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Ectropis obliqua Prout is a major pest in tea fields. Chitin synthase (CHS) plays an important role in
biosynthesis of chitin and growth of the pest. A cDNA sequence encoding the CHS and its expression
pattern during development of E.obliqua was investigated. The CHS cDNA sequence was 5496 bp
nucleotides, with an open reading frame of 4692 bp encoding a protein of 1563 amino acids. It belonged
to CHS-A member of CHS gene family. Alternative splice was found in the CHS-A cDNA and the
alternatively spliced fragments were 177 bp and shared 65% identity with each other at the nucleotide
level. The CHS-A expression was the strongest in the third and fourth instar larvae, during which the
growth rate of E. obliqua larvae was the rapidest. Catalysis model of CHS-A enzyme in E. obliqua was
also hypothesized according to the specific motifs and topological structure prediction of the protein.
This study provided an important information for further research on development of RNA interference

(RNAI) technology to control E. obliqua.
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INTRODUCTION

The insect cuticle protects an insect from external attack
and plays an important role in insect wriggling movement.
Chitin, a polymer of N-acetyl-B-D-glucosamine, is a major
component of insect cuticle. It functions as scaffold
material and is always associated with cuticle proteins,
which determines the mechanical properties of the cuticle
(Merzendorfer and Zimoch, 2003; Merzendorfer, 2006).
Chitin synthase (CHS) catalyzes the chitin biosynthesis
and it is indispensable to insect growth and development.
Dysfunction of insect CHS at the level of DNA, mRNA
and protein is proved to result in abnormal phenotype
and high lethality by the experiments of gene mutation
(Ostrowski et al., 2002; Devine et al., 2005; Moussian et
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Abbreviation: CHS, Chitin synthase; PTGS, post-
transcriptional gene silencing; RNAi, RNA interference; RACE,
rapid amplification of cDNA ends; TMH, transmembrane
helices; RT-PCR, reverse transcription polymerase chain
reaction; NPV, nucleopolyhedrovirus.

al., 2005), RNA interference (Arakane et al., 2005;
Arakane et al., 2008) and enzyme inhibitor application
(Gangishetti et al., 2009). The CHS genes were cloned
from many insects, such as Lucilia cuprina (Tellam et al.,
2000), Aedes aegypti (Ibrahim et al., 2000), Drosophila
melanogaster (Gagou et al., 2002), Tribolium castaneum
(Arakane et al., 2004), Manduca sexta (Hogenkamp et
al., 2005), Spodoptera frugiperda (Bolognesi et al., 2005),
Plutella xylostella (Ashfaqg et al., 2007) and Spodoptera
exigua (Chen et al., 2007; Kumar et al., 2008). CHS
genes are a gene family and can be classified into CHS-
A and CHS-B. CHS-A gene is used to encode the isoform
of the enzyme for the synthesis of chitin in the cuticle and
tracheae, whereas CHS-B gene is utilized exclusively for
the synthesis of peritrophic membrane- associated chitin
in the midgut (Tellam et al.,, 2000; Zimoch and
Merzendorfer, 2002; Hogenkamp et al., 2005; Arakane et
al., 2005; Zimoch et al., 2005; Kato et al., 2006). CHS-A
gene is also responsible to encode the enzyme for chitin
synthesis during embryogenesis of insects (Moussian et
al., 2005; Rezende et al., 2008). In spite of the increasing
information on insect chitin synthases, knowledge on
their real structure and catalytic mechanism are rather



Figure 1. The lifespan of E. oblique. 1: egg; 2: 1% instar; 3: 2" instar; 4: 3 instar; 5: 4"
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limited.

Ectropis obliqua prout is one of the most serious pests
in tea field. It always experiences the development stages
of egg, larvae (about 4 instars), prepupae, pupae and
adult (Figure 1). In around one month lifespan, the fastest
growth and strongest appetite are witnessed during the
stage of 3 and 4" instars. E. obliqgua was usually
controlled using chemical pesticides, resulting in pesticide
residues in tea products which were widely concerned by
the consumers (Sarmah et al., 2009). Development of
biological pesticides to control E. obliqua is urgently
needed in tea industry. Suppressing the expression of
CHS gene or deactivating the catalysis of the enzyme will
block chitin synthesis and inhibit the growth and develop-
ment of the pests, resulting in control of pest population.
RNA interference (RNAI) is a specific method to knock
out target gene and leads to post-transcriptional gene
silencing (Kelly and Fire, 1998). It can be used as an
exploring tool for gene function, but also envisaged as an
insect control tool through targeting vital genes, although
efficient systems of RNAi formulation and delivery must
be developed (Bellés, 2010). It was reported that CHS-A
specific RNAI disrupted moult of T. castaneum, whereas
CHS-B RNAI led to cessation of feeding (Arakane et al.,
2005). Furthermore, when double-stranded RNA (dsRNA)
for CHS-A was injected into male or female pharate
adults of T. castaneum, all insects died 5-7 days after the
adult molt stage, and when adults were treated with
dsRNA for CHS-B, insects exhibited little or no chitin in
their peritrophic membrane and died about 2 weeks after
injection (Arakane et al., 2008). Blocking the chitin
synthesis pathway by the infection of nucleo-polyhedrovirus
(NPV) recombined with dsRNA gene for CHS, seems to
be a potentially effective biocontrol of the E. oblique
(Liang et al., 2010). The knowledge of the CHS gene
sequence and its expression in E. obliqua is the
prerequisite for developing a RNAi method to control E.
obliqua. However, there is no study on the CHS gene in
E. obliqua.

In this study, a cDNA sequence of CHS gene was
cloned from E. obliqua and its expression pattern during
the development of E. obliqua larva was investigated.
The study will provide useful information for developing

an RNAi method to control E. obliqua.

MATERIALS AND METHODS
Materials

The E. obliqua larvae were reared in pest rearing containers under
27°C and 16 h light/8 h dark cycle conditions and fed with fresh tea
leaves. Larvae samples from second instar to fourth instar were
collected on the second day post molt. The epidermis of larvae from
second to fourth instar, prepupae, and pupae were dissected
manually and ground in a mortar with liquid nitrogen, and then stored
at -80°C for further use.

