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ABSTRACT
Here we reported recent advancement in the 3D structures of G protein-coupled receptors (GPCR) which act as

major receptors in the spread of many diseases like HIV-1 and HIV-2. GPR15 is one among the GPCRs which
has important role and act as important target for therapeutic agents. Consequently, we used comparatively/
Homology modeling method to predict the 3D structure of GPR15 followed by the validation of the predicted
structures by using Ramachandran Plot, Errat, Qmean and ProSA. An online server ProBiS was to predict the
binding sites and ligands for them as showed similarities with other proteins binding site. Among the 22 ligands
used for docking, UK-432,097 and 1,2-Dimyristoyl-Sn-Glycero-3-Phosphocholine showed best binding energy
than other compounds. This shows that UK-432,097 and 1,2-Dimyristoyl-Sn-Glycero-3-Phosphocholine could
be better for further bioassay. Using UK-432,097 and 1,2-Dimyristoyl-Sn-Glycero-3-Phosphocholine for struc-

ture based virtual screening could help in the identification of further novel ligands with novel action, improved

therapeutic efficacy and acceptable pharmacological properties.

Keywords: UK-432,097, 1,2-Dimyristoyl-Sn-Glycero-3-Phosphocholine, G protein-coupled receptors (GPCR),
Homology modeling, GPR15
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1. INTRODUCTION

G-Protein coupled receptors are present as embedded
in membrane on the surface of the cell and are re-
sponsible for response to different stimulus like odor-
ants, light, neurotransmitters, hormones, or phero-
mones can be used to activate these receptors
(Dolphin, 1994; Flower, 1999; Uhlenbrock, Gassen-
huber, & Kostenis, 2002). They carry out their func-
tion by interacting with heterotrimeric G proteins.
These G-proteins coupled receptors are characterized
by their 7 transmembrane domain structure. Over 800
G-proteins are divided into five families on the basis
of its sequence analysis (Fredriksson, Lagerstrom,
Lundin, & Schioth, 2003). The malfunction of these
receptors lead to many fatal diseases, making them
important drug targets. GPCR remain an important
target and is estimated that 45% of the drug target
these receptors. It also constitute 25% of the top 100
selling drugs (I. H. G. S. Consortium, 2004; Drews,
2000; Flower, 1999; Takeda, Kadowaki, Haga,
Takaesu, & Mitaku, 2002). Due to less or no availa-
bility of crystal and computational 3D structures of
these receptors the use of structure-based approaches
for drug design approach is limited (Archer, Maigret,
Escrieut, Pradayrol, & Fourmy, 2003).

GPCR are also important to act as co-receptor and
helps in the causing and spread of many diseases.
GPR15 is one among the other receptors used by im-
munodeficiency viruses, HIV-1 and HIV-2 to cause
HIV-AIDS in Humans and simian immunodeficiency
virus from macaques (SIVmac) in Asian Macaques
(Clavel et al., 1987; Gallo et al., 1984; Letvin et al.,
1985). GPR15/BOB exhibits the primary structure of
a 7-transmembrane domain protein and shares se-
quence identity with regions of the angiotensin II re-
ceptor and GPCRs CXCR2, CXCR4, CCR5, DEZ
(chemerin receptor), GPR1 and APJ (apelin receptor)
(Farzan et al., 1997; Heiber et al., 1996). The use of
CD4 cells and chemokine receptors is a typical habit
of Human immunodeficiency viruses (HIV) to enter
the cell. CCR5 and CXCR4 were identified as co-
receptors used by HIV virus for their entry to the cell
(Deng et al., 1996; Dragic et al., 1996; Feng, Broder,
Kennedy, & Berger, 1996). It has also been reported
that GPR15 is used by many HIV2, SIVmac and
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some of HIV1 viruses to get entry to the cell, but the
role of GPR15 is not clearly understood whether it
expresses on the surface of virus infected cells or not
(Blaak et al., 2005; Cilliers et al., 2005; Edinger et al.,
1997; Krumbiegel & Kirchhoff, 1999; Mérner et al.,
1999). GPR15/BOB is also responsible for HIV en-
teropathy condition characterized by malabsorption
and increased intestinal permeability with diarrhea
(Clayton et al., 2001). It is observed that TLR3 based
infections increases the expression of GPR15 (Kiene
et al.,, 2014). However, GPR15/BOB expression in
chronic inflammatory disease has not been studied.

