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Abstract
Objectives: The current study is focused on design of a computational model for human ABC transporters; wherein the 
TM-sequences matching the CRAC/CARC motif are extracted. Methods: The postulation of cholesterol binding motif 
(CRAC/CARC), its presence in different proteins and validating its interaction with cholesterol has indeed established 
the importance of the motif in cholesterol-mediated modulation of protein/signaling pathway. Several viral proteins 
and membrane proteins (especially alpha-helical trans membrane proteins) such as GPCR transporters are reported 
to be modulated by cholesterol. The experimental studies are so far performed on only a few proteins in a family but 
based on an evolutionary conservation and consensus an exploration can be done confidently within a family. However, 
the representation of motif has a low consensus yielding several false positives thus reducing its reliability. Findings: A 
computational hybrid clustering method based on rough set with fuzzy c-means algorithm is used to mine the cholesterol 
sequence from ABC family. Higher weightage is given to those sequences based on the following parameters: motifs with 
more number of sub motifs, number of helices bearing the motif in a protein and compliance with the orientation of the 
cholesterol in the membrane for its interaction with the motif. Improvement: A detailed study in a given super family with 
an approach to reduce redundancy and enrichment can improve its predictability.

1. Introduction
Maintenance of cholesterol homeostasis within the cell 
is critical for normal human physiology1,2. Cholesterol is 
reported to be a very significant constituent of cell mem-
branes and several membrane proteins are reported to 
be modulated by cholesterol3,4. From a previous study 
on peripheral benzodiazepine receptor a low consen-
sus cholesterol binding motif was reported. The forward 
pattern of the motif was referred to as CRAC (L/V-
X(1-5)-Y-X(1-5)-R/K) and backward pattern as CARC 
(R/K-X(1-5)-Y/F-X(1-5)-L/V)5. Proteins belonging 
diverse family of microorganisms (especially, viruses) 

and humans are reported to contain this motif6. Viral 
envelope proteins bearing short CRAC/CARC motifs 
are reported to interact with cholesterol containing cell 
membranes acting as a dagger to gain entry the host 
cell7,8. These motifs are abundantly found in many super 
families of the human membrane proteins and its inter-
action with cholesterol well studied in helical membrane 
proteins such as GPCR9-11. 

Like GPCRs, ATP binding cassette (ABC) transporter 
is a super family of Trans Membrane (TM) helical pro-
teins containing 48 well-characterized human ABC genes. 
Based on sequence similarity and phylogenetic analysis, 
they are divided into seven distinct subfamilies, which are 
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represented as ABCA through ABCG. These transport-
ers are localized in different sub-cellular components of 
a cell. These highly conserved multi span transmembrane 
helices (1-17 TMs) utilize the energy of ATP hydrolysis 
to translocate a broad spectrum of molecules across the 
cell membrane4. Majority of ABC genes are reported to 
be important for translocating cholesterol and maintain-
ing cellular cholesterol homoeostasis12. Several human 
genetic disorders including cystic fibrosis, neurological 
disease, retinal degeneration, cholesterol and bile trans-
port defects, anemia, and drug response are linked to 
ABC transporter malfunction13,14.

Different mutations in these transporters are also 
reported in several diseases pertaining to cholesterol 
such as type 2 diabetes, tangier disease, atherosclerotic 
cardiovascular disease, premature CVD15-19. As ABC 
transporters are reported to be modulated by membrane 
cholesterol20 and are involved in transport of cholesterol 
across the membrane one can signify the importance of 
cholesterol in such proteins. 

Therefore, the current work is aimed at developing 
a computational approach to identify those ABC trans-
porters with the consensus motif. As a continued work 
from our previous report, the following considerations 
are made: Presence of CRAC/CARC motif (CRAC 
(L/V-X(1-5)-Y-X(1-5)-R/K) and CARC (R/K-X(1-5)-
Y/F-X(1-5)-L/V)), relating the motif in the upper/lower 
part of the helix with respect to the orientation of the 
cholesterol in the respective membrane leaflet. The fol-
lowing modifications are made in the current approach 
to improve the reliability of the prediction. Here, a motif 
in a given helix is enriched by giving weightage to the 
number of sub-motifs the main motif carry and overall 
the number of motifs in a given ABC transporter will 
determine the cholesterol modulatory activity the ABC 
transporter.  Such an approach would help in predicting 
the cholesterol binding motif more reliably10-14. However, 
the low consensus cholesterol binding motif can give 
rise to several hits which might make it difficult to pre-
dict a potential or relevant motif6. The main objective of 
this research is to develop a model for cholesterol with 
ABC transporter in transmembrane region with Fuzzy C 
Means (FCM) Clustering algorithm using past databases 
to make intelligent scientific decisions. Several computer 
aided diagnosis methodologies have been proposed in the 
literature for the diagnosis of cholesterol prediction20-22. 
Sellappan Palaniappan et al proposed an intelligent heart 

disease prediction system built with the aid of data min-
ing technique like decision trees, naïve bayes and neural 
network23. Therefore, the important point of our current 
work is to identify signature motifs that fulfill with the 
cholesterol binding in ABC and report on their sub motif, 
occurrence and their helices. Rest of the paper is orga-
nized as follows, materials and methods are discussed 
in section 2, methodology, experimental evaluation is 
explained in Section 3 and Conclusion is described in 
Section 4.

2. Materials and Methods

2.1 Rough Set Theory 

Rough set theory introduced by Pawalk is defined as 

, where  is the uni-

verse of all non-empty set of object, and A are the 

non-empty finite set of feature and attributes which 

satisfy f ,  refers to the domain of all 

attributes such that , where  is the 

set of the value of  is the information function for 

all attributes such that , where  is a 

total function . Every subset of attribute 

 can be associated with an indiscernibility rela-

tion  defined as (1). The two sets are key concepts 

in rough set theory and named as the lower and upper 

approximations of , respectively. For a subset of objects 

  and a subset of attributes  the lower 

and upper approximations of  are defined as (2) and 

(3), respectively24-27.

