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Introduction  

Cancer is a term used for diseases in which abnormal cells divide 
without control and are able to invade other tissues [1]. Cancers are 
caused due to various reasons, and these include - carcinogens, 
age, genetic mutations, immune system, diet, tobacco smoke, radi-
ations, viruses etc [2]. National cancer Institute has grouped this 
disease into five major categories which include Carcinoma, Sar-
coma, Leukemia & Lymphoma, Myeloma and Central nervous sys-
tem cancers. Oncogenes and Tumor-suppressor genes encode 
proteins that play key roles in cancer development [3], cell prolifera-
tion and apoptosis [4]. Cell cycle regulatory proteins such as cyclins 
and cyclin-dependant kinases get over-expressed in cancer condi-
tion [5]. Similarly, other molecules like Cellular Retinoic Acid-
Binding Protein 1 & 2, Cytochrome P450, Serum Albumin, GMP 
reductase 1 & 2, and GMP synthase are also expressed during 

cancer [6-10]. 

Proteins, or large segments of proteins, that lack a well-structured 

three-dimensional fold or to those that fail to self-fold into fixed 3D 

structure are termed as disordered proteins [11, 12]. Several disor-

dered proteins are shown to be associated with human diseases, 

such as cancer, cardiovascular disease, amyloidoses, diabetes, 

neurodegenerative diseases etc [13]. Interestingly, studies carried 

on Human Cancer Associated Proteins in Swissprot dataset reveals 

that 79(+/-5) % of them contain 30 or more consecutive residues 

that are predicted to be disordered [14]. For example P53, a tumor 

suppressor protein which is implicated in more than 50% of can-

cers, is 37% disordered[15]. There is ample evidence to suggest 

that such unstructured molecules are essential for basic cellular 

functions. The intrinsic lack of structure appears to confer functional 

advantages to the protein such as, ability to bind to diverse targets, 

control over the thermodynamics of the binding process etc [16]. It 

has been indicated that a detailed investigation on disordered pro-

teins could enable identification of potential targets for Structure 

Based Drug Design (SBDD) [17], which stress on the transition 

from disordered to ordered conformation through drug stimulation 

[18]. Studies on Mycobacterium tuberculosis have reported that 

intrinsically disordered proteins such as FtsW (Rv2154c), GlmU 

(Rv1018c) and Obg (Rv2440c) could be potential drug targets [19]. 

Hence, an attempt has been made in this work to analyze the disor-

dered regions in disease protein sequences related to cancer as 

drug binding targets, in order to elucidate their roles in disease 

inhibition and suggest them as newer targets for therapy. 
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Abstract- Intrinsically disordered proteins are those that fail to self-fold into fixed 3D geometries, and are found to be associated with innu-
merable abnormalities like cancer, diabetes, cardiovascular, neurodegenerative disorders etc. Based on the predictions that, about 79% of 
cancer proteins are disordered, an investigation was carried out to elucidate the importance of these sequences and their roles in drug bind-
ing and disease control. A search through Drug bank database revealed 210 ligand molecules associated with 253 cancer proteins. These 
amino acid sequences were examined with tools such as DisEMBL and SEG, to delineate the composition of their disordered regions. 127 of 
these 253 sequences were having 30 or more consecutive residues predicted to be “Disordered Regions”. Structural homologues for 52 of 
these 127 protein sequences revealed quality global alignments, and 25 of these had their active site / ligand binding site in the “disordered 
regions”, as deciphered by Accelrys Discovery Studio 2.5. Further, PDB analysis revealed that these sequences were co-crystallized with 
drug molecules, and these ligands were bound to the respective disordered regions in the active site. Using this as basis, docking studies 
were performed for 11 cancer proteins involved in key pathways, with respective drug molecules to ascertain the nature of drug-receptor inter-
actions. The results indicated that molecules mentioned in drug bank towards treating cancer, bound to their respective receptors through the 

disordered regions in them, highlighting that these regions could play potentially important roles in ligand Pharmacophore interactions. 
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Materials and Methods  

A formidable search was done through Drug bank [20,21] data-
base, to retrieve all the drug molecules used to treat various types 
of cancer along with their respective target protein sequences. 210 
drug molecules and 253 protein sequences were obtained in the 
process, which served as primary database for further investiga-
tions. The protocol followed is illustrated in [Fig-1]. These 253 se-
quences were then subjected to analysis using tools such as 
DisEMBL [22] and SEG [23], for delineation of disordered regions. 
This resulted in the 127 disordered sequences that contained 
stretches greater than 30 or more consecutive residues. Structural 
homologues were searched for these 127 sequences across PDB 
[24] database using the standard criteria (>/= 30% identity, e-value 
</= 0.001). 52 among these 127 sequences had structural counter-
parts along their lengths with convincing (>50 %) identities. Detailed 

analysis of crystal structures of these structural proteins 
(complexed with their respective ligands) revealed that, only for 25 
of these 52 cancer related sequences, their active sites and / or 
ligand binding sites were part of the disordered regions, as predict-

ed by Accelrys Discovery studio 2.5 [25] 

