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Abstract [Objectives] Serine protease (SP) is an important proteolytic enzymes, in which serine is an active center. In
insects, serine protease is involved in several important physiological processes, such as digestion, growth, the innate immune
response and tissue reconstruction. A full-length cDNA sequence of serine protease was obtained from Heliothis viriplaca and
its deduced amino acid sequence expressed in an E. coli prokaryotic expression system. Enzyme activity was determined after
purification and renaturation. [Methods] Total midgut RNA was isolated from H. viriplaca and one serine protease cDNA
sequence was cloned by RT-PCR and RACE to obtain the full-length cDNA sequence. The cDNA sequence was expressed in
an E. coli expression system and the expressed fusion protein was denatured, purified and renatured. The activity of the
recombinant protein was determined with BTEE as the substrate. [Results] The serine protease cDNA sequence from H.
viriplaca was named HvSP, which was deposited in GenBank with the accession number KT907053. The sequence length was
1 017 bp which included an open reading frame of 886 bp, encoding 295 amino acids. The molecular weight was about 30.8 ku,
and the isoelectric point was 8.27. The similarity of the HVSP protein with that of other lepidopteran insects was 46%-92%.

The activity of the recombinant protein was 28.7 U/mL at a pH of 8.5 in Tris-HCI buffer solution. The results of quantitative
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PCR showed that HVSP was expressed at the mRNA level in multiple tissues, especially in the midgut, but not in the salivary
gland. [Conclusion] A new H. viriplaca serine protease cDNA sequence was obtained. The recombinant protein expressed in
E. coli was active after denaturation, purification and renaturation. These results establish the basic physiological and

biochemical functions of serine protease in H. viriplaca.
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1 mL TRIzol®Reagent
Invitrogen TRIzol"Reagent Promega RNase RNA
M-MLV Reverse Transcriptase RNA
RNA TaKaRa
DL2000 DNA Marker Taq 0D260/0D280
DNA EcoR1 HindIIl RNA - 30°C
Omega DNA Oligo(dt)3site-Ro-Ri primer 5-ATG GAT GGT
pEasy-T1 Transl-T1 CGA CGC ATG CGG ATC CAA AGC TTG AAT
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E. coli M-MLV Reverse Transcriptase
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Table 1 List of the primer sequences in the experiment

Primer name Primer sequence ( 5'-3') Use of primers
Oligo(dt)3site-Ro-Ri  ATCGATGGTCGACGCATGCGGATCCAAAGCTTGAA cDNA synthesis of 1st
TTCGAGCTC(T);4 strand cDNA
Ro ATCGATGGTCGACGCATGCGGATCC cDNA Cloning of cDNA

Ri GGATCCAAAGCTTGAATTCGAGCTCT

HvSP-F ATGAAGTTCTTGGCTGTGACTCTATTGGCTC

HvSP-R AGAGACGTTGGTTGATCCAGCTGATGTAAGA

HvSP3'Ro ATCACGAACGCGGTGTGCAGATCT

HvSP3'Ri AAGACTCCAACATTTGCACGAGC

HvSP5'Ro TTCAGCCTCATGGACACCAATCT

HvSP5' Ri TCCCTGTCTGCCTGCTCTTCAGCTA

HvSP-QF ATCGATCTAGAAGACATCACCGC

HvSP-QR AAGGAAGTGATACCGATCAAGATAGC

HvSP(BD)-F CCGGAATTCAAGGAACATCGACCTCGAGGATGTGA Expression i
HvSP(BD)-R CCCAAGCTTAAGGCGTTGGTTGATCCAGCTGAT  Escherich coli
HvSP(YG)-F AACCCGAGCCTTATCCG PCR qRT-PCR
HvSP(YG)-R CCGTCAACATTTCCACCAT

B-actin-F CCAACGGCATCCACGAGACCA

B-actin-R

TCGGCGATACCAGGGTACAT
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1  GCAGTGCAGCTTGCATGCCTGCAGGTCGACGATTRATGRAGTTCTTGGCTGTGACTCTATTGGCTCTGGTGGCGGTTGTTTCCGC
M K F L A VTILILATILVAV YV S A RN