 (1)

	 	     (2)

	 	     (3)



Ramamani Tripathy, Debahuti Mishra and V. Badireenath Konkimalla

Indian Journal of Science and Technology 3Vol 9 (22) | June 2016 | www.indjst.org 

The lower approximation set  contains all 
objects which can be certainly classified as objects of  
based on the set of attributes . The upper approxima-

tion set  is the set of objects which can be possibly 

classified as objects of . The concepts of positive, nega-
tive and boundary regions are defined as (4), (5) and (6), 
respectively.

   (4)

	 		       (5)

	 		      (6)

2.2 Fuzzy C Means
This algorithm works by assigning membership to each 
data point corresponding to each cluster center on the 
basis of distance between the cluster center and the data 
point. More the data is near to the cluster center more 
is its membership towards the particular cluster center. 
Clearly, summation of membership of each data point 
should be equal to one29-35. The algorithm is based on 
minimization of the following equation (7) and (8):

   (7)

    (8)

Where, k > 1, No. of centers = number of clusters, 

association of in the jth cluster,   

is the ith of d-dimensional measured data,  

is the d-dimensional center of the cluster. Fuzzy 
partitioning is carried out through an iterative opti-
mization of the objective function as shown above, 

with updating the membership uij and the cluster cen-

ters cj computed using (9). The algorithm stops when, 

 , 

where ε is a termination criterion between 0 and 1, whereas; 
p are the iteration steps. This procedure converges to a 
local minimum or a saddle point .

     (9)
Where,  is computed using (10),

  (10)

3. Methodology and Experimental 
Evaluation
Trans-membrane information of all protein sequence was 
downloaded from UniProt database30. Datasets down-
loaded contains 494 genes information with 6 attributes 
α= {Gene, Protein ID, Helix Name, Length, Position, 
Sequence (-7 from left and +7 from right}. Table 1 depicts 
the information about the attributes in the dataset.

The aim of this paper is to uncover all the cho-
lesterol consensus motif sequences available in the 
protein primary sequences. The signature of cholesterol 
motifs are in the form as shown in Table 2. Looking at 
Table 2; X (1-5) can be a combination of protein pri-
mary residue of maximum length 5. Considering the 
signature of cholesterol motif and fixing the three resi-
dues at beginning, middle, and last position, the length 
of any cholesterol chain can be of length from 5 (being 
the minimum) to 13 (being the maximum) with CRAC 
and CARC recognition methods. In this paper, steps 
have been taken to uncover all the cholesterol motif 

sequences in ABC data files and to design a dictionary 

 

of cholesterol motifs having attributes where,

. Looking at Table 2 it can be realized that, cholesterol 

motif sequence for any length >5 will have multiple 

motif types. For example, considering , having length  

 can have motif types MT={14, 23, 32, 41} and 

cholesterol motif signatures can be in the form of 
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,and , 

,   and  for the sequences 
uncovered using both CRAC and CARC methods respec-
tively. Where, X can be any residue from a set of 20 amino 
acid residues R= {‘’...’’}. Here, it can be noticed that length 
remains constant but cholesterol signature motifs differs 
only in the position with respect to ‘Y/F’, beginning resi-
due and ending residue. 

Figure 1 is a schematic layout of the model that 
describes retrieving and processing of data. Data are read 
sequentially one by one and whose data are extracted 

one at a time using sliding window technique for the 

length . 

Dictionary can be formulated using (11).

[1-9]	    (11)

Let D be the dataset set of dimension 

 

available in   Let for i=3, size 

of the dataset D will be {13361, 7}. Our motive is to search 
that entire feature index which matches the cholesterol 
forward or backward signature as per table 1. As it can be 
noticed the motif starts with L/V, ends with K/R and residue 
‘Y’ in between are treated as valid candidate forward sig-
nature for cholesterol. Similarly motif starts with K/R and 
end with L/V can be valid candidate for backward choles-

terol with residue ‘Y/F’ in between. For the valid position 

of residue ‘Y’ or ‘Y/F’ at  is 

 = {3, 4 and 5}. Hence we create secondary data 
 from D by extracting the information on Attribute 

{1, , }. Now, for, we will get 

three secondary dataset  for different  each of 

dimension {13361, 3} using by (12).

	   (12)
Extracted information is then processed through 

rough set theory. Objective of this work is to extract the 
index of sequence S = {‘LYK’, ‘LYR’, ‘VYK’, ’VYR’, ’KYL’, 
’KYV’, ’RYL’, ’RYV’, ‘KFL’,’KFV’,’KFL’,’KFV’} present in 

. For which we implement rough set theory on  
to group sequence in different cluster. Figure 2 repre-

sents the clusters formed by using rough set on  for 

Care is been taken to store 
the index of each feature present in cluster using (13). 

	    (13)

Where,  is the index of feature of clusters 

,  formed after implementation of rough 

Table 1. Information about the attributes present in UniProt

Sl. 
No.