TRIzol reagent was ordered from Invitrogen Life Technologies
(Carlsbad, CA, USA). Tag DNA polymerase, PrimeScript™ 1%
strand cDNA Synthesis kit, 5/3° RACE kit and pMD18-T vector were
purchased from TaKaRa Biotechnology (Dalian) Co., Ltd. (Dalian,
China). The degenerated primers (Table 1) were designed according to
the insect CHS genes of A. aegypti (GenBank accession No.
AF223577), D. melanogaster (GenBank accession No. AF227729,
NM_079485) and M. sexta (GenBank accession No. AY062175;
AY821560) using the software of PrimerSelect in DNAStar package
(DNAStar Inc, Madison WI, USA).

Cloning and sequencing of CHS cDNA

Total RNA was extracted using TRIzol reagent and the first strand
cDNA was synthesized by using PrimeScript™ 1% strand cDNA
Synthesis kit (Borthakur et al., 2008). A full-length cDNA sequence
was obtained by RT-PCR, 5-RACE and 3’-RACE using the primers
in Table 1. The PCR reaction system comprised 0.5 ul 1% strand
cDNA, 2.5 ul Mg®* (25 mM), 2.5 ul 10 x buffer (100 mM Tris-HClI,
500 mM KCI, and 0.8% Nonidet P - 40), 0.5 ul dNTP (each 10 mM),
0.5 pl primer each (20 uM), 0.2 ul (2U) Tag DNA polymerase and
17.8 ul dd H>O. The reactions were performed on a PTC-221 DNA
Engine (MJ Research, Waltham, Massachusetts, USA) according to
the procedure: preheating at 94°C for 4 min; followed by 35 cycles
of 45 s melting at 94°C, 45 s annealing at 55°C and extension at
72°C for 30 s, and finally one more extension cycle at 72°C for 10
min. The PCR products were fractionated by electrophoresis on
1.5% (w/v) agarose gel. The 5- and 3’- end amplicons were
obtained by gene-specific primers and anchor primers (Table 1)
using 5’- and 3’- rapid amplification of cDNA ends (RACE) with 5'/3’
RACE Kkit, respectively. The obtained amplicons were cloned into
pMD18-T vector and sequenced by the dideoxynucleotide method
(Sanger et al., 1977). The full-length cDNA of CHS was obtained by
overlapping the fragments using the software of SegMan in
DNAStar package (DNAStar Inc, Madison WI, USA).



Table 1. Primers for cloning CHS cDNA.
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PCR f Primers
ragments Direction Type® Nucleotide sequence
F1 Forward D 5’-CARGARACRAARGGRTGG
Reverse D 5-TTYTCCCAMMARCC
Fo Forward D 5’-CAARYHACBGSNTTYDTYGTNTGG
Reverse D 5-GTCARARAACWNATCATYTC
F3 Forward D 5-AHDYNTGYGCBACWATGTGG
Reverse D 5-GTCGCYTTTTGCAGCCARTG
F4 Forward D 5-GTCDCARGTNATGTACATG
Reverse D 5-ARATSARGARCADRTACA
F5 Forward D 5-TTCYKATGWTGGTGGGHGC
Reverse D 5-CCVAABGGCCAYTTNAHGTG
3-RACE G 5-ACGAGGCGAGGCATTACGTGC
A 5-GTTAGACGCCCTGGCTGAA
5 -RACE G 5-GGAACGCGTAACTGAACCCTTG
A 5-GGGAATAGCGAAAGCAGCCAAGAT
2 D: degenerate primer; G: gene-specific primer; A: anchor primer.

Sequence analysis

The CHS cDNA sequence was compared with the CHS sequences
registered in the GenBank using the “BLAST-N” and “BLAST-X”
tools at the National Center for Biotechnology Information (NCBI)
web site (http://www.ncbi.nlm.nih.gov). The amino acid sequence
encoding by the obtained CHS cDNA was deduced using the
software EditSeq (DNAStar Inc, Madison WI, USA). The phylo-
genetic tree was constructed by software MEGA 4.1(Tamura et al.,
2007) based on the amino acids homology of the known CHS
proteins. A bootstrap analysis was carried out and the robustness of
each cluster was verified in 1000 replications. Specific motifs and
topology predictions of the CHS protein were carried out by the
Predict Protein Server (Rost et al.,, 2004) through the Web
http://www.predictprotein.org.

Investigation of CHS gene expression pattern in various
instars of E. obliqua

Total RNA was extracted and first strand cDNA was synthesized as
above method. The CHS gene expression pattern was analyzed by
RT-PCR using the first strand cDNA as template and two primers
(forward, 5’-cgtatctccaaagatctaaa; reverse, 5-ccatttgaagtgaagggag;
expected length 126 bp). The PCR reaction system and procedure
were the same as above.

RESULTS AND DISCUSSION
CHS cDNA sequence

The full-length sequence of the obtained CHS cDNA from
epidermis of E. obliqua is 5496 bp nucleotides and it was
registered as accession No. EU482034 in GenBank. It
has an open reading frame of 4692 bp (Figure 2). It
shared 79% identity with the chitin synthase mRNA of
Mamestra brassicae (GenBank accession No.GQ281761),

78% identity with that of S. exigua (GenBank accession
No. DQ062153), 77% with P. xylostella (GenBank accession
No. AB271784) and M. sexta (GenBank accession No.
AY062175), 73% with D. melanogaster (GenBank
accession No. NM_169052), and 71% with T. castaneum
(GenBank accession No. AY291475 and NM_001039402).
After comparing to other CHS-A genes, the obtained
cDNA of E. obliqua belonged to ‘a’ type of the alternately
spliced variant because the alternate fragment shared
higher identity with the exon ‘8a’ of T. castaneum (Arakane
et al., 2004), the exon ‘20a’ of M. sexta (Hogenkamp et
al., 2005), the exon ‘17a’ of S. exigua (Chen et al., 2007)
and the exon ‘6a’ of A. aegypti (Rezende et al., 2008).
Another spliced variant (utilizing the ‘b’ type exon) of
CHS-Ain E. obliqua was also cloned by RT-PCR method
with using the sequence special primer pairs (Cs1b_F:5'-
aaggcggaaaaggcaagg, Cs1b_R: 5'-caccataattagggcgaag,
forward primer anchoring the beginning site of alternate
domain and reverse primer anchoring the non-alternate
domain, the expected length being 267 bp), and it was
also deposited in GenBank (GenBank accession No.
EU644450). Alignment showed that the alternately spliced
cDNA sequence of CHS-A in E. obliqua was located
between 3896-4072th position (177 bp in length) of the
full length cDNA, and shared 65% identity with each other
(Data not shown). The length and identity between two
type variants were similar to previous findings from other
insects (Arakane et al., 2004; Hogenkamp et al., 2005;
Chen et al.,2007; Ashfaq et al., 2007; Rezende et al., 2008).

