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Abstract

Glossina morsitans morsitans is the primary vector for trypanosome parasite which is causative agent for sleeping
sickness in human and nagana in animals, conditions that are prevalence in sub Saharan Africa. In this study
functional annotation and structure prediction of G. M. morsitans odorant binding proteins was done by BLAST
searches against NCBI and PDB databases respectively. Multiple sequence alignment was performed by clustalW
while genetic relatedness of G. m. morsitans with mosquitoes (Anopheles gambiae, Aedes aegypti and Culex
quinquefasciatus) and fruit fly (Drosophila melanogaster) was determined based on PHYML. The 3D-structure
prediction was determined and viewed using Swiss model and Swiss-Pdb Viewer program respectively. The
GmmOBP9 had the highest percentage identity of 77.9% and e-value of 1.42e-10 with DroOBP83b as its ortholog.
GmmOBP10 recorded the highest percentage identity among the mosquitoes studied having 60.23%, 57.65% and
62.35% for Anopheles, Aedes and Culex respectively. The lowest percentage identity of 27.4% and e-value of 0.04
was recorded for DroOBP56i by GmmOBP17 while GmmOBP3 recorded the lowest percentage identity among the
mosquitoes (Anopheles and Aedes) with 19.50% and 24.06% respectively. The Gmm-OBPs had amino acid
sequence length ranging from 88 to 240 with GmmOBP7 being the longest (240 aa with MW of 28.3kda and pl
5.78). GmmOBP20 had the lowest MW of 10.3 kda. The GmmOBPs had a theoretical pl range of 4.41 to 9.30.
Multiple sequence alignment revealed the six conserved cysteine while phylogenetic studies indicate that
GmmOBPs are closely related to Drosophila OBPs. Structural prediction of the GmmOBPs showed presence of
between four to six helices with multiple alignments with respective templates confirming the location of the
conserved six cysteines. This study predicts the three dimensional structure of G. m. morsitans OBPs and open
avenues for functional studies as they form potential targets for control of tsetse vectors.
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1.0 Introduction

Tsetse flies (Glossina) are primary vectors of trypanosome parasites which cause Human African Trypanosomiasis
(HAT), also known as sleeping sickness (Brun et al., 2010) and Animal African Trypanosomiasis (AAT), also known as
nagana (Batista et al., 2009). The genus Glossina, contains about 30 living taxa, 22 species and 8 subspecies which
are grouped according to the habitat they occupy namely Morsitans, Palpalis and Fusca. Morsitans are the
Savannah flies and examples include Glossina morsitans morsitans (vectors of HAT), G. pallidipes and G. austeni
(vectors of AAT) (Welburn et al., 2001). Palpalis are the riverine tsetse flies inhabiting land masses near water
bodies and examples include G. fuscipes fuscipes, G. palpalis gambiensis and G. tachinoides (vectors of HAT)
(Bouyer et al., 2005). The forest flies are the Fusca group and some examples include G. fusca fusca (vector of
nagana) (Leak et al., 1991), G. tabaniformis and G. longipennis which are not considered as important vectors of
Trypanosomiases (Makumi et al., 2000).

The trypanosome parasite is transmitted through bite from infected Glossina to the animal host. It multiplies at the
site of the bite, followed by entry to the lymphatic system and the blood stream, through which they reach other
tissues and organs including central nervous system. In the animal the parasite is covered by a dense monolayer of
identical glycoproteins which protect it from lysis by the host immune cells (Borst and Fairlamb, 1998). Thus, the
parasite is able to evade the mammalian host humoral immune response and proliferate until new surface antigen
coat is recognized by a new generation antibodies of immunoglobulin (Vanhamme et al., 2001). The blood stream
forms of the parasite transform into procyclic trypomastigotes in the fly’s midgut and multiply by binary fission.
Finally, the trypomastigotes leave the midgut and develop into epimastigotes before migrating to the fly's salivary
glands accompanied by continued reproduction by binary fission (Tyler et al., 2001). The cycle then repeats itself
when the infected tsetse fly bites another host. Examples of trypanosomes transmitted by Glossina species
includes Trypanosome brucei transmitted by G. morsitans, Trypanosoma rhodesience transmitted by G. pallidepes
and G. fuscipes quanzensis (Welburn et al., 2001).
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Trypanosomiasis (HAT and AAT) are prevalent in Sub-Saharan Africa affecting both human beings and livestock.
The consequences are that AAT has a negative impact on human nutrition and livelihood in terms of losses in milk
production, hides, meat, blood and treatment costs (FAO, 1993). In human beings, HAT account for losses that can
be manifested inform of bad health, death and loss of man hours. World Health Organization (WHO) estimate that
about 66 million people are exposed to the risk of contracting HAT while about 45 million cattle are at risk of being
infected by AAT. Economic losses are estimated to the tune of USS 4.75 billion and US$ 1.2 billion per year in both
agricultural and cattle productions respectively (WHO, 2000). This makes control of HAT and AAT vectors to be a
research priority, a task taken by African Heads of State and Governments in attempt to eradicate tsetse flies from
the African Continent leading to establishment of Pan African Tsetse and Trypanosomiasis Eradication Campaign
(Kabayo, 2002).

Olfaction plays a critical role in tsetse flies in identification of hosts, breeding mates and larviposition. This role is
mediated by olfactory proteins which include odorant binding proteins (OBPs), pheromone binding proteins
(PBPs), Chemosensory proteins (CSPs) and Odorant receptors (Ors) and are localized in the tsetse fly antennae
(Pelosi, 1996). It is postulated that odors from external environment get in through antennal pores and are picked
by soluble olfactory proteins (OBPs, PBPs, CSPs), then transported through the sensillium lymph to the Ors located
within olfactory receptor neurons (ORNs). Transduction of the odor message through axons to antennal lobe and
higher brain centers lead to processing and decoding of the odor information (Rutzler and Zwiebel, 2005). With the
sequencing of Glossina morsitans morsitans genome and identification of OBPs (Liu et al., 2011), detailed study on
molecular structure and functional expression of OBPs is important as they play a key and initial role in the peri-
receptor events thus are potential targets in the genetic manipulation of the tsetse fly. This study propose to
examine the genetic relatedness of G. m. morsitans OBPs with other identified insects OBPs.

2.0 Materials and Methods

2.1 Bioinformatics and Sequence Retrieval

The 33 sequences of G. m morsitans OBPs were retrieved from NCBlI database
(www.ncbi.nlm.nih.gov/entrez/viewer.fcgi) by general search query using Entrez and opened in FASTA format. The
FASTA sequences were saved with both gene name and accession numbers. Functional annotation was done by
blast search against D. melanogaster genome (version FB2012_06) and mosquitos’ genomes (An. gambiae, Ae.
aegypti and Cu. quinquefasciatus) (Vb-2012-12) using Blastp (Altschul et al., 1990). Results that produced the
highest percentage similarity with low E score (<0.0) were taken to be orthologs. The 33 Gmm-OBPs were analyzed
for molecular weight (MW) and isoelectric point (pl) using protpharm tool at Expasy (http: www.expasy.ch/tools/
protparam) with default parameters. Multiple sequence alignment of G. m morsitans OBPs with selected orthologs
from blast results was carried out using clustalW, the sequences were loaded, complete alignment carried out.
(Larkin et al., 2007).

2.2 Phylogenetic Analysis

Genetic relatedness of G. m. morsitans with mosquitoes (An. gambiae, Ae. aegypti and Cu. quinquefasciatus) and
fruit fly (Drosophila melanogaster) was determined based on PHYML. Evolutionary track was inferred using the
neighbor- joining method (Saitou and Ni, 1987).

23 Prediction of 3D Structure

The 3D structure of the 33 G. m morsitans OBPs were predicted using Swiss-Model at Expasy hosted by Swiss PDB
(http://www.swissmodel.expasy.org). The OBP sequences were used to interrogate Protein Data Bank (PDB) to
ensure that the 3-dimensional structure of the OBP sequences were not available in PDB
(http://www.rcsb.org/orgpdb/home/home.do). The protein sequences of G. m morsitans OBPs obtained from
NCBI were edited and uploaded into Swiss model workspace. The program first identifies homologous proteins
with known 3D structures using PSI-BLAST. The identified homologous sequences form the template that is aligned
with the target sequence (G. m morsitans OBPs). The alighment extract geometrical restraints (dihedral angles and
distances) for corresponding atoms between query and template sequences, performs 3D construction of the
protein by using a distance geometry approach and finally predict the structure (Combet et al., 2001) which was
opened and viewed with SPDB Viewer (http://www.spdbv.vital-it.ch). The Swiss-Model followed the flowchart in
figure 1. The generated models and amino acid sequence alignments of target and template proteins were
displayed using Swiss-Pdb Viewer programme “Deep-View” (Guex et al., 1997).
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3.0 Results

3.1 Functional Analysis of GMM-OBPS

A total of 33 OBPs from G. m. morsitans were retrieved from GenBank database. The GmmOBP9 had the highest
percentage identity of 77.9% and e-value of 1.42e-10 with DroOBP83b. Likewise GmmOBP10 recorded the highest
percentage identity among the mosquitoes studied having 60.23%, 57.65% and 62.35% for Anopheles, Aedes and
Culex respectively (Table 1). The lowest percentage identity of 27.4% and e-value of 0.04 was recorded in
DroOBP56i by GmmOBP17; on the other hand GmmOBP3 recorded the lowest percentage identity among the
mosquitoes (Anopheles and Aedes) with 19.50% and 24.06% respectively. GmmOBP3 never recorded any hit with
Culex while GmmOBP4 recorded the lowest percentage identity of 20.17% and e-value of 5e-07 with CulexOBP28
(Table 1).