Attribute Name Description

1 Gene Contains the information about the gene, have the value in between ABCA1 to ABCG8.
2 Protein ID It represents the unique identification of Protein in Alphanumeric characters.
3 Helix Name Contains the file number of helical file 1 to 17.
4 Length Length of the protein string. Here the length is varying.
5 Position Position of the protein residue taken from the helical file. It contains the starting position – 

end position value.
6 Sequence Consist of actual protein sequence of length from helix file of appropriate positions.
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Table 2. 12 Cholesterol backward and forward sequences where X= {set of 20 amino acid residues}

Motif 
Type

FORWARD (CRAC)
(L/V-X(1-5)-Y-X(1-5)-R/K)

BACKWARD (CARC)
(R/K-X(1-5)-Y/F-X(1-5)-L/V) = Length of 

Cholesterol motif
11
12
13
14
15

21
22
23
24
25

31
32
33
34
35

41
42
43
44
45

51
52
53
54
55

L/V-X-Y-X-K/R
L/V X Y XXK/R
L/V X Y XXXK/R
L/V X Y XXXXK/R
L/V X Y XXXXXK/R

L/V XX Y XK/R
L/V XX Y XXK/R
L/V XX Y XXXK/R
L/V XX Y XXXXK/R
L/V XX Y XXXXXK/R

L/V XXX Y XK/R
L/V XXX Y XXK/R
L/V XXX Y XXXK/R
L/V XXX Y XXXXK/R
L/V XXX Y XXXXXK/R

L/V XXXX Y XK/R
L/V XXXX Y XXK/R
L/V XXXX Y XXXK/R
L/V XXXX Y XXXXK/R
L/V XXXX Y XXXXXK/R

L/V XXXXX Y XK/R
L/V XXXXX Y XXK/R
L/V XXXXX Y XXXK/R
L/V XXXXX Y XXXXK/R
L/V XXXXX Y     
XXXXXK/R

K/R-X- Y/F -X-L/V
K/R X Y/F XXL/V
K/R X Y/F XXXL/V
K/R X Y/F XXXXL/V
K/R X Y/F XXXXXL/V

K/R XX Y/F XL/V
K/R XX Y/F XXL/V
K/R XX Y/F XXXL/V
K/R XX Y/F XXXXL/V
K/R XX Y/F XXXXXL/V

K/R XXX Y/F XL/V
K/R XXX Y/F XXL/V
K/R XXX Y/F XXXL/V
K/R XXX Y/F XXXXL/V
K/R XXX Y/F XXXXXL/V

K/R XXXX Y/F XL/V
K/R XXXX Y/F XXL/V
K/R XXXX Y/F XXXL/V
K/R XXXX Y/F XXXXL/V
K/R XXXX Y/F XXXXXL/V

K/R XXXXX Y/F XL/V
K/R XXXXX Y/F XXL/V
K/R XXXXX Y/F XXXL/V
K/R XXXXX Y/F XXXXL/V
K/R XXXXX Y/F XXXXXL/V

5
6
7
8
9

6
7
8
9
10

7
8
9
10
11

8
9
10
11
12

9
10
11
12
13

set theory in , M(.) is the function which checks the 
mean of jth cluster with mean of S and return the index of 
feature available in cluster j.  Now the dataset consisting 

of valid cholesterol sequence can be retrieved based on 

 fom D using (14).

	 	  	    (14)

is the valid possible combination of cholesterol 
sequence. List of cholesterol found is tabulated in Table 
3, Table 4 for different motif lengths. Total number of 
forward and backward subsequence uncovered after the 
proposed methods are 143 and 373 respectively. Details 
are shown in Table 3, Table 4. 

The objective of this paper is to find most significant 
motifs signatures using both CARC and CRAC motif 
discovery methods. After filtration, looking at the large 
number of available motif sequences, a better data min-
ing method for finding most significant motif structures 
is required. For example; a given motif: RCYYYAL of 
length 7 can belong to more than one motif types such as 
13, 22 and 31 with respect to Table 1. Therefore, to mine 
such kind of information where data can belong to more 
than one clusters, FCM algorithm is used in this proposed 
work28,29. For example, motif length=7, we can have valid 
forward cholesterol of motif type {13, 22, 31}, as per Table 
1. Sequence available is in form L/V (X)1-3 Y (X)1-3 K/R for 

motif length 7. In cholesterol sequence  can be 
combination of amino acid from length 1 to 3. In order to 
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calculate the most common cholesterol sequence, weight 

of residue , i=1,…, 20 for different position p=1,…,

 -1(excluding position of ‘Y’), is 
calculated using (15). Weight represents the number of 
times a particular residue is present at position p.  

	 		     (15)
Where, count (.) is the function which return number 

of times ith residue present in position j of all sequence 
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Figure 1. Schematic layout of cholesterol common signature 
identification model.

Figure 2. Scatter plot of the clusters at different position of 
‘Y’ at (a) 3 (b) 4 and (c) 5.
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Table 3. Forward cholesterol sequences observed in 
ABC for different Motif Types (MT) matching CRAC

MT 
Length

5 6 7 8 9 10 11 12 13 Total 

L-X(1-5)-
Y-X(1-5)-R

3 2 5 7 9 9 2 8 0 45

L-X(1-5)-
Y-X(1-5)-K

1 4 11 6 9 7 9 3 0 50

V-X(1-5)-
Y-X(1-5)-R

1 0 1 8 4 4 2 0 0 20

V-X(1-5)-
Y-X(1-5)-K

1 0 9 6 3 3 3 1 2 28

Total 6 6 26 27 25 23 16 12 2 143

Table 4. Backward cholesterol sequences observed in 
ABC for different Motif Types (MT) matching CARC