91 CATCGACCTCGAGGATGTGATCGACCTCGAAGACATTACTGCCTACGATTATCACACCAAAATTGGTATTCCTCTGGCTGAAAAGATCCG
I DL EDV I DILETUDTITA AYDZYUHTT KT IGTIPTILATEZ K I R
181 TTTAGCTGAGGAGGAAGCTGAACGCAACCCATCCAGAATTGTTGGTGGTTCTACTTCTAGTCTCGGCGCATTCCCTTACCAGGCTGGACT
L A EE EAEU RNUPSR I VGG S TS S L G AT FUZPY QAG L
271 TCTCGCTCAATTCGCTAGCGGACAGGGTGTCTGCGGTGGTTCTTTGCTTAACCAAAGAAGAGTTCTTACCGCTGCTCACTGCTGGTTTGA
L AQ FA S GQG V C GGS L LNOQ RR V LT A ARl cwF FTD
361 TGGTCGCAACCAGGCCAGGAGTTTCACAGTTGTACTCGGCTCAGTGAACCTGTTCAGCGGTGGAACCAGACTGAATACTGCTAGCGTCGC
G R N QAU RS FTVV VLGSV DNTLTFSGSGT RTILNTA S V A
451 CATGCACGGAAGCTGGAACCCGAGCCTTATCCGTAACGACATCGCCATGATCACCTTGCCTTCCAACGTTGCTTTATCAGGCAACATCGC
MH G sw NP s1. I RNJJ: A2 M I T L P SNV AL SG NTIA
541 AGTTATTGCCCTGCCCTCCGGTAATGAGCTTAATAACAACTTCAACGGTGCCACCGCTACTGCATCTGGATACGGTCTTTCCAGGGATGG
v I AL P S GNU ETULNNIUNT FNTGA AT AT ASG Y G L S R D G
631 TGGAAATGTTGACGGCAGTTTGAGACACGTCAACCTACCCGTGATCACGGACGCTGCATGCTCTGTTTCCTTCCCCCTTATCGTTCAGGC
G NV DG S LR HV NLP V I T D AAC S VS FP LI V QA
721 TTCAAACATTTGCACCAGCGGCGCCAATGGCAGAAGCACTTGCCAGGGTGACTCCGGCGGTCCCCTTGTTGTGAACAGCAACAACAGACG
S NI € TS GA NG RS Tc 066G D6 P LV VN SN NTRR
811 CATCTTGATTGGTGTGACCTCCTTCGGATCCGCCCGTGGTTGCCAAGTTGGTTCACCTGCTGCCT TCGCCAGAGTGACTTCTTTCATCAG
I LI G VT SF G SAR GC Q VG SP AA FA R VT SFTIS
901 CTGGATCAACCAACGCCTT[TAAGATGTAGAAGGAAGACTTCAGTTGTTAATGCATCAGATAAAATATGACTAAACACGCAAAAAAAATAC
W I N QR L ~*
991 AAGAAATAC

1 HvSP EEZHRFYIRESHIERFT
Fig. 1 Nucleotide and deduced amino acid sequences of HVSP ¢cDNA

ATG TAA

The initiation codon ATG and termination codon TAA are in box, the signal peptide sequence is underlined,
the catalytic active sites are double underline, disulphide bond regions are shaded black.
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Fig. 2 Phylogenetic tree based on amino acid sequences of HVSP and other insects’ serine protease

GenBank * -HvSP

Numbers represent bootstrap values, the scale represents genetic distance, and the GenBank accession numbers after the
Latin names; * indicates the cloned amino acid sequence in this study-HvSP.
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4 cDNA - 713 -
ku
198 - HvSP
50 — IPTG
e o <308ku
S BTEE
25 — .. .
14 — s
& 4 pET21b-HVSP iF S RIEFHAY SDS-PAGE
Fig. 4 SDS-PAGE of expression product of
pET21b-HVSP by IPTG
M 1 2 pET21b
3 4 pET21b-HvSP
56
M: Protein molecular weight marker; 1, 2: Expression
products of pET21b induced by IPTG; 3, 4: Expression Broehana 2008
products of pET21b-HVSP by IPTG; 5, 6: Purified
recombinant protein.
MsCTLP
g 35¢ a Coates
= 307 b
% 25 | . 2008 RT-PCR
s 2200 d OnCl  OnC2
g g 15 [ e
[0} 10 B
Ha
g 0 ' ' ' '
7.0 7.5 8.0 8.5 9.0 PCR  HvSP
pH
E5 pHMLRKREQMEMLFM
Fig.5 Effect of pH on serine protease activity
HvSP
RNAi
Herrero 2005 Spodoptera
exigua Drosophila
Sf21 dsRNA
pH
2012
Holotrichia oblita
RNAIi
Mao 2007
P450 dsRNA
RNAIi
HvSP
pET21b-HvSP HvSP RNA