Protein prediction

Predicted protein sequence encoded by the CHS cDNA



5300

Afr. J. Biotechnol.

gagcgca cgcpeacgac algcgcdccg dcadcgacce
gegagtgcac cccaccttac attgtpaapgt gacacctaat ctaaacactg attacaaacg
cttaacccca ticciggeta atattcagta acaatggepa cglcggggee pagacgpopg
M A TS G G R R R
gaggagpeca gcgacaactc cpatpacgag citacaccge tcgogcacga tatttatgge
EEGSDNSZSDDEILTUPLAHIDITYG
@gcagccaac goacaglaca ggapacaaag ggatpggacg tattcoggga plitcccgoog
G 5 Q RTVY Q ETEKOGWDV¥FZEZETEFETFPTP
Aagcagpaca glegegiceat peapaptcag aaatgccige agticacagt ccgactgctg
K QDS3ZGS5MESOQIEKTCLETFTUVHRELL
aagatcticg ctiacgectt agtgtttatt gipetectca gttccggagt gotpgccaaa
E I F A Y A LV F [ % ¥V L & 8§ 0%V L ALK
gpaaccacge tctitatgac gictcagetg agpaaapaca gpcogpatage tlattgtaat
G TTLFMTOSEOQULUEREIEKUDRRTIATYUCN
aggaatttag gtagagataa acaattcgta pgtttcgitac cggacgagga gcgeglggep
R NLGERDIEKOGQTFYY SLPDETEZEREWVYA
tpgatpigee ccatcitgge tgotitcget attcoccpgaga taggcgecit catccgeoget
W M W A I L A A F A 1 P E I G A F 1 R A
ttgaggatct gcticticaa gtcttcgegt cgaccgacca gogogeagtt catigttgtp
L R 1 CF FEKESSE8REREPTSEAOQEILIWVY
ttcgtagccg aaacgcttca caccatctge giggptctac tattcticaa gatcctgeca
F ¥ ACE T H-F 1 ¥ 6 L L FBF ET1L P
gaattagacg tagtaaaapg agcaatggtg acgaactgcc titgtgtcat tccggogate
E LDV ¥ K G A M V THNCTI C WV I P A1
ctcagecotee tatccagaaa taaccgopgag tcaaagegal tcgtcaaagt gattglggac
LS LLSENMNRESEKRFVYEKUVYIY D
atpotagcaa tagtcpetca agtcaccggt ticatcgtct ggoccotgot ggagaatasap
M ¥ A I ¥ A OV T G F I WV W P LI1LEH-NK
ccapgttitat gectgatcce aatatcpgtge atcigtatat ctcttgptitg gteggpagaac
P V L W L 1 P ] S C]1 C 1 S5 1L G W W EN
tatgtcactc gpcagagicc tatagglata atcaaaagece tipgcagact caaagatgaa
Y ¥ TR QS PFIGIIKSLOGRULIEKTDE
ttgaactica cicgctactt cactiaccgg ticatgicgt tatggaagat tgigptictit
LN FTRY FTYRUPFMSTI1 WKLV V F
ctcatggtta tcctgticag catctggact pacgpcgalg accccgogat gttcttoccaa
L M VILFSIWTDOGDDZPAMEFTFQ
ctcttcaatg cgggettcge accacacaac atcgttptte aagaaatica aattcatttg
LFNAGTPFOGPHMNMIVYVYEZETIQTIHL
geteoaacag lpatcccaaa titagcaaac glgacgctaa cagpegactc iglagaapta
G G TYVY I PNLAMNYYTLTOGDSYVYE YV
gragetgegl ataaatctpc attctacpgtg acgtigatce aaataticgc agoctacate
A A A Y K 35 A F XM T LI QTIF AATY.]
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tgttacatct tcggaaagtt tgcptgcaag attctgatic aaggettcag ttacgegtic
C Y 1 F G K F A CEKILTIOQGT F S8 X A F
cccataaacc tgglgatcce tetgptegte aatctittga tocgetgettg tgocattagp
PINULVYVIPLVYVYVYNILLIAACQGTIR
aatpptpaca cctgtttctt ccacgpatca gtgcccocgact atttatactt cgaaagecct
N G DT CFFHGSYWYPDUYULYUFESTP
ccagtitica cgctaagega cticatttce cgacaaatgge ctigpetatg pgotcctatpg
P Y FTLSDVFI SR Q M A W ¥V W 1. LW
cltgcigictc agacatggat cacaatacac atatgpacgc cgaaggccga pogictigee
L L &8 O TW 1 TI HI WTUPIEK AE E L A
tccactgaga agtigticgt actgocgalg tataacggac tgctiatcga ccagageatg
S TEE KULV FYLPMYMHNOGLIULIUDG S M
gccatgaata ggaaaagaga cpatcagaag patpgtgaaga ccgaagacct agecgaaatc
A MNUEIKUZEREDD Q KDY EKTETDULAEI
gagaaagaaa aaggcgacga glactacgaa accatatcag tgeacacaga caacacgggc
E K E K G DEYYETIS S Y HTDMNTQG
tcttctcoca agacggtgaa gtcglocgac cagataacga ggatctacge atgegogact
S 8 P ETV K S 8D QTITERIYATZCAT
atgtgpcacg agacpaaaga cgaaatgatg agttttttga cgtctgtgat acggagtgat
MW HETEKDEMMSF LTS Y I RS D
gatgatcaaa gcgcgopacg agttgotcaa aaatatttgg gtatcglcga cccagactac
DD QS5 A RRY AQ KYLGIVDUPDY
tacgagtitg aagcaaacat tttcatggac gactcattcg aaatitccga tcatagetgg
Y EFE AMNIFMUDIDSU FETI § D HS W
gagpacatgc aagtpaatcg cttcptgaag tgcctcatcg ataccaltga tgatgocgig
E D MOV NZERFYVY ECLIDTIDDAVWV
tctgaagtpe accicactaa tgigagactt cgacciccaa agaaataccc cacgocttat
S EY¥Y HLTNWYRILUEREPTPEKIEKYTY/PTPIXY
ggoppccgtc taptctggac actgoccpgpp aagaacaaac ttatatglca cttgaaggat
G G R L vV W TULUDPGEMNIEKITLICHIL K D
aaatttaaga tcagacatag gaagcpgalgg tcacaggtaa tgtacatgta ttacctecte

