin clone was
1132 bp long with an open reading frame of 1131 bp
coding for a 376-amino acid protein (Fig. 1 and 2)
and the sequence data was submitted to GenBank
under accession No. DQ657949.

The deduced amino acid sequence of Ae. albopic-
tus B-actin showed 99% identities with An. gambiae
B-actin, 98% with Ae. aegypti B-actin and D.
melanogaster B-actin and 90% identities with Cx.
pipiens pallens B-actin (Fig 3). The predicted N-ter-
minal sequences were similar to the corresponding

M 1

Fig 1 The PCR product of the complete B-actin sequence
from Ae. albopictus. M: Marker; 1: Ae. albopictus
B-actin

regions of B-actins from other invertebrates in that
there were three acidic amino acids in the first five
positions, a valine at position 11, a methionine at
position 17 and a cysteine at position 18",

Based on some known actin gene sequences of
An. gambiae, Ae. aegypti, Cx. pipiens pallens, D.
melanogaster, C. elegans, M. musculus, H. sapiens,
G. gallus, S. cerevisiae and Zebrafish, phylogenetic
tree was constructed with the neighbor-joining
method (Fig 4). It was indicated that Ae. albopictus
B-actin was much more homologous with inverte-
brate B-actin than with vertebrate [3-actin, except for
Cx. pipiens pallens [B-actin.

DISCUSSION

The complete (B-actin gene from Ae. albopictus
was obtained. The deduced amino acid sequence of
Ae. albopictus B-actin showed a high level of se-
quence identity with other mosquito species, which
was not surprising because of its evolutionary con-
servation as a housekeeping gene. It was not suitable
for phylogenetic analysis to use amino acid sequence
information in the case of the (3-actin, because they
showed too high level of sequence identities so that
bootstrap support was lower than 50 % in many
nodes . This indicated that amino acid mutations
were less tolerated in evolution than nucleotide mu-
tations, which was also suggesting the importance of
B-actin activities. Here we used nucleotide sequence
data to construct the phylogenetic tree and the result
showed that Ae. albopictus [-actin sequence was
most closely related to An. gambiae [-actin.

The structural actins are a class of proteins repre-
sented by multiple subtypes with relatively distinct
distributions °!. They have demonstrated high con-
servation across genera. Because of their constitutive
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Fig 2 The nucleotide and deduced amino acid sequences of Ae. albopictus B-actin
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(GenBank acces-
sion No. DQ657949). The deduced amino acid sequence was presented below the nucleotide se-
quence in single letter code. The asterisk indicated the stop codon.

MWDDEVAALVVDNGSGMCKAGFAGDDAPRAVFPSIVGRPRHQGVMVGMGQKDSYVGDEAQ 60
MCDEEVAALVVDNGSGMCKAGFAGDDAPRAVFPSIVGRPRHQGVMVGMGQKDSYVGDEAQ 60
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D.melanogaster ~ LAGRDLTDYLMKILTERGYSFTTTAEREIVRDIKEKLCY VALDFEQEMATAASSSSLEKS 240

A.aegypti LAGRDLTDYLMKILTERGY SFTTTAEREIVRDIKEKLCYVALDFEQEMATAASSSSLEKS 240

C.pipiens LAGRDLTDYLMKILTERGY SFTTTAEREIVRDIKEKLCY VALGFEQEMATAASSSTLEKS 240
******************************************.************ . skoksksk

A.albopictus YELPDGQVITIGNERFRCPEALFQPSFLGMEACGIHETT-YNSIMKCDVDIRKDLY ANTV 299

A.gambiae YELPDGQVITIGNERFRCPEALFQPSFLGMEACGIHETT-YNSIMKCDVDIRKDLYANTV 299

D.melanogaster ~ YELPDGQVITIGNERFRCPESLFQPSFLGMEACGIHETT-YNSIMKCDVDIRKDLY ANTV 299

A.aegypti YELPDGQVITIGNERFRCPEALFQPSFLGMEACGIHETT-YNSIMKCDVDIRKDLY ANTV 299

C.pipiens YELPDGQVITIDNERFRCPETLFRPSFIGMESAGVHEKTVENSIKKCDVDIRKDLFANTV 300
***********.******** . Kk :*** . oksk . .* :**.* . skekosk sfeoskokoskoskokoskokokor . skokoksk