Due to the limited availability of the GPCR struc-
tures, the successful chemotherapy is restricted. Now,
observing the importance and role of GPR15 more
insightful study is required to understand and control
the role of GPR15 in different diseases. Here, we re-
ported the 3D homology model of GPR15 using com-
putational tools. As there are very limited natural in-
hibitors available for GPCRs, so for GPR15 the in-
hibitors of other similar proteins having similar active
site are docked. As early reported that 45% of the
drug target these receptors so the use of such compu-
tational tools may help us to identify novel inhibitors
that may possess pharmacological acceptable proper-
ties.

2. METHODS

2.2. Software and hardware

To get a good quality model of GPRI1S5, I-Tasser
(Roy, Kucukural, & Zhang, 2010), Pyre 2 (Kelley,
Mezulis, Yates, Wass, & Sternberg, 2015), Lomets
(Wu & Zhang, 2007), Geno3D (Combet, Jambon,
Deleage, & Geourjon, 2002), MOE (Vilar, Cozza, &
Moro, 2008) and Modeler v 9.15(Webb & Sali, 2014)
was used to generate a good homology model. The
evaluation of the model was carried out using online
servers including ERRAT (Colovos & Yeates, 1993),
RAMPAGE (Lovell et al.)), Qmean and ProSA
(Wiederstein & Sippl, 2007). For docking MOE was
used. Secondary structure prediction, active site pre-
diction and other analysis of the receptor was carried
out using online servers.
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2.2. Templates selection and Sequence alignment
The complete amino acid sequence of GPR15 was
retrieved from Uniprot (U. Consortium, 2014) using
accession number P49685. The length of GPR 15 is
360 Amino acids. Using the primary sequence of
GPR15 as query a PSI-BLAST was carried out to
select suitable templates against the query. The PDB
codes with the highest homology and coverage were
retrieved from RCSB. Initially seven templates were
used for manual model building. The alignment of the
query sequence with the selected templates was car-
ried out t-coffee online server (Di Tommaso et al.,
2011).

2.3. Homology modeling

Homology modeling methodology was followed to
construct the 3D homology model of GPR15. Homol-
ogy modeling of GPR15 was carried out using differ-
ent approaches including I-Tasser (Roy et al., 2010),
Pyre 2 (Kelley et al., 2015), Lomets (Wu & Zhang,
2007), Geno3D (Combet et al., 2002), MOE (Vilar et
al., 2008) and Modeler v 9.15(Webb & Sali, 2014).
The final satisfactory model was generated using
Modeler v 9.15, using the selected templates and also
the models obtained from different servers. The loops
were automatically refined using Modeler v 9.15. All
the models were subjected to validation test for evalu-
ation and finally a best model was selected for further
analysis.

2.4. Secondary structure prediction and model val-
idation

Self-Optimized Prediction Method (SOPMA)
(Geourjon & Deleage, 1995) was used to predict the
secondary structure of GPR15. The models obtained
from I-Tasser, Pyre 2, Lomets, Geno3D, MOE and
Modeler v 9.15were examined by using Ramachan-
dran Plot, Errat, Qmean and ProSA. On the basis of
good geometry the final model generated using Mod-
eler v 9.15was further considered for analysis. The
Ramachandran Plot revealed their Phi/Psi plot while
ProSA relate the structure with X-ray and NMR
structures.

Abbas Khan et al.

