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Abstract [Objectives] To investigate Juvenile hormone esterase (JHE) cDNA sequence and function in Heliothis viriplaca.
[Methods] Total RNA was isolated from H. viriplaca and the JHE ¢cDNA sequence was cloned by RT-PCR and rapid
amplification of cDNA ends(RACE). A full-length cDNA sequence encoding JHE was obtained and designated as Hvjhe
(GenBank accession number: JQ901384. [Results] The cDNA sequence, 3 106 base pairs in length, contained an open
reading frame of 1 746 base pairs coding for a polypeptide of 581 amino acid residues with a predicted molecular weight of
63.9 ku and pI 5.11. The Hvjhe sequence contained five specific conserved motifs identified in JHEs of other insect species.
The deduced amino acid sequence of Hvjhe shared 83% and 82% identity with homologues in H. virescens and Helicoverpa

armigera, respectively. Transcript analysis on the Hvjhe sequence during various developmental stages and in different tissues
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was determined by qRT-PCR. The results of qRT-PCR revealed that Hvjhe mRNA was expressed at a low level in the feeding,

pupal and adult stages, but at a high level in the prepupal stage. The Hvjhe transcript was more highly expressed in the fat body

and midgut than in other tissues. SDS-PAGE and Western-blot results revealed that Hvjhe was expressed in E. coli. The

molecular weight of expressed protein was consistent with the predicted molecular weight of Hvjhe. [Conclusion] The results

indicate that a novel juvenile hormone esterase cDNA sequence was successfully obtained.
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Table 1 Primers in the experiment

Use of primers Primer name

Primer sequence

5'- ATC GAT GGT CGA CGC ATG CG G ATC CAAAGC TTG AAT

cDNA dt-Ro-Ri TCG AGC TC(T),; -3'
symh“ics];’]flim chain Ro 5'-ATC GAT GGT CGA CGC ATG CGG ATC C-3'
Ri 5'.GGA TCC AAA GCT TGA ATT CGA GC TCT-3'
¢DNA JHE 5'- GCG CCG GTACAAGTACA-3'
Cloning of cDNA antiJHE 5'-GCG ATTCTGATG AGCGG-3’
JHE3Ro  5'- CCC GCAGAG AAA CTC AAC GAC-3'
JHE3'Ri 5'- GGC CTG ACA ACC TTC GTC CCT ACTG-3'
JHESRo  5-TAC TCA TAG AAG CCG TCC GAA CA-3'
JHES'Ri 5'- GAA GGT CTC GCA TTC TGA GCT GGT AAA TCC TAT T -3'
JHE(BD)F  5-CCGGAATTCCCTGGCGTGGCCGGGTGCA-3'
Expression in Escherichcoli ~ JHE(BD)R  5-ACGCGTCGACAAGCTGGCTTCTACTGGTCAGGCTGTCG-3'
PCR JHE(YG)F  5-CGGACCCCGATGAAATACA-3'
gRT-PCR JHE(YG)R  5-CCACAGTAGGGACGAAGGTT-3'
B-actionF  5'CCAACGGCATCCACGAGACCA-3'
B-actionR  5-TCGGCGATACCAGGGTACAT-3'

1.3 FIF RT-PCRIF R EfEERE cDNA FHREL
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GAAARGTGAGGTGACCGACACCGACCAGACRTGACGACATACGTATTCGCGCTCGCCTTCCTTCTGCACGCGTGCACAGCGCTGGCGTGE

