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922 bp containing a 5° UTR ( untranslated region) of 40 bp and a 3° UTR of 462 bp. ORF ( Open Reading
Frame) was 420 bp which encoded a polypeptide of 139 amino acids with an estimated molecular weight of
15.516 kDa and pl of 6.57. Besides the sequence had an AATAAA tailing signal. The predicted N-
terminal hydrophobic region containing 20 amino residues displayed the characteristic features of a signal
peptide and no transmembrane domain was predicted. Four conservative cysteine residues classified
CmonOBP1 as the first Minus-C OBP which was found in C. montrouzieri. The amino acid sequence had
only one N-glycosylation site 62 NLSA and two potential phosphorylation sites. Compared with other insect
Minus-C OBPs CmonOPB1 was much identitier to the other Coleoptera. By Real-time PCR and RT-PCR
methods we determined the expression pattern of CmonOBP1 in different developmental stages various
adult tissues different larval food regimes and other food. Spatio-temporal expression result showed that
CmonOBP1 expressed in every stage and the male adult had the highest level. In addition CmonOPB1 had
a higher expression level in adult head and wing than that of other adult tissues. When larval diet changed
either poor or rich the expression level wouldn’ t be influenced markedly while when the food changed
from natural prey Planococcus citri Risso to Megoura japonica Matsumura the expression level decreased
significantly. The result suggested that the expression level of CmonOBP1 gene was development tissues
and prey type dependent indicating a distinct sensitivity in olfactory. In addition CmonOBP1 gene might
play an important role in the process of male adult feeling related pheromone.

Key words: Cryptolaemus montrouzieri Mulsant; odorant binding protein; CmonOBP1 gene; gene cloning;

sequence analysis; spatiotemporal expression
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190 200 210 220 230 240
GAMATCTTTCGGCCTACATTCTTTGT TADGCC ARAAAAGT AGGTT TTGTAAMTGATGCT
EFLS AYIL[C]Y AKEVYGF VHFIDA

280 260 Z7o 280 290 300
GTAGRBCTTCARGADGATGT GATCGC ARG AR B TGTCACT TCAGET AACFEAC A bGT 4
YVELA DD ¥I &# RENSSLABYTTIDEA.A

310 320 330 340 350 360
TTGGTGATGAGAGTTGTGAAGC T TGTCATGAGATC AMGARTACOGGTGAT AMCAACTT A
LYTEREYVYEL[CJHEIEKENTGDENUNL

370 380 390 400 410 420
TTTICATCAAGAGTCTTATCATGTTATTATAAAAATC TICCTGGTGTTATC ATCATGT AM
FssEVYLS[C]ry YEFNLEPGYIIHNE=

BATAGTGET GATGT AMATATTTAMGT TGT TETTACT ARTCARAGTTCACARATATTCTT
ThGEAGANGC AT AT ANCTGAATATTTTTTTCGAT GCATATTTGATT TTGTATCTTTTCG
TCAAMGTTCAT ATTTACAT AATTGAMT ACTETGT TEATCGATT TECCT AT ATCAGAGR b
ATTAMATCT TTTGCTGGAMAT TCAR AT CTCCAGTCGACACTTCTCTTGT AGAA A TCCT
ACAHAATAAMTATACARAATCARTT GASGATTT TTCCATTCTCAGAGCT AC AR AR AT GA R
TCCTTTCAACTTAT GTTAGAT ACAGT AGC AT CGARTTCATTCARTTTTATTCTT AAC A4
TTTTTGHT TTGAGTICCARAT AT A A A TGTTGTTTTCTCTTAGAA A AATAATAT AATAT
AGT b ATATTGTTOC AMAAAAARAAAAAAAARAARAA KA AN

1 CmonOBP1

The deduced amino acid sequence and signal peptide of CmonOBP1

*

2 ComOBP1 253
15.516 kDa pl 6.57 CmonOBP1
CoorHy11s Ny O Sio 105. 83 (A B Q) 65 -75
0. 055 o
ComOBP1 ( 4.
N- 62 NISA ( 2). 4
CmonOBP1 2 ( Cysteine Cys)
( 35) Minus-C OBP N-