-714 -

Chinese Journal of Applied Entomology 53

SE#k (References)

Anisuzzaman, Islam MK, Alim MA, 2012. Longistatin is an
unconventional serine protease and induces protective immunity
against tick infestation. Mol. Biochem. Parasitol., 182(1/2): 45-53.

Brito LO, Lopes AR, Parra JR, Terra WR, Silva-Filho MC, 2001.
Adaptation of tobacco budworm Heliothis virescens to proteinase
inhibitors may be mediated by the synthesis of new proteinases.
Comp. Biochem. Phys. B. Biochem. Mal. Biol., 128(2): 365-375.

Broehan G, Kemper M, Driemeier D, Vogelpohl I, Merzendorfer H,
2008. Cloning and expression analysis of midgut chymotrypsin-
like proteinases in the tobacco hornworm. J. Insect Physiol.,
54(8): 1243-1252.

Chen H, Zhu YC, Whitworth RJ, Reese JC, Chen MS, 2013. Serine
and cysteine protease-like genes in the genome of a gall midge
and their interactions with host plant genotypes. Insect Biochem.
Mol. Biol., 43(8): 701-711.

Chougule NP, Doyle E, Fitches E, Gatehouse JA, 2008. Biochemical
characterization of midgut digestive proteases from Mamestra
brassicae (cabbage moth; Lepidoptera: Noctuidae) and effect of
soybean Kunitz inhibitor (SKTI) in feeding assays. J. Insect
Phys., 54(3): 563-572.

Chu Y, Liu Y, Shen DX, Hong F, Wang GR, An CG, 2015. Serine
proteases SP1 and SP13 mediate the melanization response of
Asian corn borer, Ostrinia furnacalis, against entomopathogenic
fungus Beauveria bassiana. J. Invertebr. Pathol., 128(6): 64-72.

Coates BS, Sumerford DV, Hellmich RL, Lewis LC, 2008. Mining
an Ostrinia nubilalis midgut expressed sequence tag (EST)
library for candidate genes and single nucleotide polymorphism
(SNPs). J. Moal. Bial., 17(6): 607-620.

Colebatch G, Cooper P, East P, 2002. ¢cDNA cloning of a salivary
chymotrypsin-like protease and the identification of six
additional cDNAs encoding putative digestive proteases from the
green mirid, Creontiades dilutes(Hemiptera:Miridae). Insect
Biochem. Mol. Biol., 32(9): 1065-1075.

Cui YJ, Guo W, Zhao QL, 2012. Early changes in larval haemolymph
protein expression profile of Bombyx mori nuclear polyhedrosis
virus. Science of Sericulture, 38(6): 1012-1027. [ s s

, 2012.
,38(6): 1012-1027.]

Herrero S, Combes E, Oers MMV, Vlak JM, Maagd RA, Beekwilder
J, 2005. Identification and recombinant expression of a novel
chymotrypsin from Spodoptera exigua. Insect Biochem. Mol.
Biol., 35(10): 1073-1082.

Hu LM, Zeng L, Shen JM, Bin SY, Liao HZ, Chen GF, Lin JT, 2012.
Clong and expression analysis of serine protease gene in
Bactrocera dorsalis (Hendel) (Diptera: Tephritidae). Journal of
Northwest A&F University (Nat. Sci. Ed.), 40(7): 70-76. [

s s s s , s , 2012.
(Bdor Ser)
( ), 40(7): 70-76.]

Li YX, Qi XW, Hang Q, 2012. Molecular cloning and expression
analysis of serine protease gene BmHP14 in silkworm, Bombyx
mori. Science of Sericulture, 37(3): 419-424. [ R s

,2012. BmHP14
, 38(5): 814-821.]