K F K1 E HREKRWS OV MY MY Y I L
ggccaccgle tcatggacct gectatcace gitggatcgea aggaggtcat cgeotgagaac
A HELMDLPEPITVDRIEKEUVYIATEN

acglatctce tagccitgga cggagacatt gacttcaaac ccaacgetgt cacctigelc
T Y L L A1 D GDTIDFDXUPFPFNAYYTILL
gtgpatctaa tgaagaaaga caagaacttg ggapccgett gtggpcgtat tcatccagtt
vDLMEKIEKDIEKEMNLUGAATC CGTERETIHTPY
ggatcapgtt tcatggectg gtaccaaatg tttgapgtacg ccatcggeca ttggctgeaa
G S GFMAWY OMEFEY AITGH WL Q
aaggcgaccg aacacatgat cggatgepta ctcigtagic ctggetgett cteactetic
K A TEHMIGOC?WILCSPGBCFS T F
agaptaaage cgctcatgga tgataacgtc atgaagaaal acaccclcac ctcacacgag
E ¥V K aAa1LMDDNYMUEKIEKYTULTS5H E
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gcgaggeatt acgtgecgata cgaccagggg gaggatcgat ggttatgeac actgtigetc
AR HY Y RERYDOQGEDRER WL CTI L L
cagegtgett accgagtaga atactcaget gociccgalg cglacacgea cigococcgaa
2 R G YRV EY S8 A A SDAYTHTUCTEPE
ggtttcaacg aattctacaa ccaacgtept cgetggptge cticcaccat cgccaacatt
G F N E F Y N O R R R W V P 35 TTI AN
atggactiac tcgcagatta caaacacacg ataaagatca acgacaacal atcglctcet
M DLL ADYEKMHTIEKTIMNDMNKNMISZSETP
tacatagcat accagatgat gtigatgggt ggtacgatec tgggtcccgg aactatattt
Y I1rayowMmmMm1LMGGTTILGPEPGTTIE
cttatgttgg tggptgcctt cgiggelget ttccgaatcg ataatiggac ttcattigaa
LM L YV 4G A F Y A A FREIDNWTSFE
tacaatctct accctatttt gatcttcatg ttcgtctgel tcacaatgaa atcggattat
¥ NLYPILIFMEPEFYCFTMIEKSDY
caatigctgg tggctcaaat acittcgaca geatacgcta tgataatgat ggciglgata
Q L LV A Q1L 8 TAY & MIMMAVY I
gitggptaccg cgctccagit ggpcpgaggac ggggtcgget ciocatcage catcttettg
Y g T AL QLGEUDGYGSUP S AT FEFL
atatcactct cgagliicaac attcatagca gcatgtiige atccacaaga gtictggigt
| L 5 8 5 T F I A A EL_L HFQETFW C
glcgtgecetg gtgtcatcta totactgict ataccctcta tgtacttget cotgattttg

WoNE PR A T A s I ORCE M-I oI K
tactctatca taaatctgaa caacgtatct tggggaaccc gocgaagtaga ggttaagaag
Y S I IT NMNLNMNWYWZE W GOGTZERIEYEYEKK

actaagaagg aaatcgagpc AgAgAAgAAg gaapCcagaag apgcaaagaa gappgcgaaa
T K K EI E A EEKEKEAEEAIEKIEKUERAK
cagaagtctt tgtigggctt ccttcaaggt gtaaacagta atgaagaaga agpgatctata
Qg K 8 L L. g FLOQOGVYMNUZSNEETEDGSE
gagtictegt tcgegggtct attcaaatgt ttatigtgea cgeatccgaa aggcaacgaa
EF 8 FAGLEFEKTI CILILTCTHFPFIE®GHMNE
gagaaaatgc agcttatgca tatcgettcg actctagata aactggagaa gaaactigag
EKMOLMBIASTILUDE KT LTEIEKIEKTLE
aatptcgaaa gatcaataga cccacacggt pcgaglcgaa gtagaaaget atcigiggga
M vVERSIDPHOGASRERESDEIKLSEWYAG
caccgcggga gcacaaacgg cgaccaccag ttapacgocco tggolgaage cocagaagac
HEREGSTMWMOGDHQLIDALATEATPE D
gacgaticta actcggatac tgatacicit tccacgictc ccagagaaaa aagagatgat
DD S N 8D TDTIL ST S PREIEKHRDD
ctcatcaacc cttactggat tgaagaccca gatttaaaga aaggagaagt agatttittg
LI M PFY WIEZDUZPDLIEKIEKUGEUVYDTFL
agcectgotg aaattacgtt ctggaaagat clattapaaa aatattigit ccctatcgac
S PAEITFWEKUDULILEI-KTYULVFUFPID
gaagataagg cggaaaaggc acglatctcc aaagatctaa aagagctgcg agaticptet
E DK A EEKARTISKDILEKEELUERTDS S
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gtattttcct bctitatggt gaatgoccti titgigctga tiptglictt gatgcaacig
VFS FFMVYVNALFVYVLIVY FLMGIL

aacaaggact ccctitcactt caaatggeocg tttgpaatca aaactaatat tacgtacgat
N KDSLHFEKWPFGIEKTNITTYHD

gagptiacge agpagptatt aatctcaaag gaataccltac agttagaacc tatcggtctg
EVTOQETYVLISEKETYLDGQLTETPIGL
gtattcgtgt ttticttcge cctaattatg gtgatacagt tcaccgctat gitgticcat
YV FYFFFALIMVYIOQFTAMLTEH

agattigeaa ctctagcaca catatiggeg tctacagaac tgaactggit clgeactaag
R FGTLAHILASTELNWWTP EFUCTEK

adagcggacg actiaacaca ggatgagatc ctagataaga algcaataga calagigaaa
K ADDLTOQDETILDTEKNAIDIVEK
aactcacaac aactgaatgp ttigpacgat pattacgaca acpaticgge clccggacca
K S QOQLNGLDDDTYTDNUDSG._ S GP
cacaacglpge poaggagaaa gaccaticac aactigpapa aagccaggca paagaagaga
HNVYGRREKTIHNLETEKA ARG OEKTEKHTR
aacatiggla cacttgacgt ggcacicaag aaacgatict ttaacatgaa tgcaaatgaa
NIGTLDYVALEKTIEKRFFNMNANE