Thus, using this as the basis cancer proteins involved in key path-
ways, namely Cell Division Protein Kinases 2, 5, 6 & 7, Cellular 
Retinoic Acid binding protein 1 & 2, Cytochrome P450 2A6, Serum 
Albumin Precursor, GMP reductase 1 & 2, and GMP Synthase [26-
42] were investigated via docking studies (with their respective drug 
molecules) using FlexX (3.7) [43], to appreciate the roles of disor-
dered regions and their prospective binding efficacy to commercial 
drug molecules. The details about these 11 cancer molecules and 
their corresponding drugs are provided in [Table-1] and [Table-2] 

respectively.  
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Table 1- Details of the 11 cancer proteins and their Ligands under study 

Sl 
no 

Protein Name 
Uniprot ID and KEGG 

Pathway number 
PDB ID (No. 
of residues) 

Ligand in PDB 
(no. of atoms) 

Structure of the Ligand 
Disordered regions in the protein 

(No. of residues contained) 

1 Cell division protein kinase 2 
P24941 

hsa:05200  
3EZV (298) 

Indazole 
Inhibitor 9 (57) C25 H25 N7 

IC50: 1040nM 

 

1-47 & 283-298 
(63) 

2 Cell division protein kinase 5 
Q00535 

hsa:05030 
1UNL (292) 

R-Roscovitine 
(52) C19 H26 N6 O 
IC50: 160-180nM 

Kd: 1900-1900000nM  

1-45, 56-74, 219-231 & 277-292 
(90) 

3 Cell division protein kinase 6 
Q00534 

hsa:05212  
  

1XO2 (326) 
Tetrahydroxy-flavone (31) 

C15 H10 O6 
IC50: 850nM 

 
28-60, 69-82, 97-116, 145-156, 192-

200, 218-228, 253-262 & 311-326 
(114) 

4 Cell division protein kinase 7 
P50613 

has:04110  
  

1UA2 (346) 
ATP (47) 

C10 H16 N5 O13 P3 

 

1-35, 40-55, 159-173, 230-239 & 319-
346 (100) 

5 
Cellular Retinoic Acid-Binding 
Protein 1 

  
P62964 

bta:282201 
  

2CBR (136) 
Retinobenzoic Acid (49) 

C22 H25 N O3 
IC50: 140nM 

  1-12, 36-78, 87-105 & 117-128 (83) 

6 
Cellular Retinoic Acid-Binding 
Protein 2 
  

P29373 
hsa:1382 

  
  

3CBS (137) 

Retinoic Acid (46) 
C20 H24 O3 
IC50: 58nM 
Kd: 58nM  

1-11, 35-81 & 96-131 (92) 
  

7 Cytochrome P450 2A6 beta 
P11509 

hsa:1548 
1Z10 (494) 

Coumarin (17) 
C9 H6 O2 

270nM 
 

29-38, 97-108, 118-144, 184-192, 253-
265, 327-348, 359-390 & 464-494 

(148) 

8 Serum Albumin 
P02768 
hsa:213 

2BXE (609) 
5-(2,4-Di Fluoro Phenyl) -2 - 
Hydroxy -Benzoic Acid (26) 

C13 H8 F2 O3 
 

127-139, 438-468 & 488-519 
(70) 

9 GMP Reductase 1 
P36959 

hsa:2766 
2BWG (345) 

Guanosine Monophosphate (38) 
C10 H14 N5 O8 P 

 

1-48, 287-300 & 325-345 
(81) 

  
10 

GMP Reductase 2 
Q9P2T1 

has:00230 
2A7R (348) 

Guanosine Monophosphate (38) 
C10 H14 N5 O8 P 

 

1-49, 179-190, 248-259, 289-301 & 324
-348 (107) 

11 
GMP synthase [glutamine-
hydrolyzing] 

P49915 
has:00983 

2VXO (693) 
Xanthosine Monophosphate (38) 

C10 H14 N4 O9 P 

 

230-237, 302-341, 386-397, 402-418, 
426-440, 531-538, 565-574, 625-633, 

644-658 & 670-693 
(141) 

http://www.genome.jp/dbget-bin/www_bget?hsa:1021
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Fig. 1- Protocol followed to analyze the roles of disordered regions 

in drug binding 

The docking studies were relevant because, an appreciable struc-
tural homology between the ligands (in their crystal structures) and 
the corresponding drug molecules were deciphered using Ligscore 
tool [44]. The RMSD values between the ligands and the respective 

commercial drug molecules are illustrated in [Table-3]. 