Liu BL, Li YX, Qi XW, 2011. Molecular cloning and expression
analysis of serine protease gene BmHP21 in silkworm, Bombyx
mori. Science of Sericulture, 37(3): 419-424. [ ) s

,2011. BmHP21
,37(3): 419-424.]

Liu HM, Zheng GL, Li CY, Zhou HX, 2012. Molecular cloning,
sequence analysis and expression of serine protease cDNAs from
the midgut of Holotrichia oblita (Coleoptera: Melolonthidae).
Acta Entomologica Snica, 55(2): 147-155. [ N s

s , 2012.
cDNA ) ,55(2): 147-155.]

Livak KJ, Schmittgen TD, 2001. Analysis of relative gene
expression data using real-time quantitative PCR and their role in
immunity. Insect Biochem. Mol. Biol., 32(10): 1295-1309.

Lomate PR, Mahajan NS, Kale SM, Gupta VS, Giri AP, 2014.
Identification and expression profiling of Helicoverpa armigera
microRNAs and their possible role in the regulation of digestive
protease genes. Insect Biochem.Mol. Biol., 54(11): 129-137.

Mao YB, Cai WJ, Wang JW, Hong GJ, Tao XY, Wang LJ, Huang YP,
Chen XY, 2007. Silencing a cotton bollworm P450 monooxygenase
gene by plant-mediated RNAi impairs larval tolerance of
gossypol. Nat. Biotechnil., 25(11): 1307-1313.

Park DS, Shin SW, Hong SD, 2000. Immunological detection of
serpin in the fall webworm, Hyphantria cunea and its inhibitory
activity on the prophenoloxidase system. Mol. Cells, 10(2) :
186-192.

Ross J, Jiang HB, Kanost MR, 2003. Serine proteases and their
homologs in the Drosophila melanogaster genome: an initial

annlysis of sequence conservation and phylogenetic relationships.



cDNA - 715 -

Gene, 304 (1): 117-131.

Srinivasan A, Giri AP, Gupta VS, 2006. Structural and functional
diversities in lepidopteran serine proteases. Cell Mol. Biol. Lett.,
11(1): 132-154.

Sui YP, Wang JX, Zhao XF, 2009. The impacts of classical insect
hormones on the expression of a new digestive trypsin-like
protease(TLP) from the cotton bollworm, Helicoverpa armigera.
Insect Mol. Biol., 18(4): 443-456.

Sun Y, Bai LX, Zhang YJ, Xiao LB, Tan YA, Sheng Y, 2012a.
Identification and expression analysis of serine protease AISP3
gene in Apolygus lucorum (Meyer-Diir). Jiangsu J. Agr. ci.,
28(5): 991-998. [ s s , > s

, 2012. AISP3
,28(5): 991-998.]

Sun Y, Bai LX, Zhang YJ, Xiao LB, Tan YA, Wu GQ, 2012b.
Cloning of serine protease gene AISP4 and its expression
patterns after feeding on different host plants in Apolygus
lucorum (Hemiptera: Miridae). Acta Entomologica Sinica, 55(6):
641-650. [ s s s s s s
2012. AlSP4

, 55(6): 641-650.]

Wang CZ, Qin JD, 1996. Partial characterization of protease activity
in the midgut of Helicoverpa armigera larvae. Acta Entomologica
Snica, 39(1): 7-11. [ , , 1996.

,39(1): 7-11.]

Yang S, Huang FS, 2003. Molecular mechanism on the insect

melanotic encapsulation response. Parasitic Diseases Foreign

Medical Sciences, 30(4): 164-168.[ s . 2003.

30(4): 164-168]

Zhou XQ, Gao YL, Zhao KJ, Fan D, 2014. cDNA cloning , sequence
analysis and prokaryotic expression of a serine protease from the
midgut of Heliothis viriplaca (Lepidoptera: Noctuidae). Acta
Entomologica Snica, 57(9): 1008-1017. [ ) s

s , 2014. cDNAD

,57(9): 1008-1017.]

Zou Z, Lopez DL, Kanost MR, 2006. Comparative analysis of serine
protease-related genes the honey bee genome: possible involvement
in embryonic development and innate immunity. Insect Mol.

Biol., 15(5): 603-614.