A.albopictus LSGGTTMYPGIADRMQKEITALAPSTMKIKIIAPPERKYSVWIGGSILASLSTFQQMWIS 359

A.gambiae LSGGTTMYPGIADRMQKEITALAPSTMKIKIIAPPERKYSVWIGGSILASLSTFQQMWIS 359

D.melanogaster ~ LSGGTTMYPGIADRMQKEITALAPSTMKIKIVAPPERKYSVWIGGSILASLSTFQQMWIS 359

A.aegypti MSGGTTMYPGIADRMQKEITALAPSTIKIKIIAPPERKYSVWIGGSILASLSTFQQMWIS 359

C.pipiens LSGGSTMFGGIADRMQRELTALAPPSIKVKIVAPPERKYSVWIGGSILASLSTFQXMWIS 360
. oksk . ek . skeokoskskokskosk :* :*****. . :* . ek :*********************** skokoksk

A.albopictus KQEYDESGPSIVHRKCF 376

A.gambiae KQEYDESGPSIVHRKCF 376

D.melanogaster
A.aegypti
C.pipiens

KQEYDESGPSIVHRKCF 376
KQEYDESGPGIVHRKCF 376
KQEYDESGPGIVPRKCF 377

skspsdokokskokodok ko sfokokk

Fig 3 Amino acid sequence alignment of Ae. albopictus B-actin, A. gambiae B-actin, Ae. aegypti B-actin, Cx.
pipiens pipiens B-actin, and D. melanogaster B-actin. Asterisks indicated identical amino acid and dots in-

dicated similar amino acids.
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Fig 4 Phylogenetic relationships between Ae. albopictus B-actin and those of other species

and ubiquitous expression, they are frequently used
as standards for expression studies at either RNA or
protein level'”. We have successfully used the B-actin
genes as normalization factors for gene expression
analysis''®!*", Although Lin et al. reported that they
successfully amplified one fragment [(-actin gene
from C6/36 cells'®!, we could not get the same
result by using the same primers.

In summary, we have identified the B-actin gene
from Ae. albopictus. Based on the sequence analy-
sis, the actin gene appears to be much conservative
and it may be an appropriate candidate for use as a
normalizing factor for characterizing gene expression
in further studies.

References

[1] Crochu S,Cook S, Attoui H, Charrel RN, De Chesse R, Bel-
houchet M, Lemasson JJ, De Micco P, De Micco P, De
Lamballerie X. Sequences of flavivirus-related RNA viruses per-
sist in DNA form integrated in the genome of Aedes spp.
mosquitoes. J Gen Virol 2004; 85: 1971-80.

(2]

(3]

[4]

(6]

[7]

Hanna SL, Pierson TC, Sanchez MD, Ahmed AA, Murtadha
MM, Doms RW. N-linked glycosylation of west nile virus en-
velope proteins influences particle assembly and infectivity. J
Virol 2005; 79: 13262-74.

Helt AM and Harris E. S-phase-dependent enhancement of dengue
virus 2 replication in mosquito cells, but not in human cells. J
Virol 2005; 79; 13218-30.

Thaisomboonsuk BK, Clayson ET, Pantuwatana S, Vaughn
DW, Endy TP. Characterization of dengue-2 virus binding to
surfaces of mammalian and insect cells. Am J Trop Med Hyg
2005; 72; 375-83.

Mizuno H, Tomita T, Kasai S, Komagata O, Imanishi S,
Kono Y. cDNA identification and gene expression of two types
of acetylcholinesterases in a cultured cell line of Aedes albopic-
tus, compared to mosquito whole body extracts. Appl Entomol
Zool 2006; 41 445-53.