ggaccaggla ccccaglget aaaccgoaag atgacgclac ggagpgaaac geolgaaggel
G PGTPVLNRIEKMMTLERRETLEKA
ttagaaaccc gacppaactc tgicatggel gaaaggagega aatctcaaat gcaaaccctt
LETRRMNSVMAERTRIEKTSI OQMOQTHL
ggcgctaaca acgaatatgg tgtcactgpa atatigaata acaacctgge aggicctagg
G ANNEVYOGVTGILNNNLATGTEPR R
caccgaacal cgaatgcgaa catatcaglg aaggacgtal ttpccgagee gaatggagpt
HRTSNANISYVEDVYVTFAETPNG GG
cagaicaaca gagcclalga ggoclcaclg ggtgaagaag algatageaa clccalgaga
Q T NRAYE ASLGEEUDTUDTSNTZ SEMRZR
ciccagcecca gpcagaatca agigicctic cagaatagat actaagetta gaatigltaaa
LQPRQNQVY S FQNEREY.

glatgactga aagalgiica atgttigcaa acagtacaag gatgatataa ttatggtaac
aatccacatt attcacttca tgttgagetc aaatcatatt agttattttc taaatigtgg
cagtitacca cagtttagta agtagttigt aagaatticc atcaatgagt gatgigogtt
tacctitata ttagaaatat gttacatage accatgiccc aaacatgtaa aaatgtitag
glttaggage tccaaagact tgtcagaatt tggaatacaa taatttatit tgattcacag
mattaacapt atagaaacgl taaatgtttg tgatatcatg caaattcaaa attgggtitp
attitggeat atggcitaaa ctittggeat gaactitatc caagtgtita alccaaattt
gtcapaatat cgtcaaactt ptactgtaac caaatitttg caaageaatg ataaggcaaa
aattgtaagt attaaatitt aaatacgatc gattgcaget tgaagtitic cactgatgtt
gatcatcgag Icaagcacal cctaacaaga gilgccaaaa ttgaatitag tageagetag
[etacatact aatifitatoet attetaaita ttetattoect f(eleatalaa [aasaaaaaa

Figure 2. CHS-A cDNA sequence and deduced amino acids sequence from E. obliqua.
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1349
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Shade nucleotides: open reading frame; amino acids with solid underline: the conserved motif; amino
acids with dash underline: glycosaminoglycan attachment site; amino acids with wave underline:
transmembrane helix; amino acids with box: membrane lipoprotein lipid attachment site; amino acids with
bold font: coiled-coil domain; and amino acids with shade box: the microbodies C-terminal targeting signal.
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Figure 3. Phylogenetic tree diagram. Aa B: CHS-A from Aedes aegypti (AF223577, previously referred to as CHS-A and now as
CHS-B); Dm A: CHS-A from Drosophila melanogaster (NM_079509); Dm B CHS-B from Drosophila melanogaster (NM_079485);
Eo A: CHS-A from Ectropis obliqua (EU482034); Lc A: CHS-A from L. cuprina (AF221067); Ms A: CHS-A from Manduca sexta
(AY062175); MS B: CHS-B from Manduca sexta (AY821560); Px A: CHS-A from Plutella xylostella (AB271784); Sp A: CHS-A
from S. exigua (DQ062153); Sp B: CHS-B from Spodoptera exigua (DQ912929); Sf B: CHS-B from S. frugiperda (AY525599); Tc
A: CHS-A from T. castaneum (AY291475); Tc B: CHS-B from T. castaneum (AAQ55061).

from E. obliqua has 1563 amino acid residues, with mole-
cular weight (MW) about 178.3 kDa at a p/ 6.7. Phylo-
genetic analysis of the E, oblique CHS protein sequence
(EoA) showed 88% identity with that of S, exigua CHS-A
(SeA), 86% with M, sexta CHS-A (MsA), 85% with P,
xylostella CHS-A (PxA), 74% with D, melanogaster
(DmA), and 69% with T, castaneum (TcA) (Figure 3). The
identity of the EoA to CHS-A proteins was significantly
higher than that to CHS-B (Figure 3), suggesting that the
obtained cDNA seg-uence be belonged to CHS-A instead
of CHS-B.

It is known that the conserved motifs play a key role in
activity of chitin synthase and are related to the evolution
of fungi and insects. There were 11 conserved motifs in
the CHS-A protein of E. obliqua and they were showed as
amino acids underlined (amino acids No.568 - 586, 631 -
648, 669 - 673, 686 - 700, 733 - 738, 762 - 766, 778 -
786, 797 - 810, 839 - 847, 865 - 877 and 1059 - 1063) in
Figure 2. The conserved motifs 5-11 are usually found in
insect, nematode and fungi while conserved motifs 1 - 4
coexist in insect and nematode.

The result of predicted protein showed that CHS-A
enzyme of E. obligua was a transmembrane protein.
According to the previous studies, such as Duran and
Cabib (1978) and Zhu et al. (2002), the chitin synthase
was presumed to be located in plasma membrane. At the
moment, there are many arguments about the enzyme
location due to lack of direct evidences, such as in the
plasma membrane or in the transport vesicles or chito-
somes, however, many reports were apt to believe that
insect chitin synthases might reside in plasma membrane

together with some co-factors for helping orientation of
chitin fibril (Tellam et al., 2000; Arakane et al., 2004;
Hogencamp et al., 2005; Merzendorfer, 2006; Gangishetti
et al., 2009) because chitin fibrils had never been
observed to be present within a vesicle or free in the
cytoplasm of insect cells (Reynolds, 1987; Tellam et al.,
2000). Meanwhile, another polysaccharide synthesis
enzyme with similar catalysis mechanism, cellulose syn-
thase, was also predicted to be associated with plasma
membrane (Doblin et al., 2002). Therefore, the CHS-A
enzyme of E. oblique might be a plasma membrane-
associated protein. The prediction also showed that the
conserved motifs 1-10 were located in the catalytic center
domain (domain B) which faced cytoplastic direction, and
the conserved motif 11 was located ahead of the coiled-
coil domain which faced extracellular direction (Figures 2
and 4). There were ten transmembrane helices (TMH) at
N-terminal and seven TMH at the C-terminal (Figure 4).
The TMH amount of CHS-A from L. cuprina (Tellam et al.,
2000), M. sexta (Zhu et al., 2002; Hogenkamp et al.,
2005), T. castaneum (Arakane et al., 2004) and A. aegypti
(Rezende et al., 2008) was reported to range from 15 to
18. From this view, CHS-A enzyme of insects possesses
the similar topological structure. Interactions between
transmembrane helices play an important role in the
regulation of diverse biological functions. Modest but
specific stabilization of helix associations is realized via
packing of complementary small and large groups on
neighboring helices. A highly conserved dissociable motif
plays a vital and widespread role as an on-off switch that
can integrate with other control elements during integrin
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Figure 4. Predicted topology structure of CHS-A protein in E. obliqua. N: N-terminal; B: catalytic center domain; C: C-terminal; T:

