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cDNA cloning, expression and characterization of
glucose oxidase from Heliothis viriplaca
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Abstract  [Objectives] To obtain the full-length cDNA sequence of glucose oxidase (GOX) from Heliothis viriplaca and

determine the GOX activity in the prokaryotic expression system, mRNA expression levels in different tissues and the characterization
of glucose induction. [Methods] Total RNA was isolated from the larva of H. viriplaca. The RT-PCR and rapid amplification of
cDNA ends techniques were used to clone the full-length GOX cDNA sequence. The E. coli prokaryotic expression system was used
to express the cDNA sequence. The recombinant protein, with a His-tag, was purified by Ni-NAT affinity chromatography. After
purification, the recombinant protein was renatured using the gradient dialysis technique. The activity of GOX protein was determined
with glucose as the substrate. Real-time PCR was used to analyze mRNA expression levels in different tissues and the reaction of

glucose induction. [Results] The cDNA sequence of GOX was 2 154 bp, including an open reading frame of 1 824 bp encoding a
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polypeptide of 607 amino acids with an estimated molecular mass of 67.04 ku and an estimated isoelectric point of 5.13. The cDNA
sequence has been deposited in GeneBank (accession No. KT907054) and designated as HYGOX. SDS-PAGE revealed that HYGOX
was successfully expressed in E. coli. The expressed protein was active after denaturation, purification and renaturation. Sequence
analysis indicates that HYGOX shares extensive similarities with that of other insects. Real-time PCR results showed that the mRNA
transcripts were expressed in different tissues, with the highest expression in the salivary gland. GOX expression in larvae was
induced by feeding them soybean leaves soaked in 0.01%, 0.1%, 1% and 10% glucose solution; expression was highest when larvae
were fed leaves soaked in 10% glucose solution. [Conclusion] A novel GOX cDNA sequence was obtained from H. viriplaca. The
results provide a foundation for further research on the biological function of GOX in insects.
Key words Heliothis viriplaca, glucose oxidase, cloning, expression, enzyme activity
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Table 1

Primers in the experiment

Primer name

Primer sequence (5'-3")

