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Abstract - The researches have been made on G-protein coupled receptors (GPCRs) over the long-ago decades. GPCR is also named as
7-transmembrane (7TM) receptor. According to biological prospective GPCRs consist of large protein family with respective subfamilies
and are mediated by different physiological phenomena like taste, smell, vision etc. The main functionality of these 7TM receptors is
signal transduction among various cells. In human genome, cell membrane plays significant role. All cells are made up of trillion of cells
and havedissimilar functionality. Cell nembrane composed of different components. GPCRs are reported to be modulated by membrane
57 YX ;.57 R/K) (CRAC) or reverse orientation of CRAC
-L/V) (CARC) motifs present in the TM helices. Among all, cholesterol is one who is regulated by membrane proteins.

cholesterol by interacting with cholesterol recognition amino acid consensus (L/V-X
(RIKX , 7YX
Here we took GPCR as membrane proteins and this protein modulates membrane cholesterol. According to cell biology, GPCR regulates
awide diversity of vital cellular processes and are targeted by a huge fraction of approved drugs. In this paper we have concentrated our
investigation on membrane protein with membrane cholesterol. A hybrid algorithm consisting of spectral clustering and support vector
machine is proposed for prediction of membrane cholesterol with GPCR. Spectral clustering uses graph nodes for calculating the cluster
points and also it considers other concept such as similarity matrix, low-dimensional space for projecting the data points and upon this
parameter at last construct the cluster centre. Supervised learning method is used for solving regression and classification problems.
From the analysis we found that our result shows better prediction accuracy in terms of time complexity when compared with two

existing models such as fuzzy c-means (FCM) and rough set with FCM model.

Keywords: GPCR, TM, Membrane cholesterol, FCM, Rough Set, Spectral clustering, SVM

1. INTRODUCTION

In mammalian cells, so many important components
are included with their diversified functionality. In re-
cent decades, all researches have been going on cell bi-
ology. Because huge amount of unsolved issues are still
there and varieties of challenges were emerged day
by day. In this manuscript our focal point of research
is on membrane cholesterol with plasma membrane
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protein. Plasma membrane is also known as biological
membrane or cell membrane which surrounds every
living cell to separate the internal stimuli from the out-
side stimuli and it is made up of bilayer, membrane pro-
teins and carbohydrates in addition with phospholip-
ids shown in figure 1 [1-7]. Basically, plasma membrane
is semi-permeable in nature.
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Fig. 1. Schematic representation of cell membrane [5]

By nature cholesterol is amphipathic and it has both
hydrophilic and hydrophobic regions. Foremost work
of cholesterol in plasma membrane is that it impacts
the fluidness and facilitates to produce an effectual
dispersal barrier. In the plasma membrane all gaps
amongst phospholipids are filled up by cholesterol and
also it forbids water soluble molecules from diffusive all
around the plasma membrane which is shown in figure
2. A vital purpose of cholesterol is hormone produc-
tion, Vitamin D production and bile production. Due
to much deposit of lipoproteins (LDL) in cell wall, heart
disease and other forms of cardiovascular diseases are
basically shown in case of human body [8-13].

A .OH B _OH C

Fig. 2. Cholesterol Structural properties [13]

GPCRs are also called as 7 transmembrane (7-TM) re-
ceptors. They are treated as the most important diverse
protein families in mammalian genomes.

GPCR is a bigger super family among all cell mem-
brane proteins. It includes above 820 genes with their
sub family and symbolized main targets in the devel-
opment of novel drug candidates in all clinical areas.
This family mostly known as larger receptor protein
family and are involved in transmitting signals from a
diversity of stimuli exterior part to its inside part of cells
[13-18]. These families take part in a vital task in physi-
ology by facilitating interaction among cell through
recognition of dissimilar ligands, together with nucle-
osides, bioactive peptides, lipids and amines. Mem-
brane Cholesterol is another imperative component
of cellular membrane and has been reported to have a
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modulatory role in the function of a number of GPCRs.
Due to novel functionality of GPCR protein with mem-
brane lipids; it has come out as an exciting domain of
research. Cholesterol is a waxy like substances and it
is hydrophobic in nature. All cellular cholesterols are
distributed unlikely inside the membrane from N-C
terminus and to identify cholesterol binding sites of all
motifs among seven helices named as helix 1 to helix 7
which is shown if figure 3 below [19-22].

