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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 MK089532.1 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 (CsolNPC2) 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 CsolNPC2 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.   
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1. Introduction 

The NPC2 is the cholesterol binding protein that binds cholesterol with submicromolar affinity 

at neutral and acidic pH [1]. 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 [2]. The function of a specific NPC2 gene 

in the moth Helicoverpa armigera (HarmNPC2-1) shows that NPC2 proteins support the role 

of semiochemical carriers [3]. NPC2 in Pardosa pseudoannulata are identified as olfactory 

related genes by transcriptome and expression profile analysis showing putative role of 

odorant carriers [4]. 

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 [5]. The suitability of OBPs and odorant receptors 

(ORs) as pest control targets and their selection toward the discovery of new potent 

semiochemicals [6]. 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 [7]. Hymenoptera is a wide range of insects containing more than 

150000 living insects that includes sawflies, wasps, bees and ants [8, 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 [10]. 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 [11]. 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 [12]. The predictions of secondary structure of the CSP 

suggest that two 5-helical CSPs and one 6-helical CSP [13]. 

The evolutionary relationship of OBPs emerged 

independently with olfactory receptor (OR) and expanded in 

the terrestrial insect [14]. 

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.nlm.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 [1]. The analysis involved 162 amino acid 

sequences from the NCBI database 

https://www.ncbi.nlm.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 

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) CsolNPC2 

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) 

CsolNPC2 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 

clustered one clade. 

 

3.3 An alignment of NPC2 proteins in hymenoptera 

The representative alignment of NPC2 in hymenoptera 

species such as (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) showed that the 6 

Cysteine consensus sequence and 1 Proline that are shown in 

Fig. 2. 

 

 
 

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 

The alignment of selected OBPs, GOBPs, PBPs in 

hymenoptera species 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) were indicated that the 6 Cysteine 

consensus sequence (Fig. 3). 

 

 
 

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. 

 

 
 

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 

CsolNPC2 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 

CsolNPC2 and MmedOBP 13.21%(21/159) 50.31%(80/159) 25.00%(53/212) 

TsepNPC2 and PcanGOBP 17.36%(25/144) 47.92%(69/144) 9.43%(15/159) 

DnovNPC2 and AcerPBP 17.56%(23/131) 41.98%(55/131) 17.09%(27/158) 

 

4. Discussion 

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 [14]. NPC2 protein is an olfactory related protein and 

NPC2 protein’s functional characteristics are similar to 

odorant binding protein [4]. 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 [15]. 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 [16]. 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 [17]. 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 [18]. 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 [19]. 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 [20]. 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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