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Cloning and sequence analysis of the Harmonia axyridis
(Coleoptera: Coccinellinae) catalase gene
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Abstract [Objectives] To clone the full length cDNA sequence of the catalase gene from Harmonia axyridis, which codes for
a kind of important protective insect enzyme, and analyze its basic characteristics. [Methods] Catalase (CAT) from Harmonia
axyridis was cloned using homological cloning and anchored PCR, and the sequence analyzed using bioinformatic methods.
[Results] The full length of the HaraxCAT ¢cDNA sequence is 1 781 bp (GenBank accession number KC991026), which
contains a 3’ untranslated region of 110 bp and a 5’ untranslated region of 45 bp. HaraxCAT cDNA contains an open reading frame
of 1 626 bp, encoding a protein of 541 amino acids residues with a calculated molecular mass of 61.55 ku and pl of 8.33. It has
three potential N-glycosylation sites, but no signal peptide, putative cleavage sites or transmembrane domain. HaraxCAT,
including a proximal active site signature of FDRERIPERVVHAKGAGA which encodes about 18 amino acids, also includes a
proximal heme ligand signature of RIFSYGDTH. Blast analysis indicated that insect CAT proteins are very conservative;
HaraxCAT has > 65% similarity to that of other insects. HaraxCAT had 75.25% similarity with the corresponding sequence of

Tribolium castaneum, and phylogenetic analysis shows that it is most closely related to 7. castaneum and Protaetia brevitarsis.
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[Conclusion] Sequence analysis of the catalase gene from H. axyridis confirms that insect CAT protein are very conservative.
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# 1 HaraxCAT £ & cDNA #3854 55
Table1 Cloning primers for HaraxCAT cDNA

(5"-3")

PCR fragment Primer name Direction Type Nucleotide Sequence (5'-3")

CAT-DF1 F D GAA GTN ACB CAY GAY ATC AC
Middle fragment

CAT-DF2 F D CAC NGA NGA YGG NAT BTG G

CAT-DF3 F D AGA YGC NRA YAT GTT CTG G

CAT -DR1 R D ATC NGG NGA TGG TTC AAT ACC

CAT -DR2 R D ATG BGG CCA AAC YTT GGT

CAT -DR3 R D GTC ATV ACY TGN ATG TAG
S HaraxCAT-5RA R G CGG ACA CTT CAT AGC TTG TTC G
5'-RACE

HaraxCAT--5RB R G GTC TCC TCT AGC AAT GGC

HaraxCAT--5RC R G CAG TTC CCC GGC TCT TTG GA

F A AAG CAG TGG TAT CAA CGC AGA GT

3’ HaraxCAT--3FA F G GGA ACCCTCAAACCCATCTG
3'-RACE

HaraxCAT--3FB F G GCT GAT ATG TTC TGG GA

HaraxCAT--3FC F G AGG CCT GAA AGT ATC CA

R o AAG CAG TGG TAT CAA CGC AGA GTA
C(T);3;0VN
F: R: D: G: A: 0:3' cDNA

F: Forward R:Reverse D: Degenerate primer G: Specific primer A: Nested universal primer O: 3'-RACE CDS primer.

12 SeEHRERS RNA M1 10000 min 20 min EP
20 I'h
4 12 000 r/min 15 min
RNA Tang ef al., 2008 2010 100 mg 00 0 b 10 WL pEi4.0
500 pL 300 ul 20 1h
D 4mol 25 mmol 4 12000 /min 15 min
0.1 mol 0.5% 30 50 L DEPC -80
DEPC EP 5010
50 uL 2 mol/L pH4.0 500 uL
A 0
pH7.0 100l / (49: 13 CONAZREFPCRRE

1) 15 min 4 RNA
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EP
Sxbuffer
RTase DEPC
1h 70

RNA 5 uL
1 uL AMV

1 pg
2 uL ANTP (10 mmol/pL)
25 ul 42
10 min AMYV RNase
cDNA Tang et al., 2010 1
CAT-DF1  CAT-DRI
94 30s 45
72 60s 3 94 30s 48
72 60s 30 2 PCR
1 PCR 50~100
CAT-DF2
CAT-DR2 CAT-DF2 CAT-DR3 CAT-DF3
CAT-DR2 PCR 1
2008 2010

1.4 DNA dhifk. ZE#E. FAFEE

CAT
CAT-DF2

PCR
30s
30s
PCR

Tang et al.,

PCR CAT-DR2 PCR
1
500 bp

pMD18-T

DH5a

1.5 cDNA HyKiHHRZEY & (RACE)
5/
3'-RACE cDNA 5'-RACE
UPM
HaraxCAT-5RA PCR NUP
HaraxCAT-5RB 3’-RACE
UPM HaraxCAT-3FA PCR
NUP  HaraxCAT-3FB PCR 94
10min 94 30s 48 30s 72 90s 30
HaraxCAT-5RC HaraxCAT-3FC
5" 3'-RACE PCR
16 FIDhRREZESH
Dnastar