2.5. Active site Prediction, Ligand Molecules and
Molecular Docking

The active site of the finally refined model was pre-
dicted by using different online servers and finally the
site finder tool of MOE to select the best site for
docking. Structured based virtual screening protocol
was followed to identify some inhibitors against
GPR15 as no natural inhibitors are available for
GPR15. Initially the inhibitors for other GPRs were
used to identify some novel ligands. For the selection
of ligand molecules an online server ProBiS (Clayton
et al., 2001) was used which help to identify structur-
ally similar binding site in different proteins and this
ligands attached to those site. Using the results of
ProBiS which identify some potential ligands on the
basis of binding site similarities with other proteins.
Before the docking all the identified ligands were
subjected to protonation and energy minimization. A
database for all the ligands were generated and stored
as .mdb (molecular database). The protonation and
minimization of the receptor was also carried out us-
ing MOE. Before the docking a database of these lig-
ands was prepared using MOE. The parameters were
set (Re-scoring function: London dG , placement:
triangle matcher, Retain: 10, Refinement: Force
field, and Re-scoring 2: London dG). Docking
program of MOE provides correct conformation
of the ligand so as to obtain minimum energy
structure. After docking, S-score was considered
best conformation for these
ligands and these were then further studied to
analyze the hydrogen bonding/n-nt
through LigX tool of MOE.

the criteria to select

interactions

3. RESULTS AND DISCUSSION

3.1. Selection of Templates

After retrieving the primary sequence of GPR15 us-
ing accession no P49685 a PSI-BLAST was carried
out to select good templates for the generation of 3D
homology model of GPR15. Templates with highest
homology and high sequence coverage were retrieved
from RCSB and were utilized in the generation of
final homology model. Initially seven templates were
selected for generating the final model using Modeler
v 9.15. Neuropeptide Receptor from Homo sapiens
with 77% coverage and 25% homology, CXCR4
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chemokine receptor with coverage 85% and homology
N/OFQ Opioid Receptor
from E.coli with 77% coverage and 30% of homology,

30% from Homo sapiens,

CCRS Chemokine Receptor from Clostridium pasteuri-
anum with coverage of 82% and homology of 21%,
human delta opioid 7 TM receptor from Homo sapiens
with coverage of 80% and homology of 29%, human
Angiotensin Receptor from homo sapiens with coverage
of 83% and homology of 29% and Human Angiotensin
Receptor from E.coli with coverage of 81% and homol-
ogy of 32% were used to construct the final model of
GPR15. Generally >30% of identity among query and
templates are accepted for comparatively modeling
(Forrest, Tang, & Honig, 2006). However, identity for
membrane proteins >20% - 40% is widely accepted
(Gao, 2009; Reddy, Vijayasarathy, Srinivas, Sastry, &
Sastry, 2006). The requirement is showing that the tem-
plates we selected are far better than the required.

3.2. Sequence alignment & Secondary structure pre-
diction
The alignment between the query sequence of GPR15

Abbas Khan et al.

and the selected templates was carried out using an
online server of t-coffee (Di Tommaso et al., 2011). The
alignment of the query sequence with the selected tem-
plates are shown in the Figure 1. The prediction of sec-
ondary structure was carried out by using an online
server SOPMA which resulted that 34.72% of the resi-
dues lies in Alpha helix, 27.50% in Extended strand
(Ee), 8.06% in Beta Turn while 29.72% lies in random
coil. This result shows that alpha helix occupied the
largest portion of the protein, beta turn with the second
on followed by extended strand. An online server
TMpred
TMPRED _form_parser) was used to predict the number

(http://www.ch.embnet.org/cgi-bin/

of transmembrane regions own by GPRI15. It was
showed that GPR15 contains 7 transmembrane regions
which is showing that GPR15 is also possessing the
same topology like other GPRs. This analysis suggested
that GPR15 could be a good target for homology mod-
eling. The depiction of the secondary structure regions
are shown in the Figure 2 below.

sp|P49685|GPR1S
2KS9 SEQUENCE
30DU_A|PDBID|CH
4E3E A |PDBID|CH
4MBS A|PDBID|CH
4NEH_A|PDBID|CH
4YAY A|PDBID|CH
4ZUD A|PDBID|CH
Cons

sp|P4%685|GPR1S
2KS% SEQUENCE
30DU_A|PDBID|CH
4E3B_A|PDBID|CH
4MBS A |PDBID|CH
4NGH A|PDBID|CH
4YAY A|PDBID|CH
4ZUD A |PDBID|CH
COons

sp|P49685|GPR1S
2KS8S SEQUENCE
30DU_A|PDBID|CH
4E3B_A|PDBID|CH
4MBS A|PDBID|CH
4NGH A |PDBID|CH
4YAY A|PDBID|CH
4ZUD_A|PDBID|CH
Cons