Table 2- Details of the commercial drugs used in the study 
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S no 
Name of the Drug 
(no. of atoms con-
tained) 

Structure of the Drug Ki / IC50 Values 
Drug Bank 

ID 

1 
Flavopiridol (48) 
C21 H20 Cl N O5 

 

IC50: 20nM 
Kd: 6.4 - 6400nM 

DB03496 

2 
Alitretinoin (50) 
C20H28O2 

 

IC50: na DB00523 

3 
Methoxsalen (24) 
C12 H8 O4 

 

Kd: 1900nM 
  

DB00553 

4 
Cytarabine (30) 
C9 H13 N3 O5 

 

IC50:  
0.001 to 1.0 nM 

  
DB00987 

5 
Azathioprine (26) 
C9H7N7O2S 

 

Ki:120 +/- 10 nM DB00993 

Table 3- RMSD between the ligand in PDB and the drug mentioned in drug bank 

S No. Protein Ligand Molecule (no. of atoms contained) Drug Molecule (no. of atoms contained) RMSD (no. of atoms involved) 

1 Cell Division Protein Kinase - 2 Indazole Inhibitor 9 (57) Flavopiridol (48) 0.3157 (13) 

2 Cell Division Protein Kinase - 5 R-Roscovitine (52) Flavopiridol (48) 0.7127 (13) 

3 Cell Division Protein Kinase - 6 Tetrahydroxyflavone (31) Flavopiridol (48) 0.3966 (18) 

4 Cell Division Protein Kinase - 7 ATP (47) Flavopiridol (48) 0.6514 (11) 

5 Cellular Retinoic Acid Binding Protein- 1 Retinobenzoic Acid (49) Alitretinoin (50) 0.6006 (14) 

6 Cellular Retinoic Acid Binding Protein- 2 Retinoic Acid (46) Alitretinoin (50) 0.7077 (14) 

7 Cytochrome P 450 2A6 Coumarin (17) Methoxsalen (24) 0.0455 (11) 

8 Serum Albumin 5-(2,4-Di Fluoro Phenyl) -2- Hydroxy-Benzoic Acid (26) Cytarabine (30) 0.8102 (08) 

9 GMP reductase 1 Guanosine Monophosphate (38) Azathioprine (26) 0.9077 (10) 

10 GMP reductase 2 Guanosine Monophosphate (38) Azathioprine (26) 0.9077 (10) 

11 GMP synthase [glutamine-hydrolyzing] Xanthosine Monophosphate (38) Azathioprine (26) 0.9550 (10) 

To ascertain the nature of ligand-interactions with the receptors, 
PDB structures of these 11 cancer proteins were analyzed in detail 
for hydrogen bonds between the residues surrounding the ligand. 
These structures were then used for docking with their respective 
drug molecules using FlexX. Prior to this exercise, the ligand al-
ready present in crystal structure was re-docked to the receptor to 
account for variations by the software, if any. The docking was 
performed with default parameters except for “Maximum allowed 
overlap volume” value, which was changed to 3.6 Å from 2.9 Å, to 
appreciate all the possible interactions. The best docked pose was 
retrieved and minimized with the receptor using CHARMm [45] in 
Accelrys Discovery Studio 2.5. The hydrogen bonds formed by the 
residues surrounding the ligand or drug in docked pose are tabulat-
ed in the [Table-4a], [Table-4b], [Table-4c], [Table-4d], [Table-4e], 
[Table-4f], [Table-4g], [Table-4h], [Table-4i], [Table-4j], [Table-4k]. 
The summary of interactions with various receptors and respective 

ligands or drug molecules is illustrated in [Table-5]. 

Results and Discussions 

Cell Division Protein Kinase 2 (CDK2) is a 298 amino acid long 

protein, targeted by the drug Flavopiridol. The disordered stretches 

of this protein include residues in the range 1-47 and 283-298. The 

docking studies with the drug molecule revealed that 14 residues 

react with the drug Flavopiridol, while 17 amino acids network with 

the Indazole Inhibitor. This clearly suggests that the drug molecule 

prefers to sit in the binding pocket, facilitating relevant interactions. 

Similarly, in the case of Cell Division Protein Kinase (CDK5), which 

is a 292 amino acid long protein, the disordered stretches are in 

between 1-45, 56-74, 219-231 and 277-292. The docking exercises 

with Flavopiridol indicated that 18 residues interact with the drug, 

while there are 21 possible contacts with the ligand R-Roscovitine, 

in the pocket of the receptor. Interestingly, for the 326 amino acid 

long Cell Division Protein Kinase 6 (CDK 6), which is having a wide 

disordered stretch of 114 residues belonging to 28-60, 69-82, 97-
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116, 145-156, 192-200, 218-228, 253-262 and 311-326, the drug 

molecule interacts with 22 residues of the receptor, while the ligand 

Tetrahydroxyflavone makes 18 contacts only. It appears that the 

drug exhibits higher affinity to CDK6 molecule, than the ligand. Cell 

Division Protein Kinase 7 (CDK 7), which has 346 amino acids, is 

characterized by about 100 disordered residues belonging to the 

stretches 1-35, 40-55, 159-173, 230-239 and 319-346. The docking 

of CDK 7 with its drug molecule Flavopiridol indicated that 20 inter-

actions are possible with the receptor, while the binding site resi-

dues coordinates with the ligand ATP via 23 contacts.  

