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Structural characteristics of niemann-pick type
C2 proteins in Macrocentrus cingulum and
similarities with olfactory proteins in
hymenoptera

Kyaw Lin Maung, Dapeng Jing, Tiantao Zhang, Kanglai He, Shuxiao Bai
and Zhenying Wang

Abstract

Niemann Pick type C2 (NPC2) proteins were identified as olfactory related genes such as odorant
carriers in arthropods. NPC2 in Macrocentrus cingulum’s functional characteristics are similar to odorant
binding proteins. Recently, we identified NPC2 protein in Macrocentrus cingulum (namely McinNPC2)
as a Genbank accession number MKO089532.1 at National Center for Biotechnology Information.
Comparative evolutionary relationship and primary structures between NPC2 and olfactory proteins such
as odorant binding proteins, general odorant binding proteins, pheromone binding proteins (OBPs,
GOBPs, PBPs respectively) were performed. Evolutionary relationship results between NPC2 in
Ceratosolen solmsi marchali (CsoINPC2) and OBP in Microplitis mediator (MmedOBP), NPC2 in
Trachymyrmex septentrionalis (TsepNPC2) and GOBP in Polistes Canadensis (PcanGOBP), NPC2 in
Dufourea novaeangliae (DnovNPC2) and PBP in Apis cerana (AcerPBP) were clustered forming one
clade as a nearest phylogeny. The identity of CsoINPC2 with MmedOBP, TsepNPC2 and PcanGOBP,
DnovNPC2 and AcerPBP are 13.21%, 17.36%, 17.56 % respectively with the similar residues 50.31%,
47.92%, 41.98% respectively. Representative NPC2 alignments in hymenoptera results showed that 6
cysteine consensus amino acids while showing the same 6 cysteine amino acids in an alignment of
representative OBPs, GOBPs and PBPs alignments. Unexpectedly, we observed that secondary structure
prediction between McinNPC2 and McinOBP1, McinOBP2, McinOBP3, McinOBP4 showed different
shade of subphyla. In conclusion, our results reveal that structural characteristics of NPC2 proteins are
similar to OBPs, GOBPs and PBPs in hymenoptera.

Keywords: Structural characteristics, Macrocentrus cingulum, similarities, hymenoptera

1. Introduction

The NPC2 is the cholesterol binding protein that binds cholesterol with submicromolar affinity
at neutral and acidic pH [, The function of Niemann—Pick type C2 protein (NPC2) from the
antenna of the worker Japanese carpenter ant, Camponotus japonicus (CjapNPC2) indicate
that it plays crucial roles in chemical communication . The function of a specific NPC2 gene
in the moth Helicoverpa armigera (HarmNPC2-1) shows that NPC2 proteins support the role
of semiochemical carriers ¥l NPC2 in Pardosa pseudoannulata are identified as olfactory
related genes by transcriptome and expression profile analysis showing putative role of
odorant carriers I,

Odorant binding proteins (OBPs) in Microplitis mediator (Hymenoptera: Braconidae) provide
insight into the chemosensory functions as Odorant binding proteins (OBPs) are believed to be
important for transporting semiochemicals . The suitability of OBPs and odorant receptors
(ORs) as pest control targets and their selection toward the discovery of new potent
semiochemicals [, In Chilo suppressalis, pheromone binding proteins (PBPs) enhance the
sensitivity of olfactory receptors to sex pheromones even for the relatively simple as of
detecting sex pheromones [, Hymenoptera is a wide range of insects containing more than
150000 living insects that includes sawflies, wasps, bees and ants &9,

In Batocera horsfieldi (Hope), the structure of OBPs show the two disulfide bonds similarities
with classic OBPsAgamOBP1 and CquiOBP1, then intermediate structure in evolution of
OBPs found in BhorOBPm2 1%, Most of the predicted structure of PBP/GOBP genes in moths
and butterflies showed the chemosensory-based behavior with the additional genomic data of
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the lepidoptera ™, The three dimensional structure of OBPs
from the antennae of bombyx mori suggests size and shape
which vary each other with the three loops that rich content of
helix (2, The predictions of secondary structure of the CSP
suggest that two 5-helical CSPs and one 6-helical CSP [,
The evolutionary relationship of OBPs emerged
independently with olfactory receptor (OR) and expanded in
the terrestrial insect (4],