The Gmm-OBPs had amino acid sequence length ranging from 88 to 240 with GmmOBP7 being the longest having
240 aa with MW of 28316.4 and pl 5.78. The shortest Gmm-OBP was GmmOBP16 while GmmOBP20 had the
lowest MW of 10.3 kda. Both GmmOBP 18 and GmmOBP19 had the same length of aa and pl while GmmOBP8 and
GmmOBPY had similar MW and pl but same length (Table 2).

3.2 Multiple Sequence Alignment

Multiple sequence alignment of GmmOBPs with the Drosophila and mosquito ortholgs revealed that OBP
sequence are quite diverse and only conserved at certain residues (Figure 2). The OBPs had six conserved cysteine
residues.

3.3  Phylogenetic Analysis of G.M.MORSITANS OBPS

Phylogenetic relationship revealed that GmmOBPs (GmmOBP3, GmmOBP22 and GmmOBP11) were closely related
to Drosophila orthologs than the mosquitoes with percentage similarity of 94% (Figure 3). The exceptions were
GmmOBP9 and GmmOBP10 that clustered with AngamOBP2 with percentage relatedness of 91%, DmelOBP99c
was noted to have clustered with CqiOBP99a and AeayOBP99c with percentage relatedness of 72%. Another
recording reveals that GmmOBP15 clustered with AeayOBP56a with percentage similarity of 63.

3.4 Insilico Structure Prediction

The 31 GmmOBPs out of the 33 GmmOBPs were modeled. Modelling of GmmOBPs was based on varied protein
templates with exception of some that were modeled based on the shared template. The templates were from
protein data bank. GmmOBP29 and GmmOBP30, was never modeled. GmmOBP9 and GmmOBP12 was modeled
based on 2erb which had the highest percentage (67.21%). The GmmOBP14, 10, 8A, 12, 26 and 28 models had
percentage similarity between 45.61%-67.21% while the rest of GmmOBPs had percentage similarity as low as
20%. GmmOBP3, GmmOBP8A, GmmOBP21, GmmOBP25, GmmOBP19 and GmmOBP21 3D structure was modeled
based on 3n7h template with GmmOBPS8 having the highest percentage of 55.2% among the group, while 314a
template was a platform for GmmOBP1, GmmOBP2, GmmOBPS5, and GmmOBP22 3D structure (PDB: 314 chain A).
GmmOBP13, GmmOBP14, GmmOBP16 was modeled based on 3v2| template (PDB: 3v2I| chain A), 2WcJ [PDB: 2wc;j
Chain: A] template was used to modeled GmmOBP6 and GmmOBP10 (Zhou et al., 2009) while 30gn [PDB: 3ogn
Chain: A] template was used as a template for GmmOBP10 (62.35%) (Mao et al., 2010). (Table 3)

4.0 Discussion and Conclusion

G.m.morsitans OBPs molecular structure and their functional expression is important as they play an important
role in insect olfaction by mediating interactions between odorants and odorant receptors. They are crucial in
feeding, mating and oviposition of the insects.

In the present study, Functional annotation of sequences from G.m.morsitans OBPs were analysed with reference
to mosquitoes and fruitfly was done by blast search against D. melanogaster genome (version FB2012_06) and
mosquitos’ genomes (An. gambiae, Ae. aegypti and Cu. quinquefasciatus) (Vb-2012-12) using Blastp. Multiple
sequence alignment through Clustal W of these insects sequences indicated 6 conserved cysteine a characteristic
of odorant binding proteins. The alighment done between the GmmOBPs and the template used to predict the 3D-
structure revealed these conserved cysteine. The conserved cysteine in position one in all templates (3v2La, 2erb,
1loohA, 3ogn, 3n7h and 3rlvA) except 2wcj were not completely aligned while the conserved cysteine in position
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six in the alighment between the sequences and all the templates sequences exept the sequence of 3v2IA were
completely aligned.The cysteines contain sulfide play arole in the folding of the protein in 3-Dimension structure
via sulfide bond.

OBPs (OBP14, OBP13, OBP4 and OBP16) were modeled based on Anopheles gambie OBP20 (PDB: 3V2L chain A)
this supported the fact modeling of the structure was based on the structure whose orthologue had highest
percentage similarity with low E score (<0.0).

GmmOBP10 recorded the highest percentage identity among the mosquitoes studied having 60.23%, 57.65% and
62.35% for Anopheles, Aedes and Culex respectively. Mosquitoes being blood feeders it can be inferred that
GmmOBP10 could have a role blood feeding whereas the GmmOBP9 had the highest percentage identity of 77.9%
and e-value of 1.42e-10 with DroOBP83b, Drosophila melanogaster requires this OBP to sense the fruit in the
environment, the GmmOBP9 could also play a role in sensing of the presence of food.

The protpharm analysis of GmmOBPs shows GmmOBP 4, OBP5, OBP14, OBP15 had a theoretical Isoelectric point
between 8.20-9.30 this could translated to the fact that these OBPs work best in alkaline environment, GmmOBP1
was unique among the 22 GmmOBPs since it had a neutral pH of 7.50 indicating a working efficiency in a neutral
environment while the remaining GmmOBPs recorded a pH of (4.41-6.27) indicating acidic working environment,
hence it can be clearly deduced that majority of GmmOBPs work best in alkaline environment.

Phylogenetic analysis revealed that GmmOBPs were closely related to Drosophila orthologs than the mosquitoes
these supported the facts on the ground where tsetsefly cluster together with fruitfly a situation that can be
attributed to the facts that the 2 insects are closely related.

The conserved cysteines were present in the alignment of the sequences between the templates and the
GmmOBPs that confirmed a characteristic of odorant binding, as they contain sulfide stabilizing disulfide bond in
the 3-D structure. Hence like other proteins the odorant binding proteins have 3-D structure. The phylogenetic
tree indicated the relationship between GmmOBPs and D. melanogaster genome (version FB2012_06) and
mosquitoes genomes (An. gambiae, Ae. aegypti and Cu. quinquefasciatus) shows that the insects had a common
ancestor.
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Table 1: Functional annotation of Glossina morsitans morsitans OBPs

G. morsitans Accession Best match to D. Best match to An. Gambie Best match to Ae. aegypti | Best match to C.
melanogaster quinquefasciatus
OBP Number (Identities, E-value) (Identities, E-value) (Identities, E-value) (Identities, E-value)
0OBP1 CBA11305.1 OBP44a (FBpp00087892) OBP9 (AGAP000278) OBP99c (AAEL005772) OBP99a (CP1JO17326)
(62.1%, 9.39e-46) (48.91%,5e-33) (44.12%, 1le-31) (48.53%, le-34)
OBP2A CBA11306.1 OBP99b (FBpp0305400) OBP9 (AGAP000278) OBP99c (AAEL005772) OBP99c (CP1J017326)
(53.4%,5.89e-39) (44.35%, 4e-35) (38.16%, 4e-26) (39.47%, 4e-26)
0BP3 CBA11307.1 0OBP83ef (FBpp78233) OBP32 (AGAP000638) OBP56e (AAEL002587 No hit.
42.6%,1.59e-51 (19.50%, 0.019) (24.06%, 0.015)
OBP4 CBA11308.1 OBP56e (FBpp0085634) OBP18 (AGAP012319) OBP56e (AAEL002591) OBP28(CP1J012716)
(34.8%,6.65e-12) (32.63%, 2e-08) (25.27%, 3e-06) (24.17%, 5e-07)
OBP5A CBA11309.1 OBP19c (FBpp0077018) OBP10 (AGAP001189) OBP5  (AAEL002652) OBP56e (CP1J018957)
(32%,1.27e-18) (26.03%, 0.54) (40%, 0.60) (25.27%, 0.13)
OBP6 CBA11310.1 OBP28a (FBpp0079083) OBP14 (AGAP002905) OBP56e (AAELO00035) Novel protein (CP1J016966)
(44.6%, 4.76e-28) (30.14%, 8e-08) (24.11%, 1e-05) (29.23%, 9e-05)
OBP7 CBA11311.1 OBP83cd (FBpp0078233) OBP9 (AGAP000278) Hypothetical protein OBP99a (CP1J017326)
(42.6%,5.14e-60) (25%, 0.42) OBP99c (AAEL005772) (25%, 0.030)
(27.45%, 0.002)
OBP8A CBA11312.1 OBP83a (FFpp0078305 OBP17a (AGAP003309) Novel protein Conserved hypothetical
(49%, 6.1e-37) (51.05%, 2e-36) (AAELO09449) protein (CP1J007604)
(48.23%, 3e-35) (48.59%,7e-35)
OBP9 CBA11313.1 OBP83b (FBpp0078304) OBP17a (AGAP003309) 0BP9  (AAEL013018) Conserved hypothetical
(77.9%, 1.42e-60) (58.74%, 2e-47) (55.94%, 8e-45) protein(CP1J007604)
(60%, 6e-480)
OBP10 CBA11314.1 OBP83a (FBpp0078304) OBP17a (AGAP003309) (Novel protein) Conserved hypothetical
(72.6%, 3.5e-33) (60.23%, 9e-29) (AAEL13018) protein (CP1J007604)
(57.65%, 3e-27) (62.35%, 7e-29)
OBP11 CBA11315.1 OBP83g (FBpp78266) OBP9 (AGAP000278) OBP99¢(AAEL005772) Obp99a (CP1J017326)
(34.2%, 1.42e-15) (33.33%, 2e-13) (32.46%, 9e-13) (31.58%, 9e-13)
OBP12 CBA11316.1 OBP83a (FBpp0078305) OBP17a (AGAP003309) Novel protein Conserved hypothetical