M T T Y VvV F A L A F L L HA CTATLAW
CCGGGTGCAGCATCGTGCAGCGTGCGCGCCGACCTGGACTCCGGCACTGTCTGCGGCGTGCAGCGGTCGGTGGAGGGCTCCARGTACGCC
P G A A SC SV RADTILUDSGTV CGUV QR SV EGS K Y A
AGCTTCCCAGGAGTGCCCTACGCTAAGCAGCCCCTTGGAGACCTAAGATTTAAGGAGCTCGAGCCTCCAGAACATTGGGATGTCCTTCAA
s Fp Ggvevyagkro©P<LG6D LI E 1 EPPEEHTUW®WDV L Q
GCAACAAATGAAGGACCCATCTGCT TCCARGCAGACGTATTATACGGGAGGCTCATGCAGARGAGCARGATGAGCGAGGCTTGCATACAC
AT NEG P I CF QADUVILYGRUILMOQIE K S KMMSERBATC I H
GCCAACATTCACGTGCCACTGCGCGCCCTCCCCCTGGGAGTACACAGGCCGACCAGACAACTGGAAACTATTTCGGT TCCAGTAATTCCG
AN I HV PLRALTZPTILTGV VHRZPTU®RZ QILETTI SV P V I P
GAGGAACTCACACCACCTGGACTGCCAATCCTGGTGTTCATACATGGTGGAGGATTTGCCTTCGGCTCCGGCCACGAGGATTTACACGGA
E E L TP P G L P I LV F I HGSGSGT FH ATFG S G HEDTILH G
CCAGAATATTTGGTCAGCAGGAATATCATCGTCATTACGTTTAATTACAGATTGAACGTCTTCGGTTTCCTGTCCATGAACACGACARAA
P E Y LV SRWNTITIVITTFNTYRILWMNVYVTF FSGTFTLSMUNTT K
ATCCCCGGCAACGCTGGTCTCCGGGACCAGGTGACCCTGTTGCGCTGGGTGCARAGARACGCCAAGAATTTCGGAGGAGACCCCAACGAT
1 p 6 N A GLREEE v T:11RrRwWVvVQRNA AT KTDNTFEFG G D P N I
GTCACCATAGCGGGGCAGAGCGCCGGCGCAGCTGCCGCGCATCTACTGACTCTGTCTARAGCTACTGAAGGTCTTTTCCARAGAGCGATT
vor 1~ EEEES » » » 28 L L T L S KATEGTLF QR A I
TTGATGAGCGGAACAGGAATAAGCTCTTTCTATAGCAGCTCTCCAGCTTTCGCGGCTTATATGTCGARACAGTTGCTGCTTGTCCTGGGE
LM S GTGTI S S F Y S s s PAFUAATYWMSZE KT GQQTLTLTLV L G
ATCACTGCCACGGACCCCGATGARATACATCAGCAGCTCATCGACCTACCCGCAGAGARACTCAACGACACTARCGCCTTCCTACTCGAA
I TaATDZPODETIUHO QO OQULTIODTILZPA aATETE KT LI NUDTNA ATF L L E
CAGATTGGCCTGACAACCTTCGTCCCTACTGTGGAATCCCCACTACCTGGAGTCACAACTATTATTGATGATGATCCAGARAGCTTAATA
@ I 6 L TTFVPTVEST®PTLZPGVTTTITIDTDTUDZPESL I
GCCRAAGGGACGCGGCAAGRACATTCCACTCTTAATAGGAT TTACCAGCTCAGAATGCGAGACCTTCCGCAATCGACTAACARACT TTGAC
A K G R G X NI PL LI GFT s s PBceoTFRDNIZ RTLTNFD
CTCGTCAARRAGATTCAAGACAATCCTACGATCATAATACCGCCTAAAGT TTTATTTATGACACCACCAGAGCTGCTGATGGACTTATCA
LV KK I gDWNUPTTITITIUPZPIKV VTILFMTT®P®PETLTLWMTDTILS
AAGACTATCGATAGAAAGTACTACAACGGTACAATAAGTATCGATAACTTTTTGAAATCATGT TCGGACGGCT TCTATGAGTACCCTGCA
K T I D R K Y Y NG TTI S I DWNTFTLTE KT STCSDGTF Y E Y P A
TTGARACTAGCACARAAGCGAGCTGAAACTGGCGGAGCTCCACTGTACT TGTACCGGT TTGCGTACGAGGGTCAGAACAGCGTCATCAAG
L K L A Q KRAETGGA AU®PTUL YL YRTF®BAZYEGO QNS V I K
GCGGTGACGGGGCTGAACTACGAGGGCGTCGGCCACATTGAGGACCTAACCTACGTGT TTAGGGCGAACTCTGTGGTCGARGCCCCGGAC
av rtediuny vy cEEIENEEEEEEEEEN ' ' 'V F R 2 N s vV V E A P D
GCAGTCGCGCCTTCTGACGATGATGTATGCATGAAGAATCTAATGACGGACTTCTTCGTCAACTTTATGACATGCAGTARACCGATCTGC
AV AP SDODUDV VCMEK?NTLMTODTFTFUVDNTFMMTTCS KP I C
GAAGACAATAACTCATTGGAGCTGTGGCCGGCGARCGACGGCATGCARTATGAGGACAT TGTGTCCCCCACCATGGTCAGATCCATGGAG
E D NN SILETILUWZ®PANDGMOQYETDTIV S P TMV R S M E
TTCTCCTCCAGACAACAAGACATTATTGAGTTCTTCGACAGCCTGACCAGTAGAAGCCAGCTT[TAAT TATAAGACTGAAGTTTTGTCGTC
FSsSROQ QD I I E F F D S L T SRSQTLF*
GATGTAAATATGTTGTTARAACTTAAGAGT TATCATAGTGCGGTGAGTGT TTGGACTAAGCCACTAGGTCTTAGACGATCTTAGTTTGAT
CCTARGACATGAGAGTGARCAATGTTCTGAGTTAATGTGTTGCTGTTGATACTTTAACT TGCATTAAT TTATTTAGAT TAAGGTTGATGT
CACAAGTCTAGTCGGTTACTAAAGTAATTTCATGTCAACATTGGTCTAATTTAGT TTTAGAGCTTCARAAAATGTAATTTTCATCATAGT
AAGTAATAACATAATTAGCAATTGCTACTCTGTATGTGAGGAGACCAATGCTCAGCAATAGGARAGTACAARGGCCGATGATGATGAATA
AGCATTGCAATAGTTACTGTACAACTTACTACACTCATGACAAACTCACTCARGTGTGGCGATCTTTGTARAGCCATTTGATTTCTAGAG
AACARCGGAACTTTCGTTTTACGATACGGATTAACCATTAGGAARCAGCTAGACCTTCTTTAGACCTAGTATTGTTTTACGAAGCAATTGT
AACARRACTTTGGGGCCCARACAAGGGT TACTCGTAGATCCAGCAT TACGACTARGCTTTGTTAGAATGCCCGGATTGATTGATCTCATA
ARACTACACTAGGCTATAGATAACAATCCGCCCGCAATTTACTTTTAAGT TAATATARGTTATTTTGAARATGATARGT TTGTACARATT
GCTGCAGATCACGAGACAGACACTCAAGTAATTTTTCTATTTCGATTCAATATTTGARACGGAATCTTACTATTTTGACTTTCGTGAGTC
ATGTATGTATTTTCGCGARCATCCATARATGATTACGCATTTGTGTAAGTTGGGAATTATGTTCTAATTTAGGCTCGTARGATGCATGAT
GCTACTGTACTAAGATTAGCAGTACAAATGAACTTCGTATTTTARAACCATCARTATCCCTGACTACGAAGGGCAATGTGTARCGTTGCA
ARAGATGTGACTGTTTAGAATGATTGTCCTCGGTGAT TCAAGCACTCARGATGCGTAATGAAGTGACTGATGTARCGTATTATAATTTAA
GTCAATTTACTATTAGTTTTCAACGCCTTTGTARATATTTCACTTTTTAATGTARTTTTAGCATCCCCGCACARTGARGCCAGRGTACAA
TGATCGGACGCGATCGCGGGGCGT TACATTCAATGATTCAAAT ARATAAT TGCGACGGACGGACGTGGARAAARAAAARAAAARAAAARA
ARAAAAAAAAAAAA