In this research, we mainly focused on the structural
characterization of McinNPC2 and the structural similarities
between NPC2 proteins and olfactory-proteins (OBPs,
GOBPs and PBPs) in hymenoptera species. We recently
identified McinNPC2, evolutionary relationships were
monitored, identity and similar residues were examined,
alignments with 6 cysteine structures were compared and the
comparative predictions of secondary structure were
conducted and the primary and secondary structures were
performed. Thus our results revealed that NPC2 Protein’s
structural characterizations are similar to olfactory proteins as
OBPs, GOBPs and PBPs in hymenoptera species.

2. Materials and Methods

2.1 Identification of McinNPC2

Molecular identification of McinNPC2 was conducted by
Rapid Amplification cDNA Ends (RACE) technique. Rearing
of larval parasitoids, Macrocentrus cingulum were carried
out, then RNA extraction and cDNA synthesis were
performed. The full length sequence of NPC2 proteins in M.
cingulum were identified by RACE technology. The resulting
nucleotide sequence and amino acid sequence was submitted
to National Center of Biotechnology Information
https://www.ncbi.nIm.nih.gov/nuccore.

2.2 Evolutionary relation NPC2 and olfactory proteins
(OBPs, GOBPs, PBPs)

Evolutionary relation of NPC2 and olfactory proteins were
assessed by phylogenetic analysis. Phylogenetic tree of NPC2
and olfactory proteins (OBPs, GOBPs, and PBPs) in
hymenoptera species was constructed with MEGA-X software
using the Maximum-Likehood method based on the JTT
matrix-based model ™. The analysis involved 162 amino acid
sequences from the NCBI database
https://www.ncbi.nIm.nih.gov/nuccore.

2.3 Alignment of representative NPC2 in hymenoptera
The alignments of representative NPC2 in hymenoptera were
examined with  DNAMANN 8 software (https://en.bio-
soft.net/format/DNAMAN.html) using multiple sequence
alignment bases on full alignment methods. Amino acid
sequence from the representative hymenoptera species (Apis
mellifera, Nasonia vitripennis, Bombus terrestris, Apis florea,
Eufriesea Mexicana, Pardosa pseudoannulata, Camponotus
japonicas, Microplitis demolitor, Atta colombica, Fopius
arisanus, Neodiprion lecontei, Dufourea novaeangliae,
Polistes dominula, Polistes canadensis, Dinoponera
quadriceps) were used from the NCBI database.

2.4 Alignment of OBPs, GOBPs and PBPs in hymenoptera
The representative amino sequence of OBPs, GOBPs and
PBPs were selected from the phylogenetic results of the
nearest evolutionary relation with McinNPC2. DNAMANN 8

http://www.entomoljournal.com

software (https://en.bio-soft.net/format/DNAMAN.html) was
used with the multiple sequence alignment bases on full
alignment methods. All the amino acid sequence of OBPs,
GOBPs, PBPs which is nearest clade of phylogenetic tree are
CcosPBP (Cyphomyrmex costatus), DallPBP (Diachasma
alloeum), DnovPBP (Dufourea novaeangliae), FariGOBP
(Fopius arisanus), FariPBP (Fopius arisanus), HlabGOBP
(Habropoda laboriosa), MmedPBP (Microplitis mediator),
MphaPBP (Monomorium pharaonis), NlecGOBP (Neodiprion

lecontei), NvitGOBP (Nasonia vitripennis), NvitOBP
(Nasonia vitripennis), NvitPBP (Nasonia vitripennis),
OabiPBP  (Orussus abietinus), PdomGOBP (Polistes

dominula), TpreGOBP (Trichogramma pretiosum) and
VemePBP (Vollenhovia emeryi) that are used from the NCBI
database.

2.5 Structural similarities NPC2 and olfactory proteins
(OBPs, GOBPs and PBPs)

The three pair of proteins forming one clade [(1) CsoINPC2
and MmedOBP, (2) TsepNPC2 and PcanGOBP (3)
DnovNPC2 and AcerPBP] were selected to perform structural
similarities. Identity, similar residue and gaps were conducted
with DNAMANN 8 software (https://en.bio-
soft.net/format/DNAMAN.html)  using two  sequence
alignment bases on full alignment methods.