(69.4%, 4.72e-33)

(56.82%, 4e-26)

(AAEL13018)
(56.98%, 7e-26)

protein (CP1J007604)
(58.14%, 9e-27)
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0BP13 CBA11317.1 OBP56h (FBpp0292158) OBP26 (AGAP012321) OBP56e(AAEL002606 OBP56d (CP1J012719)
(43.5%, 2.38e-21) (36.11%, 5e-05) (37.84%, 5e-06) (35.62%, 3e-06)

OBP14 CBA11318.1 OBP19a (FBpp0297995) OBP20 (AGAP005208) OBP56a(AAEL012377) OBP56a (CP1J006551)
(62.6%, 2.31e-42) (48.76%, 4e-30) (43.80%, 2e-27) (44.63%, 7e-27)

OBP15 CBA11319.1 OBP56d (FBpp0085673) OBP18 (AGAP0123121) OBP56e(AAEL002596) OBP56e (CP1J018957)
(33%, 4.08e-10) (30.77%, 1e-05) (31.96%, 2e-07) (26.04%, 2e-06)

OBP16 CBA11320.1 OBP57¢(FBpp0112012 OBP15 (AGAP003307) OBP56a(AAELO00071) OBP13 (CP1J016479)
(35.4%,6.15e-09) (28.14%, 0.001) (31.25%, 0.003) (24.73%, 0.022)

0BP17 CBA11321.1 OBP56i (FBpp00855639) OBP17b (AGAP005175) OBP56e(AAELO00073) Conserved hypothetical
(27.4%, 0.04) (32.39%, 0.065) (25%, 0.014) protein (CPIJ801707)

(27%, 0.067)

OBP18 CBA11322.1 OBP69a (FBpp0075687) OBP17 (AGAP003309) OBP18(AAEL009449) Conserved hypothetical

(44.4%, 6.42e-12) (29.11%, 4e-07) (29.11%, 1e-06) protein (CPIJ007604)
(27.85%, 8e-07)

OBP19 CBA11323.1 OBP69a (FBpp0075687) OBP17a (AGAP003309) Novel protein OBP19 (CP1J007604)

(44.4%, 6.42e-12) 29.11%, 4e-07 (AAL009449) (27.85%, 8e-07)
(29%, 1e-06)

0BP20 CBA11324.1 OBP99a(FFpp0084816) OBP7 (AGAP001556) OBP50c(AAEL114830) D7protein (CP1J018735)
(44%, 0.1) (47.62%, 0.24) (27.78%, 0.084) (29.41%, 0.11)

0BP21 CBA11325.1 OBP99c(FBpp0084829) OBP9(AGAP000278) OBP99c(AAELLO05772) OBP99a (CPIJ017326)
(58.4%, 8.56e-44) (31.93%, 3e-10) (30.59%, 3e-11) (32.52%,2e-13)

0BP22 CBA11326.1 OBP8a(FBpp0071242) OBP9(AGAP000278) OBP99c(AAELO05772) Novel protein (CP1J010782)
(35%, 1.86e-13) (24%, 2e- 04) (27.4%, 5e-06) (28.5%, 1e-05)

0BP23 CBA11327.1 OBP48b (FBpp1081115) HP (AGAP002556) OBP59 (AAEL015313) OBP 14 (CP1J009586)

(53%, 1.48e-32)

(33.6%, 2e-19)

(39.6%, 1le-21)

(37.8%, 4e-19)
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0OBP24 CBA11328.1 OBP19d (FBpp0076996) OBP (AGAP002905) OBP57 (AAELO000035) OBP28 (CP1J0016965)
(45.5%, 6.37e-24) (37%, 2e-15) (28.7%, 1e-11) (31%, 1e-16)
OBP25 CBA11329.1 OBP56e (FBpp0085634) OBP26 (AGAP012321) OBP13 (AAEL002591) OBP17 (CPIJ012716)
(27.2%, 0.0002) (32%, 3e-08) (21.8%, 4e-04) (23.2%, 5e-06)
OBP26 CBA11330.1 OBP Lush (FBpp0290704) OBP (AGAP010489) OBP1 (AAELO06454) OBP6 (CP1JO08793)
(46.1%, 4.76e-24) (50.4%, 1e-36) (50.4%, 5e-34) (47.8%, 1e-17)
OBP27 CBA11331.1 OBP59a (FBpp0071781) HP (AGAP012867) CP (AAELO11416) CP (CP1J010367)
(38.2%, 2.58e-44) (34.1%, 9e-36) (29%, 8e-31) (31.3%, 9e-36)
0OBP28 CBA11332.1 OBP19a (FBpp0297995) OBP (AGAP05208) OBP55 (AAEL012377) OBP11 (CP1JO06551)
(59.4%, 1.7e-44) (49.6%, 5e-37) (43.3%, 3e-37) (44.1%, 5e-38)
OBP29 CBA11333.1 OBP56i (FBpp00855639) OBP (AGAP012325) OBP59 (AAEL015313) OBP14 (CP1J0O09586)
(23.5%, 0.57) (27.4%, 0.14) (27.5%, 0.26) (25.8%, 0.24)
OBP30 CBA11334.1 OBP73a (FBpp0112090) HP(AGAP006368) Modifier of mdg4 Conserved hypothetical
(55.4%, 2.3e-52) (64.7%, 5e-44) (AAELO10576) protein (CPIJ017524)
(28.9%, 0.67) (63.8%, 2e-44)
OBP2B CBA11306.1 OBP99d (FBpp0084821) OBP9 (AGAP000278) OBP22 (AAEL005772) OBP43 (CP1J017326)
(31 %, 4.1e-15) 44.4%, 1e-30 (38.16%, 4de-26) (39.47%, 4e-26)
OBP5B CBA11309.1 OBP19c (FBpp0077018) OBP10 (AGAP001189) OBP57  (AAEL002652) OBP14 (CP1J018957)

(32%,1.27e-18)

(26.03%, 0.54

(40%, 0.60

(25.27%, 0.13)
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Table 2: Prediction of Glossina morsitans morsitans OBPs Molecular weight (MW) and Isoelectric point (pl)

Glossina morsitans
morsitans OBPs

Molecular weight (kda)

Theoritical Isoelectric point

Number of Amino acids

1 16312.8 7.50 141
2 17900.3 6.15 153
3 27149.1 6.27 227
4 20535.1 9.30 178
5 20819.5 8.75 184
6 16013.5 4.91 145
7 28316.4 5.78 240
8 17474.1 5.42 150
17411.0 5.56 150
10 10836.2 5.03 94
11 14346.1 5.47 118
12 10851.2 4.81 95
13 12818.4 4.95 113
14 14588.8 8.80 138
15 12914.9 8.20 111
16 10317.6 4.41 88
17 11820.5 5.89 102
18 12782.5 5.21 109
19 12782.5 5.21 109
20 10376.1 8.50 88
21 15921.9 5.41 137
22 15335.3 5.71 126
23 12245.5 5.45 125
24 15811 4.41 144
25 15197 6.07 134
26 12943.1 7.58 114
27 1243.1 7.58 114
28 16584.4 8.59 149
29 16209.5 5.93 138
30 25901 4.9 157
2B 17900.3 6.15 153
5B 18178.5 4.48 157
8B 30064.5 5.57 261