PGSRERLIDIFITINLAASDF IFLVI LPLWVDEREASLGLWRTGSFLCRGSSYMISVNMHCSVLLL
REMRTVINYFLVNLAFAEASMAAFNTVVNFT YAVHNEWYYGLFYCKFHNFFPIAAVEFASTYSM
EFLRSMTDEYRLHLSVADLLFVITLPFWAVDAV —ANWYFGNFLCEAVHVIYTVNLY SSVWIL
SEDETDEGIYVIR—
KRLESMTDIYLINIATISDLFFLLTVPEWAHY AA—AOWDFGNTMCOLLTGLYF IGFEFSGLEE L
TEMRTATNIY IFNLATADATATSTLPFOSARYLM-ETWPFGELLCEKAVLSIDY YNMFTSTFTL
MFLETVASVFLINLTATADLCFLLTLPLWAVY TAME YRWPFGNYLCRIASASVSFNLYASVFLL
MEKLETVASVEFLINIATADLCFLLTLPLWAVY TAME YRWPFGNYLCRKIASASVSFNLYASVEFLL

TCMSVDRY LA TVWEVVSREFRETDCAYVVCASIWF ISCLLGLPTLLSRELTLI —DDRPYCAE
TAVAFDEYMATTHPLOPRLSAT ——ATRVVICVIWVLALLLAFPOGY YSTTETM——PSRVVCMI
AFTSLDRYLATVHATNSORPRELLAERKVVYVGVWIPALLLTIPDFIFANVSEA—DDRYICDR
——————————————————————————-VEEGGPAE IAGIQIG—————
ILLTIDRYTAVVHAVFALKARTVI FGVVTSVITWVVAVFASLPNITFTRSOFRE——GLHYTCSS
TMMSVDRY IAVCHPVEATDFRT PARARL INI CIWVLASGVGVPIMVMAVTR PR— DGAVVCML
TCLSIDRYLATVHPMESRLRRTMLVARVTCI ITWLLAGLASLPATTHRNVFFIENTNITVCAF
TCLSIDRY LA TVHPMKSRLERTMLVARVTCI ITWLLAGLASLPATTHRNVFFIENTNITVCAF

REA-TP——IRLIWSLVALIFTFFVPLLSIVICYCCIARKL.CAH-
EWPEHP-NRKIYERKVYHICVIVLIYFLPLIVIGYAYTVVGITLWAS—
FYP-ND——-LWVVVFQFQHIMVGLILPGIVILSCYCITTSKLSHSGSNIFEMLRIDEGLETRKT
—————————————————-DRIMOVNGWDMTM-VTHDOQARKR———————
HFP-YSOY QFWENFOTLREIVILGLVLPLLVMVICY SCILETLLRM—
QFP-SP-SWYWDTVIKICVFLFAFVVPILITTVCYGLMLLRLESV—
HYE-SO-NSTLPIGLGLTENILGFLFPFLITLTSYTLIWKALKKA—
HYE-SQO-NSTLPIGLGLTENILGFLFPFLITLTSYTLIWKALKRA—

— KR

Figure 1: Showing the alignment of the query sequence with the selected templates used in the gen-
eration of final 3D homology model of GPR15.
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200 258 300

ﬁ )
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Figure 2: Showing the distribution of Alpha helix, beta turn, extended strand and ran-
dom coil in the protein structure with different colours.

Figure 3. The figure is also showing the depiction of the final model generated by using

Modeler v 9.15.

