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Abstract—In various organisms, G-protein coupled receptors are 
the mostly known cell surface receptors playing vital role among 
many interacting molecule during signal transduction and metabolic 
pathways. These are the super largest family which delivers signals 
from extracellular space to intracellular environment. GPCRs having 
structural characteristics in terms of possessing seven 
transmembrane helices with distinct length of intra and extracellular 
loops. G protein-coupled receptors (GPCRs) are one of the largest 
protein families of seven transmembrane domain receptors with 800 
members in human genome which helping as targets for many drugs. 
In 1994 Attwood and Findlay categorized the A-F six super families. 
In the present study, phylogenetic tree for seventy one O-GPCRs was 
constructed. Four O-GPCRs (GPR139, GPR142, GPR148, and 
GPR157) which were topologically close to each other with minimum 
evolutionary distances were identified. Further structures to function 
approach were used to predict the seven transmembrane domain and 
active site prediction. These findings will help in the deorphanising of 
the above mentioned O-GPCRs and understanding of biological 
structure and function of O-GPCRs belonging to same cluster.  

1. INTRODUCTION 

GPCRs being one of the largest protein families in human 
genome have a characteristic seven alpha helical 
transmembrane ((7TM) structure. The GPCRs recognize 
extracellular signals and transduced the inside the cell [1]. 
Orphan GPCRs (O-GPCRs) are present in various tissues and 
play an important role in many biological processes [2-4]. 
They are known to be major drug targets for Type 2 Diabetes 
and playing crucial role in drug designing [5]. Phylogenetic 
analysis is an efficient method to find out evolutionary and 
functional relationships and provides an insight into biological 
systems [6-7]. The phylogenetic analysis methods have been 
broadly categorized into distance based and character based 
methods [8]. Seventy one O-GPCRs were selected for the 
present study. Multiple sequence alignment for all the 
sequences was performed to identify conserved regions which 
provide an insight into the structural and functional aspects 
[9]. The phylogenetic analysis revealed minimum evolution 
criterion tree clusters. Out of eight clusters we analyzed the 

fourth cluster having GPR139, GPR142, GPR148 and 
GPR157 members which play crucial role in diabetes.  

2. METHODOLOGY 

Multiple sequence alignments of GPR142 with similar 
species- Similarities identification was done using BLASTp 
program of non redundant protein sequence (nr) NCBI 
Database, then alignment of multiple sequence was done using 
CLUSTALW of MEGA5 application [10]. Alignment was 
done in two phase’s pairwise alignment and multiple 
alignments, where pairwise gap opening penalty score was 10 
and gap extension penalty score was 0.1. For multiple 
alignments gap opening penalty score was 10 and gap 
extension penalty score was 0.2. Gonnet approach was used 
for protein weight matrix and residue-specific and hydrophilic 
penalties were applied where gap separation distance was 4 
and delay divergent cutoff percentage was 30. Similarly MSA 
of GPR142 was done with similar PDB structure using above 
mentioned parameters. Then MSA of GPR142 was done with 
71 O-GPCRs sequences using above mentioned parameters.  

Phylogenetic analysis of GPR142 with similar species- 
Phylogenetic tree was constructed using NJ method [11], 
using MEGA5 application [12]. This method constructs a tree 
that minimizes the sum of all edge lengths, for the small 
numbers of taxa in tree, where total number of 100 taxa, total 
number of sites 272. Poisson model method were applied for 
all selected taxa, where substitution type was amino acid, rates 
among sites was uniform, pattern among lineages was 
homogeneous, complete deletion were applied for missing 
data.  

Then Phylogenetic analysis of GPR142 with similar PDB 
structure using above mentioned parameters. This method 
constructs a tree that minimizes the sum of all edge lengths, 
for the small numbers of taxa in tree, where total number of 37 
taxa, total number of sites 257.  

Then Phylogenetic analysis of 71 O-GPCRs using above 
mentioned parameters. This method constructs a tree that 
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minimizes the sum of all edge lengths, for the small numbers 
of taxa in tree, where total number of 71 taxa, total number of 
sites 146, where substitution type was amino acid, rates among 
sites was uniform, pattern among lineages was homogeneous, 
complete deletion were applied for missing data. 

Predictions of transmembrane domain -Seven 
transmembrane domains were identified in the GPCR139, 
GPCR142, GPCR148 and GPCR157, by the TMpred program 
[13]. TMPred is based on statistical method of TMbase 
algorithms; prediction is made using many combined weight 
matrices for scoring of TMPred analysis as well as 
GPCRHMM [14], GPCRHMM is based on HMM algorithms. 

Active Site Prediction: - Active Site prediction of four 
GPCRs GPR139, GPR142, GPR148 and GPR157 was done 
using SiteMap Schrodinger suites software [15-16]. SiteMap 
combined several algorithms for binding site investigation, it 
provides researchers to find and better characteristics of ligand 
or protein binding sites. 

3. RESULTS AND DISCUSSION  

We constructed a comprehensive minimum evolution criterion 
tree for GPCRs protein sequences in human genome. Our 
purposes were to use this tree for identification of structure to 
function relationship of similar GPCRs proteins, which are 
play crucial role in signal transduction. NJ methods build a 
tree which is helpful for the minimization of the sum of all 
edge lengths, for the small numbers of taxa in tree Neighbor 
Joining methods are likely to be same to the minimum 
evolution criterion tree, where calculate the matrix Q; find the 
pair taxa I and j, join and created new central node; calculate 
the distance of each taxa; calculate the distance of each taxa 
from outside of new node; and then replace the pair and join 
nearest node shown in Fig. 1. Further fourth cluster were 
analyzed out of eight clusters because it shown minimum 
evolution distance comparatively 71 O-GPCRs. Other clusters 
also shown important evolution distance but we target only 
GPR142, which play crucial role as a target in case of Type 2 
Diabetes. 