Usage of primer

dt —Ro- Ri ATCGATGGTCGACGCATGCGGATCCAAAG
CTTGAATTCGAGCTC(T) 17

GOX-S GGAAAATACCAAGATGATTCTGGCGCA

GOX-X GGTCAGTGTGTAGGCGAATCATACAC

3'-Ro ATCGATGGTCGACGCATGCGGATCC

3'-Ri GGATCCAAAGCTTGAATTCGAGCTCT

3-8 CACCACTCGGAAACTGGACGCATGCC

31X ACCTGACTTTCAAAGATCTG GCGCAA

5'-Inner CGCGGATCCACAGCCTACTGATGATCAGTCGATG

5'-Outer CATGGCTACATGCTGACAGCCTA

5'-S CCTGAACTCCACAGCATGCAGCGGCACCTA

5-X TACCTCATCGTGGCTCCAAA ACGTT

G-S ATACCAAGATGATTCTGGCGCAACAGCA

G-X GAAGTGTGCG CCTCTTTCCG CCAC

GB-S CGCGGATCCATCTATTGTAGCTGGGAGACTTAGCG

GB-X CCGCTCGAGT TGCCAAGTCT CTTTGATGAA GTGT

GY-S CCAGTCTCCTCAACGGTATG

GY-X CAGTTTCCGAGTGGTGCTT

B-actinS CCAACGGCATCCACGAGACCA

B-actinX TCGGCGATACCAGGGTACAT

cDNA
Synthesis of the 1st strand cDNA

Fragment cloning

5' 3’
5'end and 3'end amplification

Full-length sequence cloning

Expression in E.coli

PCR
qRT-PCR
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GAAAATTGTAATAATTTTAGTCTTTCAAAGTAGCTTTAGTCTACTAAATCAAAATAAAAACTACACAATTTTCAGCATTAAATCATTTAA
ACATCAGGAACTTAATAAATAAATAGCGAGTCAAAGAAAAATACCATCCAATTATTGTTTTTTTTTGTATAAATATTAGGTATACTGCAG
CGGGTCTAATTAGGAAAATACCAAGE:E%TTCTGGCGCAACAGCAAGATTGCGGTTGCCCAACCGTAGTAGAAGGGCCGAGTATCCTGAA
M I L. A Q Q Q9 bpbCcCcGTCU®PTVV EGU®PS I L N
CTCCACAGCATGCAGCGGCACCTATTTATTCATGGTACTCCTACAAGGATACCTCTGGGGACGCTGCGAGATCTCCACGCCTTGCAAGAG
s T A CSGTYL F MV L L QGY L WGIRTZCUETI S TP C K R
AATCGAGTCGATAGATGAAACGGAACCAGAATATGACTTCATAGTTGTGGGCGCTGGATCTGCAGGGTCTATTGTAGCTGGGAGACTTAG
I E s I D ETUEUPUEYDU F I VYV GAG S AG S IV AGIU RTIL S
CGAAAATACTACGTACAATGTCCTTCTATTAGAAGCTGGTGGGCCTGAACCACTGGGTGCCCGCGTCCCATCATTTTACAAAACGTTTTG
ENTTYNV L L L EAGGU?PEUZPILG G ARVYVPS FY KTV FTW
GAGCCACGATGAGGTAGACTGGCAAGCGCGAGCGGTACCTGACCCCGGCTTCTGTCTTGATCAAGGAGAACTCGGCTGCCAATGGCCGCT
S HDEV DWOQAIRA AV PDUPGU FCULDIOQGET LGT COQMWU&PL
AGGAAAAAGCTTAGGAGGAACCAGTCTCCTCAACGGTATGATGTACCACCGAGGCCACGCTGCCGACTTCGACACTTGGGTGGAAGAAGG
G koL GGTos LLnNGuuy i rRGEuAAD ¢ e
TGCTGAAGGATGGTCCTGGGACGAGCTCCGACCATTCATGGACATGGCGGAAGGCAACAGACAAGTGGGAAGTCTTGTGGATGGGAAGCA
A E GW SWDETILWIRU®PV FMDMAEGNU R OQV G S L VDG K H
CCACTCGGAAACTGGACGCATGCCAATCCAAACATTTAACTACCAGCCCCAGCAGGTATGGGATTTAATGGGAGCAATAAACCAGACGGG
H S E TG RMUPI QT FNY QP OQOQVWDILMGA ATINU QT G
ACTGCCGATCATTGCGGACATGAACGACCCGAACACACCCGACGGGTTTGTTGTGGCACAAACCTTTAATGACAATGGCCAGCGTTACAC
L p I I ADMNUDU PNT®PIDGU FV VAQTUFNIDNNGI QI RYT
CACAGCCCGTGCATACCTGGTTCCGAAATCCGAGCGACCCAACCTGAGCGTCAAACTCTATGCCCACGTTACTAAGGTCCTCTTCGATGG
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GAAGAAAGCGGTGGGAGTGGAATATATTGACGCGAATGGCAATACGAAAACTGTCAAGACTACTAAAGAGGTAATCGTATCAGCAGGAGC
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Fig. 1 Nucleotide and deduced amino acid sequences of Heliothis viriplaca GOX
ATG TAA
AATAAA

The initial codon ATG and termination codon TAA are boxed, the putative signal peptide
sequence is single-underlined, a putative polyadenylation site (AATAAA) is double-underlined,
putative two oxidoreductase sites are represented by black shaded area.
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Fig. 2 Homology alignment of four insect species GOX
100% 75% 50%
4 Helicoverpa zea (ACJ71598) Helicoverpa armigera (ACC94296)
Heliothisviriplaca KT907054 Spodoptera exigua (ADL38963)

The dark blue shade indicates 100% identity, the pink shade indicates =75% identity, while the light blue
shade indicates =50% identity. Four insect species are Helicoverpa zea (ACJ71598), Helicoverpa
armigera (ACC94296), Heliothis viriplaca (KT907054) and Spodoptera exigua (ADL38963).
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Amyelois transitella (XP 013184170)
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—— Papilio xuthus (XP 013167945)
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Fig. 3 Phylogenetic tree of GOX and GLD from Heliothis viriplaca and other lepidopteran insects
11
Helicoverpa zea (ACJ71598) Helicoverpa armigera (ACC94296) Heliothis viriplaca
KT907054 Spodoptera exigua (ADL38963) Amyelois transitella (XP 013184170) Bombyx
mori (XP 012548096) Papilio xuthus (XP 013167945) Papilio polytes (XP 013142840)

Plutella xylostella (XP 011557208) Danaus plexippus (EHJ79106) Papilio machaon (KPJ20333)
Numbers above branches are bootstrap values, the scale bar represents 0.1% nucleotide substitutions per site, and the
GenBank accession numbers are behind the Latin names The species of lepidopteran insects are Helicoverpa zea
(ACJ71598), Helicoverpa armigera (ACC94296), Heliothis viriplaca (KT907054), Spodoptera exigua (ADL38963),
Amyeloistransitella (XP 013184170), Bombyx mori (XP 012548096), Papilio xuthus (XP 013167945), Papilio polytes (XP
013142840), Plutella xylostella (XP 011557208), Danaus plexippus (EHJ79106) and Papilio machaon (KPJ20333).
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