MT-
Length

5 6 7 8 9 10 11 12 13 Total

R- X(1-
5)-Y- 
X(1-
5)-L

2 1 1 2 10 3 9 1 0 29

K- X(1-
5)-Y- 
X(1-
5)-L

3 2 2 8 7 7 2 0 0 31

R- X(1-
5)-Y- 
X(1-
5)-V

0 1 3 9 3 3 0 2 0 21

K- X(1-
5)-Y- 
X(1-
5)-V

2 3 2 9 4 1 3 3 1 28

R- X(1-
5)-F- 
X(1-
5)-L

0 0 7 14 16 14 9 8 0 68

K- X(1-
5)-F- 
X(1-
5)-L

3 4 14 16 25 11 10 10 2 95

R- X(1-
5)-F- 
X(1-
5)-V

0 2 4 10 6 9 7 2 1 41

K- X(1-
5)-F- 
X(1-
5)-V

2 2 5 18 15 10 4 3 1 60

Total 12 15 38 86 86 58 44 29 5 373
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Table 5(a). Forward signature motifs for ABC derived from L/V-X (1-5)-Y-X (1-5)-R/K

Protein Id Gene 
Name Helix Sequence Start /

End

No of 
Sub 
Motifs

Total 
Motif Motif Type

ABCA1 O95477 15 LIQYRFFIR End 2 2 L2Y4R,V3Y4R
ABCA2 Q9BZC7 6 VPYMYVAIR End 3

5 V1Y5R,V3Y3R,L4Y5R,L5Y3R,L5Y4R
ABCA2 Q9BZC7 14 LTIMCQYNFLRR End 2

ABCA5 Q8WWZ7 15 LLQYYEKK End 8 8 L1Y2K,L1Y3K,L2Y1K,L2Y2K,L2Y3K,L3
Y1K,L3Y2K

ABCA6 Q8N139 7 LLLALYFDK End 3
6 L2Y2K,L3Y2K,L4Y2K,V2Y5K,L3Y5K,V

4Y5KABCA6 Q8N139 13 VLVPSYTLLGFK End 3
ABCA8 O94911 7 LALAIYFEK End 2

5 L2Y2K,L4Y2K,V1Y3K,L2Y3K,L3Y3K
ABCA8 O94911 8 LLVEYTMVK End 3
ABCA9 Q8IUA7 7 LVLTLYFDK End 3 3 L2Y2K,V3Y2K,L4Y2K
ABCA12 Q86UK0 6 VENELSYVLK End 2

8 L1Y2K,V5Y2K,V1Y5K,V1Y3K,L3Y3K,L
3Y5K,V5Y3K,V5Y5KABCA12 Q86UK0 12 V5Y5K (55) End 6

ABCB2 (TAP1) Q03518 7 LSLFLWYLVR End 3
6 L1Y2R,L3Y2R,L5Y2R,L2Y1R,L3Y1R,V

4Y1RABCB2 (TAP1) Q03518 10 VLLSIYPR End 3

ABCB3 (TAP2) Q03519 8 LERALYLLVRR Start 2 2 L4Y3R,L4Y4R
ABCB6 Q9NP58 9 LLCAYFVTEQK End 2 2 L2Y5K,L3Y5K
ABCB7 O75027 2 VLIGYGVSR Start 2 2 L2Y3R,V3Y3R
ABCB9 Q9NP78 3 LFVGIYAMVK Start 2 2 L4Y3K,V2Y3K
ABCB10 Q9NRK6 3 VIYGRYLRK End 5 5 V1Y1R,V1Y4R,V1Y5K,V4Y1R,V4Y2K
ABCC1 P33527 17 LQVTTYLNWLVR End 2 2 V2Y5R,L4Y5R
ABCC3 O15438 1 LPCYLLYLR End 4

7 L1Y1R,L2Y4R,V4Y4R,L5Y1R,V1Y4R,L5
Y4R,L3Y4RABCC3 O15438 15 LPLAVLYTLVQR End 3

ABCC4 O15439 6 VAVTLYGAVR End 2 2 V2Y3R,V4Y3R
ABCC6 O95255 12 VHLAYLR Start 2 2 V3Y1R,L1Y1R
ABCC7(CFTR) P13569 5 LSVLPYALIK End 3 3 L1Y3K,V2Y3K,L4Y3K
ABCC8 Q09428 5 VIRVRRYIFFK End 2

4 V2Y3K,V5Y3K,V1Y4K,L4Y4K
ABCC8 Q09428 9 LAPVQYFVATK End 2
ABCC9 O60706 14 LGVAFYFIQK End 2 2 V2Y3K,L4Y3K
ABCC10 Q5T3U5 1 VLSACYLGTPR End 2

6 L3Y4R,V4Y4R,L2Y4K,V3Y1K,V4Y4K,
L5Y1KABCC10 Q5T3U5 12 LHVYQAYWK Start 4

ABCD3 P28288 2 VNNFLKYGLNELK End 2
5 L1Y5K,V5Y5K,V1Y4R,V2Y4R,L5Y4R

ABCD3 P28288 4 LATVVGYLVVSR End 3
ABCG1 P45844 6 LRLIAYFVLRYK End 4 4 L2Y5K,L4Y3R,L4Y5K,L2Y3R
ABCG2 Q9UNQ0 1 LVIGAIYFGLK End 2 2 V4Y3K,L5Y3K

ABCG4 Q9H172 6 LRLLAYLVLRYR End 9 9 L1Y3R,L1Y2K,L1Y5R,V2Y2K,L2Y5R,L4
Y5R,L2Y3R,L4Y3R,L3Y2K
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Table 5(b). Backward signature motifs for ABC derived from K/R-X(1-5)-Y/F-X(1-5)-L/V