Phylogenetic analysis of GPR142 with similar species- 
Phylogenetic tree was constructed of GPR142 with similar 
species using NJ method. Calculated distance between human 
GPR142 proteins with other species of GPR142, where total 
sum of branch length is 3.359 out of total number of 100 taxa 
which shown shown minimum evolution distance in Fig. 1. 

 
Fig. 1: Phylogenetic tree analysis of GPR142 with similar species 

using Neighbor joining methods where pink  
colour indicate the GPR142 

 gi|982958925|ref|XP_015314493.1| PREDICTED: probable G-protein coupled receptor 142 Bos taurus gi|983002755|ref|XP_015323768.1| PREDICTED: probable G-protein coupled receptor 142 Bos taurus

 gi|296476061|tpg|DAA18176.1| TPA: bombesin-like receptor 3-like Bos taurus

 gi|942100836|ref|XP_005910951.2| PREDICTED: probable G-protein coupled receptor 142 Bos mutus

 gi|440891457|gb|ELR45128.1| Putative G-protein coupled receptor 142 Bos mutus

 gi|742188480|ref|XP_010854788.1| PREDICTED: probable G-protein coupled receptor 142 Bison bison bison

 gi|594102494|ref|XP_006074311.1| PREDICTED: probable G-protein coupled receptor 142 Bubalus bubalis

 gi|556780517|ref|XP_005985289.1| PREDICTED: probable G-protein coupled receptor 142 Pantholops hodgsonii

 gi|926718067|ref|XP_013828076.1| PREDICTED: probable G-protein coupled receptor 142 Capra hircus

 gi|965787150|ref|XP_011965254.2| PREDICTED: probable G-protein coupled receptor 142 isoform X2 Ovis aries musimon

 gi|560954160|ref|XP_006199581.1| PREDICTED: probable G-protein coupled receptor 142 Vicugna pacos

 gi|744619888|ref|XP_010997011.1| PREDICTED: probable G-protein coupled receptor 142 Camelus dromedarius

 gi|560899325|ref|XP_006176095.1| PREDICTED: probable G-protein coupled receptor 142 Camelus ferus

 gi|743711575|ref|XP_010949293.1| PREDICTED: probable G-protein coupled receptor 142 Camelus bactrianus

 gi|528767796|gb|EPY87455.1| putative G-protein coupled receptor 142 Camelus ferus

 gi|350590165|ref|XP_003483002.1| PREDICTED: probable G-protein coupled receptor 142 Sus scrofa

 gi|545856868|ref|XP_005674622.1| PREDICTED: LOW QUALITY PROTEIN: probable G-protein coupled receptor 142 Sus scrofa

 gi|593760503|ref|XP_007131123.1| PREDICTED: LOW QUALITY PROTEIN: G protein-coupled receptor 142 Physeter catodon

 gi|594675707|ref|XP_007185677.1| PREDICTED: probable G-protein coupled receptor 142 Balaenoptera acutorostrata scammoni

 gi|602684452|ref|XP_007454477.1| PREDICTED: probable G-protein coupled receptor 142 Lipotes vexillifer

 gi|466038085|ref|XP_004275752.1| PREDICTED: probable G-protein coupled receptor 142 Orcinus orca

 gi|470636087|ref|XP_004323461.1| PREDICTED: probable G-protein coupled receptor 142 Tursiops truncatus

 gi|955522177|ref|XP_014644700.1| PREDICTED: probable G-protein coupled receptor 142 Ceratotherium simum simum

 gi|958691398|ref|XP_014695093.1| PREDICTED: probable G-protein coupled receptor 142 Equus asinus

 gi|664709211|ref|XP_008511553.1| PREDICTED: probable G-protein coupled receptor 142 Equus przewalskii gi|953865977|ref|XP_014592080.1| PREDICTED: probable G-protein coupled receptor 142 Equus cabal...

 gi|961758274|ref|XP_014937981.1| PREDICTED: LOW QUALITY PROTEIN: probable G-protein coupled receptor 142 Acinonyx jubatus

 gi|591330916|ref|XP_007091276.1| PREDICTED: probable G-protein coupled receptor 142 Panthera tigris altaica

 gi|587012214|ref|XP_006940605.1| PREDICTED: probable G-protein coupled receptor 142 Felis catus

 gi|1016700769|ref|XP_016072159.1| PREDICTED: probable G-protein coupled receptor 142 Miniopterus natalensis

 gi|641728668|ref|XP_008154490.1| PREDICTED: probable G-protein coupled receptor 142 Eptesicus fuscus

 gi|989946709|ref|XP_015445124.1| PREDICTED: probable G-protein coupled receptor 142 Pteropus alecto

 gi|431908810|gb|ELK12402.1| Kinesin-like protein KIF19 Pteropus alecto

 gi|1012118259|ref|XP_015999056.1| PREDICTED: probable G-protein coupled receptor 142 Rousettus aegyptiacus

 gi|57099289|ref|XP_540406.1| PREDICTED: probable G-protein coupled receptor 142 Canis lupus familiaris

 gi|472364689|ref|XP_004401906.1| PREDICTED: probable G-protein coupled receptor 142 Odobenus rosmarus divergens

 gi|585151509|ref|XP_006728187.1| PREDICTED: probable G-protein coupled receptor 142 Leptonychotes weddellii

 gi|859781827|ref|XP_012909925.1| PREDICTED: probable G-protein coupled receptor 142 isoform X1 Mustela putorius furo