transmembrane helix; €. membrane lipoprotein lipid attachment site; &&= : coiled-coil domain; ®: glycosaminoglycan
attachment site; %: microbodies C-terminal targeting signal; numbers in circle: 11 conserved regions; number at the bottom: the
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Figure 5. Hypothetical cooperative catalysis model of
oligomerized CHS-A and formation of alpha-chitin in epidermis
of E. obliqua. N: N-terminal; C: C-terminal; Shaded column:
transmembrane helix; @&&&*: coiled-coils domain; e:
glycosaminoglycan attachment sites; Chains consisted of dark
triangles: chitin chain, each triangle represented a residue of N-
acetyl-glucosamine.

activation (Berger et al., 2010). The structure of multiple
transmembrane helices might not only help the enzyme
associate itself with membrane, but also be involved in
the formation of hydrophobic pore responsible for the
translocation of the nascent chitin chain. The coiled-coil

domain (amino acid No. 1064 - 1094) and the glycosa-
minoglycan attachment site (amino acid No. 1405 - 1408)
were located in the C-terminal (Figure 4). The helical
coiled-coil is one of the principal subunit oligomerization
domains in proteins. The architecture of a particular
coiled-coil domain determines its oligomerization state,
rigidity and ability to function as a molecular recognition
system (Burkhard et al. 2001). Interestingly, cellulose
synthases from plants, which have some similarities with
chitin synthases, are organized in rosettes consisting of
six oligomerized subunits (Doblin et al., 2002). It implied
that the CHS-A enzyme of E. obliqua might be organized
as oligomerized plasma membrane plaques in epidermis
via coiled-coil domain in similar manner with the cellulose
synthase (Figure 5). According to the analysis result of
PredictProtein software, almost all of the CHS-A from
other insects also possess the glycosaminoglycan attach-
ment site whereas CHS-B lacks this domain (Data not
shown). The glycosaminoglycan attachment sites might
be associated with delivery and fold of the chitin chain
(Merzendorfer, 2006). When the nascent chitin chain was
delivered through the pore formed by multiple transmem-
brane helices, the head of chitin chain might be captured
by the glycosaminoglycan attachment site. Along with the
extension of the chain, double strands were folded and
strengthened via the formation of intramolecular or inter-
molecular hydrogen bonds in antiparallel orientation
(Figure 5). Chitin strands assembled in antiparallel orien-
tation is called alpha-chitin (Imai et al., 2003). Many
studies in insects showed that CHS-A expressed only in
epidermis and trachea (Tellam et al., 2000; Hogenkamp
et al., 2005; Arakane et al., 2004; 2005; Chen et al.,
2007). The protein structure and its tissue expression
mode of CHS-A might be explained that alpha-chitin was
mainly observed in cuticle.

There was a membrane lipoprotein lipid attachment site
at N-terminal (amino acid No. 416-426) and at C-terminal
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Figure 6. Expression pattern of CHS-A in epidermis of E. obliqua. Lane 1: DNA maker DL2000 (TAKARA);
lane 2: 2" instar larvae; lane 3: 3¢ instar larvae; lane 4: 4" instar larvae; lane 5: prepupae; lane 6: pupae.

(amino acid No. 1011 - 1021), respectively. The mem-
brane lipoprotein lipid attachment site will help the chitin
synthase be bound tightly on membrane lipids. There was
a microbody C-terminal targeting signal (amino acid No.
1561 - 1563) at the end of C-terminal (Figure 4), which
was also observed in CHS-A amino acid sequence from
D. melanogaster (Moussian et al., 2005). This signal
might be responsible for the recognition of CHS-A
enzyme by the cytoplasmic transporting vesicles (Bairoch
et al., 1997). These structures might be important for
translocation and stabilization of the CHS-A enzyme in E.
obliqua.

Expression pattern of CHS-A in E. obliqua

The expression strength of CHS-A in epidermis varied
with the development of E. obliqua. It was the strongest
in the third and fourth instar larvae, the prepupae the
next, while the second instar larva and the pupae the
weakest (Figure 6). Observation in insect rearing showed
that growth rate of E. obliqua larvae was the rapidest
during the third and fourth instar stages. It might be that a
large amount of chitins were needed for the structure of
cuticle during these stages, resulting in high level of the
CHS-A expression. Although CHS-A of T. castaneum was
expressed predominantly in the embryonic and pupal
stages (Arakane et al., 2004), it was required for the
chitin synthesis during all three types of moult stage
(larval-arval, larval-pupal and pupal—adult), in detail, the
‘a’ type spliced variant was necessary for both the larval-
larval and larval-pupal moults while ‘b’ type only for
pupal—adult moult (Arakane et al., 2005). CHS-A of M.
Sexta expressed relatively constant in the epidermis
during the feeding stage of the fifth instar, and gradually
increased during the larval-pupal moult stage (Zhu et al.,
2002). However, the relative transcript amounts of the two

spliced variants also varied substantially during develop-
ment, i.e., the ratio of ‘a’ type spliced variant to ‘b’ type
was high during the larval feeding and pupal stages in the
epidermis, while the ratio was the lowest during the
prepupal stage (Hogenkamp et al., 2005). The transcript
of ‘a’ type CHS-A variant increased highly at 9-12 h after
egg laying during the A. aegypti chitinized serosal cuticle
formation, while the transcripts of ‘a’ and ‘b’ type variants
expressed simultaneously during larval cuticle synthesis
(Rezende et al, 2008). CHS-A of S. exigua highly
expressed at a certain level in the cuticle during the early
and late stages of each larval instar, and consistently
expressed in high level during the pupal stage (Chen et
al., 2007). Relatively higher expression of CHS-A was
observed in third instar and pupal of the P. xylostella
(Ashfag et al., 2007). Transcription of the CHS-A
increased concurrently with the pupal lamellate pro-
cuticle formation of D. melanogaster after pupariation
(Gagou et al., 2002). Furthermore, the CHS-A expression
was not affected in D. melanogaster and P. xylostella
(Ashfaq et al., 2007; Gangishetti et al., 2009) or was
enhanced in Anopheles quadrimaculatus (Zhang and
Zhu, 2006) by the chitin synthesis inhibitors, which
implied that the effect of the inhibitors might play the role
on the level of the enzyme activity or the substrates
availability instead of transcription and products trans-
location. The expression pattern of CHS-A from E.
obliqua was in some cases similar to that from P. xylos-
tella and S. exigua.