( Serine) 1 ( Theronine) 1 & 20 1) o
Hphob. / Kyte & Doolittle GenBank PBP/GOBP

o Note: The predicted signal peptide sequence was underlined

stop codons were indicated by asterisk conserved cysteine residues were boxed polyadenylation signal domain and Poly ( A)

tail were bold the position of the amino acids and nucleotides were listed by the serial numbers on the left.
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Fig. 5 Prediction of phosphorylation sites of CmonOBP1
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Cpal-obp
Chou-cbp
Caup-cbp
Mzex-cbp
Slit-cbp
Harm-cbp
Hass-cbp
Pxyl-cbp
Cple-cbp
Lipa-chp
Dkik-cbp
Fmac-cbp
Ppol-cbhp
CmonOBP1
Bhor-cbp
Imocl-chbp
Malt-chp
Tcas—-chp
Chel-cbp
Lory—cbp
Dpon—-chp

Cpal-cbp
Dhou-cbp
Caup-cbp
Msex-cbp
Slit-ckbp
Harm-cbp
Hasa-cbp
Pxvyl-cbp
Dple-chp
Lipa-cbp
Dkik-cbp
Pmac-chp
Ppocl-chbp
CmonOBP1
Bhor-obp
Tmcl-cbp
Malt-cbp
Tcaa-cbp
Dhel-cbp
Lory-chbp
Dpcn—-cbp

———————————————— MKTAF——-VFACVVVAA-—-LAAS-LSEEEKKLOET HDMMOA DF
———————————————— MKSSTFLLVC- --FLLG--- IQGG-VINNPEDDLRRY

EVDPQLIENVEKGELAWVI-SDDFEAYR T
KPDEQLVAKLEKNGDYKT ESE PLEKYL
EVDEQLVNELKAGDYHS DNEALKEYR
EVEEQLVNELKEAGDYEAENDNLEKTA
EVDEE LVNELEGGDYEMDNE ATKKYL
EVDEQLVNELEGGDYET ESE FLEKYR
EVIEQLVNELEGGDYETESE PLEKYR
GVNAELVAKAKKGEFTD-DEATLKKFT
GVEHEVLADAMKEGNINE-DEGLERFI
GVSKEVLAEMKKGH TAD-DEGLEKFT
HVEPEVIAESKEGH FADDDDDLEEFT
GVESEVLVELAKEGVFEE-DEPLEEFT
GVESEVLAELMKKGVFED-DEATKKFT

TERLOLINDAGDVNMEKATLSLLFRAGE-DELA
VH SELMTKDGK FEKDVALAKVEDAR-DEFM
WL IKSELMTHEGK FEEDVALAK VAN PA-DEPD
SELMTEKEGE FEKDVALSKVEFN PA-DEFM
SELMTEDGE FEKDVALRK VPN PA-DEKPT
SELMTEDGE FEEDVALAKVENAR-DEPT
SELMTEDGE FEKDVALRKVENAR-DKFPT
o FOKTGI LTS DEKINEEVALSKLPREV-DEKLA
N FOR SGIVIADAKTNMEVATLSELFEDI-DEVA
o FEE AGT VDNNGELNLETATAKT.PPGV-DELE
o FOKAGI LSPDAKINVIOTALEKLEPPGV-DHAE
B FEE SGI INDEGELNVAELT.AKT.PSGV-DELN
N FEE SGI ISDEGK LNV SELATLAKT.PTGV-DEVA
HVDSDVLSPAKKGDIDEENENLSAYT Ty AR VG VNDAVE LODDVI ARKMST.OVT DELT
ATYVDHELLHNLI3ANID-NPEVGRAAMT M= KR VELOKPNGE LDLNVIEOK I SLTVS DEAE
HVNARSTKNIPLGRFON-DPNLKEYT. T/ SKM3GY ONE AGY T.OSDVI EVK LER GHY NDD'T
GVSEEMASKVMDGVEVD-DPELELYT T AR VGT MND S6D IOVDVE EAKLGTEVE DEVE
GVS0DVITKARKGEFTE-DPKFEERL Fiwe SKKAGE ONE AGD FOEEVI EEKKTNAETN DLOA
GVHODLITERRKGE FVE- DEELMEHL Fiwe SEKAGE ONEAGD IQTDVI EAKLGAETEDSL