2.6 Comparative three dimensional structures between
NPC2 and OBPs in M. cingulum

McinNPC2, McinOBP1, McinOBP2, McinOBP3 and
McinOBP4 that are different proteins and same species of M.
cingulum were selected to compare the three dimensional
structure. The perdition of three dimensional secondary
structures of McinNPC2 McinOBP1, McinOBP2, McinOBP3
and McinOBP4 were constructed with Swiss Models
https://swissmodel.expasy.org/interactive and edited by
Microsoft 10.

3. Results

3.1 Identification of McinNPC2

Niemann-Pick C2 protein in M. cingulum was identified as
Genbank accession number MK089532.1 at National Center
of Biotechnology Information (NCBI)
https://www.ncbi.nlm.nih.gov/nuccore.

3.2 Phylogenetic analysis of NPC2 proteins and olfactory
proteins

The three pairs of NPC2 and olfactory proteins such as [(1)
CsoINPC2 and MmedOBP, (2) TsepNPC2 and PcanGOBP
(3) DnovNPC2 and AcerPBP] were clustered one clade
forming as 100% (Fig. 1). McinNPC2 proteins formed near
evolution with olfactory proteins such as CcosPBP
(Cyphomyrmex costatus), DallPBP (Diachasma alloeum),
DnovPBP (Dufourea novaeangliae), FariGOBP (Fopius
arisanus), FariPBP  (Fopius arisanus), HlabGOBP
(Habropoda laboriosa), MmedPBP (Microplitis mediator),
MphaPBP (Monomorium pharaonis), NlecGOBP (Neodiprion

lecontei), NvitGOBP (Nasonia vitripennis), NvitOBP
(Nasonia vitripennis), NvitPBP (Nasonia vitripennis),
OabiPBP  (Orussus abietinus), PdomGOBP (Polistes

dominula), TpreGOBP (Trichogramma pretiosum) and
VemePBP (Vollenhovia emeryi) in Fig. 1.
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Fig 1: Evolutionary phylogenetic analysis of all candidates NPC2, OBPs, GOBPs and PBPs in hymenoptera species. Green color represents
NPC2 and OBP clustered one clade, Brown color represents NPC2 and GOBP clustered one clade, Blue color represent NPC2 and PBP

3.3 An alignment of NPC2 proteins in hymenoptera
The representative alignment of NPC2 in hymenoptera
species such as (Apis mellifera, Nasonia vitripennis, Bombus

clustered one clade.

demolitor, Atta colombica, Fopius arisanus, Neodiprion
lecontei, Dufourea novaeangliae, Polistes dominula, Polistes
Canadensis, Dinoponera quadriceps) showed that the 6

terrestris, Apis florea, Eufriesea Mexicana, Pardosa Cysteine consensus sequence and 1 Proline that are shown in
pseudoannulata, ~ Camponotus  japonicas,  Microplitis Fig. 2.