The Cellular Retinoic Acid Binding Protein 1 (CRABP 1) is a 136 
amino acid long protein, targeted by the drug Alitretinoin. The disor-
dered residues contained in the molecule belong to stretches 1-12, 
36-78, 87-105 and 117-128. The docking of CRABP 1 with its drug 
molecule Alitretinoin was performed, which resulted in 19 interac-
tions in the binding site. However, the receptor establishes 21 con-
tacts with the ligand Retinobenzoic Acid. Similarly, the receptor 
Cellular Retinoic Acid Binding Protein 2 (CRABP 2) is a 137 residue 
protein, targeted by the same drug Alitretinoin; its disordered 
stretches include residues 1-11, 35-81 and 96-131. The proteins 
interact with the drug via 20 residues, while the ligand retinoic acid 
makes 19 interactions. This is in spite of the fact that, the structure 
from PDB for CRABP1 is the only non-human sequence in this set. 
Interestingly, the identities between the CRABP PDB sequences 
2CBR (from Bos taurus) and 3CBS (from Homo sapiens) is more 
than 76%, and hence, the docking results could be correlated and 

even mapped on to human models as well.  

Cytochrome P 450 2A6 is a protein containing 494 amino acids, 
targeted by the drug Methoxsalen; the disordered stretches of this 
proteins include residues 29-38, 97-108, 118-144, 184-192, 253-
265, 327-348, 359-390 and 464-494, making it the longest in the 
set containing about 148 disordered residues. Yet, the docking 
results indicated that the drug molecule makes 14 interactions, 

while the ligand coumarin makes 13 contacts.  

Serum Albumin is a 609 amino acid long protein, targeted by the 
drug Cytarabine. The disordered stretches of this protein include 
residues 127-139, 438-468 & 488-519. The docking of serum albu-
min with its drug molecule Cytarabine was performed and the result 
shows that, 19 interactions are possible with the binding site resi-

dues. On the other hand, the ligand makes 17 contacts. 

GMP reductase 1, which is a 345 amino acid receptor, is targeted 
by the drug Azathioprine. Its disordered regions are 1-48, 287-300 
& 325-345. The docking study infers that the drug molecule makes 
only 22 contacts in contrast to 31 interactions of the ligand GMP. 
Similarly, GMP reductase 2, which is also a 348 amino acid protein 
is targeted by the same drug Azathioprine. The number of disor-
dered residues is 107 belonging to the stretches 1-49, 179-190, 
248-259, 289-301 & 324-348. The docking results likewise indicate 
31 interactions with the drug and 21 contacts with the GMP. In both 
of these cases, the ligand appears to be interacting strongly than 
the drug Azathioprine. Finally, the cancer protein GMP synthase 
[glutamine-hydrolyzing], which is indeed a 693 amino acid long 
protein, though has 141 residues belonging to the disordered 
stretches (230-237, 302-341, 386-397, 402-418, 426-440, 531-538, 
565-574, 625-633, 644-658 and 670-693), docking exercises with 
the drug molecule Azathioprine highlights only 15 contacts, and the 
same with ligand Xanthosine Monophosphate offers 19 possible 

interactions.  

Table 4a-The set of interacting atoms in CDK2 (around the distance 
of 5Å) from the ligand (Indazole Inhibitor) and the drug (Flavopiridol) 
† - Hydrogen bonding residues, * - Disordered residues 

Table 4b- The set of interacting atoms in CDK5 (around the dis-
tance of 5Å) from the ligand (Roscovitine) and the drug 

(Flavopiridol) † - Hydrogen bonding residues, * -Disordered residues 
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Sno 

Interacting Distance with the atoms of  
Interacting Residues of CDK2 

within a distance of 5 Å 
Ligand molecule Drug molecule 

(Indazole Inhibitor) (Flavopiridol) 