Table 3: Template used for modeling Glossina morsitans morsitans OBPs
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Gmm OBPs Template (Organism, Gene, PDB % Similarity E-Value

1 Culex quinquefasciatus; CquiOBP1; 314a | 25.46 1.70e-21

2A Culex quinquefasciatus; CquiOBP1; 314a | 22.81 3.80e-23

2B Culex quinquefasciatus; CquiOBP1; 314a | 22.81 4.1e-23

3 Anopheles gambie ; AgamOBP1; 18.02 1.80e-5
3n7h

4 Anopheles gambie ; AgamOBP20; 21.19 1.40e-20
3v2IA

5A Culex quinquefasciatus; CquiOBP1; 314a | 17.12 9.20e-7

5B Anopheles gambie ; AgamOBP20; 19.01 3e-20
3v2IA

6 Bombyx mori ; GOBP2 ; 24.22 1.90e-20
2wcj

7 Drosophila melanogaster; OBPLush ; 18.87 5.40e-7
1looh

8A Anopheles gambie ; AgamOBP1; 55.20 2.90e-32
3n7h

8B Anopheles gambie ; AgamOBP1; 57.5 2.1e-28
3n7h

9 Anopheles gambie  ; AgamOBP1 ; 67.21 1.47e-45
2erbB

10 Culex quinquefasciatus; CquiOBP ; 62.35 1.29e-26
30gn

11 Bomb mori ; GOBP2 ; 2wej | 20.91 1.80e-21

12 Anopheles gambie ; AgamOBP1; 55.56 8.00e-26
3n7h

13 Anopheles gambie ; AgamOBP20; 25 2.00e-25
3v2IA

14 Anopheles gambie ; AgamOBP20; 49.17 8.80e-34
3v2IA

15 Anopheles gambie  ; AgamOBP7 ; 21.82 4.60e-34
3rivA

16 Anopheles gambie ; AgamOBP20; 20.88 2.80e-14
3v2IA

17 Anopheles gambie  ; AgamOBP7 ; 18.42 8.90e-5
3rivA

18 Anopheles gambie  ; AgamOBP7 ; 25.64 1.6e-28
3rivA

19 Anopheles gambie ; AgamOBP1; 18.75 7.1e-5
3n7h

20 Crystal structure of AED7- 16.91 1.2e-7
Norepineprhine complex; 3dye

21 Anopheles gambie ; AgamOBP1; 19.17 9.6-26
3n7h

22 Culex quinquefasciatus; CquiOBP1; 314a | 19.09 2.2e-23

23 Drosophila melanogaster; OBPLush ; 18.87 4e-18
looh

24 Bomb mori ; Pherone Binding Protein ; 22.13 1.1e-19
2fjly

25 Anopheles gambie ; AgamOBP1; 18.92 1.1le-21
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3n7h

26 Anopheles gambie 45.61 1.7e-31
; AgamOBP 3q8i

27 Drosophila melanogaster; OBPLush ; 17.28 3.10e-6
looh

Known Structures
(Templates)

l

Target Template
Sequence Selection Structure
evaluation and
\L assessment

Alignment
Template-target

Homology
Modelis)

Structure
modeling

Figure 1: Flow chart of Swiss-Model (Lorensa et al., 1997)
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DmelOBP56i  ----- MHFFTCCA----LLLVVVTLPTCFVQAGPIKDQCMAAA-------mmemmmee-

DmelOBP56d ~ -------mmmme- MVVCVQRTQVQAGPIKDQCMAAA------mmmmmmmmmme
DmelOBP56e  KVFFVFAALAALS----LASAVGLTDSQKAEAKQRAKACVKQE-----------------
GmmOBP15 TRETLONYVKTCVIEE----m-n-mmmmmeev

GmmOBP4 RKVMFRVTLILLA----IVTSALFSENRYMEFLADFKHCKRER-----------=-----
AngamOBP18  NFKLYSSLFVFPS----PLQGARLEAEHVRRIHQNARECVKET---------n=nnnnm-
GmmOBP9 IVLLSAWTRAQQP----RRDDEYPPPAILKLAKPFHDICVEQT---------=-------
DmelOBP83a  IALSLLSGALILPPAAAQRDENYPPPGILKMAKPFHDACVEKT--------m-----—-
DmelOBPb83b  ILLLIGCAAAQEP----RRDGEWPPPAILKLGKHFHDICAPKT -------------——-—-
AngamOBP17  LLCCSMTLGDTTP----RRDAEYPPPELLEALKPLHDICLGKT--------=-=--=---
CqiOBP18 LGIAVVVLADVTP----RRDAEYPPPELLEALKPLHDICAKKT ---------n=mn-=--
AeayON10 SCLVAVSIADVTP----RRDAEYPPPELLQALKPLRDICQKKT--------=--=----
AeayOBP14a  SALVSLSVGDVTP----RRDAEYPPPEFLEAMKPLREICIKKT------=-==-==----
GmmOBP12
GmmOBP10
GmmOBP8 TLLMSFGLNNAQKP---RRDENYPPPDFLKSFKIIHDVCVEKT-------=---=-----
AngamOBP15  SICLMATASANAP-------- KSLSPELLQQMGQFRSECLRET-----=-==-=mn===
AngamOBP7 KMSNLVVVLVLLTMYIVLSAPFEIPDRYKKPAKMLHEICIAES-----------------
AngamOBP26  TFVAIAVVALIAG------- TFALTIDQKKKAEGYAAE CVKTT-----mmmmmmmmemem

AeayPN13 FFVAIAVVALAAG------- AWALTIDQQKKAEAYAAECVKST------mmmemmev

CqiOBP56d TFVAIAVIALAAG------- AWSLTIEQQKKAEAYGAECVKST-----mnmmmemmmm

AeayPN4 TFAAIVSFALIAG------- CMAVTEDQKEAARQLAGKCMQQT----nmmmmmmmmmev

CqiOBP28 SFVAIISLALVAS------- SMAVTEQEKEAARQLAGKCMQQT---------=-=-=---

Angamnovel  SIVAQTAEIPTLPWSGSELKAQYSGKKIKISSELFARGCVTTSDQGLVAAGKIGFPVMIK
AeayHNP5 SALAVWRTNPNPPSYRRGKRNPTVNPQQNNQSDQNSGTSKEQSPEQIGKFRHHG------
GmmOBP7 VLHQCLAPFGGYTLENDQRLQRFKQWSDTYEEFPCFTNCYLNNMFNIYN-----------
DmelOBP83cd  TINRCIQNYGGLTAENAERLERFKEWSDSYEEIPCFTRCYLSEMFDFYN-----------
GmmOBP3 WNKQRLVDELGANMYNYCRFELNRAFKNVCSFAFKGLKCLKQAEMN--------------
DmelOBP83ef WRLKQLTEDLGADVYNYCRFELRRMGSDGCSFAYRGLRCLKQAEMH--------—————
GmmOBP1 TAVILLALFALVS-------- ADYKLRNQEDLNKARKECMEAK---------=mmme-

DmelOBP44a  VAILLCALLGLAS------- ASDYKLRTAEDLQSARKECAASS-----------=nm-

GmmOBP2 IVFLVTLATVWGHHHHEHHDDDDYVVKTREDLFKYRDECSNKLN---------=---—--
DmelOBP99b  KVLIVLLLGLAFVLADHHHHHHDYVVKTHEDLTNYRTQCVEKVH----------=---
AngamOBP9 FVVALLAFTAVVS-------- AEFVVQTREDLLAYRAECVKSLG--------=-=---—-

AeayOBP99c  VFIAVFALIAVAA-------- AEFTVSTTEDLQRYRTECVSSLN--------mm-mm-

CqiOBP99a LFIAIFALIAVAT-------- ADFTVKTTDDLQTYRSECVSSLS-------mmmammme-

DmelOBP99a  VFVAICVLIGLAS-------- ADYVVKNRHDMLAYRDECVKELA------------=---

(cT0112110): 17 3 R — AEDEDWQPKTVADIKSIRNECLKEHP--------------
DmelOBP99c  YLIVALALCAVAH------ADDWTPKTGEEIRKIRVDCLKENP=------rncnono-
GmmOBP11 TKDDALKAHEECHEEFQe-------------—-

DmelOBP83g  QSQSLLLIVAAVATFLVAQTTAKFLLKDHADAEKAFEECREDYY--------nnnn--
AngamOBP32  PAMRSFFHPDPDDCDYERRTYHCLNSQRLNHPSPHVDVCERAYESFRCYYEQYG------
AgamOBP10  VRVLIVFVALLTFAGQPFAVRGQQELSDLPEVKGYKLHCIESS----------=------