AmeINPC2 .. MRMVIILIVC. ... LCFSPNYRAI NI CO@CSKVCKLTSI TLL. LIPCTNATIRI CFTLEKCVSKVNAI VHCI V. NCIPIPFPLPNAD 92
NwitNPC2 MECIRCNMKI I TRFIT CASLVVLSSCSTPVEKEKE. SPTPKCVRI L . @SLVRCTTVTAEVLFSI LECTRALKPRVRATV. LENTVNYPFPCKD 96
BterNPC2 .. MYRRIAVILVLCY. . . LSFSPTCGAI LI CL8CSKVCKFTSVILL LIPNTNVIINI CFTI CKCVSKVSAVVHCI V. \CVPIPFPLPNAD 93
AfloNPC2 .. MYRMAVILIVC. . . . LYFSPNYRAI NI LO®CGSKVCKLTSI TLL. LIPCINATIRICFTLEKCVSKVNAI VHGI V. NCIPIPFPLPNAD 92
EmexNPC2 .. MCRMAAILILCY. .. LSFSP. CRALLI ED@CSKACKFLSLNLE. CLIPCTNATIRI CFTMEKCI SKVTAVVYCI V. MENPIPFPLANAD 92
PpseNPC2 .. AMRLFACILLSA. ..... LAAYSLASPYEDRGSCSCCVSAVEVS! TLKKGTCACI TIKFNSKTCTKSLKAVVHCVI. SCVPIPFPLPNPD 91
CjapNPC2 .. NTRKCVCFSLLCV. . . LCCI T SSLAFVFEL8CSEVCKFSLCIIIS: SITRESEI HVSMKFTPSVEVKNVEAKAFCVL. LCVPVPFPLKKPE 94
MdemNPC2 .. MR.IILGLVLC...... LSVSTYAV. I COOGSKVCKYMVTVS) 1 LKRGTCASI TI SFCVEKCI SAVKAVVHCVI . CGAPLPFPFSHPD 89
AcolNPC2 . MRVTIVVLTLFYA. . . LCCFTPCLAFKFLNSCSTLCTFTKVVI §! 1 FVRGTNASNSI NFTPNKCI SITNARVYCEI. SFLPIPFPLSCPD 95
FanNPC2 .. MCONFVFLLFAIT. . . . VCSSVVYCLGFTO8CSKTCGSFTKVII §: T LKRNTTASI TI NFALNEI ASKI TTVVHCKV. MGVENPFHLCNPD 93
NieeNPC2 MASTTFALVLFTLCLATCI CC. CSTPYTSEST. VACPI CFRMC . MALYRCETASAEVCVEVTACTTTLTPRVKAI V. LCLSISYCIGCED 92
DnovNPC2 MYRTIALFFLLCSLNVLLLSPI CGAFQVST8CSKVCKFSTVSLA INLIRGINATIEI CFTVEKEI KSVNAVVHGII. NCVPIPFPLINAN 97
PdomNPC2 . MALLTYVYVLAAFCI ASSMCS. . . . EYLK®SSCEPEPLALRIE . . @SLVRCTNLKAQVCFKVISNTANLKPRVRVIV. LGVITCYNYPYPN 90
PcanNPC2 . MALLAYVYVLAAFCIASSICT. . . . EYI KSASCEPEPLALRI E( . . @SLVRCTNLKAGVEFTAASNAAKLTPRVRVTV. FCVITCYCYPHKD 90
DquaNPC2 .. MN. CAIASVLFCV. . . ILCFCYASCVNFVS@CSTLCRFTCVSVI KR®I FI PCATI VVFIKFI PCVEI PQVYARARAVK. EECCVHFVFLESD 93
Isca\NPC2 NNRLCYAASLVLVS. AALVSAEFCVVKHEKECC. . . EFCEVRIL! . @I FKKCTPLKLQVCFVAACSFKTLCMKLLCELSKGVVLPFPNFCRN 92
Consensus c

AmeINPC2 ICTPCSCI TI@LNKC. ETYHYKNTLPVHKSYPKVSVIVKVCLKCENNECI IQVLIPARIK. . . .. 152
NwitNPC2 ST. LTNAK®SLEAC. ECVTYCLSNPI SKNYPKI SLTI EFAFLCCKINVVI®FAVPAKVTSK 157
BterNPC2 AL KKCCAAFRYKNTLQVLKSYPKVSVIVKVCLKCENNECT I®I LIPARIK. . . . . 154
AfloNPC2 L NKE. ETYHYKNTLPVHKSYPKVSVIVKVCLKCENNECI IQVLIPARIK. . . . . 152
EmexNPC2 4LKKC. ETYHYKNTLPVLKSYPKLSVIVKVCLI CENNECI V@I LIPARIK. . . . . 152
PpseNPC2 'S83VKSC. ESYTYSCKLLI KTSYPPVSVKVRYELKGENCCCLV@VEI PCCIS. . . . . 148
CjapNPC2 VK@SLKKE. VEI EYKVTFFVEKATPALSLEI MWEFRNEKCEKI T@VKFPAKIK. . . .. 154
MdemNPC2 831 TRASCPYTYTTTLHVEKL YPKLKVCVKVELKCENCINI V@AM PSEIK. . . . . 148
AcolNPC2 4L HKC. CEYHYTTTNFLCKSFPSVNVKIKVEFVNENNEKT V@I EFPAKIK. . . . . 155
FariNPC2 @31 EKC. ETYEYKATLPVLKAYPKVNVLVKVELCCCNSECT I@VCI PAKIC. . . ... 151
NiecNPC2 AE@ILTAC. EEVTYCLSMPVLASYPKLSLTI EFALLCCNGCACV@FRVPVKVCIRS 154
DnovNPC2 /SILAKC. TTSHYRNTLPVLHSYPKLSLI VKVELKCENNELT VEMLIPARLK. . . .. 157
PdomNPC2 $2LEKC. EEVTYSLSNPI LKVYPI LKLLI EFALVECRNEACVEFKI NCKVVAN. 151
PcanNPC2 (LEKC. EEVTYSLSMPI LKAYPRLSLVI EFALVCENKKSHV®FAILCKVIN. . . . 150
DquaNPC2 LCKE. CEYNYTEMFILCPNTLLYSI TLEVELVNAAGEKI V@VCI PACLRNATRS 158
Isca\PC2 LESC. KPYTLCSTLNVLSSFPTVRGSRGVYMKCEN. CTI FFLVPVKVSE. 150
Consensus