1 Ile-10†* 3.54 4.39 

2 Gly-11* --- 4.41 

3 Glu-12†* --- 4.3 

4 Val-18* 4.38 4.24 

5 Ala-31* 3.46 3.87 

6 Lys-33* 3.85 --- 

7 Leu-55 --- --- 

8 Val-64 3.85 --- 

9 Leu-78 --- --- 

10 Phe-80 2.98 4.69 

11 Glu-81 2.76 --- 

12 Phe-82 3.61 --- 

13 Leu-83 2.53 --- 

14 His-84 3.34 4.29 

15 Glu-85 3.93 4.21 

16 Asp-86† 3.55 2.58 

17 Lys-89  --- 4.79 

18 Gln-131† 4.02 3.93 

19 Leu-134 3.3 3.81 

20 Leu-143 --- --- 

21 Ala-144 3.66 4.38 

22 Asp-145† 4.81 2.65 

23 Phe-146† 4.14 --- 

# of interactions within a distance of 5 Å  17 14 

# of interactions of the disordered region 
residues  

4 5 

S no 

Interacting Distance with the atoms of 
Interacting Residues of CDK5 

within a distance of 5 Å  Ligand molecule 
(Roscovitine) 

Drug molecule 
(Flavopiridol ) 

1 Ile-10†* 3.73 4.48 

2 Gly-11* 3.8 --- 

3 Glu-12†* 3.41 3.71 

4 Gly-13* 4.08 3.97 

5 Val-18* 3.59 4.09 

6 Ala-31* 3.47 3.66 

7 Leu-32* 4.91 --- 

8 Lys-33* 4.18 3.53 

9 Val-64 3.61 4.42 

10 Phe-80 3.41 2.63 

11 Glu-81† 3.3 4.86 

12 Phe-82 4.15 3.32 

13 Cys-83† 2.81 2.39 

14 Asp-84† 4.56 3.51 

15 Gln-85 3.57 4.17 

16 Asp-86† 3.36 2.9 

17 Lys-89 4.07 --- 

18 Gln-130† 2.83 3.8 

19 Asp-131 --- --- 

20 Leu-133 3.53 3.6 

21 Ala-143 4.24 3.43 

22 Asp-144 4.26 3.21 

# of interactions within a distance of 5 Å  21 18 

# of interactions of the disordered region 
residues  

8 6 
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Table 4c- The set of interacting atoms in CDK6 (around the dis-
tance of 5Å) from the ligand (Tetra Hydroxy Flavone) and the drug 

(Flavopiridol) † -Hydrogen bonding residues, * -Disordered residues  

Table 4d- The set of interacting atoms in CDK7 (around the dis-
tance of 5Å) from the ligand (ATP) and the drug (Flavopiridol) † - 

Hydrogen bonding residues, * - Disordered residues  

Table 4e - The set of interacting atoms in CRABP1 (around the 
distance of 5Å) from the ligand (Retinobenzoic Acid) and the drug 

(Alitretinoin) † - Hydrogen bonding residues, * - Disordered residues  

Table 4f- The set of interacting atoms in CRABP2 (around the dis-
tance of 5Å) from the ligand (Retinoic acid) and the drug 

(Alitretinoin) † - Hydrogen bonding residues, * - Disordered residues  
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S no 
Interacting Residues of CDK6 

within a distance of 5 Å 

Interacting Distance with the atoms of  

Ligand molecule Drug molecule 

(Tetra Hydroxy Flavone ) (Flavopiridol) 

1 Ile-19 † 3.40 3.05 

2 Gly-20 † --- 3.93 

3 Glu-21 --- 4.55 

4 Gly-22 --- 4.68 

5 Val-27 4.54 3.74 

6 Ala-41* 2.94 3.42 

7 Lys-43 † * 3.40 4.72 

8 Glu-61 † 2.39 --- 

9 Val-77 4.45 3.53 

10 Phe-98* 3.20 3.46 

11 Glu-99† * 3.02 4.72 

12 His-100* 3.35 2.36 

13 Val-101 † * 3.61 2.66 

14 Asp-102 † * --- 3.75 

15 Gln-103 † * 4.12 4.81 

16 Asp-104 † * 3.12 2.60 

17 Thr-107* --- 4.69 

18 Gln-149 † * 2.82 3.98 

19 Asn-150 † * 4.55 3.73 

20 Leu-152* 3.78 3.47 

21 Ala-162 4.25 4.12 

22 Asp -163 † 3.27 3.47 

# of interactions within a distance of 5 Å  18 22 

# of interactions of the disordered 
region residues  

11 13 

S no 
Interacting Residues of CDK7 

within a distance of 5 Å 

Interacting Distance with the atoms of  

Ligand molecule Drug molecule 

(ATP ) (Flavopiridol) 