AeayPN3 LLISIVSFALVGAALSVPQQANLEDIGKIRNGETYALECLLAS--------n-mnnn=-

CqiOBP56e AVLLVVAVACGVSAVPQQAPPNLEDISRIPNGEMYALECLLTS---------------—
AeayOBP50c  LTVIGLFAMACSQQPISQECFTRPNEGNPKDCCKAPNVIPPKDQ---------=------
AeayPN15 LVVALLSVTIALN------ QIKAFTLQQRQQGDIYAIECIAETG-------m-=mm=mo-

CqiOBP22 AVIVLALQAQLLP------- SSAWTPHSPEQFRRFEELCMDLA-------===nmmnmm

CqiOBPD7 CSTAINVWTDSCKNCLHVIGSAVRRTAGHYSYQSRITACYSRCRGS--------------
DmelOBP69a  FFLALLILYDLIP----SNQGVEINPTIIKQVRKLRMRCLNQT G----------------
GmmOBP19

1033



GmmOBP18
DmelOBP8a  LLSRLLLLLLVVELTPPAIPVPMRSSPQSLALLRARDQCGRELT----------------

GmmOBP22 DDFFQMSERCMRLEK-----=-=--------
GmmOBP20 LFTLFLIVFIFSSREASALNETSRFVLKEPNVRFAQMRCAEKYP----------------
GmmOBP17 NIPGRFNLPNYS

GmmOBP16

GmmOBP14 - ATEEQMRSAANLMRDVCLPKFP-------=-=------

DmelOBP19a  KFHLLLVCVAISLGPIPQSEAGVTEEQMWSAGKLMRDVCLPKYP-------------—--
AngamOBP20  MLFVFFTLLSCTKKKKIFPLRKSTVEQMMKSGEMIRSVCLGKTK----------------
AeayOBP14b  FGLFAVVTLFQTGLGGVGVEGKATVEQMTKTGEMIRNVCIGKLK----------------
CqiOBP56a TRVELALLVWIAVWSTGKVEGKATVEQMMKTGEMIRSVCIGKAK------=--=n-m---
AeayPN17 KVKLLFHVLLAVMLSLHTSESKSTMEQLAKASEMMRGVCVGKTK--------=-------
AeayOBP56a  MKTLSVIILGAWLVHLGGVMSSMTFEDMQETAKMMRGICQPKYG----------------
GmmOBP13 TKDDFEKILQSCREDMQ----------------

DmelOBP56h  FTLFCIALAAFLS----------- MGQCNPDFRQIMQQCMETN-------=mmmmmmmmm
GmmOBP6 LLLVTVLMLGILS-----VEAEIDVQEEIAKFILLANECREEVG----------------
DmelOBP28a  STPIILVAIVLLG---AALVRAFDEKEALAKLMESAESCMPEVG-----------——---
GmmOBP5 YAPAQYQLKPADNFASSPVNKRQMPTSDIPKNMQQFQDTLNEAKFK-----------=--
AngamOBP14  SAVLYFALLATAMVCRVQAGSAEELEQAKEMLRGLAAECKTKEG----------------
AeayPN6 SFCSLQLAWRFVTELQCANSDEEKKAQAKEMMRGMAEECKKKEG----------------

CqiOBP6 MVEIINTG------------- PFKEILLAVRRGMLQD CKESLG-----==-=n==n==
CqiOBP13 - MNLISAFG------- VFLAAAMVSADLSIQEEKCMKEEG----------------
DmelOBP19¢  VVAVLLQTHCVRGQTQAFDLAKLLPKTGTEPIWAVIDRNLPQVQ------------=---
DmelOBP57c  LWLICILTVSVVS---------- IQSLSLLEETNYVSDCLASNN---------=-=—o--

DmelOBP56i  SVKCFFR------- CFLENIGIIAD-NQIIPGAFDRVLGHIVTAEAVERME---------
DmelOBP56d  SVKCFFR------- CFLENIGIIAD-NQIIPGAFDRVLGHIVTAEAVERME---------
DmelOBP56e  KVKCFAN------- CFLEQTGLVAN-GQIKPDVVLAKLGPIAGEANVKEVQ---------
GmmOBP15 EGKCFFS------- CFHEKIGLTIN-GVLQKKIAFGHLKRIFDRETAEFVL---------
GmmOBP4 EAKCFLG------- CLYERTGILKN-GVLONDVLKKNVGYIANRVLLDEVL---------
AngamOBP18  KAKCFVK------- CFLDKAGFIDDDGVIQQDVIREKLTVGIEAGKVNELI---------
GmmOBP9 ALKCYMN------- CLFHEFDVVDDNGDVHLEKLFSKIP-AALRDLLMEAS---------
DmelOBP83a KLKCYMN------- CFFHEIEVVDDNGDVHLEKLFATVP-LSMRDKLMEMS---------
DmelOBPb83b  ALKCYMN------—- CLFHEFEVVDDNGDVHMEKVLNAIPGEKLRNIMMEAS---------
AngamOBP17  KLKCYMN------- CLFHEAKVVDDNGDVHLEKLHDSLP-SSMHDIAMHMG---------
CqiOBP18 KLKCYMN------- CLFHEAKVVDDNGDVHLEKLHDSLP-NSMHDIAMHMG---------
AeayON10 KLKCYMN------- CLFHEAKVVDDTGHVHLEKLHDALP-DSMRDIAMHMG---------
AeayOBP14a  NLKCYMN------- CLFHEAKVVDDTGHVHLEKLHDALP-DSMHDIALHMG---------
GmmOBP12 ALKCYMN------- CFFHELGAVDDKGDVHLETLNLIMP-GSFVEAILKPA---------
GmmOBP10 ALKCYMN------- CFFHELGLVDDKGDVHLETLHQSMP-GSFVDLILKPA---------
GmmOBP8 ALKCYMN------- CLFHEVNVVDDAGELHFEKLVRMIP-EPFLEMVKHI[---------
AngamOBP15  ELQCYMY------- CMFRLHNVTRPNGELDLIDVYHAIP-KQFNSIALKVL---------
AngamOBP7 AAKCYIH------- CLFDKIDVVDEATGRILLDRLLYIIPDDVKAAVDHLT---------
AngamOBP26  KTKCFAK------- CFLEKAGFMTDKGEIDEKTVIEKLSVDHDRAKVEGLV---------
AeayPN13 KTKCFSK------- CVLEKAGFMNEKGEIQEKTVIDKLSVDHDKAKVEATL---------
CqiOBP56d KTKCFAK------- CVLEKAGFMNAAGDVQEKTVVEKLSIDHDKSKVEATL---------
AeayPN4 NTKCFVQ------- CFFQGAGVVDGEGNMQEAFVTEKLASEYGQAKAEEVV---------
CqiOBP28 NTRCFVQ------- CFFQGAGFVDADGNVQEEHVIEKMSAEFDRAKAEEVV---------
Angamnovel  LLADQYG------- NAISLFGRDCSIQRRHQKIIEEAPAVIADPAVFEEMERAAVRLAKM
AeayHNP5 SYRSDSD------- QHHLQNTVIEEEPEWVSAGPTSRLDTIELRGFDDDLSVS-------
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GmmOBP7 EKLIQGNNS-----CEIAYNGFHCLINREDDPFILIDNIEDISMEAKRAMK---------
DmelOBP83cd  KKLELPFESGESS-CKHAYEGFHCITNMESHPFTVIDNMPNISPSAKDAMK---------
GmmOBP3 LLEYYHFPQLEHIPCLFKCFADKSHLYTVNYEWNVLNWLKAFGPIRNENAD---------
DmelOBP83ef  LLQYSKLKSKEPIPCLFQCFADAMGFYDPDGNWRLENWKQAFGPSGNEDQSSG-------
GmmOBP1 ITRCYIE------- CIFDKFQLFDSQTGFKNDNLIAQLGQSKDNKDEVKAD---------
DmelOBP44a ITRNYIQ------- CIFVKFDLFDEAKGFKVENLVAQLGQGKEDKAALKAD---------
GmmOBP2 VTKCYMK------- CMFEHFGFFNEKQGFDVHKIHKQLMGAHGTVDHSDET---------
DmelOBP99b  VTHCYLE------- CIFQKFGFYDTEHGFDVHKIHIQLAGPGVEVHESDEVHQK------
AngamOBP9 TTQCYIK------- CIFNKMQLFDDTNGPIVDNLVVQLAHGRDANEVREE[---------
AeayOBP99c  TTMCYIK------- CVFNKMQLFDDTEGPLVDNLVHQLAHGRDAEEVRTEV---------
CqiOBP99a TTQCYIK------- CIFNKMELFDDNNGPIVDNLVLQLAHGRDADEVRAEI---------
DmelOBP99a KTQCYIK------- CVFTKWGLFDVQSGFNVENIHQQLVGNHADHNEAFHAS--------
GmmOBP21 EVRQYLL------- CTALKMEVFCAHQGYHPNRIAKQFKMDMNEEEVLEIA---------
DmelOBP99c  DVRQYLT------- CSAIKLGIFCDQQGYHADRLAKQFKMDLSEEEALQIA---------
GmmOBP11 LTNCYVK------- CWVEKMGIFTENRGFNEKNIVAQYTYENFKNLESVRHG--------
DmelOBP83g  RTSCFVK------- CFLEKLELFSEKKGFDERAMIAQFTSKSSKDLSTVQHG--------
AngamOBP32  DVDCLAR------- CFLLRSGLYSEQHGPHLDRLYVQCNNYANETRFRETTG--------
AgamOBP10 PTKCFVQ------- CFFQKLRLMDEKGVVLKDKLEVFLTKLMDADKAKDYV---------
AeayPN3 RVKCLVK------- CFFEKTGFMDAEGNLNEEAIVTQLSQFMPKDQVETLV---------
CqiOBP56e QVKCLVK------- CFFEKAGFMDSEGKLQQEVIVRQLGOMMGQDQVQKLY---------
AeayOBP50c  NHNCLAQ------- CMFEQQGIMADGAVSKDAAISKTVAVMGGSSEWEATTKN-------
AeayPN15 RSKCFIR------- CFFEKEGFMDSKGNLHTEKIADALAGDFNREKVETVL---------
CqiOBP22 RTHCFHR------- CLGIVSGLYSDREGADLGRVYAQFGGGRNETRFRDGA---------
CqiOBPD7 VLQVKYLKYFSLSTCLAAWAPLNPEETLYVYTSCFDEWAPKDGTQRKAVAETWFKSWDLK
DmelOBP69a EIKCFLY------- CMFDMFGLIDSQNIMHLEALLEVLPEEIHKTINGLVS---------
GmmOBP19 SFKCYLQ------- CIFDSLGLVDSNNQVNLEKLINFAPTEIHEHILELHR---------
GmmOBP18 SFKCYLQ------- CIFDSLGLVDSNNQVNLEKLINFAPTEIHEHILELHR---------
DmelOBP8a HVRHYLH------- CFWSRLQLWLDETGFQAQRIVQSFGGERRLNVEQALP---------
GmmOBP22 IVHKYIL------- CVNRELQIWDNNQGFDIEKIYQQYKGRANEEVVLPIIS--------
GmmOBP20 ANHCYVY------- CLFYKLGLIDLRSRDLDVVYLIK|--=-=========nmnmmmom