Fig 2: Amino acid sequences alignment of representative NPC2 protein in hymenoptera was constructed with DNAMANN 8 software using
multiple sequence alignment bases on full alignment methods. The red colors represent the consensus sequence of 6 Cysteine and 1 Proline.
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3.4 An alignment of olfactory proteins in hymenoptera
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(Monomorium pharaonis), NlecGOBP (Neodiprion lecontei),

The alignment of selected OBPs, GOBPs, PBPs in NvitGOBP  (Nasonia vitripennis), NvitOBP (Nasonia
hymenoptera species such as CcosPBP (Cyphomyrmex vitripennis), NvitPBP  (Nasonia vitripennis), OabiPBP
costatus), DallPBP (Diachasma alloeum), DnovPBP (Orussus abietinus), PdomGOBP (Polistes dominula),
(Dufourea novaeangliae), FariGOBP (Fopius arisanus), TpreGOBP (Trichogramma pretiosum) and VemePBP
FariPBP  (Fopius arisanus), HIlabGOBP (Habropoda (Vollenhovia emeryi) were indicated that the 6 Cysteine
laboriosa), MmedPBP (Microplitis mediator), MphaPBP consensus sequence (Fig. 3).

CcosPBP ... MR. LLAVALCFLLGCAVI VSCCT. . RPSFVSLCM ATAASVVNABCTCTCVATALI EAV. RNCCVPETRCLKEYMBLVECFCLVEEK. . . RELSLNG %0

DallPBP ... MK KFVCILCLLLQVSI CLSCPVCRPLFVSCEM ALAASVVNARCTCTCVATALI EAV. RSCCVPLSTPLK@YMBLVECFCLVEEK. . . RELSLNG 92

DnovPBP .. MCTKHCLLFLCLVCVGAALVSAV. . . PLVWPPEI I ENVCECKARSNCEHCTCEAGI CEV. SACNLINCKSI T@YM{SLMEAFSLVEEL. . . ANLETEM 91

FariGOBP . MARHVVCVI FLGMANGALLVSACR. . . PLFI TECCMVANVACCKARSNCAHCTTEALI CQV. NNCALPNCRALT@YMISLFSAFCVILE. . . . CELEVCM 91

FanPBP ... AN KFI CTLCLVLGVCI AFSCPVCRPLFVSCCM ALAASVVNASCTCTCGVATACI EAV. RSCCVPLSTPLK@YMOLVECFCLVELK. . . RELSLNG 92

HibGOBP  MNYVKCLLCI TLFAFAAMKPVASVSC........ ECMEKLAKSMRKS@LCKI CTSECLICGN. RTCNFPLCINLKEYTNOI MKTLRSFENCAICFPMIRQ 91

MmedPBP . WRVILNYIFLGPLLCTFI VSAKL. . . PCVPAEITLNACCEKCRENSEHCTTELM NNV. NECNI PNCPKLTYMFRLFESFSIILEL. . . CVLEYCM 92

MphaPBP ... MR. LLAVALCFLLGCAVI VSCCSK. RPSFVSECM ATAASVYNARCTCTCVATALI EAV. RNCCVPETRCLK®YMBSLVECFCLVEEK. . . RELSLNG 91