 gi|671002640|ref|XP_008692177.1| PREDICTED: probable G-protein coupled receptor 142 Ursus maritimus

 gi|301787195|ref|XP_002929011.1| PREDICTED: probable G-protein coupled receptor 142 Ailuropoda melanoleuca

 gi|281345545|gb|EFB21129.1| hypothetical protein PANDA_019087 Ailuropoda melanoleuca

 gi|823388149|ref|XP_012410359.1| PREDICTED: probable G-protein coupled receptor 142 Trichechus manatus latirostris

 gi|344291033|ref|XP_003417241.1| PREDICTED: probable G-protein coupled receptor 142 Loxodonta africana

 gi|488557357|ref|XP_004469228.1| PREDICTED: probable G-protein coupled receptor 142 Dasypus novemcinctus

 gi|507673828|ref|XP_004709373.1| PREDICTED: probable G-protein coupled receptor 142 Echinops telfairi

 gi|586478434|ref|XP_006869751.1| PREDICTED: probable G-protein coupled receptor 142 Chrysochloris asiatica

 gi|634830134|ref|XP_007958073.1| PREDICTED: probable G-protein coupled receptor 142 Orycteropus afer afer

 gi|585661003|ref|XP_006886452.1| PREDICTED: probable G-protein coupled receptor 142 Elephantulus edwardii

 gi|562833187|ref|XP_006146005.1| PREDICTED: probable G-protein coupled receptor 142 Tupaia chinensis

 gi|444727873|gb|ELW68351.1| putative G-protein coupled receptor 142 Tupaia chinensis

 gi|830198126|ref|XP_012588444.1| PREDICTED: probable G-protein coupled receptor 142 Condylura cristata

 gi|617550256|ref|XP_007525150.1| PREDICTED: probable G-protein coupled receptor 142 Erinaceus europaeus

 gi|505856672|ref|XP_004621739.1| PREDICTED: probable G-protein coupled receptor 142 Sorex araneus

 gi|831219566|ref|XP_012658305.1| PREDICTED: LOW QUALITY PROTEIN: probable G-protein coupled receptor 142 Otolemur garnettii

 gi|826344585|ref|XP_012517762.1| PREDICTED: probable G-protein coupled receptor 142 Propithecus coquereli

 gi|829835313|ref|XP_012634170.1| PREDICTED: probable G-protein coupled receptor 142 Microcebus murinus

 gi|504166541|ref|XP_004593123.1| PREDICTED: probable G-protein coupled receptor 142 Ochotona princeps

 gi|655895036|ref|XP_008249713.1| PREDICTED: LOW QUALITY PROTEIN: probable G-protein coupled receptor 142 Oryctolagus cuniculus

 gi|640779747|ref|XP_008068203.1| PREDICTED: LOW QUALITY PROTEIN: probable G-protein coupled receptor 142 Tarsius syrichta

 gi|403280858|ref|XP_003931925.1| PREDICTED: LOW QUALITY PROTEIN: probable G-protein coupled receptor 142 Saimiri boliviensis boliviensis

 gi|817278488|ref|XP_012309356.1| PREDICTED: probable G-protein coupled receptor 142 Aotus nancymaae

 gi|675661469|ref|XP_008996067.1| PREDICTED: LOW QUALITY PROTEIN: probable G-protein coupled receptor 142 Callithrix jacchus

 gi|530412100|ref|XP_005257362.1| PREDICTED: probable G-protein coupled receptor 142 isoform X1 Homo sapiens

 gi|21929089|dbj|BAC06129.1| seven transmembrane helix receptor Homo sapiens

 gi|32401433|ref|NP_861455.1| probable G-protein coupled receptor 142 Homo sapiens gi|83288229|sp|Q7Z601.1|GP142_HUMAN RecName: FullProbable G-protein coupled receptor 142 AltName: FullG-protein couplt

 gi|29611646|gb|AAO85134.1| G protein-coupled receptor PGR2 Homo sapiens

 gi|119609564|gb|EAW89158.1| G protein-coupled receptor 142 isoform CRA_b Homo sapiens

 gi|397484466|ref|XP_003813398.1| PREDICTED: LOW QUALITY PROTEIN: probable G-protein coupled receptor 142 Pan paniscus gi|694969486|ref|XP_009431476.1| PREDICTED: LOW QUALITY PROTEIN: probable G-protes

 gi|426346887|ref|XP_004041100.1| PREDICTED: LOW QUALITY PROTEIN: probable G-protein coupled receptor 142 Gorilla gorilla gorilla

 gi|441677851|ref|XP_004093065.1| PREDICTED: LOW QUALITY PROTEIN: probable G-protein coupled receptor 142 Nomascus leucogenys

 gi|395749405|ref|XP_003778938.1| PREDICTED: LOW QUALITY PROTEIN: probable G-protein coupled receptor 142 Pongo abelii

 gi|795550198|ref|XP_011718016.1| PREDICTED: probable G-protein coupled receptor 142 Macaca nemestrina

 gi|795091396|ref|XP_011792780.1| PREDICTED: probable G-protein coupled receptor 142 Colobus angolensis palliatus

 gi|724939714|ref|XP_010385984.1| PREDICTED: LOW QUALITY PROTEIN: probable G-protein coupled receptor 142 Rhinopithecus roxellana

 gi|967211429|ref|XP_014975800.1| PREDICTED: probable G-protein coupled receptor 142 Macaca mulatta

 gi|635090806|ref|XP_008010076.1| PREDICTED: probable G-protein coupled receptor 142 Chlorocebus sabaeus

 gi|982306711|ref|XP_015294289.1| PREDICTED: LOW QUALITY PROTEIN: probable G-protein coupled receptor 142 Macaca fascicularis