GmmOBP17 NAKCFLR------- CWYKKMGILKENLVTSAGPIPELRQHMRECNEVATEWAQ-------
GmmOBP16 KFKCYAH------- CLLSNLKYLNTFSGKFDIEDFKQQDGIEDEDVAVIAK---------
GmmOBP14 DAKCYIN------- CVMEMMRTMKKGKFLYEGALKQVDLLMPDSYKEEYRPG--------
DmelOBP19a DTNCYIN------- CILEMMQAIKKGKFQLESTLKQMDIMLPDSYKDEYRKG--------
AngamOBP20  ELKCYVN------- CVMEMMOQTMKKGKLNYDASVKQIDTIMPDELAGPMRAA--------
AeayOBP14b  ELKCYVN------- CIFEMMQVVKKGKLNYDAAMKQIDTIMPDELAEPMRIALN------
CqiOBP56a EVKCYVN------- CALEMMQAMKKGKLNYDAMLKQIDTIMPDELAEPMRN---------
AeayPN17 DLKCYAN------- CVLEMMQAMRKGKVNADSAIKQVDLLIPPEIGEPTKK---------
AeayOBP56a  EFKCYAS------- CLMDLTHTAKRGKLNYEAAVKQITMLPDDFREPFRVG---------
GmmOBP13 GVKCYMK------- CVMEKQGHFKNGALLEEAVIKSLESSPADHNDQNQMS---------
DmelOBP56h NLKCYTK------- CLMEKQGHLTNGQFNAQAMLDTLKNVPQIKDKMDEISSG-------
GmmOBP6 EGKCLRA------- CLMKKYEVLDANGKLVKSVALEHAKKFTNSDENKLKIAG-------
DmelOBP28a  AGKCLRA------- CVMKNIGILDANGKLDTEAGHEKAKQYTGNDPAKLKIALEIG----
GmmOBP5 REKCLMA------- CILKRMKLMDSDYKLSVPTISHIAGMISDENPLLISVAAAT -----
AngamOBP14  TQKCLAG------- CMQEQFGVSNGKAFQEDGFIEIAKMLMKGDETKIELAK--------
AeayPN6 VQKCFLS------- CFQHQFQISDGKRFNKDGFMQLSAMMFGEDQEKMATAEEIA-----
CqiOBP6 VQKCLAH------- CAMKQFGVLHGRKFNKQGFASVAKLVIFLDKRKSRYVD--------
CqiOBP13 VQKCYYG------- CLFQALGYLDAEGKRFNSEGFLKTTLPMAANNEKHTQGVHR-----
DmelOBP19c  KEKCLVE------- CVLKKIKLMDADNKLNVGQVEKLTSLVTQDNKMAIAVSSS------
DmelOBP57c  RYKCFIH------- CLAEKGNLLDTNGYLDVDKIDQIEPVSDELREILYDCKK-------
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DmelOBP56i ATCNMIK----------
DmelOBP56d ATCNMIK--------—-
DmelOBP56e AKC

GmmOBP15 GEC

GmmOBP4 PPC

AngamOBP18 KKC

GmmOBP9 KGC

DmelOBP83a KGC
DmelOBPb83b KGC
AngamOBP17 KRC

CqiOBP18 KRC

AeayON10 KRC

AeayOBP14a KRC

GmmOBP12 QHC

GmmOBP10 QHC

GmmOBP8 DACES
AngamOBP15 AKCN--K
AngamOBP7 RECS
AngamOBP26 KKCN

AeayPN13 KKCN

CqgiOBP56d KKCN

AeayPN4 QRCR

CqiOBP28 SRCR

Angamnovel VGYVSAGTVEYLYDSEGKYFFLELNPRLQVEHPCTEMVADVNLPACQLQIGMGVPLYRIK
AeayHNP5 QASSDK-----------
GmmOBP7 ECLHKFN---------
DmelOBP83cd DCLQDVHQD-------
GmmOBP3 ISICRVN---------—-
DmelOBP83ef ADYSGCRLSG----------
GmmOBP1 IEKCADKN----------
DmelOBP44a IEKCAD

GmmOBP2 HEKIAKCAD------------
DmelOBP99b IAHCAET------—--—-
AngamOBP9 VKCAG
AeayOBP99c LKCVD

CqiOBP99a LKCVD
DmelOBP99a [.V.\ oY/ » M—
GmmOBP21 EKCHD
DmelOBP99c QSCVD
GmmOBP11 LEKCID
DmelOBP83g LEKCID
AngamOBP32 TCYRR
AgamOBP10 QQCD

AeayPN3 KNCK

CqiOBP56e ENCN

AeayOBP50c VVEACFQKVSALG------
AeayPN15 YN \\[o Iy —
CqiOBP22 ERCFR-=---cnmmmemm
CqiOBPD7 PDNPG THCFAKCVLEG----------
DmelOBP69a SCG
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GmmOBP19
GmmOBP18
DmelOBP8a
GmmOBP22
GmmOBP20
GmmOBP17
GmmOBP16
GmmOBP14
DmelOBP19a
AngamOBP20
AeayOBP14b
CqiOBP56a
AeayPN17
AeayOBP56a
GmmOBP13
DmelOBP56h
GmmOBP6
DmelOBP28a
GmmOBP5
AngamOBP14
AeayPN6
CqiOBP6
CqiOBP13
DmelOBP19c
DmelOBP57c¢

DmelOBP56i
DmelOBP56d
DmelOBP56e
GmmOBP15
GmmOBP4
AngamOBP18
GmmOBP9
DmelOBP83a

DmelOBPb83b

AngamOBP17
CqiOBP18
AeayON10
AeayOBP14a
GmmOBP12
GmmOBP10
GmmOBP8
AngamOBP15
AngamOBP7
AngamOBP26
AeayPN13
CqiOBP56d
AeayPN4
CqiOBP28
Angamnovel

ACDTQR
ACDTQR

AINGCNAKTS---------
QCN

CKK
LAKCKDS-----------
INLCKDST----------

LDICRT

ACRT
AVNVCRN------------
AFDMCRN---------—--
LDSCRN------=--=--
AIVKECKK------------
VNACKD-----=------
TIIDMCS----mnmmmmmmm