Vector Compute pI/Mw ClustalW  MEGAS.05

http://expasy.org/tools/pi_tool.

html
http://www.cbs.dtu.dk/services/ TMHMM-2.0/

http://www.cbs.dtu.dk/services/SignalP/

http://www.ebi.ac.uk/Tools/msa/clustalw2/

2 HERE59th
21 RGIHM CAT EAMTEMFIISHT
500 bp
NCBI blast
CAT
Tribolium castaneum
75% 503
3
5"  3'-RACE PCR
750 bp 850 bp
5" 3'-RACE
CAT cDNA
HaraxCAT 1 871 bp
ORF 1 626 bp 541
61.55 ku 8.33

TMHMM Server v. 2.0  SignalP 3.0 Server

NetNGlyc HaraxCAT 3
N- 1laa—13aa
310aa—312aa  445aa—447aa 1
18
FDRERIPERVVHAKGAGA
RIFSYGDTH Nair et al.,
2011
22 RHA CAT BEERIFMEMEL S

Aedes aegypti AedaecCAT CH478024

Apis mellifera  ApimeCAT
NM 001178069 Bombyx  mori
BommoCAT NM 001043447 Drosophila

mojavensis ~ DromoCAT XM 002009267
Nilaparvata lugens NilluCAT HF549036
HaraxCAT KC991026
TricaCAT NM_001160240
CAT

Multiple
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60% 2 yvakuba XM 002094829  68.58%
CAT
Schistocerca gregaria HQ851386  68.52%
Anopheles aquasalis  HQ659100
75.25% Reticulitermes flavipes P 9
) 68.45% Aedes aegypti CH478024
JX513905 71.46% Pediculus humanus o )
68.32% Megachile rotundata
corporis XM 002427665  70.26%
P - XM_003702658  68.23%
Culex quinquefasciatus XM 001848521 70.0% . .
quinquef - Ceratitis capitata XM _004519049  68.18%
Protaetia brevitarsis EU072050 Spodoptera exigua  IN051294
0 7 . .77 .
69.7% Anopheles  gambiae 67.85% Drosophila  willistoni
DQ980208  69.05% Bombyx  mori XM_002068007  67.79% Spodoptera
NM 001043447  69.03% Danaus litura  JQ663444 67.46%
plexippus  AGBWO01005158 68.84% Camponotus floridanus GL440100  67.45%
Drosophila mojavensis XM 002009267 Dendroctonus ponderosae  KB740969
) o .
68.77% Nilaparvata lugens HF549036 67.32% Papilio polytes  AK402495
. 67.269 Helicoverpa  armigera
68.76% Drosophila  pseudoobscura % P g
. JQ009332  67.26% Harpegnathos saltator
XM 001353451  68.58% Drosophila Q "pegn
1 CAACATTGGAAGGTTTTCCTTTCAAGTCACTGACAGTGACGGCATATGAGGAGGTTATGTTATCTGTTGTTCAATAATAAAACTAGTTTTGTTTTAGTGCTACGATCAGTTTGTTCATAT
MRRLCYLLFNNEKTSFVLYVLRSYVCSY
121  TCTTTGAAACAGGTAGAGGTATTGGAAAACAGATATCAAACCATGGCTAGCAGGGATCCCGCTTCTGACCAATTAATTCAATATAAGGAAAAAGCAAAGAATGTATTACCAGCAACTACT
S LKQVEVLENRYQTMASRDPASDA QLTI® QYZ KETZ KAKNVLPATT
241 GCACATGGTACGCCAATCACAGATAAGGATGCAACTCTCACAGTTGGACGAAGAGGTCCAATTCTTTTACACGATGTTCCCTTAATTGAGGAGCTTGCCCATTTCGACAGAGAAAGAATA
AHGTPTITTDEKDATLTVGRRGPTTLLHDVYPLTIEELAEHEFDRETR.TI
361  CCGGAACGTGTTGTCCACGCAAAAGGAGCCGGAGCATTTGGGTATTTTGAAGTAACACACGACATCACAAAATACACGAGAGCCAAGGTCTTCTCCCAAATCGGGAAGAAAACTCCAATA
PERVYVHAEKGAGAFGYFEVTHDTITEKTYTRAEKYFSQIGEKTEKTFPTI
481  GCTGTACGGTTCTCGACTGTTGGAGGCGAGTCTGGATCCGCGGACACTGTCAGGGACCCTAGAGGTTTCGCTGTTAAATTTTACACAGAAGATGGAATCTGGGACTTGGTAGGAAATAAC
AVRFSTVGGESGSADTVRDPRGPFAVEKFYTEDGTIWDLYGNN
601  ACACCAATTTTCTTTATAAGAGATCCCATACTGTTCCCAAGTTTCATCCATACACAAAAGAGGAACCCTCAAACCCATCTGAAAGATGCTGATATGTTCTGGGATTTTCTTACTTTAAGG
TPIFFIRDPILFPSFTIHTO QEKRNPOQTHLEKDADMEFUWDFLTLR
721 CCTGAAAGTATCCATCAAACTATGTTTTTGTTTTCTGACCGTGGTATACCGGATGGTTATAGGCATATGAATGGTTATGGGTCTCATGCTTTCAAACTGGTTAATAGTAATGGAGAATAT
PESTITHQTMFLFSDRGIPDOGYRHMNGYGSHAFIKTLVNSNGEY
841  TGTTTCTGTAAATTCCATTACAAAACAGATCAAGGCATAAAAAATTTGAATGTCCAAAGAGCCGGGGAACTGGCTGGTTCAGACCCTGATTACAGTATAAGGGATTTGTACAATGCCATT
CFCKFHYZXTDO QGIKNTLNVQRAGETLAGSTDPDYSTIRDLYNATI
961  GCTAGAGGAGATAATCCTTCCTGGACTTTCTACATTCAAGTTATGACTAACGAACAAGCTATGAAGTGTCOGTTCAATCCCTTTGATTTAACCAAAGTTTGGTCGCATTCCGAATACCCA
ARGDNPSWTFYIQVHWTNEQAMEKCPFNPFDLTEKVWSHSEZYP
1081  CTTATACCAGTTGGAAAATTGGTTTTGAACAGAAATCCAGAAAATTACTTTGCTGAAGTTGAACAGGTAGCTTTCTCTCCAGCACATATGGTACCTGGTATTGAACCCTCCCCAGATAAA
LIPVGKLVLNRNPENYFAEVEQVAFSPAHMYVPGTIEPSTPDEK
1201  ATGTTATTAGGTAGAATATTCTCTTATGGTGATACACATAGACATCGTCTTGGACCCAATTACTTGCAGTTGCCTGTAAATTGTCCTTTCCGCACTGCTAATTACATAAGGGATGGCCCA
MLLGRTIPFSYGDTHRHRLGPNYLQLPVNTCPFRTANYTIRDSEGTP
1321  TTTGTTATTCATAATCAAGGTGCTGCCCCTAACTATCATCCAAACAGTTTTCTAGGACCAACTAATGATACCGAAAACAAAATTCTGTCTTCAGAGTCTATTAGTGGAGATGTCAAACGT
FVIHNQGAAPNYHPNSFLGPTRNDTENEKTLSSESTISGDV KR
1441  TTTGATACTTGGGACGACGATAATTTTTCTCAAGCAAGTATTTTCTATCGCAAAACATTAACAAATGAAGAAAGAGAAAGATTATTGAATAATATTGTTGGAAACCTGAAAGATGCGTCA
FDTWDDDNTFSQASTIFYRIKTLTNETERERTLILNNTIVGNTLTE KT DAS
1561  GATTTCATTCAACTGAGAGCAGTCAAAAATTTCAGCCAGATTGATGTTTCATTTGGTGAAAAAATCGCTGAAGGCCTAAAATTACAAAGGAAGACCGTAGCAGCTTTG ZAAACATGTATG
DFIQLRAVEKNFSQIDVSFGETE KTIAEGLETLG QRETVAAL®*
1681  TTAATGTTACTGTTGTGGAATAGTAGGTGTTTATTGAAAATGTTTTATACTGGACTAGGTTCTTAATAAATAATTGATAAAAAAAAAAAAAAAAAAAAAAA
1 Reilfn CAT BRI HBMEEBRFTISHh
Fig. 1 Nucleotide and amino acid sequences of CAT from Harmonia axyridis
ATG TAG
FDRERIPERVVHAKGAGA RIFSYGDTH AATAAA