Extiacelluln
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Tntracellul

CRAC motif - L/V-X 5 Y -X . KIR l
CARC motil: K/R-X 4 Y-X .o LV
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Cholesterol
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Phospholpid

Fig. 3. The 7 helices with N-terminus and C-terminus [1]

Most of the researchers focused their work only on
plasma membrane receptor like GPCR. Because GPCR is
the largest super family among all the receptors in cell
biology and has much functionality such as cell signal-
ing, drug targeting etc. We know that it is an emerging
area of research so many researchers have implement-
ed varieties of algorithms upon it like support vector
machine, naive Bayes, neural network, fuzzy c-means
[21-30] etc. Therefore we have concentrated our ex-
periment on GPCR along with membrane cholesterol
which is an innovative idea. Here we proposed a hy-
brid spectral clustering based FCM model to predict
the valid motif sequence(s) from different helices and
also compared our proposed model with other two tra-
ditional models to showcase the efficacy of proposed
model. The said model discovered improved result like
more number of targeted promising motif types which
could be used for drug design for patients. The rest part
of the paper is ordered as follows. In part 2 data set of
cholesterol with GPCR proteins and proposed model is
discussed. Part 3 explains methodologies with experi-
mental work and finally in part 4 we conclude our work
with valid results.

2. DATASET AND PROPOSED MODEL
DESCRIPTION

2.1 DATASET DESCRIPTION

From uniprot database [31] we have collected the
total helical sequences of each protein. Length of
each helix may vary according with their gene ID. Total
820 known proteins with their amino acid sequences
reside in database. All helices have individual trans-
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membrane region which is the combination of differ-
ent amino acids. All database genes contain 7 helices
that means from helix 1 to helix 7. Another dataset is
membrane cholesterol motif sequence. We prepared a
cholesterol dictionary on basis of two algorithms that
is CRAC for forward orientation and CARC for backward
orientation. Table 1 denotes the possible cholesterol
motif using forward and backward sequences with the
presence of amino acid. Figure 4 shows one helical file
snapshot which was retrieved from database.

Table 1. All probable motif type that is mixture of
cholesterol plus X which signifies the arrangement of
amino acid that can be different from (one to twenty).

Type of Motif FORWARD MOTIF  BACKWARD MOTIF
P FORMULA FORMULA
1t015 L/VIYTR/K,...., K/R1Y/FILA, .....,
L/V1Y5R/K K/RTY/F5L/V
211025 L/V2Y1R/K,......, K/R2Y/FILA, ...... ,
L/V2Y5R/K K/R2Y/F5L/V
L/V3Y1R/K, ..., K/R3Y/FILV, ....... ,
31to 35
L/V3Y5R/K K/R3Y/F5L/V
41t0 45 L/VAYTR/K, ...... , K/RAY/FILN, ...... ,
L/VAY5R/K K/RAY/F5L/V
51 to 55 L/VSYIR/K, ......, K/RSY/FILA, ...,
L/V5Y5R/K K/R5Y/F5L/V