Protein 
Id

Gene 
Name

Helix Sequence
Start 
/End

No Of 
Sub 
Motifs

Total 
Motif

Motif Type

ABCA1 O95477 9 RKGFFAQIVL Start 10
13

R3F4L; R3F3V; R2F5L; R2F4V; K2F4L; 
K2F3V; K1F4V; K1F5L; K5Y5V; K5Y2L; 
K5Y1VABCA1 O95477 13 KIPSTAYVVLTSV Start 3

ABCA2 Q9BZC7 2 KEAFYTAAPL Start 2
11 K3Y4L,R2F5L,K4Y4V,K4Y1V,K4Y1V,K1F1

L,K1F4V,R5F4L,R5F3L,K2F4,K2F3LABCA2 Q9BZC7 7 KYFALYEVAGV Start 5
ABCA2 Q9BZC7 9 RNSKALFSQILL Start 4
ABCA3 Q99758 9 RKGFDIALNL Start 4

6 R2F5L,R2F3L,K1F3L,K1F5L
ABCA3 Q99758 13 KTLDHVFLVL Start 2
ABCA4 P78363 1 KRQKIRFVVELV Start 10

14
K5F4V,K5F3L,K5F1V,R4F4V,R4F3L,R4F1
V,R4F1V,K2F4V,K2F3L,K2F1V,K1F4V,K1F
5L,R5F4L

ABCA4 P78363 7 KDFLAQIVL Start 2
ABCA4 P78363 11 RKLLIVFPHFCL Start 2
ABCA5 Q8WWZ7 9 KDYVFAAV Start 2

8 K3F2V,K1Y4V,K4F4L,K4F3L,K3Y5L,K3Y4
L,K5F5V,K5F1LABCA5 Q8WWZ7 10 KIELYFQAALL Start 4

ABCA5 Q8WWZ7 12 KFLAVVFCLIGYV Start 2
ABCA7 Q8IZY2 7 RPTADVFSLAQV Start 2

6 R5F4V,R5F1L,R3F4L,R3F3V,R2F4L,R2F3V
ABCA7 Q8IZY2 9 RRGLFAQIVL Start 4
ABCA8 O94911 3 RDSAFWLSWGL Start 2

9 R3F5L,K3Y1V,K2F5V,K2F4V,K2F3L,K1F3
L,K1F4V,K1F5V,R5F3L,R5F1V  ABCA8 O94911 5 KKSFLTGLVV Start 6

ABCA8 O94911 14 RMDVQPFLVFL Start 2
ABCA9 Q8IUA7 3 RESAFWLSWGL Start 2

8 R3F5L,R3F1L,K2F5V,K2F4V,K2F3L,K1F3L
,K1F4V,K1F5V   ABCA9 Q8IUA7 5 KKPFLTGLVV Start 6

ABCA10 Q8WWZ4 7 KMIATFFIL Start 2
6 K5F1L,K4F2L,K4F2L,K4F1V,K3F2L,K3F

1V    ABCA10 Q8WWZ4 9 KKLNCFPVL Start 4
ABCA12 Q86UK0 4 KTNGFILFL Start 2

4 K3F3L,K3F1L,K4F3V,K4F2L
ABCA12 Q86UK0 13 KLGAMFVALV Start 2
ABCA13 Q86UQ4 10 RMYWFTNFL Start 2 2 R3F3L,R1Y5L
ABCB1 P08183 12 KLMSFEDVLLV Start 4 4 K3F5V,K3F4L,K3F3L,K3F2V    
ABCB2 
(TAP1) Q03518 5 RRLSLFLVLVVL Start 11

22

R4F5L,R4F4V,R4F3V,R4F2L,R4F1V,R4
F1V,R3F5L,R3F4V,R3F3V,R3F2L,R3F1
V,K5Y4V,K5Y2L,K5Y1L,K4Y4L,K4Y2L, 
K4Y1L,K1Y1L,K1Y2L,K1Y4V,K4Y5V, 
K4Y4L

ABCB2 
(TAP1 Q03518 8 KKVGKWYQLLEV End 9

ABCB2 
(TAP1 Q03518 9 KVGILYIGGQLV Start 2

ABCB3 
(TAP2) Q03519 2 RGLLGFVGTLLL Start 3

6 R4F5L,R4F4L,R4F3L,R2Y5V,R2Y2V,R2Y1L
ABCB3 
(TAP2) Q03519 8 RALYLLVRRV Start 3

ABCB4 P21439 2 RYAYYYSGL Start 3

12
R4Y2L,R3Y3L,R2Y4L,K4F2V,K3F3V,K5F
4V,K5F1V,K4Y5V,K4Y2V,K4Y1V,K3F4L,
K3F1L

ABCB4 P21439 3 KVGMFFQAV Start 2
ABCB4 P21439 7 KTEWPYFVVGTV Start 5
ABCB4 P21439 8 KCNIFSLIFL Start 2
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ABCB5 Q2M3G0 7 KPEWPFVVLGTL Start 3 3 K4F5L,K4F2L,K4F1V
ABCB6 Q9NP58 2 RISPYVLQLLL Start 4 4 R3Y5L,R3Y4L,R3Y3L,R3Y1L
ABCB7 O75027 2 RAGAAFFNEV Last 2

8 R5F2V,R4F3V,R3Y5V,R3F4L,R3F1L,K4F4L
,K4F2V,K4F1LABCB7 O75027 3 RGISFVLSALV Start 3

ABCB7 O75027 4 KCGAQFALVTL Start 3
ABCB9 Q9NP78 4 RDPWFWALFV Start 2

5 R3F4V,R3F2L,K4F1V,K4F4VABCB9 Q9NP78 5 KPDVAFLV Start 1
ABCB9 Q9NP78 6 KSMDQFSTAVV Start 2
ABCC1 P33527 1 KCFQNTVLV Start 3