 gi|795507808|ref|XP_011898183.1| PREDICTED: LOW QUALITY PROTEIN: probable G-protein coupled receptor 142 Cercocebus atys

 gi|795065068|ref|XP_011827679.1| PREDICTED: probable G-protein coupled receptor 142 Mandrillus leucophaeus

 gi|685599603|ref|XP_009189429.1| PREDICTED: probable G-protein coupled receptor 142 Papio anubis

 gi|532100854|ref|XP_005336049.1| PREDICTED: probable G-protein coupled receptor 142 Ictidomys tridecemlineatus

 gi|984134022|ref|XP_015358988.1| PREDICTED: probable G-protein coupled receptor 142 Marmota marmota marmota

 gi|852732219|ref|XP_012892131.1| PREDICTED: probable G-protein coupled receptor 142 Dipodomys ordii

 gi|674047330|ref|XP_008829731.1| PREDICTED: probable G-protein coupled receptor 142 Nannospalax galili

 gi|568973409|ref|XP_006533130.1| PREDICTED: probable G-protein coupled receptor 142 isoform X1 Mus musculus gi|63100041|gb|AAY33021.1| orphan G protein-coupled receptor TRHRL1 Mus musculus

 gi|32306534|ref|NP_861414.1| probable G-protein coupled receptor 142 Mus musculus gi|83288230|sp|Q7TQN9.1|GP142_MOUSE RecName: FullProbable G-protein coupled receptor 142 gi|32165540|gb|AAP72137.1| Gt

 gi|568973407|ref|XP_006533129.1| PREDICTED: probable G-protein coupled receptor 142 isoform X2 Mus musculus

 gi|564313996|ref|XP_006221094.1| PREDICTED: probable G-protein coupled receptor 142 Rattus norvegicus gi|564375173|ref|XP_006247763.1| PREDICTED: probable G-protein coupled receptor 142 Rattus norvegs

 gi|532014418|ref|XP_005350984.1| PREDICTED: probable G-protein coupled receptor 142 Microtus ochrogaster

 gi|1008701943|ref|XP_015851350.1| PREDICTED: probable G-protein coupled receptor 142 Peromyscus maniculatus bairdii

 gi|524932181|ref|XP_005070275.1| PREDICTED: probable G-protein coupled receptor 142 Mesocricetus auratus

 gi|537144167|gb|ERE69153.1| putative G-protein coupled receptor Cricetulus griseus

 gi|354466599|ref|XP_003495761.1| PREDICTED: probable G-protein coupled receptor 142 Cricetulus griseus gi|625260035|ref|XP_007621441.1| PREDICTED: probable G-protein coupled receptor 142 Cricetulus gs

 gi|537144168|gb|ERE69154.1| putative G-protein coupled receptor Cricetulus griseus

 gi|344236281|gb|EGV92384.1| Kinesin-like protein KIF19 Cricetulus griseus

 gi|507640774|ref|XP_004630245.1| PREDICTED: probable G-protein coupled receptor 142 Octodon degus

 gi|884883368|ref|XP_013002467.1| PREDICTED: probable G-protein coupled receptor 142 Cavia porcellus

 gi|512999149|ref|XP_004861117.1| PREDICTED: probable G-protein coupled receptor 142 Heterocephalus glaber

 gi|351696506|gb|EHA99424.1| Putative G-protein coupled receptor 142 Heterocephalus glaber

 gi|731204313|ref|XP_010617019.1| PREDICTED: probable G-protein coupled receptor 142 Fukomys damarensis

 gi|731230505|ref|XP_010629108.1| PREDICTED: probable G-protein coupled receptor 142 Fukomys damarensis

 gi|676282084|gb|KFO35627.1| Fas-binding factor 1 Fukomys damarensis
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Phylogenetic analysis of GPR142 with similar PDB 
structure- Phylogenetic tree was constructed of GPR142 with 
similar PDB structure using NJ method. Calculated distance 
between human GPR142 proteins with other PDB crystal 
structure available in Protein Data bank (PDB Database) of 
GPR142, where total sum of branch length is 7.186 out of total 
number of 37 taxa, which shown minimum evolution distance 
with other deposited crystal structure available in PDB 
Database shown in Fig. 2. 

 

Fig. 2: Phylogenetic tree analysis GPR142 proteins with other 
PDB crystal structure available in Protein Data bank (PDB 

Database) of GPR142 using Neighbor joining methods where 
green colour indicate the similar PDB crystal structure 

Phylogenetic analysis of 71 O-GPCRs– Phylogenetic trees 
were also developed with calculated distance between each 
GPCRs family, which may be helpful for comparisons of 
GPCRs with similar domain and function. We covered only 
seventy one orphan human GPCRs sequences, and collected 
all the dataset from the IUPHAR database [17]. Jones-Taylor-
Thornton model were applied for analysis of statistics where 
overall distance is 1.727. Statistical model of tree were 
analysed where total number of params 139, number of rates 
1, AICc score is 45176.855, BIC score is 46180.283 and LnL 
score is -22447.525. Calculated distance between human 
GPR142 proteins with other orphan GPCRs, where total sum 
of branch length is 44.302 out of total number of 71 taxa but 
cluster four shown minimum evolution distance comparatively 
other cluster shown in Fig. 3. 