Catalytic function of CHS-A enzyme is required for mor-
phogenesis of insects and nematodes. When gene
specific interference dsRNA for CHS-A was injected into
Tribolium, the development of beetles was blocked; the
beetles showed abnormal phenotype of cuticle, and then
died consequently (Arakane et al., 2005; 2008). After
CHS-A specific dsRNA was delivered into the Caenor-
habditis elegans by microinjection or feeding, the eggs



were fragile and permeable to small molecules, and the
embryonic cell division ceased (Zhang et al., 2005). Inter-
ference of CHS delayed emergence of juveniles in
Meloidogyne artiellia by soaking the eggs with dsRNA
(Fanelli et al., 2005). Studies about gene mutation
(Devine et al., 2005; Moussian et al., 2005) and enzyme
inhibitor (Gangishetti et al., 2009) also showed that CHS
genes and their products were essential for the develop-
ment of the D. melanogaster. These results showed that
RNAi for CHS can be used as an efficient tool to control
the population of pests because of its high efficiency of
post-transcriptional gene silencing (PTGS). Double-
stranded RNA applied in these experiments was synthe-
sized in vitro and easily broken down in environment, and
therefore, not suitable for application in fields. Alternative
approach should be explored by using self-reproducible
system of dsRNA. NPV is a good vector for expressing
foreign genes in insect cells because it can infect insects
efficiently and exclusively (Luckow and Summers, 1988).
Recently, Liang et al. (2010) established a novel method
for producing CHS dsRNA in vivo in insect cells with the
help of the NPV infection and expression system. In that
report, an inverted repeat CHS gene fragment was
inserted into NPV, which can be transcribed into a long
double-stranded hairpin RNA homologous to endogenous
CHS gene, and then RNA interference was triggered after
the recombinant NPV infected the insect cell. Therefore,
gene cloning and expression pattern of CHS-A from
insects will help for accumulating the information about
the catalytic behavior of CHS enzyme and for designing
the novel biological control strategy targeted to CHS gene
and its product.

ACKNOWLEDGEMENT

This work was financially supported by the Doctoral
Foundation of Education Ministry of China (Project No.
200803350093).

REFERENCES

Arakane Y, Hogenkamp DG, Zhu YC, Kramer KJ, Specht CA, Beeman
RW, Kanost MR, Muthukrishnan S (2004). Characterization of two
chitin synthase genes of the red flour beetle, Tribolium castaneum,
and alternate exon usage in one of the genes during development.
Insect Biochem. Mol. Biol. 34: 291-304.

Arakane Y, Muthukrishnan S, Kramer KJ, Specht CA, Tomoyasu Y,
Lorenzen MD, Kanost M, Beeman RW (2005). The Tribolium chitin
synthase genes TcCHS1And TcCHS2 are specialized for synthesis
of epidermal cuticle and midgut peritrophic matrix. Insect Mol. Biol.
14: 453-463.

Arakane Y, Specht CA, Kramer KJ, Muthukrishnan S, Beeman RW
(2008). Chitin synthases are required for survival, fecundity and egg
hatch in the red flour beetle, Tribolium castaneum. Insect Biochem.
Mol. Biol. 38: 959-962.

Ashfag M, Sonoda S, Tsumuki H (2007). Developmental and tissue-
specific expression of CHS1 from Plutella xylostella and its response
to chlorfluazuron. Pest. Biochem. Physiol. 89: 20-30.

Bairoch A, Bucher P, Hofmann K (1997). The PROSITE database, its
status. Nucleic Acids Res. 25: 217-221.

Liang et al. 5307

Bellés X (2010). Beyond Drosophila: RNAi in vivo and functional
genomics in insects. Annu. Rev. Entomol. 55: 111-128.

Berger BW, Kulp DW, Span LM, DeGrado JL, Billings PC, Senes A,
Bennett JS, DeGrado WF (2010). Consensus motif for integrin
transmembrane helix association. Proc. Natl. Acad. Sci. USA. 107:
703-708.

Bolognesi R, Arakane Y, Muthukrishnan S, Kramer KJ, Terra WR,
Ferreira C (2005). Sequences of cDNAs and expression of genes
encoding chitin synthase and chitinase in the midgut of Spodoptera
frugiperda. Insect Biochem. Mol. Biol. 35: 1249-1259.

Borthakur D, Du YY, Chen H, Lu JL, Lin C, Dong JJ, Ye JH, Zheng XQ,
Liang YR (2008). Cloning and characterization of a cDNA encoding
phytoene synthase (PSY) in tea. Afr. J. Biotechnol. 7: 3577-3581.

Burkhard P, Stetefeld J, Strelkov SV (2001). Coiled coils: a highly
versatile protein folding motif. Trends Cell Biol. 11: 82-88.

Chen X, Kumar NS, Tang B, Sun X, Qiu X, Hu J, Zhang W (2007). The
class A chitin synthase gene of Spodoptera exigua: Molecular cloning
and expression patterns. Insect Biochem. Mol. Biol. 37: 409-417.

Devine WP, Lubarsky B, Shaw K, Luschnig S, Messina L, Krasnow MA
(2005). Requirement for chitin biosynthesis in epithelial tube
morphogenesis. PNAS, 102: 17014-17019.

Doblin MS, Kurek |, Jacob-Wilk D, Delmer DP (2002). Cellulose
biosynthesis in plants: from genes to rosettes. Plant Cell Physiol. 43:
1407-1420.

Duran A, Cabib E (1978). Solubilization and partial purification of yeast
chitin synthase. Confirmation of the zymogenic nature of the enzyme.
J. Biol. Chem. 253: 4419-4425.