18

K1F3V,K1F4L,K1F5V,K4F4V,K4F1L,R4F5
L,R4F3V,R2F5L,R2F3V,R4Y5L,R4Y4L,R3F
5L,R3F1V,K5F4L,K412L,K4Y1L,K1F4L,K2
Y3V,K4F3L

ABCC1 P33527 2 KTALGFLLWIV Start 2
ABCC1 P33527 3 RSRGIFLAPVFL Start 4
ABCC1 P33527 5 RDITFYVYFSLL Start 4
ABCC1 P33527 6 KVLYKTFGPYFL Start 4
ABCC1 P33527 12 KAIGLFISFL Start 1
ABCC2 Q92887 2 KQVFVGFLLIL Start 5

12 K5F3L,K5F1L,K2F4L,K2F3L,K1Y4V,K5F4
L,K5F3L,K5F2V,K2Y3L,K2Y2L,K2Y1VABCC2 Q92887 6 KALFKTFYMVLL Start 7

ABCC3 O15438 3 RAPAPVFFVTPLV Start 3
9 R5F5V,R5F4L,R5F1V,R4Y5V,R4Y4L,R3F5L

,K5F4L,K2F4L,K2F3LABCC3 O15438 5 RFTTFYIHFAL Start 3
ABCC3 O15438 6 KALLATFGSSFL Start 3
ABCC4 O15439 1 KCYWKSYLVL Start 5

10 K5Y2L,K5Y1V,K1Y2L,K1Y4L,K1Y5V,R5Y2
V,R5Y1L,R4F3V,K4Y2L,R4F1VABCC4 O15439 9 RSLLVFYVLV Start 5

ABCC5 O15440 5 KAGYFQSITV Start 2
4 K3F4V,K2Y5V,K3F4L,K3F1V

ABCC5 O15440 6 KVTPFSVKSL End 2
ABCC6 O95255 2 KMVLGFALIVL Start 3

11 K4F4L,K4F3V,K4F1L,R4Y4L,R4Y2L,K5F5
L,K5F4L,K1Y3V,K1Y4L,R4Y4L,R4Y3L

ABCC6 O95255 5 RHLSTYLCLSL Start 2
ABCC6 O95255 6 KAIWQVFHSTFLL Start 2

ABCC6 O95255 7 KGYLLAVL Start 2

ABCC6 O95255 14 RSLLMYAFGLL Start 2
ABCC7 
(CFTR) P13569 1 RFMFYGIFLYL Start 3

5 R3Y5L,R3Y3L,R2F4L,K3F1L,K3F5L
ABCC7 
(CFTR) P13569 7 KSLIFVLIWCL Start 2

ABCC8 Q09428 16 RMEYIGACVV Start 2 2 R2Y5V,R2Y4V
ABCC9 O60706 2 RWILTFALLFV Start 3

8 R4F4V,R4F2L,R4F1L,K4Y2L,K1F1L,K1F5L
,K4F4L,K4F2LABCC9 O60706 10 KTFALYTSL Start 3

ABCC9 O60706 11 KPAEAFASLSL Start 2
ABCC10 Q5T3U5 2 RLAASFLLSV Start 2

5 R4F3V,R4F1L,K1F2L,K1F4L,K1F5V
ABCC10 Q5T3U5 11 KVFTALAL Start 3
ABCC11 Q96J66 1 RTRLIFDALL Start 4

7 R4F2L,R4F3L,R2F3L,R2F2L,K4F4V,R3Y5
V,R3F1VABCC11 Q96J66 6 RLSVFFVPIAV End 3

ABCC12 Q96J65 2 KVFFWAL End 2
4 K2F2L,K1F3L,K4Y3L,K4Y1L

ABCC12 Q96J65 7 KASGGYLLSL Start 2
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ABCD1 P33897 1 RTFLSVYVARL End 3
9 R5Y3L,R1F2V,R1F4V,R5F4L,R5F3L,K4F4L

,K4F3L,R1F3L,R1F4LABCD1 P33897 2 RKDPRAFGWQLL Start 6
ABCD2 Q9UBJ2 2 KKPRTFIIKL Start 3 3 K4F3L,K3F3L,R1F3L
ABCD3 P28288 1 KETGYLVLIAV Start 4

14
K3Y5V,K3Y2L,K3Y1V,R1Y2V,K5F5L,R5Y1
L,R4F5L,K4Y1L,K4Y1L,R2F4L,R2F3L,K1Y
1L,K1F3L,K1F4LABCD3 P28288 2 KRYLLNFIAAMPL Start 10

ABCD4 O14678 2 KDLEGFKTLTFL Start 4 4 K4F5L,K4F2L,K3F4L,K3F2V

ABCG1 P45844 6 KLYLDFIVL Start 7 7 K4F2L,K4F1V,R4F1L,R3Y2L,R3Y1V,K1Y4
V,K1Y5L

ABCG2 Q9UNQ0 4 KPKADAFFV Start 3 3 K5F1V,K4F5L,K3F1V

ABCG4 Q9H172 6 KLYMDFLVL Start 7 7 K4F2L,K4F1V,R3Y2L,R3Y1V,K1Y3L,K1Y
4V,K1Y5L

ABCG5 Q9H222 4 RFGYFSAALL Start 4 4 R3F4L,R3F3L,R2Y5L,R2Y4L

Table 6. ABC transporters enriched with the motifs

Protein 
Id

Total 
motifs

Forward Motif Reverse Motif
Total Motif sequence Motif Pattern Total Motif Sequence Motif Pattern

ABCB2 
(TAP1)

28 6 LSLFLWYLVR, 
VLLSIYPR

L1Y2R, L3Y2R, L5Y2R, 
L2Y1R, L3Y1R, V4Y1R

22 RRLSLFLVLVVL, 
KKVGKWYQLLE, 
KVGILYIGGQLV

R4F5L, R4F4V, 
R4F3V, R4F2L, 
R4F1V, R4F1V, 
R3F5L, R3F4V, 
R3F3V, R3F2L, 
R3F1V, K5Y4V, 
K5Y2L, K5Y1L, 
K4Y4L, K4Y2L, 
K4Y1L, K1Y1L, 
K1Y2L, K1Y4V, 
K4Y5V, K4Y4L