GVIDEDVVIERR OGN FVD- DPELEAFA i SR IGE ONE AGDVOPIVVEAKLSGATNDPAL
GADPELIKALR QGKFAD-DAKTKAFA T M SKK SGF ONEAGE IQSDVVEQKLGLATGDERD
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Cpal-cbp AOKSLEMMONT EVDELNNTEFL-——RS Tl YEE FEGLL-————

Chou-cbp VEEHI DMMI ANEES TROETAWR ——YVEM YEKDFEKHAT FL.——
Caup-cbp VEELIDTMSAN KGN TPHOTAWN —— Y VEN HEKDPKHAT FL——
Mzex-cbhp VEELIDTMLANKGH TPHOTAWN —— Y VEN HEKDPKHAT FL——
Slit-cbp VEELIDAMLANKEN TPHOTAWN -——YVEW HEKDPKHAT FL——
Harm-cbp VEELIDMMLANEEN TPHOTAWN ——YVEN HEKDPKHAT FL——
Hags-cbp VEELIDMMLANECN TPHOTLWN —— YV HEKDPKHAT FL——
Pxvl-cbp VEEVLDEMEF K T DMA DSAFE——VF K HKA TETHVS F———
[ple-chp AGEVLSEMENENGENHADTAFO—— I F ] HEA THOHVLFE——
Rips-chp AREVLECM A S TP TAFE-— IY M  HANAKTHIATAGT
Dkik-cbp ATEVLEEMENK TG OEADTAFE-—- IFKM  HHGTETHILF———
Pmac-cbp AEKLLEEMEKK TGENHADTAFE-—— T Y KM YHGTREHILL———
Ppol-cbp SERLLEEMKKK TGEDHADTAFE—— IY KM YHGTEOHILL———
CmonOBPL VIEWV HETEM-TGCNMLFSSEVLS - PGVIIM—
Bhor-obp VERLVEEMAVEEQ-TPEEKTAVN —— LE MM DEDGVI YFHEF—
Imol-cbp IEEMVOOMTOOKE-TPOETAFD ——FMEM YDSTFOEEY T-——
Malt-cbp INETTAMmATKEG-TPEET IFA——LSRMr HGNEKS— —————
Tcas-cbp THELI AMmMAVEED-3F 00T AFE - TT e YENTFTHVSLA——
Chel-cbhp VDOLIEMMATKER-TPORTAFD - TI KM YESTPOHISTLA——
Lory-cbp ADETL.IQOMI TKKE-NPEDTAFN ——AF O YENTETHIATF——
[pon-cbp AKELVEMMLVIKGE-SGEETATE - TF M YENTFTHIAVE—-
- *
6 CmonOBP1 OBPs

Fig. 6  Comparison of Cryptolaemus montrouziert CmonOBP1 with other insects
Dk GenBank o Note: Four conserved

cysteine residues were marked with asterisk and black background the origin of the OBPs and their GenBank accession numbers