DTCAA
ASNCNN------------
EIAADCK-------=--—--

EECSS

QVADECEK------------

LAKQCEG------------
MAQACSR------------

-------- IHPEGDTLCHKA-WWFHQCWKK
-------- VHPEGDTLCHKA-WWFHQCWKK
........ HIPKGETQCDRA-WSWHVCFKQ;
........ STGPIADACERA-YSHHRCWKETEP-----E------=---=---=mmem=-
--------- HIVTPDKCETA-YETVKCYFN
---------- HKEANPCETA-FKAYQCIYA
---------- QKGANACDTA-FKMTECFYN
---------- QKGANPCDTA-FKVYECFYN
--------- NNSGANACERS-FSLLQCYIAN
--------- NNAGPNACERS-FALLQCYIAN
KNVWGYFSVAASGGLHEFAD-SQFGHCFSWGENRQQARENLVIALKELSIRGDFRTTVEY
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AeayHNP5
GmmOBP7
DmelOBP83cd
GmmOBP3
DmelOBP83ef
GmmOBP1
DmelOBP44a
GmmOBP2
DmelOBP99b
AngamOBP9
AeayOBP99c
CqiOBP99a
DmelOBP99a
GmmOBP21
DmelOBP99c
GmmOBP11
DmelOBP83g
AngamOBP32
AgamOBP10
AeayPN3
CqiOBP56e
AeayOBP50c
AeayPN15
CqiOBP22
CqiOBPD7
DmelOBP69a
GmmOBP19
GmmOBP18
DmelOBP8a
GmmOBP22
GmmOBP20
GmmOBP17
GmmOBP16
GmmOBP14
DmelOBP19a
AngamOBP20
AeayOBP14b
CqiOBP56a
AeayPN17
AeayOBP56a
GmmOBP13
DmelOBP56h
GmmOBP6
DmelOBP28a
GmmOBP5
AngamOBP14
AeayPN6
CqiOBP6
CqiOBP13
DmelOBP19c
DmelOBP57c

..... TDEWQYLSDYVRFPV-QEPIPCYTR
------- EWKSFDAFAYYPV-NEPIPCFTR
------- ANEREKMDICAIM-YEEYNCWERLNYN
------- TQREVALSKCSWM-YHEYKCWER
---------- TEKSDSCTWA-FRGFKCFIS
........ KNEQKSPANEWA-FRGFKCFLG
-------- KKPEDTDPCAWA-YRGGVCFIN
--------- HSKEGDSCSKA-YHAGMCFMN

--------- KNTDNNACHWA-FRGFKCFQKN
--------- KNTDDNSCHWA-FRGFKCFQTN
-------- KNEQGSNACEWA-YRGATCLLKEN
-------- SNPDNSSVDVWA-FRGHKCMMSS

-------- HNEWETDVCTWA-NRVFSCWLKVN

---------- VQGVDACDTA-YKATECYFKN

-SNTDGNVCHWA-FRGFQCFQKN

DNAQKNPTDVWA-FRGHQCMMAS

EGTDACDTA-YQATECYFKN

--------- AQKDSQGCSVMAGSFMDCMPSMMFT

-------- WMLATEMGEGGTGIRLGKCERPYR
———————— VGLYDEKTNTMAVSRVVEQQKAFEKFN
--------- TQKGKDGCDTA-YETVKCYIAVN
--—-KLVDVIPAGKDSCDIV-YTTSQCYYELKP
--—-KLVDVIPAGKDSCDIV-YTTSQCYYELKP
-------- SRGSGAQTVVDWCFRAFVCVLATPVG
--------- QDAKQRNYELWCYKAFLCILDTQVG

-KEKTACETA-FRMYECFYN

--------- NQSNGDECEFA-WSFYTCMHES
-------- LYDNINDPCEYG-FNILQCILMF
--------- ANGIKNNCDAA-YAVLSCLRG
-------- VGLKNAPNCDPA-HALLSCLKN

-------- SADGIKNNCEAS-YAVAKCISKN
-------- SADGIKNNCEAA-WALVKCLHQK
-------- AADGIDDYCEVA-YTLLKCFFKAS
---------- EIGSNECETA-FKVSMCLREH
---------- IKGTNDCDTA-FKVTMCLKEH
-------- AMDTVGDTCEAA-EQYSECFKKQ,
--------- ITVPDDHCEAA-EAYGTCFRG
--------- AINAREPCEAA-NQINKCIAN

—————————— VENADRCQLS-VDIKECVEKAMD
---------- IDNEDLCELG-AELYMCAVTG
---------- VANEDRCELG-EDLMACLKDRG

-VADGIKNNCDAA-YVLLQCLSKN

ASDGIKNNCDAS-YAIAQCVAKN

--AVANDDRCELA-VDIMNCLKES

-GISSKNPCEVA-HLFNQCISRQLE
IYDEEEDHCEYA-FKMVTCLTESFEQ;
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Figure 2: Multiple sequence alignment of GmmOBPs with the Drosophila and mosquito ortholgs

CquiOBP1; 314a

GmmOBP2
GmmOBP1
314A

Gmm OBP1 GmmOBP2 GmmOBP5A GmmOBP22

o ‘

y My E /Ry

- v 8. ;E‘B‘ (ol
G S eﬁ e W
I T T A

v

MKTHVIVFLVTLATVWGHHHHEHHDDDDYVVKTREDLFKYRDECSNKLNVPADLLEKYK 60

GmmOBP22
GmmOBP5A

GmmOBP2
GmmOBP1
314A

KWQYPDDEVTKCYMKCMFEHFGFFNEKQGFDVHKIHKQLMGAHGTVDHSDETHEKIAKCA 120

GmmOBP22
GmmOBP5A

GmmOBP2
GmmOBP1
314A

MRFH 4

DKKPEDTD PAWAYRG GVCFINSNLQLVKSSVNMKTTAVILLALFALVSADYKLRNQEDL 180
MKTTAVILLALFALVSADYKLRNQEDL 27

GmmOBP22
GmmOBP5A

GmmOBP2
GmmOBP1
314A
GmmOBP22
GmmOBP5A

GmmOBP2
GmmOBP1
314A

GmmOBP22
GmmOBP5A

GmmOBP2
GmmOBP1

314A TSE

GmmOBP22
GmmOBP5A

MNSLLLIGGVLVVLNVQFVTAADNN 25
DDF 3
IILKLMSWIVILMCAIESKNVIDLLEGKMYAPAQYQLKPADNFASSPVNKRQMPTSDIPKN 64

NKARKEMEAKK-—VTPELVEKYKKFDFPDDE-—-ITR YIE®IFDKFQLFDSQTGFKND 235
NKARKEMEAKK--VTPELVEKYKKFDFPDDE---ITR YIE[@IFDKFQLFDSQTGFKND 82

ESVI ESISNAVQGAAN DELKVHYRAN EFPDDP---VTHIFVR IGLELNLYDDKYGVDLQ 82

FQMSERIMRLEK——VPDRYKAQFTEFQFPNDP--—IVHKYIL ®\/NRELQIWDNNQGFDIE 58
MQQFQDTLNEAKFKCARAMRLDSNKLLMYEDQPSLREK LMAEILKRMKLMDSDYKLSVP 124

NLIAQLGQSKDNKDEVKADIEK@ADKN---TEKSDS@TWAFRGFK@FISKNLPLVMESLK 292
NLIAQLGQSKDNKDEVKADIEK@ADKN---TEKSDS@TWAFRGFK[@FISKNLPLVMESLK 139

ANWENLGNSDDADEEFVAKHRA| LEAKN-LETIEDLERAYSAFQELREDYEMYQNNNNA 141

KIYQQYKG-RANEEVVLPI IS(%NQDA--—-KQRNYE LWCYKAFLI LDTQVGEWFKEDV 113
TISHIAGMISDENPLLISVAAATASNCNNAI NAREPEAANQI N KEIAN ELKAHKLNLIY 184

[ — 294

[\ — 141
---------- 144
RRQQTRTLTNGHQ 126
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Figure 3: Amino acid sequence of Glossina morsitans morsitans OBPs (OBP22, OBP2, OBP1 and OBP5) aligned with
that of Culex quinquefasciatus CquiOBP1 (PDB: 314 chain A), used as template for the predicted three-
dimensional structure