 

Fig. 3: Phylogenetic tree analysis of GPR142 with other orphan 
GPCRs using Neighbor joining methods, where blue colour 

indicate the conserved novel homologues 

 gi|377656593|pdb|4DAJ|A Chain A Structure Of The M3 Muscarinic Acetylcholine Receptor gi|377656594|pdb|4DAJ|B Chain B Structure Of The M3 Muscarinic Acetylcholine Receptor gi|377656595|pdb|4DAJ|C Char

 gi|726969067|pdb|4U15|A Chain A M3-mt4l Receptor Bound To Tiotropium gi|726969068|pdb|4U15|B Chain B M3-mt4l Receptor Bound To Tiotropium gi|726969069|pdb|4U16|A Chain A M3-mt4l Receptor Bound To N...

 gi|726969066|pdb|4U14|A Chain A Structure Of The M3 Muscarinic Acetylcholine Receptor Bound To The Antagonist Tiotropium Crystallized With Disulfide-stabilized T4 Lysozyme (dst4l)

 gi|1004171631|pdb|5CXV|A Chain A Structure Of The Human M1 Muscarinic Acetylcholine Receptor Bound To Antagonist Tiotropium

 gi|906848993|pdb|4XEE|A Chain A Structure Of Active-like Neurotensin Receptor

 gi|756142618|pdb|4RWS|A Chain A Crystal Structure Of Cxcr4 And Viral Chemokine Antagonist Vmip-ii Complex (psi Community Target)

 gi|310689932|pdb|3OE6|A Chain A Crystal Structure Of The Cxcr4 Chemokine Receptor In Complex With A Small Molecule Antagonist It1t In I222 Spacegroup

 gi|310689928|pdb|3ODU|A Chain A The 2.5 A Structure Of The Cxcr4 Chemokine Receptor In Complex With Small Molecule Antagonist It1t gi|310689929|pdb|3ODU|B Chain B The 2.5 A Structure Of The Cxcr4 Chep

 gi|310689930|pdb|3OE0|A Chain A Crystal Structure Of The Cxcr4 Chemokine Receptor In Complex With A Cyclic Peptide Antagonist Cvx15 gi|310689936|pdb|3OE9|A Chain A Crystal Structure Of The Chemokine p

 gi|460417601|pdb|4IB4|A Chain A Crystal Structure Of The Chimeric Protein Of 5-ht2b-bril In Complex With Ergotamine gi|567755593|pdb|4NC3|A Chain A Crystal Structure Of The 5-ht2b Receptor Solved Usie

 gi|310942510|pdb|2KS9|A Chain A Solution Conformation Of Substance P In Water Complexed With Nk1r gi|310942512|pdb|2KSA|A Chain A Substance P In DmpcCHAPS ISOTROPIC Q0.25 BICELLES AS A LIGAND FOR Nk1r

 gi|810515963|pdb|4YAY|A Chain A Xfel Structure Of Human Angiotensin Receptor

 gi|939187030|pdb|4ZUD|A Chain A Crystal Structure Of Human Angiotensin Receptor In Complex With Inverse Agonist Olmesartan At 2.8a Resolution

 gi|940376760|pdb|5DHG|A Chain A The Crystal Structure Of Nociceptin/orphanin Fq Peptide Receptor (nop) In Complex With C-35 (psi Community Target) gi|940376761|pdb|5DHG|B Chain B The Crystal Structur)

 gi|385252102|pdb|4EA3|A Chain A Structure Of The NOFQ OPIOID RECEPTOR IN COMPLEX WITH A PEPTIDE Mimetic gi|385252103|pdb|4EA3|B Chain B Structure Of The NOFQ OPIOID RECEPTOR IN COMPLEX WITH A PEPTIDEc

 gi|380765131|pdb|4DKL|A Chain A Crystal Structure Of The Mu-Opioid Receptor Bound To A Morphinan Antagonist

 gi|910751276|pdb|5C1M|A Chain A Crystal Structure Of Active Mu-opioid Receptor Bound To The Agonist Bu72

 gi|380765108|pdb|4DJH|A Chain A Structure Of The Human Kappa Opioid Receptor In Complex With Jdtic gi|380765109|pdb|4DJH|B Chain B Structure Of The Human Kappa Opioid Receptor In Complex With Jdtic

 gi|387766395|pdb|4EJ4|A Chain A Structure Of The Delta Opioid Receptor Bound To Naltrindole

 gi|568786785|pdb|4N6H|A Chain A 1.8 A Structure Of The Human Delta Opioid 7tm Receptor (psi Community Target)

 gi|747155326|pdb|4RWA|A Chain A Synchrotron Structure Of The Human Delta Opioid Receptor In Complex With A Bifunctional Peptide (psi Community Target) gi|747155327|pdb|4RWA|B Chain B Synchrotron Strue

 gi|15988217|pdb|1FX0|B Chain B Crystal Structure Of The Chloroplast F1-Atpase From Spinach gi|20150924|pdb|1KMH|B Chain B Crystal Structure Of Spinach Chloroplast F1-atpase Complexed With Tentoxin

 gi|306992006|pdb|3OEH|D Chain D Structure Of Four Mutant Forms Of Yeast F1 Atpase: Beta-V279f gi|306992007|pdb|3OEH|E Chain E Structure Of Four Mutant Forms Of Yeast F1 Atpase: Beta-V279f gi|30699200f

 gi|307568101|pdb|2XOK|D Chain D Refined Structure Of Yeast F1c10 Atpase Complex To 3 A Resolution gi|307568102|pdb|2XOK|E Chain E Refined Structure Of Yeast F1c10 Atpase Complex To 3 A Resolution gi|n

 gi|402550244|pdb|4B2Q|D Chain D Model Of The Yeast F1fo-atp Synthase Dimer Based On Subtomogram Average gi|402550267|pdb|4B2Q|DD Chain d Model Of The Yeast F1fo-atp Synthase Dimer Based On Subtomograe