>sp|P28222|50-75 SISLPWKVLLVMLLALITLATTLSNAFVIATVYRTRKLHT
>sp|P28566|23-47 PKTITEKMLICMTLVVITTLTTLLNLAVIMAIGTTKKLH
>sp|P28221|39-64 RTLQALKISLAVVLSVITLATVLSNAFVLTTILLTRKLHT
>sp|P28223|76-99 LHLQEKNWSALLTAVVIILTIAGNILVIMAVSLEKKLQ
>sp|P28335|53-78 FKFPDGVQNWPALSIVIIIIMTIGGNILVIMAVSMEKKLH
>s5p|Q13639|20-40 GFGSVEKVVLLTFLSTVILMAILGNLLVMVAVCWD
>sp|P41595|57-79 QGNKLHWAALLILMVIIPTIGGNTLVILAVSLEKKLQ
>sp|P34969|84-104 GRVEKVVIGSILTLITLLTIAGNCLVVISVCFVKK
>s5p|P30542|11-33 SISAFQAAYIGIEVLIALVSVPGNVLVIWAVKVNQAL
>sp|P29274|8-32 MPIMGSSVYITVELAIAVLAILGNVLVCWAVWLNSNLQN
>sp|P33765]15-37 LSLANVTYITMEIFIGLCAIVGNVLVICVVKLNPSLQ
>5p|Q01718|24-49 NNSDCPRVVLPEEIFFTISIVGVLENLIVLLAVFKNKNLQ
>sp|P30556|28-52 AGRHNYIFVMIPTLYSIIFVVGIFGNSLVVIVIYFYMKL
>sp|P50052[46-71 PSDKHLDAIPILYYIIFVIGFLVNIVVVTLFCCQKGPKKV
>s5p|Ql6581|24-46 PWNEPPVILSMVILSLTFLLGLPGNGLVLWVAGLKMQ
>s5p|Q9P296|39-61 DPLRVAPLPLYAAIFLVGVPGNAMVAWVAGKVARRRV
>sp|P21730|38-60 NTLRVPDILALVIFAVVFLVGVLGNALVVWVTAFEAK
>sp|P30988|172-191 VLYYLAIVGHSLSIFTLVISLGIFVFFRKLTTIF
>s5p|Q16602|147-166 NLFYLTIIGHGLSIASLLISLGIFFYFKSLSCQR
>sp|P41180|613-635 LSWTEPFGIALTLFAVLGIFLTAFVLGVFIKFRNTPI
>sp|P32238|42-67 PSKEWQPAVQILLYSLIFLLSVLGNTLVITVLIRNKRMRT
>sp|P41597|43-70 DVKQIGAQLLPPLYSLVFIFGFVGNMLVVLILINCKKLKCLT
>sp|P51677|35-62 DTRALMAQFVPPLYSLVFTVGLLGNVVVVMILIKYRRLRIMT
>sp|P51679|40-67 GIKAFGELFLPPLYSLVFVFGLLGNSVVVLVLFKYKRLRSMT
>sp|P46092|53-68 SVSLTVAALGLAGNGLVLATHLAARRAARS
>sp|P51681|31-58 NVKQIAARLLPPLYSLVFIFGFVGNMLVILILINCKRLKSMT
>sp|P51684 |48-74 VRQFSRLFVPIAYSLICVFGLLGNILVVITFAFYKKARSMT
>5p|P51685]36-63 LIQTNGKLLLAVFYCLLFVFSLLGNSLVILVLVVCKKLRSIT
>5p|000421[44-64 SAQLVPSLCSAVFVIGVLDNLLVVLILVKYKGLKR
>5p|Q99788|42-64 EARVTRIFLVVVYSIVCFLGILGNGLVIIIATFKMKK
>5p|P21554[117-142 VLNPSQQLAIAVLSLTLGTFTVLENLLVLCVILHSRSLRC
>sp|P34972|34-59 ILSGPQKTAVAVLCTLLGLLSALENVAVLYLILSSHQLRR
>5p|Q13324[109-139 LDDKQRKYDLHYRIALVVNYLGHCVSVAALVAAFLLFLALRSIRC
>sp|P34998|112-142 ILNEEKKSKVHYHVAVIINYLGHCISLVALLVAFVLFLRLRPGCT

Fig. 4. Snapshot of one helical protein

2.2 PROPOSED MODEL

In eukaryotic membrane, cellular cholesterol plays a
vital role and is modulated by GPCR which is renowned
as cell signalling among intracellular with extracellular
leaflets. So many receptors and transporters are avail-
able in mammalian cell. But our research focuses on
superfamily GPCR receptor with membrane cholester-
ol. GPCR regulate a wide diversity of vital cellular pro-
cesses and are targeted by a huge fraction of approved
drugs. The workflow is explained in Figure 5 and step
wise elaboration is mentioned below.
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Discover all valid signature
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Fig. 5. Proposed model of cholesterol
with GPCR family

Step-1: Firstly, we have collected GPCR proteins with
their respective helices from uniprot database. And
also have constructed cholesterol dictionary with the
help of CRAC and CARC algorithm for both forward and
backward direction.

Step 2: Then we took matching position of both da-
taset to find the backward and forward motif using
Rabin-Karp string matching algorithm [1].

Step 3:In the next step we have applied hybrid spec-
tral clustering with support vector machine method for
both CRAC and CARC algorithm.

Step 4: Finally, we found our targeted valid motif
which have clinical relevance.