Fanelli E, Di Vitob M, Jonesc JT, De Giorgi C (2005). Analysis of chitin
synthase function in a plant parasitic nematode, Meloidogyne artiellia,
using RNAI. Gene, 349: 87-95.

Gagou ME, Kapsetaki M, Turberg A, Kafetzopoulos D (2002). Stage-
specific expression of the chitin synthase DmeChSA and DmeChSB
genes during the onset of Drosophila metamorphosis. Insect
Biochem. Mol. Biol. 32: 141-146.

Gangishetti U, Breitenbach S, Zander M, Saheb SK, Miller U, Schwarz
H, Moussian B (2009). Effects of benzoylphenylurea on chitin
synthesis and orientation in the cuticle of the Drosophila larva. Eur. J.
Cell Biol. 88: 167-180.

Hogenkamp DG, Arakane Y, Zimoch L, Merzendorfer H, Kramer KJ,
Beeman RW, Kanost, MR, Specht CA, Muthukrishnan S (2005).
Chitin synthase genes in Manduca sexta: characterization of a gut-
specific transcript and differential tissue expression of alternately
spliced mRNAs during development. Insect Biochem. Mol. Biol. 35:
529-540.

Ibrahim GH, Smartt CT, Kiley LM, Christensen BM (2000). Cloning and
characterization of a chitin synthase cDNA from the mosquito Aedes
aegypti. Insect Biochem. Mol. Biol. 30: 1213-1222.

Imai T, Watanabe T, Yui T, Sugiyama J (2003). The directionality of
chitin biosynthesis: a revisit. Biochem. J. 374: 755-760.

Kato JF, Wesselya V, Lanb Q, Christensena BM (2006). Regulatory
mechanisms of chitin biosynthesis and roles of chitin in peritrophic
matrix formation in the midgut of adult Aedes aegypti. Insect
Biochem. Mol. Biol. 36: 1-9.

Kelly WG, Fire A (1998). Chromatin silencing and the maintenance of a
functional germline in Caenorhabditis elegans. Development, 125:
2451-2456.

Kumar NS, Tang B, Chen XF, Tian H, Zhang W (2008). Molecular
cloning, expression pattern and comparative analysis of chitin
synthase gene B in Spodoptera exigua. Comp. Biochem. Phys. B
Biochem. Mol. Biol. 149: 447-453.

Liang YR, Lin C, Wang XL, Ye JH, Lu JL (2010). Virus efficacy of
recombined  Autographa californica M  nucleopolyhedrovirus
(AcMNPV) on tea pest Ectropis obliqua. Afr. J. Biotechnol. (in
reviewing).

Luckow VA, Summers MD (1988). Trends in the development of
baculovirus expression vectors. Nat. Biotechnol. 6: 47-55.

Merzendorfer H (2006). Insect chitin synthases: a review. J. Comp.
Physiol. B. 176: 1-15.

Merzendorfer H, Zimoch L (2003). Chitin metabolism in insects:
structure, function and regulation of chitin synthases and chitinases.
J. Exp. Biol. 206: 4393-4412.

Moussian B, Schwarz H, Bartoszewski S, Nisslein-Volhard C (2005).



5308 Afr. J. Biotechnol.

Involvement of chitin in exoskeleton morphogenesis in Drosophila
melanogaster. J. Morphol. 264: 117-130.

Ostrowski S, Dierick HA, Bejsovec A (2002). Genetic control of cuticle
formation  during embryonic  development of  Drosophila
melanogaster. Genetics. 161: 171-182.

Reynolds SE (1987). The cuticle, growth and moulting in insects: the
essential background to the action of acylurea insecticides. Pesticide
Res. 20: 131-146.

Rezende GL, Martins AJ, Gentile C, Farnesi LC, Pelajo-Machado M,
Peixoto AA, Valle D (2008). Embryonic desiccation resistance in
Aedes aegypti: presumptive role of the chitinized serosal cuticle.
BMC Dev. Biol. 8: 82.

Rost B, Yachdav G, Liu J (2004). The Predict Protein Server. Nucleic
Acids Res. 32(Web Server issue): W321-W326.

Sanger F, Nicklen S, Coulson AR (1977). DNA sequencing with chain-
terminating inhibitors. Proc. Natl Acad. Sci. USA. 74: 5463-5467.

Sarmah M, Rahman A, Phukan AK, Gurusubramanian G (2009). Effect
of aqueous plant extracts on tea red spider mite, Oligonychus
coffeae, Nietner (Tetranychidae: Acarina) and Stethorus gilvifrons
Mulsant. Afr. J. Biotechnol. 8: 417-423.

Tamura K, Dudley J, Nei M, Kumar S (2007). MEGA4: Molecular
Evolutionary Genetics Analysis (MEGA) software version 4.0. Mol.
Biol. Evol. 24: 1596-1599.

Tellam RL, Vuocolo T, Johnson SE, Jarmey J, Pearson RD (2000).
Insect chitin synthase cDNA sequence, gene organization and
expression. Eur. J. Biochem. 267: 6025-6043.

Zhang J, Zhu KY (2006). Characterization of a chitin synthase cDNA
and its increased mRNA level associated with decreased chitin
synthesis in Anopheles quadrimaculatus exposed to diflubenzuron.
Insect Biochem. Mol. Biol. 36: 712-725.

Zhang Y, Foster JM, Nelson LS, Ma D, Carlow CKS (2005). The chitin
synthase genes chs-1 and chs-2 are essential for C. elegans
development and responsible for chitin deposition in the eggshell and
pharynx, respectively. Dev. Biol. 285: 330-339.

Zhu YC, Specht CA, Dittmer NT, Muthukrishnan S, Kanost NR, Kramer
KJ (2002). Sequence of a cDNA and expression of the gene
encoding a putative epidermal chitin synthase of Manduca sexta.
Insect Biochem. Mol. Biol. 32: 1497-1506.

Zimoch L, Merzendorfer H (2002). Immunolocalization of chitin
synthase in the tobacco hornworm. Cell Tissue Res. 308: 287-297.
Zimoch L, Hogenkamp DG, Kramer KJ, Muthukrishnan S, Merzendorfer
H (2005). Regulation of chitin synthesis in the larval midgut of

Manduca sexta. Insect Biochem. Mol. Biol. 35: 515-527.