 gi|224510811|pdb|3FKS|D Chain D Yeast F1 Atpase In The Absence Of Bound Nucleotides gi|224510812|pdb|3FKS|E Chain E Yeast F1 Atpase In The Absence Of Bound Nucleotides gi|224510813|pdb|3FKS|F Chain Fi

 gi|119389907|pdb|2HLD|D Chain D Crystal Structure Of Yeast Mitochondrial F1-Atpase gi|119389908|pdb|2HLD|E Chain E Crystal Structure Of Yeast Mitochondrial F1-Atpase gi|119389909|pdb|2HLD|F Chain F C1

 gi|402550245|pdb|4B2Q|E Chain E Model Of The Yeast F1fo-atp Synthase Dimer Based On Subtomogram Average gi|402550246|pdb|4B2Q|F Chain F Model Of The Yeast F1fo-atp Synthase Dimer Based On Subtomograme

 gi|943352128|pdb|5DN6|D Chain D Atp Synthase From Paracoccus Denitrificans gi|943352129|pdb|5DN6|E Chain E Atp Synthase From Paracoccus Denitrificans gi|943352130|pdb|5DN6|F Chain F Atp Synthase Froms

 gi|333944305|pdb|3OAA|D Chain D Structure Of The E.Coli F1-Atp Synthase Inhibited By Subunit Epsilon gi|333944306|pdb|3OAA|E Chain E Structure Of The E.Coli F1-Atp Synthase Inhibited By Subunit Epsiln

 gi|6729935|pdb|1MAB|B Chain B Rat Liver F1-Atpase gi|93279423|pdb|2F43|B Chain B Rat Liver F1-atpase

 gi|306991567|pdb|2XND|D Chain D Crystal Structure Of Bovine F1-C8 Sub-Complex Of Atp Synthase gi|306991568|pdb|2XND|E Chain E Crystal Structure Of Bovine F1-C8 Sub-Complex Of Atp Synthase gi|30699156e

 gi|262118383|pdb|2W6E|D Chain D Low Resolution Structures Of Bovine Mitochondrial F1-Atpase During Controlled Dehydration: Hydration State 1. gi|262118384|pdb|2W6E|E Chain E Low Resolution Structuresa

 gi|3660252|pdb|1NBM|E Chain E The Structure Of Bovine F1-Atpase Covalently Inhibited With 4-Chloro-7-Nitrobenzofurazan

 gi|3660251|pdb|1NBM|D Chain D The Structure Of Bovine F1-Atpase Covalently Inhibited With 4-Chloro-7-Nitrobenzofurazan gi|3660253|pdb|1NBM|F Chain F The Structure Of Bovine F1-Atpase Covalently Inhibn

 gi|1827812|pdb|1COW|D Chain D Bovine Mitochondrial F1-Atpase Complexed With Aurovertin B gi|1827813|pdb|1COW|E Chain E Bovine Mitochondrial F1-Atpase Complexed With Aurovertin B gi|1827814|pdb|1COW|Fb

 gi|392935592|pdb|4ASU|D Chain D F1-Atpase In Which All Three Catalytic Sites Contain Bound Nucleotide With Magnesium Ion Released In The Empty Site gi|392935593|pdb|4ASU|E Chain E F1-Atpase In Which e

 gi|49413552|gb|AAT65818.1| G protein-coupled receptor 139 Homo sapiens

 gi|32165526|gb|AAP72130.1| G protein-coupled receptor 142 Homo sapiens

 gi|284447291|ref|NP 997247.2| probable G-protein coupled receptor 148 Homo sapiens

 gi|54609912|gb|AAV35060.1| G protein-coupled receptor 157 Homo sapiens

 gi|21542532|gb|AAH33039.1| LGR4 protein Homo sapiens

 gi|64654504|gb|AAH96325.1| LGR5 protein Homo sapiens

 gi|55777408|gb|AAH47905.2| Leucine-rich repeat-containing G protein-coupled receptor 6 Homo sapiens

 gi|23592220|ref|NP 703143.1| G-protein coupled receptor 26 Homo sapiens

 gi|37183331|gb|AAQ89465.1| GPR78 Homo sapiens

 gi|19923975|ref|NP 612454.1| probable G-protein coupled receptor 146 Homo sapiens

 gi|146160686|gb|ABQ08572.1| G protein-coupled receptor 123 Homo sapiens

 gi|84040002|gb|ABC49857.1| G protein-coupled receptor 149 Homo sapiens

 gi|51593779|gb|AAH80585.1| G protein-coupled receptor 162 Homo sapiens

 gi|24286041|gb|AAN46673.1| G-protein coupled receptor GPR97 Homo sapiens

 gi|119593360|gb|EAW72954.1| G protein-coupled receptor 88 Homo sapiens

 gi|45774614|gb|AAS76893.1| G protein-coupled receptor 152 Homo sapiens

 gi|119567890|gb|EAW47505.1| G protein-coupled receptor 31 Homo sapiens

 gi|42794265|ref|NP 944605.2| mas-related G-protein coupled receptor member D Homo sapiens

 gi|85397394|gb|AAI04890.1| MAS-related GPR member E Homo sapiens

 gi|195969652|gb|ACG60653.1| MAS-related GPR member X2 Homo sapiens

 gi|195969650|gb|ACG60652.1| MAS-related GPR member X1 Homo sapiens

 gi|119588822|gb|EAW68416.1| MAS-related GPR member X4 Homo sapiens

 gi|119616447|gb|EAW96041.1| G protein-coupled receptor 150 Homo sapiens

 gi|119620567|gb|EAX00162.1| G protein-coupled receptor 75 Homo sapiens

 gi|2654161|gb|AAC26082.1| GPR39 Homo sapiens

 gi|119585909|gb|EAW65505.1| G protein-coupled receptor 27 Homo sapiens

 gi|9507143|ref|NP 061842.1| probable G-protein coupled receptor 173 Homo sapiens

 gi|8809847|gb|AAF79956.1|AF250237 1 orphan G protein-coupled receptor 85 Homo sapiens