3. METHODOLOGY WITH EXPERIMENTAL
DISCUSSION

3.1 SPECTRAL CLUSTERING

In various fields like bioinformatics, image process-
ing, networking, data mining etc. clustering approach-
es have been widely used for solving the numerous
problems. In every aspect clusters are formed accord-
ing with their similarity of data objects. As we know that
clustering is an unsupervised machine learning-based
algorithm that comprises a group of data points into
clusters so that the objects belong to the same group.
In our paper we used spectral clustering algorithm on
forward and backward motif of membrane cholesterol
to distinguish the motif sequences with the help of
cluster. Spectral clustering uses graph nodes for calcu-
lating the cluster points and also it considers other con-
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cepts such as similarity matrix, low-dimensional space
for project the data points and upon this parameter, at
last constructs the cluster centre [32-34].

Algorithm: Spectral Clustering
Input:

Data set Y={y_1,...,y_n}, Initailize o scaling
start on:

Step 1: All data are preprocessing with the help of
scaling method

[|dj—dp|I?

202

)

Put up a Laplacian matrix frerm .— | — p=34p~;

Step 2: Make an Affinity matrix 4, = exp (-
Step 3:
Step 4: Work out the k largest Eigen vectors XX, of L

Step 5: matrix is X=[u,..,u, JER"™*¥

xl-]-

Step 6: Outline a matrix Wfrom Xas Wi = =7
(Z]xij)
Step 7: Cluster every one W by k-means

Step 8: Allocate the X to cluster jiffW is assign to cluster j

3.2 SUPPORT VECTOR MACHINE (SVM)

In recent days, classification approach has been
treated as one of the powerful tool for dissimilar ap-
plications like protein structure prediction, text cat-
egorization, face recognition, fingerprint recognition,
speech recognition, data classification, micro-array
gene expression, etc. In this paper we have applied a
novel approach spectral with SVM algorithm on our da-
taset. Basically, this supervised learning method is used
for solving regression and classification problems. SVM
theory is always characterizing the decision boundar-
ies using the decision planes concepts [35-37].

A training set that includes label pairs (w,v), i=1,..,n
every w here w € R" and v€{profit, loss}, SYM algorithm
wants outcome with the help of optimization problem
that is stated below.

O s
Tylg;UMu+CZ?=1<’i (1)
Subjectto: v;(zMP(W) +y >1-¢,§,>0. (2

In equation (3) decision function is denoted as

P =pfn(XiL, x;a;B(x;, x) + p) (3)

With help of the kernel function ¢, training vector w,
is mapped with their dimensional space. According to
SVM concept all data points are classified using hyper
planes even if it is impracticable for receiving linear so-
lution in case of two dimensional spaces. For this rea-
son we are using kernel function k(ui,uj)zcb(u}.)’vfb[uj)
for multidimensional data. Utilizing divergent kernels
function, this algorithm is trained which is shown in be-
low equations (4), (5) and (6).
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(i) Linear kernel:

(uo ) = ul'y 4)

(i) Polynomial kernel:
f(ul-, uj) = (yui'u; + )%y >0, (5)

and

(i) Radial Basis kernel
(RBF): (uz,w;) = exp(—y Il u; —u 1),y (6)

The entire kernel arguments such as C,y,r, and e are
initialized by utilizing the dataset. All kernel param-
eters areaffected based upon the size of training data
[35-40].

3.3 EXPERIMENTAL PART ELABORATION

The work flow of our manuscript is finished using
windows 10 operating system plus Intel i5 processor
with hard disk of 8 GB for finishing the experimental
part and here Python 3.7 is used for coding purpose. To
compute the overall performance here we took helical
data of GPCR receptor with dictionary of cholesterol.
The work flow of our model is elaborated step wise
manner.

Step 1: In very beginning step, first of all extracted
the individual helix protein data of GPCR receptor from
uniprot database like, protein Id, helix name (h1-h7)
and length of the protein whichever is the mixture of
different amino acid. Next dataset cholesterol is also
computed based on CRAC/CARC approach.

Step 2: After collecting both dataset sequences we
used sliding window concept on both to find out the
separate motif sequences of backward and forward re-
gion. Window size is as W = {w5, w6, w7, w8, w9, w10,
w11, wi2, w13}. The formula for cholesterol dictionary
is CRAC and CARC.

Step 3: After completion of step 2 work, we move to
next step where we applied our proposed algorithm
spectral clustering and SVM for prediction of mem-
brane cholesterol with membrane receptor GPCR. Our
proposed algorithm is well suited for both the datasets.
The foremost objective of this paper is to find out valid
signature motif from prediction.