NecGOBP .. MA FVLVLTLVLASHFVEVESR. ... . NIVAGIKNALKGVRKARI AKTGVSTLVILLT. HKGVFAELRELNGVLLBCAG\MKTVENCRYSSAAAVAQ 91

NwitGOBP .. MENLALLLLTLCVVSCLLINGAR. . . AGVSRECMEKNANCFRNT[®VCKTCACNSLVECI . RVCNFVECPTSNEYTKSI MCLMKTFTKG. . . CNICVEM 91

NvitOBP .. MMKENLTLCFLVVVLGVIKVNCAE. . . . . . IPHEI RHNVVCGVRCKE®HRETGVEI ERVERT. VEGYFHPSELLGEYFS®I FNHFCLLLKE. . . CHLCVEK 88

NPBR” .o MKLLIFVISFFIVAARS. ........... GPRSMCVKGEMNEEI GVSKCLVKST. . . .. EVCLPKSROVLASTFKKVCVI NCCKVVFCVAFLTL 75

0abiPBP .. MKCGFCTVFVAASLLCI VLVSAKY. . . PEWTPEM.ANVKCCKET@NS THSTTCCM LQV. CNCFVPLT RSLKSYMHSLFEAI SMULEL. . . CNLEVEL 91

PdomGOBP .. MKATITFAILIVVLANFHCAESKK. . . . MSNECI RNAVKSARKT®ANCACASKELLLNASCKCEFPPCPKLCUYLKSI NTLSKAMRNCEFRPLVMKTQ %4

TpreGOBP ... MKLFIEIFILAVAAFCLVTACR. . . PLFVICEI LENVACCKARSMNEHGTTESM LAV. NECNI ANCRAI T@YMSLFEAFSLVEEL. . . GILEVEM 90

VemePBP ... MRLLLAVALCFLLGAVVVSCCT. . RPSFVSCQM ATAASVVNARCTCTCVATACI EAV. RNCCVPETRCLK@YM{SLVECFCLVEEK. . . RELSLNG 91

Consensus c (S

CeosPBP MTFFCRI. . PAYRAEVEKAI S| YAYAFNKQYAELSPRVSLF. . . .. 141

DallPBP M.TFFCRI. . PAYRAEVCTAI YAKLSPRTYYLF 148

DnovPBP LLCILP. ... ENLCATAALIMC IVCAAVPELVFI I 141

FariGOBP LVCFLP. . . . CHVCCAARCLLE VCSKRPLLVEN. . . .. 140

FariPBP M.TFFCRI. . PAYRAEVCTAI YAKLSPRTYYLF 148

HiabGOBP TENANP. . . . PKIVARMKEVI YYEVCPEI FIFP 142

MmedPBP LTEMFP. . . . CLIKAKAESVLSS VGSKSPCMEM. . ... 142

MphaPBP M.TFFCRI. . PAYRAEVEKAI §| YAELSPRTYYLF 147

NlecGOBP TEAILP. ... LELICRAKATC)) ICFEMCKEVYF. . .. .. 140

NwitGOBP LVKGI NVMNASPLIT ACSMTNA 1 YAACPAVYFFP 146

NwitOBP LVPRIP. ... ESFKEHALEM A /Q@FCKTNPSKYFVI. . .. 138

NvitPBP TKCEACE. . . SSHCKYI EEKVN: INKTMINTAKMANCTANS 132

QabiPBP NIGMLP. . . . ENNCECARNVLE I GKANPKLMI I 141

PdomGOBP  AELMLT. ... ECLSERIKETIL YYETCSSI YFIP 145

TpreGOBP ~ LVCFLP. ... ENVCASAETI VN 1 YCKRPCLVFM. . . . 140

VemePBP M.TFFCRI. . PAYRAEVEKAI S| YAELSPRTYYLF 147

Consensus

Fig 3: Amino acid sequences alignment of olfactory proteins (OBPs, GOBPs, PBPs) in hymenoptera was constructed with DNAMANN 8
software using multiple sequence alignment base on full alignment methods. The representative olfactory proteins were selected as the results of
nearest phylogeny. The red colors align represent the consensus sequence as 6 Cysteine.