E1 ERE&RE Hjhe EERZHRFYIRIESHIERFT
Fig. 1 Nucleotide and deduced amino acid sequence of Heliothis viriplaca Hvjhe cDNA

REIATRDF ATG FALZ 1L 8L F TAA MIBIER T, ESHKA T &Y, 2 BRFIRES AATAAA AN TR &S,

SMRNHEGEBHANRERFRTERABREAZERTR.

The initial codon ATG and termination codon TAA are boxed, the putative signal peptide of the deduced amino acid
sequence is underlined, a putative polyadenylation sitt  AATAAA is double-underlined, putative five conserved motifs sites
are shaded black.

2.2 Hvjhe & cDNA FHIFIEEERFS 2 bp 1287bp 5 3 1746

JHEcDNA 3106 bp 70 P 581
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Fig. 2 Multiple alignmentent of the deduced amino acid sequence of Hvjhe and its homologues from other species
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3 FIASHEEMZERMER JHE S8 FH ARG H L
Fig.3 Neighbor-joining phylogenetic tree of insect JHEs
JHE GenBank The origin of the JHE and their GenBank accession numbers: Apis
mellifera AAU81605 Bombyx mori NP_001037027 Choristoneura fumiferana AAD34172
Culex quinquefasciatus AEW07365 Helicoverpa armigera AEB77712 Heliothis virescens AAB88629
Heliothis viriplaca AGB93712; Manduca sexta AAG42021 Mythimna separata ACO81854
Omphisa fuscidentalis ACB12192 Psacothea hilaris BAE94685 Tenebrio molitor AAL41023
Nilaparvata lugens ACB14344.
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Fe Pr Pu Ad Fo Mi Hi Ma Fa Sa
% B W Bt Developmental stage ZH 24 Tissue

4 HREHRBARAZEMEIARRELELE Hijhe Fi%E £ Real-time PCR 247
Fig. 4 Relative expression level of the Hvjhe mRNA in Heliothis viriplaca at different development stage and tissue
0.05 Duncan’s A B.
Fe Pr Pu Ad Fo Mi Hi Fa Sa Ma

Histograms with different letters indicate significant difference in gene expression at the 0.05 level by Duncan’s multiple-range test.
A. Different developmental stage; B. Different tissues. Fe: Feeding stage; Pr: Prepupal stage; Pu: Pupal stage; Ad: Adult
stage; Fo: Foregut; Mi: Midgut; Hi: Hindgut; Fa: Fat; Sa: Salivary gland; Ma: Malpighian tubule.
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Fig. 5 Analysis of recombinant protein by SDS-PAGE and Western blot
A. SDS-PAGE B.Western M 1 pET21b 2 pET21b-HVJHE
3

A. SDS-PAGE electrophoresis analysis; B. Western blot analysis. M: Protien molecular weight marker; 1: Expression
product of pET21b; 2: Expression product of pET21b-HVJHE; 3: Purified recombinant protein.
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