1 Leu-18†* 3.03 2.43 

2 Gly-19†* 4.61 3.35 

3 Glu-20* 3.39 5.00 

4 Gly-21†* 4.62 4.88 

5 Gln-22†* 3.12 --- 

6 Phe-23†* 3.62 --- 

7 Ala-24†* 3.11 --- 

8 Val-26* 3.28 3.95 

9 Ala-39 3.61 3.56 

10 Lys-41†* 2.94 3.20 

11 Ile-75 4.63 4.79 

12 Phe -91† 4.69 4.59 

13 Asp-92† .23 2.98 

14 Phe-93 3.66 4.63 

15 Met-94† 2.99 2.93 

16 Glu-95 --- 4.91 

17 Thr-96 --- 4.81 

18 Asp-97† 4.00 4.97 

19 Asp-137† --- --- 

20 Lys -139† 3.60 --- 

21 Asn-141† 4.28 3.66 

22 Asn-142† 4.32 4.17 

23 Leu-144 4.10 3.14 

24 Ala-154 --- 4.86 

25 Asp-155† 4.51 3.94 

26 Gly-157 --- --- 

27 Lys -160†* 4.15 --- 

28 Ser-161†* 3.22 --- 

# of interactions within a distance of 5 Å  23 20 

# of interactions of the disordered 
region residues  

11 6 

S no 
Interacting Residues of 

CRABP1 within a distance of 5 
Å 

Interacting Distance with the atoms of  

Ligand molecule Drug molecule 

(Retinobenzoic Acid  ) (Alitretinoin ) 

1 Phe-15 3.92 4.19 

2 Leu-19 4.52 --- 

3 Val-24 3.94 4.79 

4 Leu-28 4.32 3.37 

5 Val-31 3.76 3.14 

6 Ala-32 4.13 3.77 

7 Ala-35 4.19 3.71 

8 Ala-36* 4.10 4.73 

9 Pro-39* 3.84 --- 

10 Val-41* --- --- 

11 Thr-54†* 3.59 4.03 

12 Thr-56†* 3.27 4.07 

13 Val-58* 3.55 3.77 

14 Arg-59†* 3.75 4.50 

15 Thr-61* --- --- 

16 Thr-75* --- --- 

17 Val-76†* 4.73 3.58 

18 Asp-77* 3.68 4.02 

19 Gly-78* 3.37 4.74 

20 Arg-111† 4.24 3.37 

21 Leu-120* 3.39 3.62 

22 Phe-122* 4.14 3.20 

23 Arg -131† 2.72 4.61 

24 Tyr-133† 2.23 4.29 

# of interactions within a distance of 5 Å  21 19 

# of interactions of the disordered 
region residues  

11 10 

S no 
Interacting Residues of 

CRABP2 within a distance of 5 
Å 

Interacting Distance with the atoms of  

Ligand molecule Drug molecule 

(Retinoic acid) (Alitretinoin ) 

1 Phe-15 4.08 3.99 

2 Leu-19 2.90 4.10 

3 Val-24 4.10 4.68 

4 Leu-28 3.28 3.65 

5 Ile-31 --- 4.71 

6 Ala-32 3.90 4.16 

7 Ala-35* 4.04 4.43 

8 Ala-36* 4.03 3.97 

9 Pro-39* 3.72 3.70 

10 Val-41* --- 4.29 

11 Thr-54†* 4.28 3.85 

12 Ser-55* --- --- 

13 Thr-56* 3.70 3.80 

14 Val-58* 3.66 3.22 

15 Arg-59* 3.48 2.91 

16 Val-76* 3.92 3.13 

17 Asp-77†* 4.12 4.20 

18 Arg-111†* 4.10 --- 

19 Leu-121* 2.99 2.55 

20 Met-123* 4.59 4.30 

21 Arg-132† 2.70 2.43 

22 Tyr-134† 2.46 2.37 

# of interactions within a distance of 5 Å  19 20 

# of interactions of the disordered 
region residues  

12 12 
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Table 4g- The set of interacting atoms in Cytochrome P450 2A6 
(around the distance of 5Å) from the ligand (Coumarin) and the 
drug (Methoxsalen) † - Hydrogen bonding residues, * - Disordered 

residues  

Table 4h- The set of interacting atoms in Serum Albumin (around 
the distance of 5Å) from the ligand (5-(2,4-Di Fluoro Phenyl) -2 - 
Hydroxy -Benzoic Acid) and the drug (Cytrabine) † - Hydrogen 

bonding residues, * - Disordered residues 

Table 4i- The set of interacting atoms in GMP Reductase 1(around 
the distance of 5Å) from the ligand (GMP) and the drug 
(Azathioprine) † -Hydrogen bonding residues, * -Disordered resi-

dues 

Table 4j- The set of interacting atoms in GMP Reductase2 (around 
the distance of 5Å) from the ligand (GMP) and the drug 
(Azathioprine) † - Hydrogen bonding residues, * - Disordered resi-

dues  
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S no 
Interacting Residues of  Cyto-

chrome P 450 2A6 within a 
distance of  5  Å 

Interacting Distance with the atoms of  

Ligand molecule Drug molecule 

(Coumarin  ) (Methoxsalen ) 