Here in below, Table 4 shows resultant prediction of
cholesterol from GPCR receptor for forward motif. In
this table we have taken two columns which have rep-
resented as |d number proteins with their motif type,
motif sequences with helix name. The entire predicted
motifs are found using CRAC (L/V X, Y X, . K/R) for-
mula. Here we can explain one result. With protein id
P30550 which isincluded in motif type 55 (L/V XXXXX Y
XXXXXK/R) which means first position amino acid L/V
is present and last position amino acid K/R is present.
Expect 1%t and last position another position is their
where another amino acid Y is present. Therefore, our
motif sequence is like LSIISVYYYFIAK. In this case first
position is followed by L, after then 5 different amino
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acid are present such as SISV and then middle posi-
tion is Y and after that another dissimilar amino acid
are there like YYFIA. Finally, in last position K is pres-
ent. And all this sequence is present in helix 5 region of
GPCR proteins. In this way all forward motif sequences

are predicted using the proposed algorithm

Table 4. Resultant prediction of cholesterol from
GPCR receptor for forward motif

Identification

Identification

TOnHEr Gl Sequence of number of Sequence of
protein with motif and helix protein with motif and helix
Motif Type Name Motif Type name
Qrases(ss)  IVOTCVRNTK  poos gy VMTIOCRIR
P28336 (55) LA':;ZLY;IAK Q14833(44) Vng/ILA;};TR
Pasesaiss) VLRIV prazaian  VIECTIK
paazasiss) Lol UV qousvssa)  VHEEIVSHK
pa2agse) TR oenmessz) VPOV
P25025(54) LlM:-hFeC“\)((GSF)TLR Q14833(52) VSIEﬁQ/IliI;(Y%lPK
043193(54) LCL(E'ELITXGSL)'GR 015303(52) Vskﬁgﬁ%\;w
Panasse) IR qragaisy VA BTITIP
asecorise  TMIGAGR ooy VSLGMIVMPK
psissa(s) VTGO MAR  pagazsisy VYRRV
Qoukps(s4)  HOLORAR paosgsy VPR
Posooa(se) T TN pssosasy)  YMPELVIRR
onpeo (s MOVEYETAR qosreasy  YMIELIOLR
043603(44) V'-%ZIQE)TLR ) LNP(\P/]I;\I(QF%GLR
paosoaey)  WIMIVOLSR - pangisy  LOPELOAR
P41146(44) V'S(mig;""* BT LNP(I;]\Ql(iXI\;)GKR

Table 5. Resultant prediction of cholesterol from
GPCR receptor for backward motif

Identification

Identification

number of Sequence of number of Sequence of
- motif and helix o motif and helix
protein with name protein with name
Motif Type Motif Type
KSVTDIYLLNLAL P03999 RQPLNYILV
P49238(55) (helix 2) 42) (helix 2)
KTATNIYIFNLAL Q86VZ1 RHHWVFGVL
P41143(55) (helix 2) (42) (helix 3)
KTATNIYIFNLAL Q9BZJ6 RVSAMFFWL
P41145(53) (helix 2) (42) (helix 3)

Volume 13, Number 2, 2022

pattagiss)  KTANVIFNLAL - P21453  REGSMPVAL
pssosiss)  NHPAVVMANLAL - P214s2  RAFCYFONL
Qoosoaiss)  KFNFMVFIGNL  QaNYMa — RYLSIFUL
cooaiiss)  KRVENNLLNLAV - 32268 KMSFRSGLLL
Qovariiss  KMQUMINV. - P2s02s  KENFYSGILL
Q969V1(55) KTVEhDeII)I(CZI?LAV ng;)o KLC()E;IE;\)/NL
aezauss (LI PURT e
prisoniss)  KTATNVLLNLAV. - PS1S62 KEVRFLPVANL
psoosz(ss)  KVSSNIFNLAV. - QaNYWO - KIANFSNYIFL
Oazroxss) RTTTNLGSMAV  Pacoss  RTVKLFAIY
QoHBss(ss)  RTPINLESLAY P2s02a RAMRVIFAVY
prsoasisa)  KTVPRFLMCNL - P25025  RAMRVIFAVY
paassas)  NTVPRFLMONL  P30SS9  RTVKMTEIV
proazsise)  KINVPRFLMCNL — P37268  RTvVKMTFV
Qowspass)  KKSRMIFFVTOL - Pa7e0r  RIVKMTFVIV
Prossosy  NHSRUEFFUKHL - paso1o L
Qonvwosg  KISTIGITGL - pasees  RRRTFCLL
p21453(54) RPNLEZ:ZILGZI\)ILAL 01( ;1125)14 RSALFQ6I)L (helix
P43220(54) RAL(SQ;T:)I((%AAL 0525538 RIGVFS;/)L (helix
P34969 (42) R?hpj :\:(YZL)N Q9l(_;|_2V)\12v R(Ir?eLhFxS \6/)L
£20371(42) RR‘/Z:;‘XYZLV Q1( ;1;)32 RIGVFSg/)L (helix
omsersuz) NNV QapGr RIGHESI
oseuauy  FWINEV Q17 RGP
oosorzz)  TRAWYYCLY 060353 RIGVFSGL
p21452(42) RT:]/;E\:(YZF)N( Ogg)84 RIGVFS%/)L (helix
P25103(42) RT(XZ:;‘XY;)LV Q9g;)61 R(LhGell_iiTg;L
P35368(42) RIPTZI,:(Y;)IV