 gi|45501224|gb|AAH67106.1| GPR176 protein Homo sapiens

 gi|119587333|gb|EAW66929.1| G protein-coupled receptor 83 Homo sapiens

 gi|38678524|ref|NP 859528.1| opsin-5 Homo sapiens

 gi|4885299|ref|NP 005281.1| G-protein coupled receptor 15 Homo sapiens

 gi|119611728|gb|EAW91322.1| G protein-coupled receptor 25 Homo sapiens

 gi|119582243|gb|EAW61839.1| G protein-coupled receptor 151 Homo sapiens

 gi|21961320|gb|AAH34761.1| G protein-coupled receptor 182 Homo sapiens

 gi|387763606|ref|NP 001248383.1| G-protein coupled receptor 1 Homo sapiens

 gi|119592304|gb|EAW71898.1| G protein-coupled receptor 32 Homo sapiens

 gi|49456487|emb|CAG46564.1| GPR35 Homo sapiens

 gi|21595842|gb|AAH32694.1| GPR55 protein Homo sapiens

 gi|89257346|ref|NP 005284.2| G-protein coupled receptor 20 Homo sapiens

 gi|13517983|gb|AAK29080.1|AF348078 1 G-protein coupled receptor 91 Homo sapiens

 gi|13517983|gb|AAK29080.1|AF348078 1 G-protein coupled receptor 91 Homo sapiens(2)

 gi|52426789|ref|NP 543008.3| 2-oxoglutarate receptor 1 Homo sapiens

 gi|23274212|gb|AAH36815.1| G protein-coupled receptor 171 Homo sapiens

 gi|4826706|ref|NP 004942.1| G-protein coupled receptor 183(EBI2) Homo sapiens

 gi|45219779|gb|AAH66927.1| GPR18 protein Homo sapiens

 gi|119615743|gb|EAW95337.1| G protein-coupled receptor 17 Homo sapiens

 gi|32165524|gb|AAP72129.1| G protein-coupled receptor 141 Homo sapiens

 gi|30023826|ref|NP 835230.1| P2Y purinoceptor 8 Homo sapiens

 gi|31790166|gb|AAP58404.1| G-protein coupled receptor 23 Homo sapiens

 gi|119602304|gb|EAW81898.1| G protein-coupled receptor 132 Homo sapiens

 gi|4885335|ref|NP 005273.1| G-protein coupled receptor 4 Homo sapiens

 gi|119601771|gb|EAW81365.1| G protein-coupled receptor 65 Homo sapiens

 gi|48474929|sp|Q96P66.1|GP101 HUMAN RecName: Full Probable G-protein coupled receptor 101

 gi|20381353|gb|AAH28163.1| G protein-coupled receptor 161 Homo sapiens

 gi|30425400|ref|NP 848566.1| glucose-dependent insulinotropic receptor Homo sapiens

 gi|32165534|gb|AAP72134.1| G protein-coupled receptor 135 Mus musculus

 gi|119611382|gb|EAW90976.1| G protein-coupled receptor 52 Homo sapiens

 gi|4455063|gb|AAD21056.1| orphan G protein-coupled receptor GPR45 Homo sapiens

 gi|223633986|ref|NP 003958.2| trace amine-associated receptor 5 Homo sapiens

 gi|119576796|gb|EAW56392.1| G protein-coupled receptor 61 Homo sapiens

 gi|4885325|ref|NP 005272.1| G-protein coupled receptor 3 Homo sapiens

 gi|45768611|gb|AAH67450.1| GPR12 protein Homo sapiens

 gi|116497021|gb|AAI26302.1| G protein-coupled receptor 6 Homo sapiens

 gi|111494116|gb|AAI05684.1| GPR50 protein Homo sapiens

 gi|9966839|ref|NP 065103.1| G-protein coupled receptor 84 Homo sapiens

 gi|3892879|emb|CAA73080.1| G protein coupled receptor 37 Homo sapiens

 gi|29791434|gb|AAH50334.1| G protein-coupled receptor 37 like 1 Homo sapiens

 gi|111118994|ref|NP 001693.2| brain-specific angiogenesis inhibitor 1 precursor Homo sapiens

 gi|223460380|gb|AAI36534.1| BAI2 protein Homo sapiens

 gi|4502359|ref|NP 001695.1| brain-specific angiogenesis inhibitor 3 Homo sapiens
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Conserved Novel homologues- Some cluster shown 
minimum evolution distance but cluster four shown 
topologically bare minimum evolution distance, which contain 
GPR139, GPR142, GPR148, and GPR157 shown in Fig. 4. 
Fourth cluster was selected which showed minimum score 
0.25 between GPR139 and GPR142 and 0.42 score were 
predicted between GPR149 and GPR157. GPR139 and 
GPR142 share same ligands for Type 2 diabetes treatment. 
Sequence of GPR139, GPR142, GPR148 and GPR157 were 
retrieved from IUPHAR Database, where Sequence format is 
Pearson Sequence GPE139: gi|49413552|gb|AAT65818.1| 
which 353 aa long, Sequence GPR142: 
gi|32165526|gb|AAP72130.1| which 462 aa long, Sequence 
GPR148: gi|284447291|ref|NP_997247.2| which 347 aa long 
and Sequence GPR157: gi|54609912|gb|AAV35060.1| which 
335 aa long membrane proteins. MSA were done between 
GPR139, GPR142, GPR148 and GPR157 for validation of 
similarities shown in Fig. 4. 