were as follows: Cpal Chrysopa pallens ( Cpal-ebp: AKMS52557) ; Dkik Dendrolimus kikuchii ( Dkik-ebp:
ATI01007) ; Csup Chilo suppressalis ( Csup-obp: AGK24578); Msex Manduca sexta ( Msex-obp:
AAL60426) ; Slit Spodoptera litura ( Slit-obp: ALD65886) ; Harm Helicoverpa armigera ( Harm-obp:
AFI57166) ; Hass Helicoverpa assulta ( Hass-obp: AGC92792) ; Sexi Spodoptera exigua ( Sexi-obp:
ADY17884) ; Aips Agrotis ipsilon ( Aips-obp: AGR39568) ; Pxyl Plutella xylostella ( Pxyl-obp: XP_
011556590) ; Dhou Dendrolimus houi ( Dhou-obp: AII00983) ; Pmac Papilio machaon ( Pmac-obp:
KPJ11699) ; Ppol Papilio polytes ( Ppol-obp: XP_013149434) ; Cmon Cryptolaemus montrouzieri
( Cmonobpl: KU170686) ; Bhor Batocera horsfieldi ( Bhor-obp: ADD82417) ; Malt Monochamus
alternatus ( Malt-obp: AHA39270) ; Dhel Dastarcus helophoroides ( Dhel-obp: AIX97067); Lory
Lissorhopirus oryzophilus ( Lory-ebp: AHE13799) ; Dpon Dendroctonus ponderosae ( Dpon-obp: AKK25143); Tmol
Tenebrio molitor ( Tmol-obp: AJM71489) ; Tcas Tribolium castaneum ( Tcas-obp: XP_975685) ; Dple

Danaus plexippus ( Dple-obp: EHJ66992)

2.3 CmonOBP1 Papilio machaon- Papilio
Mega 5. 05 ( Maximum polytes- Dendrolimus houi~
Likelihood ML) ( Poisson Plutella xylostella Agrotis ipsilon
Correction) 1000 Spodoptera exigua Minus-C OBPs
Cmonobpl 21 Dendrolimus kikuchii-

Minus-C OBPs ( 7o Chilo suppressalis Manduca sexta -
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Spodoptera litura- Helicoverpa

armigera- Helicoverpa assulta
Minus-C OBPs
Coleoptera Minus-C OBPs
Minus-C OBPs

83

CmonOBP1

Batocera horsfield:
Dendroctonus ponderosae
Tenebrio molitor

Pmac-obp

54 Ppol-obp

Dhou-obp

Pxyl-obp
Aips-obp

Sexi-obp

Dkik-obp
Csup-obp

64

39

Msex-obp
Slit-obp
Harm-obp

23 Hass-obp

Cpal-obp
2 Cmonobp1 )

Bhor-obp

Dhel-obp

Lory-obp

Dpon-obp

Tmol-obp

Malt-obp

Tcas-obp

7

CmonOBP1

Fig. 7 Phylogenetic tree of CmonOBP1 and Minus-C OBPs from other different insect species

- Note:

Different numbers on the branches represented different genetic relationship and the sale bar represented an estimate

of variation value corresponding to each amino acid.

CmonOBP1

( Neuroptera: Chrysopidae)
o 21 Minus-C OBPs

o

2.4 CmonOBP1

CmonOBP1 beta-tubulin

o CmonOBPI
115.5% 0.984
—2.999:; beta+tubulin 114. 4%
0.998 -3.019,
Real-+ime PCR
Real-time PCR ( 8)

CmonOBP1
( 8A)
7 V7.1 3.4
( 8C),
CmonOBP1 2.
3. 4
3.3 ( 8D),
CmonOBP1
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Fig. 8 Relative expression level of CmonOBP1 measured by Real4ime PCR
1 t o (P<0.01) °
(P<0.05) (P>0.05) , Duncan R
(P<0.01) (P <0.05) (P>0.05) .

Note: Error bars represented 1 SE value analyzed with t test comparing experimental group with control group ™ showed extremely

* showed significant difference ( P < 0. 05)

Analyzed with Duncan multiple comparisons

significant difference ( P <0.01)
0.05) .
meant extremely significant difference ( P <0.01) or significant difference ( P <0. 05)

no asterisk meant no significant difference ( P >
the same curve with different capital letters or lowercase letters respectively
with the same lowercase letters indicated no

significant differences between groups ( P >0. 05) .

3 21 4
RT-PCR RACE o Minus-C OBPs
CmonOBP1 Minus-C OBPs
Minus-C OBP
4 o
o Minus-C OBPs
CmonOBP1 Minus-C OBPs
Minus-C OBPs 30% - 80% Minus-C OBPs
Minus-C OBPs OBPs
Minus-C OBPs o 21 Minus-C OBPs
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