1 Phe-107* 3.78 3.49 

2 Phe-111 3.74 3.64 

3 Val-117 3.98 3.47 

4 Phe-118* 3.81 3.58 

5 Phe-209 3.97 3.54 

6 Leu-296† 4.64 4.47 

7 Asn-297† 3.12 3.93 

8 Leu-298† --- 4.47 

9 Ile-300 3.89 3.57 

10 Gly-301† 3.01 3.01 

11 Thr-305 3.84 3.39 

12 Ile-366* 4.21 4.24 

13 Leu-370* 4.00 4.73 

14 Phe-480* 3.44 3.87 

# of interactions within a distance of 5 Å  13 14 

# of interactions of the disordered 
region residues  

5 5 

S no 
Interacting Residues of Serum 
Albumin within a distance of  5  

Å   

Interacting Distance with the atoms of  

Ligand molecule Drug molecule 

(5-(2,4-Di Fluoro Phenyl) -2-
Hydroxy -Benzoic Acid  ) 

(Cytarabine ) 

1 Leu-411 3.79 2.92 

2 Ile-412 3.83 3.35 

3 Asn-415 3.49 3.99 

4 Cys-416 3.94 4.82 

5 Phe-427 3.67 3.57 

6 Leu-431 4.45 3.05 

7 Arg-434†* 2.88 2.95 

8 Try-435†* 4.88 2.90 

9 Lys-438†* 3.30 2.77 

10 Leu-454†* 3.20 4.27 

11 Gly-455†* --- 4.61 

12 Val-457†* 3.96 3.48 

13 Gly-458†* 3.25 4.30 

14 Ser-459* --- 4.73 

15 Cys-462* 3.81 3.94 

16 Leu-477 3.45 3.37 

17 Arg-509†* 4.93 4.50 

18 Phe-512†* 4.68 4.71 

19 Ser-513†* 3.25 4.07 

# of interactions within a distance of 5 Å  17 19 

# of interactions of the disordered 
region residues  

10 12 

S no 
Interacting Residues of GMP 

Reductase 1  within a distance 
of  5  Å   

Interacting Distance with the atoms of  

Ligand molecule Drug molecule 

(GMP ) (Azathioprine ) 

1 Ala-53 4.50 3.89 

2 Asn-54† 4.71 --- 

3 Met-55 3.68 3.85 

4 Asn-158† 4.86 --- 

5 Lys-177 4.49 --- 

6 Pro-182 4.24 4.88 

7 Gly-183† 4.44 4.15 

8 Ser-184† 2.43 2.60 

9 Val-185† 4.76 3.60 

10 Cys-186 4.71 4.39 

11 Thr-187 4.86 4.32 

12 Thr-188 4.19 --- 

13 Asp-219† 2.59 2.68 

14 Gly-220† 3.95 4.86 

15 Gly-221† 2.87 --- 

16 Cys-222† 4.33 --- 

17 Met-240 3.56 --- 

18 Leu-241† 4.67 4.86 

19 Gly-242† 2.77 4.17 

20 Gly-243† 2.85 3.98 

21 Met-244† 4.95 --- 

22 Phe-266 4.55 4.84 

23 Gly-268 3.19 4.15 

24 Met-269† 3.15 3.19 

25 Ser-270† 2.93 4.43 

26 Ser-271† 3.67 --- 

27 Arg-286† 4.97 4.03 

28 Ala-287* 3.63 3.46 

29 Ser-288†* 2.77 2.40 

30 Glu-289* 4.69 4.62 

31 Gly-290†* 3.07 4.27 

# of interactions within a distance of 5 Å  31 22 

# of interactions of the disordered 
region residues  

4 4 

S no 
Interacting Residues of GMP 

Reductase 2  within a distance 
of  5  Å   

Interacting Distance with the atoms of  

Ligand molecule Drug molecule 

(GMP ) (Azathioprine ) 

1 Ala-53 3.86 3.85 

2 Asn-54† 4.76 --- 

3 Met-55 3.55 3.70 

4 Asn-158† 4.58 --- 

5 Lys-177 4.40 --- 

6 Pro-182* 3.98 4.26 

7 Gly-183†* 4.56 4.12 

8 Ser-184†* 3.19 2.84 

9 Val-185†* 4.31 4.80 

10 Cys-186†* 4.71 4.14 

11 Thr-187* 4.81 --- 

12 Thr-188* 3.32 --- 

13 Asp-219† 2.81 3.69 

14 Gly-220† 4.02 4.82 

15 Gly-221† 3.05 3.16 
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Table 4j- Continue… 

The results from the [Table-4a], [Table-4b], [Table-4c], [Table-4d], 
[Table-4e], [Table-4f], [Table-4g], [Table-4h], [Table-4i], [Table-4j], 
[Table-4k] and the numbers of interactions as per [Table- 5], thus 
emphasize the involvement of disordered region residues in the 
binding pockets, and the participation of these residues towards 
hydrogen bonding interactions with the ligand and drug molecules 
respectively. As could be appreciated, the total numbers of interac-

tions made by the proteins with the ligand and drug molecules re-
spectively, in most of the cases were in the close agreement, ex-

cept for GMP reductases 1 & 2. 