AGAM OBP1; 3n7hb GmmOBP3 GmmOBP8 GmmOBP12 GmmOBP19 GmmOBP18 GmmOBP21

,ﬂ% f

" 6y G
3n7hb MK---LVTFVFAALLCCSMTLGDT-TPRRD 26
GmmOBP8A MKKYHIYIVTFAITLLMSFGLNNAQKPRRD 30
GmmOBP12
GmmOBP18
GmmOBP19
GmmOBP3 NSEILRKCFEEIDQSQYNSSEVLLEKFKNYAYWSHEEIPCFARCIASEKGWFDIDLSRWN 60
GmmOBP21 AEDEDWQ 7
3n7hb AEYPPPEL---------=-=mmmmmem LEALKPLHDILGKTGVTEEAIKKFSDEE 63
GmmOBPS8 ENYPPPDF-----------mmmmmmmemman LKSFKIIHDVVEKTGATEEAIKEFSDGE 67
GmmOBP12 EAIREFSDGE 10
GmmOBP18 HMRYAEYLLAALYNNT 16
GmmOBP19 HMRYAEYLLAALYNNT 16
GmmOBP3 KQRLVDELGANMYNYCRFELNRAFKN\/%FAFKGLKCLKQAEMNVIITHNNLLECVKEKS 120
GmmOBP21 PKT VADIKSIRNE{@LKEHPLSNEQITKMKNFE 39
3n7hb IHEDEKLKCYMN------- LFHEAKVVDDNGDVHLEKLHDSLPSSIVIH-DIAMHMGKR%L 115
GmmOBP8 IHEDPALKCYMN------- LFHEVNVVDDAGELHFEKLVRMIPEPFL-EMVKHIIDA E 119

GmmOBP12 VHEDEALKCYMN------ FFHELGAVDDKGDVHLETLNLIMPGSFV—EAILKPAQHI 62
GmmOBP18 EHTES-FKCYLQ------- IFDSLGLVDSNNQVNLEKLINFAPTEIH—EHILELHRAD 67
GmmOBP19 EHTES-FKCYLQ------- @I FDSLGLVDSNNQVNLEKLINFAPTEIH-EHILELHRA{®D 67
GmmOBP3 ISMDQLLEYYHFPQLEHIPLFKCFADKSHLYTVNYEWNVLNWLKAFG—PIRNENADISI 179

GmmOBP21  FPDEEEVRQYLL------@TALKMEVFCAHQGYHPNRIAKQFKMDMNEEEVLEIAEKCH 92
. * * . .

E10V/o) SR— YP--ETLDKAFWLHKEWKQSDPKHYFLV----emememnee 142

GMMOBP8  SH----m- |PKGETQLEDRAW5WHV FKQTDPVLYFLP--nrmrmemenen 150

GMMOBP12  --oron- HPEGDTLEHKAWWFHQ@WKKADPEVSNLAQESL--------- 95

GmmOBP18  TQRKLVDVIPAGKDSEDIVYTTSQEYYELKPASREYIEYMMH--------- 109

GmmOBP19  TQRKLVDVIPAGKDSEDIVYTTSQEYYELKPASREYIEYMMH-----—-- 109

GmmOBP3 CRVN--ANEREKMDI@AIMYEEYN[@WERLNYNTDGISVTYKKALKKIFNF- 227
GmmOBP21 DS------ NPDNSSVDVWAFRGHKEMMSSAIGDKVKAYIKKRQEENAAKNA 137

. *

Figure 4: Amino acid sequence of Glossina morsitans morsitans OBPs (OBP8, OBP12, OBP18, OBP19, OBP3 and OBP
21) aligned with that of Anopheles gambie OBP1 (PDB: 3n7h chain B), used as template for the predicted
three-dimensional structure
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AGAMOBP20; 3v2LA°  GmmOBP4 GmmOBP13 GmmOBP16 GmmOBP14

3V2LA --——MLFVFFTLLSCTKKKKIFPLRKSTVEQMMK——-SGEMIRSVELGKT-KVAEELVNG 52
GmmOBP14 ATEEQMRS---AAN LMRDVELPKFPKVSKETADG 31
GmmOBP13 TKDDFEK---ILQSCR-----EDMQINENDLRT 25
GmmOBP4 MKSKIIFDTRVRRKVMFRVTLILLAIVTSALFSENRYMEFLADFKHCKRERGVGRFELDR 60
GmmOBP16 ENFNA 5
3V2LA LRESKFAD—VKELKYVN VMEMMQTMKKGKLNYDASVKQIDTIM---=---------- P97
GmmOBP14 IRNGNLSD-NKDAK{@YIN@VMEMMRTMKKGKFLYEGALKQVDLLM------=-=----- P76
GmmOBP13 LSASPNDV-SEGVKEYMKEVMEKQGHFKNGALLEEAVIKSLESSP-------=------ A70
GmmOBP4 LRVGNLAYPSYEAK@FLGELYERTGILKNGVLONDVLKKNVGYIANRVLLDEVLPPCYAV 120
GmmOBP16 FQSIDMEP-DRKFK{@YAH[@LLSNLKYLN--TFSGKFDIEDFKQ-------=-------- Q 46

. kK. ¥, .. .
3V2LA DELAG—PMRAALDIRTVADG ———————— IKNNDAAYVLLQELSKNNPKFIFP——-— 142
GmmOBP14 DSYKE—EYRPGLAKKDSANG -------- IKNN%DAAYAVLS%RGEITQFVFP--—- 121
GmmOBP13 DHNDQNQMSAIVKEKKEIG ---------- SNE[@ETAFKVSM{@LREHKVDFE|----- 113
GmmOBP4 SGTNKCDIAFELK%FKNVGFDKVWITVPWEDNTDPQYIAAMKLIDDLANVKYRVAFA 178
GmmOBP16 DGIED-EDVAVIAK@KKLYDN-------- INDPEYGFNILQEILMFEPTE ------- 88

Figure 5: Amino acid sequence of Glossina morsitans morsitans OBPs (OBP14, OBP13, OBP4 and OBP16) aligned
with that of Anopheles gambie OBP20 (PDB: 3V2L chain A), used as template for the predicted three-
dimensional

Dmel OBPLush; 100hA GmmOBP7

loohA MKHW------ 4
GmmOBP7 MKLITVIVFSI DFLLFIDASPSGVQEGIVLHQELAP FGGYTLENDQRLQRFKQWSDTYEE 60

Kk

loohA KRRSSAVFAIVLQVLVLLLPDPAVAMTMEQFL 36
GmmOBP7 FPCFTNYLNNMFNIYNETQG FNEENVIKRFGRSVYNACKEKLIQGNNSCEIAYNGFHCL 120

loohA TS------- LDMIRSGCAPKFKLKTEDLDRLRVGDFN------- FPPSQDLMYTKVS 81
GmmOBP7 INREDDPFILIDNIEDISMEAKRAMKECLH KFNTDEWQYLSDYVRFPVQEPIPYTRFV 180
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loohA LMAGTVNKKGEFNAPKALAQLPHLVPPEMMEMSRKSVEACRDTHKQFKES[@ERVYQTAK|® 141
GmmOBP7 YKMQLYNHRLRSWNIAAMOQRLLG-VPAEHANIEN----CLSLSKRRNNNM[@AWIYKEMT{® 235
R R
loohA FSENADGQFMWP 153
GmmOBP7 FSLSQ------- 240
%k .
Figure 6: Amino acid sequence of Glossina morsitans morsitans OBP 9 aligned with that of Drosophila melanogaster
OBP Lush(PDB: 1ooh chain A), used as template for the predicted three-dimensional structure

CquiOBP; 30gn GmmOBP10

30gn MAARAKTLVLFSAVLGIAVVVLADVTPRRDAEYPPPELLEALKPLH DIAKKTGVTDEA 60
GmmOBP10 EA 2

* %

30gn IIEFSDGKIHEDEKLKEYMN LFHEAKVVDDNGDVHLEKLHDSLPNSMHDIAMHMGKR— 119
GmmOBP10 IKEFSEGNIHEDEAL YMNFFHELGLVDDKGDVHLETLHQSMPGSFVDLILKPAQHV 62

30gn YPEGENLEEKAFWLHKWKQADPKHYFLV--- 148
GmmOBP10 HPEGDTLEHKAWWFHQEWKKADPVVSNLMEET 94

Figure 7: Amino acid sequence of Glossina morsitans morsitans OBP 10 aligned with that of Culex quinquefasciatus
CquiOBP (PDB: 30gn), used as template for the predicted three-dimensional structure.

OBP 24 OBP 18 OBP2A OBP 13

OBP 25 oBP 7 OBP8A OBP1
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OBP12

OBP 10 OBP 22 OBP6 OBP26

OBP 17 OBP 6 OBP9 OBP 20

OBP 21 OBP 18 OBP5A OBP 28

OBP 19 OBP 3 OBP 4 OBP 8B
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Figure 8: Predicted Glossina morsitans morsitans OBPs structure

CqiOBP28
— GmmOBP14
85 -5 | AngamOBP20
- GmmOBP18 1
63 GmmOBP15
s 12 _IAeayOBPStSa
91 | GmmOBP10
84 GmmOBP9
— AngamOBP17
— GmmOBP16
7 DmelOBPY99c¢
4|AeayOBP99-::
94 CqiOBP99a
T GmmOBP3
| 0 }——— GmmOBPI1
GmmOBP22
DmelOBP57c

0.9

Figure 9: A dendrogram of retrieved GmmOBPs sequences against mosquitoes (An. gambiae, Ae. aegypti and Cu.
quinquefasciatus) and fruitfly (D. melanogaster)
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