 

Fig. 4: - Phylogenetic tree cluster using Neighbor joining 
methods, where GPR139, GPR142, GPR147 and  

GPR157 shown minimum score show in blue colour 

Multiple sequence alignments of Novel homologues- 
Multiple sequence alignment of GPR139, GPR142, GPR148 
and GPR157 was aligned, where parameters were 10 for gap 
penalty and 0.10 for gap extension penalty, and use 
BLOSUM30 matrix shown in Fig. 3. GPR139, GPR142, 
GPR147 and GPR157 are close to each other’s and Sequences 

of (GPR139:GPR142) Aligned. Score: 36.8272, Sequences of 
(GPR139:GPR148) Aligned. Score: 12.6801, Sequences of 
(GPR139:GPR157) Aligned. Score: 12.2388, Sequences of 
(GPR142:GPR148) Aligned. Score: 14.9856, Sequences of 
(GPR142:GPR157) Aligned. Score: 12.8358, Sequences of 
(GPR148:GPR157) Aligned. Score: 13.7313 shown in Fig. 5. 

1. GPR139- GPR139 belongs to Class A family of G 
Coupled receptor protein, its protein coding gene; 
chromosome location is 16p12.3 in human. Its seven 
transmembrane protein and 353 amino acid long receptor 
protein, and its previous and unofficial name was G(q)-
coupled orphan receptor GPRg1, GPRG1 and G-protein-
coupled receptor PGR3. Primary transduction 
mechanisms of GPR139 are act as transducer, and belong 
to Gq/G11 family, which activation of serum response 
element (SRE) and cAMP response, its inhibitory G-
protein and phospholipase C. dimer formation and 
required proper signaling function in GPCR pathway. 

2. GPR142- GPR142 belongs to Class A family of G 
Coupled receptor protein, its protein coding gene; 
chromosome location is 17q23 in human. Its seven 
transmembrane proteins and 462 amino acid long receptor 
proteins, and its previous and unofficial name were 
KIF19, AXOR103 and G-protein coupled receptor PGR2. 
Sequence similarities between GPR139 and GPR142 are 
50% and it might be share ligands to each others. 

3. GPR148- GPR148 belongs to Class A family of G 
Coupled receptor protein, its protein coding gene; 
chromosome location is 2q14.3 in human. Its seven 
transmembrane protein and 347 amino acid long receptor 
protein and previous and unofficial name were BTR, 
PGR6 and brain and testis restricted GPCR. Tissue 
distribution of GPR148 is brain and testes in case of 
human; GPR148 may be the possible candidate gene, 
which is involved in developmental delay 
(DD)/intellectual disability (ID), attention-deficit 
hyperactivity disorder (ADHD), and neurobehavioral 
abnormalities due to deletion of chromosome 2q21.1. 
GPR148 is absent in mouse and rat.  

4. GPR157- GPR157 belongs to other seven transmembrane 
family of G Coupled receptor protein, its protein coding 
gene; chromosome location is 1p36.22 in human, its 
seven transmembranes protein and 335 amino acids long 
receptor protein. GPR157 ambiguous sequence 
similarities to other class A and class B GPCR families, 
because of distant sequence similarities to other GPCRs, 
it cannot be classified. GPR139, GPR142, GPR148 and 
GPR157 identical region (amino acids ) shown in dark 
black colors and similar conserved regions (amino acids ) 
are shown in light black colors.  
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Fig. 5: MSA analysis of GPR139, GPR142, GPR148 and GPR157 
GPCRs, where dark black colors shown identical amino acids 

Seven Transmembrane Domain analysis- Seven 
transmembrane domains are identified by the TMpred 
program and GPCRHMM.  

Table1- 7 Transmembrane Domain position prediction of  
four orphan GPCRs 

GPCRs/7TM GPR139 GPR142 GPR148 GPR157
TM-1 30-51 160-182 51-75 16-39 
TM-2 63-83 193-217 90-114 49-69 
TM-3 109-129 230-257 127-147 84-106 
TM-4 148-167 278-297 168-187 121-142 
TM-5 182-208 312-337 215-240 170-192 
TM-6 229-253 356-377 261-282 226-248 
TM-7 269-289 398-418 299-320 259-282 

 

Active Site Prediction-Active site prediction of four orphans 
GPCRs with similar PDB ID which is also helpful in active 
site prediction, that kind of approach called structure to 
function relationship. While Active site prediction shown in 
Table 2- 

Table 2: Active site prediction of four orphan GPCRs 

GPCR Active Site Similar 
PDB 

GPR139 24, 43, 47, 51, 54, 55 3NY9 
GPR142 88, 89, 92, 93, 167, 172, 216, 220, 223, 

250, 254 
1GZM 

GPR148 89, 92, 93, 184, 234, 238, 266 3AYN 
GPR157 59, 151, 152, 162, 233, 237, 251, 252, 255 3PWH 

4. CONCLUSION 

In this paper, we construct the phylogenetic tree using 
maximum parsimony and Neighbor joining methods with 
minimum evolution criterion and calculate distances between 
seventy one O-GPCRs in human. Some GPCRs show the 
minimum evolution relationship between some GPCRs 
(GPR139, GPR142, GPR148 and GPR157), these O-GPCRs 
grouped in subgroup of taxa. After tree construction and select 
only GPR139, GPR142, GPR148 and GPR157 for seven 

transmembrane domains are identified and active site 
prediction of four O-GPCRs. Subgroup of four O-GPCRs are 
selected as receptors which belong to different classes, this 
approach helpful for identification of valuable protein 
interaction analysis of four O-GPCRs which are closely 
attached. Systems biology approach will be used to predict the 
biochemical network. 
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