Ishikawa T and Konishi E. Mosquito cells infected with
Japanese encephalitis virus release slowly-sedimenting hemag-
glutinin particles in association with intracellular formation of
smooth membrane structures. Microbiol Immunol 2006; 50
211-23.

Richardson J, Molina-Cruz A, Salazar MI, Black W 4th.
Quantitative analysis of dengue-2 virus RNA during the extrin-
sic incubation period in individual Aedes aegypti. Am J Trop



(8]

[10]

[11]

[12]

[13]

[14]

W.Wang et al./Journal of Nanjing Medical University 2007 ,21(2) :63-67 67

Med Hyg 2006; 74; 132-41.

Pollard TD and Cooper JA. Actin and actin-binding proteins. A
critical evaluation of mechanisms and functions. Annu Rev
Biochem 19863 55: 987-1035.

Kabsch W and Vandekerckhove J. Structure and function of
actin. Annu Rev Biophys Biomol Struct 1992; 21, 49-76.
Cowman AF and Crabb BS. Invasion of red blood cells by
malaria parasites. Cell 2006; 124 755-66.

Bricheux G and Brugerolle G. Molecular cloning of actin genes
in Trichomonas vaginalis and phylogeny inferred from actin se-
quences. FEMS Microbiol Lett 1997; 153 205-13.

Lee JS. The Internally Self-fertilizing Hermaphroditic Teleost
Rivulus marmoratus  (Cyprinodontiformes, Rivulidae) beta-
Actin Gene: Amplification and Sequence Analysis with Con-
served Primers. Mar Biotechnol (NY) 2000; 2. 161-6.

Altschul SF, Madden TL, Schaffer AA, Zhang J, Zhang Z,
Miller W, Lipman DJ. Gapped BLAST and PSI-BLAST: a
new generation of protein database search programs. Nucleic
Acids Res 1997 ; 25; 3389-402.

Fyrberg EA, Bond BJ, Hershey ND, Mixter KS, Davidson N.
The actin genes of Drosophila: protein coding regions are
highly conserved but intron positions are not. Cell 1981; 24.
107-16.

Xia LX, Cheng HH, Guo YQ, Zhou RJ. Characterization of
the beta-actin gene of the rice field eel and its phylogeny in
fish. Acta Genetica Sinica 2005; 32. 689-95.

[16]

(17]

(18]

(19]

[20]

Vascotto SG, Beug S, Liversage RA, Tsilfidis C. Nvbeta-actin
and NVGAPDH as normalization factors for gene expression
analysis in limb regenerates and cultured blastema cells of the
adult newt, Notophthalmus viridescens. Int J Dev Biol 2005;
49; 833-42.

Vandesompele J, De-Preter K, Pattyn F, Poppe B, Van-Roy
N, De-Paepe A, Speleman F. Accurate normalization of real-
time quantitative RT-PCR data by geometric averaging of mul-
tiple internal control genes. Genome Biol 2002; 3. RE-
SEARCHO0034.

Gong MQ, Gu Y, Hu XB, Sun Y, Ma L, Li XL, Sun LX,
Sun J, Qian J, Zhu CL. Cloning and overexpression of
CYPO6F1, a cytochrome P450 gene, from deltamethrin-resistant
Culex pipiens pallens. Acta Biochim Biophys Sin (Shanghai)
2005; 37: 317-26.

Gong MQ, Shen B, Gu Y, Tian HS, Ma L, Li XL, Yang
MX, Hu Y, Sun Y, Hu XB, Li JY, Zhu CL. Serine pro-
teinase over-expression in relation to deltamethrin resistance in
Culex pipiens pallens. Arch Biochem Biophys 2005; 438: 53-
62.

Lin CC, Chou CM, Hsu YL , Lien JC, Wang YM, Chen ST,
Tsai SC, Hsiao PW, Huang CJ. Characterization of two
mosquito STATs, AaSTAT and CtSTAT. Differential regula-
tion of tyrosine phosphorylation and DNA binding activity by
lipopolysaccharide treatment and by Japanese encephalitis virus
infection. J Biol Chem 2004; 279; 3308-17.