ABCC1 20 2 LQVTTYLNWLVR V2Y5R, L4Y5R 18 KCFQNTVLV, 
KTALGFLLWIV, 
RSRGIFLAPVFL, 
RDITFYVYFSLL, 
KVLYKTFGPYFL, 
KAIGLFISFL

K1F3V, K1F4L, 
K1F5V, K4F4V, 
K4F1L, R4F5L, 
R4F3V, R2F5L, 
R2F3V, R4Y5L, 
R4Y4L, R3F5L, 
R3F1V, K5F4L, 
K412L, K4Y1L, 
K1F4L, K2Y3V, 
K4F3L

ABCD3 19 5 VNNFLKYGLNELK, 
LATVVGYLVVSR

L1Y5K, V5Y5K, V1Y4R, 
V2Y4R, L5Y4R

14 KETGYLVLIAV, 
KRYLLNFIAAMPL

K3Y5V, K3Y2L, 
K3Y1V, R1Y2V, 
K5F5L, R5Y1L, 
R4F5L, K4Y1L, 
K4Y1L, R2F4L, 
R2F3L, K1Y1L, 
K1F3L, K1F4L

ABCA2 16 5 VPYMYVAIR, 
LTIMCQYNFLRR

V1Y5R, V3Y3R,  L4Y5R, 
L5Y3R, L5Y4R

11 KEAFYTAAPL, 
KYFALYEVAGV, 
RNSKALFSQILL

K3Y4L,R2F5L,K
4Y4V,K4Y1V,K4
Y1V,K1F1L,K1F4
V,R5F4L,R5F3L,
K2F4,K2F3L
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ABCA5 16 8 LLQYYEKK L1Y2K, L1Y3K, L2Y1K, 
L2Y2K, L2Y3K, L3Y1K, 
L3Y2K

8 KDYVFAAV, 
KIELYFQAALL, 
KFLAVVFCLIGYV

K3F2V, K1Y4V, 
K4F4L, K4F3L, 
K3Y5L, K3Y4L, 
K5F5V, K5F1L

ABCC3 16 7 LPCYLLYLR, 
LPLAVLYTLVQR

L1Y1R, L2Y4R, V4Y4R, 
L5Y1R, V1Y4R, L5Y4R, 
L3Y4R

9 RAPAPVFFVTPLV, 
RFTTFYIHFAL, 
KALLATFGSSFL

R5F5V, R5F4L, 
R5F1V, R4Y5V, 
R4Y4L, R3F5L, 
K5F4L, K2F4L, 
K2F3L

ABCG4 16 9 LRLLAYLVLRYR L1Y3R, L1Y2K, L1Y5R, 
V2Y2K, L2Y5R, L4Y5R, 
L2Y3R, L4Y3R, L3Y2K

7 KLYMDFLVL K4F2L, K4F1V, 
R3Y2L, R3Y1V, 
K1Y3L, K1Y4V, 
K1Y5L

ABCA1 15 2 LIQYRFFIR L2Y4R, V3Y4R 13 RKGFFAQIVL, 
KIPSTAYVVLTSV

R3F4L; R3F3V; 
R2F5L; R2F4V; 
K2F4L; K2F3V; 
K1F4V; K1F5L; 
K5Y5V; K5Y2L; 
K5Y1V

ABCA4 14 5 VPYMYVAIR, 
LTIMCQYNFLRR

V1Y5R, V3Y3R, L4Y5R, 
L5Y3R, L5Y4R

14 KRQKIRFVVELV, 
KDFLAQIVL, 
RKLLIVFPHFCL

K5F4V, K5F3L, 
K5F1V, R4F4V, 
R4F3L, R4F1V, 
R4F1V, K2F4V, 
K2F3L, K2F1V, 
K1F4V, K1F5L, 
R5F4L

ABCA8 14 5 LALAIYFEK, 
LLVEYTMVK

L2Y2K, L4Y2K, V1Y3K, 
L2Y3K, L3Y3K

9 RDSAFWLSWGL, 
KKSFLTGLVV, 
RMDVQPFLVFL

R3F5L, K3Y1V, 
K2F5V, K2F4V, 
K2F3L, K1F3L, 
K1F4V, K1F5V, 
R5F3L, R5F1V

ABCC6 13 2 VHLAYLR V3Y1R,L1Y1R 11 KMVLGFALIVL, 
RHLSTYLCLSL, 
KAIWQVFHSTFLL, 
KGYLLAVL,  
RSLLMYAFGLL

K4F4L, K4F3V, 
K4F1L, R4Y4L, 
R4Y2L, K5F5L, 
K5F4L, K1Y3V, 
K1Y4L, R4Y4L, 
R4Y3L

ABCA12 12 8 VENELSYVLK, 
V5Y5K (55)

L1Y2K, V5Y2K, V1Y5K, 
V1Y3K, L3Y3K, L3Y5K, 
V5Y3K, V5Y5K

4 KTNGFILFL, 
KLGAMFVALV

K3F3L, K3F1L, 
K4F3V, K4F2L

ABCB4 12 2 LERALYLLVRR L4Y3R, L4Y4R 12 RYAYYYSGL, 
KVGMFFQAV, 
KTEWPYFVVGTV, 
KCNIFSLIFL

R4Y2L, R3Y3L, 
R2Y4L, K4F2V, 
K3F3V, K5F4V, 
K5F1V, K4Y5V, 
K4Y2V, K4Y1V, 
K3F4L, K3F1L

ABCC2 12 6 VLSACYLGTPR, 
LHVYQAYWK

L3Y4R, V4Y4R, 
L2Y4K,V3Y1K,V4Y4K, 
L5Y1K

12 KQVFVGFLLIL, 
KALFKTFYMVLL

K5F3L, K5F1L, 
K2F4L, K2F3L, 
K1Y4V, K5F4L, 
K5F3L, K5F2V, 
K2Y3L, K2Y2L, 
K2Y1V
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found in a group. Now the sequence is sorted with respect 
to the W to arrange in descending order. Applying FCM 
on motifs sequence led to discovery of clusters with 
similar signatures that help to calculate the weight of indi-
vidual residue with respect to their position. 