Table 4k- The set of interacting atoms in GMP Synthase (around 
the distance of 5Å) from the ligand (Xanthosine Monophosphate) 
and the drug (Azathioprine) † - Hydrogen bonding residues, * - Dis-

ordered residues  
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S no 
Interacting Residues of GMP 

Reductase 2  within a distance 
of  5  Å   

Interacting Distance with the atoms of  

Ligand molecule Drug molecule 

(GMP ) (Azathioprine ) 

16 Cys-222† 4.26 4.84 

17 Met-240 3.81 3.85 

18 Leu-241 4.98 3.91 

19 Gly-242† 2.78 3.96 

20 Gly-243† 2.84 2.79 

21 Met-244† 4.35 --- 

22 Phe-266 4.21 4.24 

23 Tyr-267† --- 4.96 

24 Gly-268† 4.89 4.41 

25 Met-269† 3.24 2.90 

26 Ser-270† 2.97 3.68 

27 Ser-271† 3.77 --- 

28 Arg-286† 2.97 --- 

29 Ala-287† 4.75 --- 

30 Ser-288† 2.54 --- 

31 Glu-289* 4.67 4.90 

32 Gly-290†* 3.12 4.56 

# of interactions within a distance of 5 Å  31 21 

# of interactions of the disordered 
region residues  

9 6 

S no 
Interacting Residues of GMP 

Synthase  within a distance of  
5  Å  

Interacting Distance with the atoms of  

Ligand molecule Drug molecule 

(Xanthosine Monophosphate) (Azathioprine ) 

1 Arg-337†* 2.88 3.66 

2 Ser-382 4.36 3.16 

3 Gly-383† 4.22 3.29 

4 Lys-384† 3.55 3.84 

5 Pro-437* 4.41 --- 

6 Phe-438* 4.98 --- 

7 Pro-439†* 4.53 3.31 

8 Gly-440†* 3.02 4.26 

9 Pro-441 3.33 4.82 

10 Ile-445 4.09 3.97 

11 Arg-446 4.41 --- 

12 Arg-524† 4.01 2.84 

13 Gln-610† 2.60 --- 

14 Phe-645†* 3.55 4.01 

15 Lys-685†* 2.80 4.21 

16 Thr-689†* 3.44 3.49 

17 Thr-690†* 2.63 4.14 

18 Glu-691†* 2.67 4.38 

19 Glu-693* 4.97 3.12 

# of interactions within a distance of 5 Å  19 12 

# of interactions of the disordered 
region residues  

11 9 

Table 5- Details of Residues interacting with 11 Cancer Proteins with their Ligands and the Drug molecules respectively. 

S no Cancer Protein  Ligand Molecule                
No. of interactions 

with Ligand  
Drug Molecule      

No. of interactions 
with Drug 

1 Cell Division Protein Kinase - 2 Indazole Inhibitor 9 17 Flavopiridol 14 

2 Cell Division Protein Kinase - 5 R-Roscovitine 21 Flavopiridol 18 

3 Cell Division Protein Kinase - 6 Tetrahydroxyflavone 18 Flavopiridol 22 

4 Cell Division Protein Kinase - 7 ATP  23 Flavopiridol 20 

5 Cellular Retinoic Acid Binding Protein- 1 Retinobenzoic Acid 21 Alitretinoin 19 

6 Cellular Retinoic Acid Binding Protein- 2 Retinoic Acid 19 Alitretinoin 20 

7 Cytochrome P 450 2A6 Coumarin  13 Methoxsalen 14 

8 Serum Albumin  5-(2,4-Di Fluoro Phenyl) -2 - Hydroxy -Benzoic Acid 17 Cytarabine 19 

9 GMP reductase 1 Guanosine Monophosphate 31 Azathioprine 22 

10 GMP reductase 2 Guanosine Monophosphate 31 Azathioprine 21 

11 GMP synthase  [glutamine-hydrolyzing] Xanthosine Monophosphate 19 Azathioprine 15 

Conclusions 

The investigations thus have highlighted that residues belonging to 
disordered regions in these cancer targets do play vital roles in 
binding to the drug molecules. Based on the fact that there is a 
glaring homology between ligands and drug molecules, the nature 
of binding could be well correlated. The work establishes the fact 
that the commercially available drug molecules could preferentially 
bind to disordered regions and exercise cell proliferation and con-
trol. Accordingly, the study proposes a novel pattern of exploiting 
the binding site of receptors, that could be useful in pharmacophore 
based drug design. Our future investigation includes the detail ex-
amination of interactions with the remaining disordered cancer pro-

teins with respective drug molecules in the cancer pathways. 
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