McinOBP1

McinOBP4

McinOBP2

McinOBP3

Fig 4: Computational perdition of three dimensional structures comparative analysis between NPC2 and OBP1, OBP2, OBP3, OBP4 in M.
cingulum was constructed by online software Swiss Models https://swissmodel.expasy.org/interactive.

3.5 Structural similarities of NPC2 proteins and olfactory
proteins in hymenoptera

The identity and similar residues of NPC2 and OBP, GOBP,
PBP of the selected species were performed as the identity of
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CsoINPC2 with  MmedOBP, TsepNPC2 and PcanGOBP,
DnovNPC2 and AcerPBP are 13.21%, 17.36%, 17.56 %
respectively with the similar residues 50.31%, 47.92%,
41.98% respectively (Table 1).
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Table 1: Structural Similarities between NPC2 proteins and olfactory proteins (OBP, GOBP, PBP) in hymenoptera (identity, similar
residues and gaps).

Proteins Identity Similar Residues Gaps
CsoINPC2 and MmedOBP 13.21%(21/159) 50.31%(80/159) 25.00%(53/212)
TsepNPC2 and PcanGOBP 17.36%(25/144) 47.929%(69/144) 9.43%(15/159)
DnovNPC2 and AcerPBP 17.56%(23/131) 41.98%(55/131) 17.09%(27/158)
4. Discussion 2. Ishida Y et al. Niemann—Pick type C2 protein mediating

Because of the relationship between structure and function,
the function of OBPs is similar to chemosensory protein
(CSPs) as insecticide resistance anti-inflammatory action and
egg shell formation in haematophagous insects due to similar
structures 4. NPC2 protein is an olfactory related protein and
NPC2 protein’s functional characteristics are similar to
odorant binding protein (. Thus, NPC2 proteins and olfactory
proteins can find the structural similarities because of similar
functional similarities in some species.

The soluble olfactory proteins such as OBPs, CSPs and NPC2
proteins have sensing devices for odors with their compact
structures, soluble nature and small size %1, We suggest that
NPC2 proteins and some olfactory proteins have similar
shape, size and nature in some hymenoptera species because
of their sensing devices. PBPs and pheromone receptors (PRS)
paring suggested the complexity of olfactory system as a
simple task of pheromones with a highly sophisticated
combinatorial approach [, We selected OBPs, GOBPs and
PBPs together as the olfactory proteins with the complexity of
olfactory approach.

The structure of AaegOBP1 (Aedes aegypti) indicated that the
common fold of OBPs with six-alpha helices . In this
research, the perdition of three dimensional structures of
OBPs in M. cingulum suggested that OBPs have six-alpha
helices and more. AlinOBP14, AlinOBP15, AlinOBP16,
AlinOBP17 displayed six highly conserved Cysteine while
forming the classic OBP subfamily 8, We found that some
olfactory proteins (OBPs, GOBPs and PBPs) have highly
conserved six-Cysteine. The role of OBPs and CSPs in insects
performed the classes of soluble proteins and also lipid-
transporter proteins, NPC2 in representatives’ species of
different arthropods [°. The amino acid composition with
complete database basically determine the overall folding of a
protein ( alpha helices, beta sheets ) that can predict the
structural class of a protein 9. The identity and similar
residues of amino acid composition between the two proteins
determine the structural similarities of overall proteins.

5. Conclusions

Structural characteristics of NPC2 are similar to olfactory
proteins (OBPs, GOBPs, PBPs) in hymenoptera species.
Because of structure and function relationships, NPC2
proteins and olfactory proteins have similarities such as
identity, similar residues, 6-cysteine structures even the
difference of three dimensional structures. Prediction of three
dimensional secondary structures can perform different shape
of alpha helices and beta sheets. Therefore NPC2 is the
olfactory-related protein because of their similarities of
structures with olfactory proteins (OBPs, GOBPs, PBPs) even
it is the cholesterol-binding proteins.
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