Table 5 shows resultant prediction of cholesterol
from GPCR receptor for backward motif. All the motif
sequences for forward motif was mentioned in table 4

Like table 4, all the motif sequences of table 5 have
been predicted for backward direction. Here the CARC
(K/RX1-5YX1-5 L/V) formula has been implemented for
prediction. Here we took one predicted motif sequence

131



RTVTNYFIV from table 5 for description. This sequence
has protein id P21452 and it is included under helix2.
First position of sequence motif is either K or R and
middle part is constant | thatis Y and the last position it
contains either amino acid L or V. From this analysis we
found backward motifs target the membrane proteins
more in comparison to forward motifs. Most of the tar-
get sites are under higher motif 55, 52, 45, 42, 35 etc.
and helixare 5, 2,7, 3, 6.

3.4 COMPARATIVE ANALYSIS

In Table 6, we have compared FCM model, rough set
with FCM model and our proposed model to showcase
the efficacy of the proposed model in terms of discover-
ing suitable types of motifs. Target site of helix by FCM
model was found to be h2, h5 and h7 having motif type
11,12, 21, 54, 34. Further, target site of helix by rough set
with FCM model was found to be h2, h3, h5 and h7 hav-
ing motif type 21, 51, 44, 54, 25, 53. Our proposed model
discovers the target site of helix as h2, h3, h5 and h7 and
extra helix in hé. Also their motif types are 55, 52, 45, 42,
35 which is higher than the existing models.

Table 6. Motif type comparison by different methods

Motif Type
Methods Helix Name (Forward/
Backward)
FCM [1] h2,h5,h7 11,12,21,54,34
Rough Set with FCM H2,h3,h5,h7 21,51,44,54,25
[28]
SIEEETELT H2,h3, h5,h7,h6 55,52,45,42,35

(Proposed)

4. CONCLUSION

In this paper, we concentrated our work on predic-
tion of uncovering membrane cholesterol from hu-
man GPCR super family. Frequently, such receptors are
the most significant protein super family in biological
membrane and play a substantial role in the transduc-
tion of signal across cell membranes. It also signifies as
an essential drug target in all clinical fields. About 820
human proteins are included in this family. Membrane
cholesterol has a modulatory role in the function of
some GPCRs.

In our manuscript we have discussed about cellular
receptor with membrane cholesterol. According to
biological perspective GPCRs consist of large protein
family in mammalian cells. The main functionality of
these 7TM receptors is signal transduction among
unlike cells. In human genome, cell membrane plays
significant role. Cell membrane composed of different
components. GPCRs are reported to be modulated by
membrane cholesterol by interacting with these CRAC
or CARC motifs present in the TM helices. Among all,
cholesterol is one who is regulated by membrane pro-
teins. From experiment, we found both forward and
backward motif from different helices. Among all, we
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observed targeted sites are under higher motif 55, 52,
45,42, 35 etc. and helixare 5, 2,7, 3, 6.

Here, our experimental analyses conclude that pre-
diction of membrane cholesterol with GPCR receptor
using spectral and SVM performs well. Backward motif
sequences target the protein sites greater than forward
motif that means CARC algorithm has higher valid sig-
nature motifs which has clinical relevance.
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