Table 5 (a), Table 5 (b) is the summary of significant 
cholesterol signatures motifs discovered using the FCM 
algorithm with details regarding Protein ID (Column #1), 
Gene name (Column #2), Helix (Column #3), Conservered 
motif signature (Column #4), Start/End where cholesterol 
motif is found in ABC protein (Column #5), Number of 
sub motif (Column #6) and Motif type (Column #7). The 
results obtained clearly shows that the combinations one 
can obtain from the CRAC or CARC is indeed restricted 
and can be further developed as a signature motif depend-
ing on the family, helix or the location in the membrane 
leaflet. Applying the FCM algorithm to identify motifs in 
cholesterol sequence resulted in significantly more num-
ber of backward motifs 143 than the forward motif 373. 

The CARC/CRAC being a low consensus motif can 
give rise to several possibilities. Therefore, in order to fur-
ther improvise the prediction, motifs from a given helix 
were checked for number of submotifs it contains. Here 

the assumption is that greater the number of submotifs, 
higher is the chances for its interaction with cholesterol. 
A total number of forward and backward motifs in a 
given ABC transporter showed numbers ranging from 2 – 
28 indicating that the motifs are not uniformly disturbed 
across all ABC transporters but there is a polarization 
depending on its function as many of them are sterol 
transporters.

With a cut-off of 10 as motifs observed in a trans-
porter, 20 transporters were obtained as shown in Table 
6. Many of these proteins are involved in sterol transport, 
accumulation or associated with rafts. ABCB2, ABCC1, 
ABCD3, ABCA1, ABCA4 has more backward motifs (13 
to 22) rising from either one or two helices only. Here it 
is interesting to note that the length of the sequence con-
taining the motif (motif sequence) has no relation with 
the number of submotifs it contained. ABCA12 contains 
a 13-aa peptide with only 8 motifs in it while ABCG1 and 
ABCG4 a single 9-amino acid motif long contained 7 
submotifs in it emphasizing the importance of the motif 
in ABCG1 and ABCG4. Altogether it is observed that 
enrichment of the submotifs improved the predictability 
of the cholesterol consensus motif.

ABCC4 12 2 VAVTLYGAVR V2Y3R,V4Y3R 10 KCYWKSYLVL, 
RSLLVFYVLV

K5Y2L, K5Y1V, 
K1Y2L, K1Y4L, 
K1Y5V, R5Y2V, 
R5Y1L, R4F3V, 
K4Y2L, R4F1V

ABCA9 11 3 LVLTLYFDK L2Y2K,V3Y2K, L4Y2K 8 RESAFWLSWGL, 
KKPFLTGLVV

R3F5L,R3F1L,K2
F5V,K2F4V,K2F3
L,K1F3L,K1F4V,
K1F5V

ABCC10 11 6 VLSACYLGTPR, 
LHVYQAYWK

L3Y4R, V4Y4R, L2Y4K, 
V3Y1K, V4Y4K, L5Y1K

5 RLAASFLLSV, 
KVFTALAL

R4F3V, R4F1L, 
K1F2L, K1F4L, 
K1F5V

ABCG1 11 4 LRLIAYFVLRYK L2Y5K, L4Y3R, L4Y5K, 
L2Y3R

7 KLYLDFIVL K4F2L, K4F1V, 
R4F1L, R3Y2L, 
R3Y1V, K1Y4V, 
K1Y5L

ABCB7 10 2 VLIGYGVSR L2Y3R, V3Y3R 8 RAGAAFFNEV, 
RGISFVLSALV, 
KCGAQFALVTL

R5F2V, R4F3V, 
R3Y5V, R3F4L, 
R3F1L, K4F4L, 
K4F2V, K4F1L

ABCC9 10 2 LGVAFYFIQK V2Y3K, L4Y3K 8 RWILTFALLFV, 
KTFALYTSL, 
KPAEAFASLSL

R4F4V, R4F2L, 
R4F1L, K4Y2L, 
K1F1L, K1F5L, 
K4F4L, K4F2L
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4. Conclusion
The low consensus cholesterol binding motif (CARC and 
CRAC) gives rise to several possible sequences match-
ing the pattern of which only a few of them might have 
a biological relevance. In our previous study, the num-
ber of motifs that are present in the GPCRs along with 
some signature motifs in different helices and subclasses 
were reported. In the current study, apart from extrac-
tion of the CRAC/CARC motifs, the significance of the 
motif was weighted by the number of sub-motifs it har-
bored to predict its binding to cholesterol reliably. Our 
approach indeed correlates with the reports and activity 
of ABC transporters. It was observed that the CRAC/
CARC motifs were highly enriched in the TM helices of 
those that were modulated by cholesterol and/or involved 
in cholesterol transport. Mutations in these transporters 
have also been reported to have impaired function due 
to deficiency in cholesterol transport. From this study we 
report a much reliable approach to predict the signifi-
cance of cholesterol binding motif in ABC transporters.
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