3.3. Model Building & Validation

Homology modeling methodology was followed to
generate the best 3D model of GPR15. Initially many
models were generated using online servers and eval-
uated but due to low quality they were just considered
as templates for final model generation. Using I-
Tasser (Roy et al., 2010), Phyre 2 (Kelley et al.,
2015), Lomets (Wu & Zhang, 2007), Geno3D
(Combet et al., 2002), MOE (Vilar et al., 2008) and
Modeler v 9.15(Webb & Sali, 2014) to construct the
models of GPR15. A model was also generated by
using the selected templates through Modeler v 9.15v
9.15. The evaluation of the model was carried out
using online servers including Errat (Colovos &
Yeates, 1993), Rampage (Lovell et al.) and ProSA
(Wiederstein & Sippl, 2007) but the results were not
satisfactory. Finally the models obtained from differ-
ent servers in combination with the selected templates
were used to generate the best model of the protein.

The final model generated after the use of multiple
templates was subjected to model validation using
different servers. The predicted model quality was
evaluated by using ERRAT (Colovos & Yeates,
1993), RAMPAGE (Lovell et al.) ProSA(Wiederstein
& Sippl, 2007) and QMEAN server (Benkert, Tosat-
to, & Schomburg, 2008). The final refined model of
GPR15 is shown in the Figure 3.

The stereo-chemical properties of the model was cal-
culated by using an online server Rampage. On the
evaluation of Ramachandran plot as shown in the Fig-
ure 4, 86.8% of the residues in were found favoured
region, number of residues in allowed region were
9.4%, while the number of residues in outlier region
3.8%. By comparing these values with those of other
built models using online servers, this model is the
best model of all models generated. The Errat
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(Colovos & Yeates, 1993) analysis suggested that the overall quality factor was 95.83% and is considered the
best model. The overall quality factor high score indicates the quality of the model. Hence, the quality of the fi-
nal model is considered as the best as there are not as many residues over the quality indicator. Moreover, ProSA
(Wiederstein & Sippl, 2007) analysis suggested that the model the native protein folding energy is good and was
analyzed by utilizing Z-Score. The Z-score of the model was -4.26 which shows that the model built was within
the range of standard requirements. Qmean server was further utilized to finally analyze the model quality. The
Figure 5 is showing the quality of the final model generated. The ProSA server also showed that very few of the
residues showed negative energy interaction while mostly lies in positive energy interaction.
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Figure 4: The given depiction of Ramachandran Plot showing the evaluation of the final
model. The Plot showed (86.8%) 276 amino acids lies in the favored region, (9.4%) 30 ami-
no acids plotted in allowed region while (3.8%) 12 amino acids lies in the outlier region.
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Figure 5: Showing the ProSA II and Errat value servers’ validation. The model Z-score was report-
ed -4.26 and Errat overall quality factor was 95.8% which is reflecting the good quality of the mod-
el.
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3.4. Molecular Docking

The ProBiS  server identified morphinan, JDTic, 3-
Quinuclidinyl benzilate, (E)-doxepin, tiotropium, UK-
432,097, Stearic acid, CGS-21680, N-methyl scopolamine,
Oleic acid, Cholesterol hemisuccinate, Retinal, Octyl -D-
glucopyranoside, Carazolol, Di-palmitoyl-3-sn-
phosphatidylethanolamine,N-acetyl-d-glucosamine,
3,6,9,12-Tetraoxaicosan-1-ol, 1,2-Dimyristoyl-Sn-Glycero-
3-Phosphocholine, p-Carotene, Chlorophyll a, Tri-
stearoylglycerol and Cobalamin as to have affinity towards
the binding site of GPR15. These compounds were predict-
ed on the basis of binding site similarities with other com-
pounds. The final binding site used for docking was found
by using Site finder tool of MOE as shown in the Figure 6.
Around 30 conformations of these compounds showed
different affinity which were analyzed by using binding
energy, hydrogen bond forming residues and interacting
residues. The statistical analysis indicated that among the
22 identified ligands only 1,2-dimyristoyl-sn-glycero-3-
phosphocholine,  3,6,9,12-Tetraoxaicosan-1-ol,  CGS-
21680, Cholesterol hemisuccinate, Di-palmitoyl-3-sn-

Abbas Khan et al.