Italic and bold nucleotides indicate the start and stop codons, respectively. Potential N-glycosylation site is boxed. The
proximal active sites signature is bold and double-lined. The proximal heme ligand signature of RIFSYGDTH and the

ermination signal of AATAAA are bold and underlined.
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Fig. 2 Alignment of the deduced amino acid sequences of CAT gene in insects

HaraxCAT
(Drosophila melanogaster) NilluCAT
(Apis mellifera) BommoCAT

(dedes aegypti) DromoCAT
(Tribolium castaneum) ApimeCAT

CAT

FIHK'QNS

AVAPPT**

TK——

NDTENKI S--SES

K

PRAQR Q P

S TCC

AedacCAT

(Nilaparvata lugens) TricaCAT
(Bombyx mori)

The related letters represent the abbreviations of species name and gene name, such as HaraxCAT represents the CAT gene of
Harmonia axyridis, and other else, AedaeCAT: Aedes aegypti; DromoCAT: Drosophila melanogaster; NilluCAT: Nilaparvata
lugens; TricaCAT: Tribolium castaneum; ApimeCAT: Apis mellifera; BommoCAT: Bombyx mori. The same below.
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Fig. 3 HaraxCAT and other related CAT proteins
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“FDRERIPERVVHAKGAGA”
“RIFSYGDTH”
Nair et al., 2011
“RLFSYGDTQ”

Glutathione S-transferase

(Mackay and Bewley,1989)

Chance et al., 1979 Nair
et al., 2011

CAT

Griswold et al., 1993 (2010)

CAT

CAT
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