phosphatidylethanolamine, JDTic, N-acetyl-d-
glucosamine, Oleic acid, Stearic Acid, Tristearoylglycerol
and UK-432,097 were found to have good energy scoring.
UK-432,097 and 1,2-Dimyristoyl-Sn-Glycero-3-
Phosphocholine as shown in the Figure 7 was found to
have high score among all the docked ligands and thus
showing a probability of influencing the activity of GPR15.
The interaction of these ligands also confirm the residues
of binding site as found common with other GPCRs. UK-
432,097 total S-Score function is -14.7025 Kcal/mol and
1,2-Dimyristoyl-Sn-Glycero-3-Phosphocholine  total ~ S-
Score function is -14.3749. This shows that UK-432,097
and 1,2-Dimyristoyl-Sn-Glycero-3-Phosphocholine  has
good inhibitory activity on GPR15. Even though, some
other compounds in this library are having better scoring
but the UK-432,097 and 1,2-Dimyristoyl-Sn-Glycero-3-
Phosphocholine shows better interactions. So, we have
demonstrated that, among the 22 identified ligands the
binding capacity is highest for UK-432,097 and can be
further used for further investigations.

Figure 6: showing the predicted binding site and the docked ligand present at the binding site of

GPRI15.

GLU-185

Figure 7: showing the interaction of (A) UK-432,097 and (B) 1,2-Dimyristoyl-Sn-Glycero-3-
Phosphocholine with GPR15 binding site residues.
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Table: 1 showing the top most scoring compounds that were found to have good affinity with GPR15.

Co;formation Compound Name Binding En- | Number of Hydro- Interacting Residues
umber ergy gen Bonds
2 1,2-Dimyristoyl-Sn-Glycero- -14.3749 4 Cys 183, Tyr182,Glu 185, Trp
3-Phosphocholine ' 99, Lys 287, Lys 261
11 3,6,9,12-Tetraoxaicosan-1-ol -10.2027 4 Lys261, Phe 202
50 CGS-21680 -12.2044 4 Glu 93, Lys 92
60 Cholesterol hemisuccinate -12.1302 2 Lys187
Di-palmitoyl-3-sn- .
70 phosphgtidyletianolamine -12.4809 2 His28
74 JDTic -11.3645 2 Glul85, Trp85
90 N-acetyl-d-glucosamine -9.06826 3 Glu185, Ser114, Lys261
100 Oleic acid -9.58019 2 Glu285
130 Tristearoylglycerol -13.2613 2 Glul85
140 UK-432,097 -14.7025 5 Glu 183, Tyr 132, Lys 287, Lys
CONCLUSION REFERENCES

In this work, we have constructed a 3D model of G-
protein coupled receptor 15 of Homo sapiens, which
plays an important role in HIV-1 and HIV-2 infec-
tion. A refined model was obtained after energy mini-
mization. The validation of protein structure through
Ramachandran Plot, Errat, Qmean and ProSA vali-
dates that the protein is stable enough. The stable
structure is further used for docking with the identi-
fied ligands using the binding site similarity. Docking
results indicated that there exist a good affinity be-
tween the ligands and GPR15. The interaction be-
tween the domain and the inhibitors proposed in this
study are useful for understanding the potential mech-
anism of domain and the inhibitor binding. The hy-
drogen bonds play important role for the structure and
function of biological molecule in this study, and we
found that CYS 183, TYRI182, TRP 99, LYS 261,
PHE 202, HIS 28 and LYS 187 of GPR15 are im-
portant for strong hydrogen bonding interaction with
these inhibitors. Among the 22 ligands used for dock-
ing, UK-432,097 and 1,2-Dimyristoyl-Sn-Glycero-3-
Phosphocholine showed best binding energy than oth-
er compounds. The total S-score function is high for
UK-432,097 when compared to other ligands includ-
ing 1,2-Dimyristoyl-Sn-Glycero-3-Phosphocholine.
According to our investigations from the docking re-
sults UK-432,097 can act as better GPR15 antagonist.
Future investigation of other theoretical studies and
experimental studies may confirm that UK-432,097
as a potent inhibitor.
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