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Abstract. The BCR-ABL protein is the causative agent in the pathogenesis of
chronic myeloid leukemia (CML). Although there are several drugs in the market
which inhibit BCR-ABL efficiently there are some cases of resistancel.
Imatinib2,3, nilotinib3,4, bosutinib4 ,dasatinib5, bafetinib6 are approved tyro-
sine kinase inhibitors (TKI’s) and more recently, ponatinib was approved TKI
which is shown to bind and inhibit the imatinib resistant BCR-ABL (T3151 mu-
tant). Ponatinib showed greater side effects like cardiovascular, cerebrovascular
and peripheral vascular thrombosis, including fatal myocardial infarction and
stroke7. Therefore, there is a need to identify new TKI’s which have greater in-
hibition capacity than marketed TKI’s with lesser side effects. In this current
study, we have selected mutant BCR-ABL (T315] mutant) as a target protein
which constitutes 20% of all mutations and screened several small molecule li-
braries to investigate the potential drug like compound against the BCR-ABL.
Potential drug candidates were further examined for their druggability, stability
and binding efficacy using computational approaches. Our investigation showed
a group of select lead compounds exhibits promising binding affinity than the
existing drugs such as ponatinib, imatinib, dasatinib, nilotinib, bosutinib, bafet-
inib that may be considered.
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1 Introduction

Chronic myeloid leukemia (CML) is driven by chromosomal aberra-
tion called Philadelphia chromosome (Ph). The reciprocal translocation
between the Abelson gene on chromosome 9 and break-point cluster re-
gion gene on chromosome 22 leads to the formation of Philadelphia
chromosome (9; 22) (q34; q11)3.

The product of BCR-ABL oncogene (BCR-ABL protein) which is a
constitutively active kinase drives the disease CML. BCR-ABL induced
CML by phosphorylation of substrate protein Grb2 and many down-
stream effector molecules’ . The first tyrosine kinase inhibitor (TKI)
imatinib (Gleevec, ST1571), approved by FDA in 2001, has shown a
great inhibitory effect on progression of CML!?. Despite imatinib’s clin-
ical success, resistance is still a limitation of this drug''. To overcome
with this resistance, two second generation TKI’s inhibitors, nilotinib
(Tasigna, AMN107)!? and dasatinib'® (Sprycel, BMS-354825)!* were
developed, but other forms of resistance still remain, and neither com-
pound inhibits the mutant BCR-ABL, which constitutes 20% of all BCR-
ABL mutations'>!7.

Based on the structure based drug design in 2010 ARIAD Pharmaceu-
ticals identified ponatinib which binds to the ATP binding site of mutant
BCR-ABL. It was completely active against the mutated BCR-ABL
(T3151)'%. Initially, ponatinib was designed to overcome T315I gate-
keeper mutation'® . The characteristic feature of ponatinib is to facilitate
the carbon-carbon triple bond (ethynyl linkage) between the methyl phe-
nyl and purine groups?*2!. Ponatinib holds the Isoleucine side chain
without steric interference and there is no loss of a hydrogen bond when
Thr315 is mutated to isoleucine'®. Ponatinib binds to BCR-ABL in an
imatinib/ nilotinib-like (DFG-out) mode and makes similar interactions,
including hydrogen bonds with the main chain carbonyl of Met318, the
side chain of Glu286, and main chain amide of Asp381, In addition, the
drug makes friendly vanderWaals contacts with Tyr253 & Phe382 be-
cause of squeezed conformation of the P-loop and DFG-out mode of ac-
tivation loop respectively?!. Ponatinib is also active against many of the
other imatinib resistant mutations, including M244V, G250E, Q252H,
Y253F/H, E255K/V, F317L, M351T, and F359V, among others®%. The
activity of ponatinib towards these mutations invokes a similar rationale
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as for nilotinib, whereby the drug makes multiple points of contact so
that mutation of a residue has less effect on the overall binding affinity
of the drug?'.

The availability of 3D-structure of the target protein and the structural
details of ponatinib and T315I mutant Abl protein complex gives us an
opportunity to find good biologically active small molecules which ac-
tively bind to target.

The present work probed the identification of most potent drug like
compound exhibiting better inhibition than ponatinib with the mutated
structure of BCR-ABL (T315I). Identified lead molecule was further val-
idated for the structural stability and their binding affinities using MM-
GBSA study. The finding of these studies can provide an important clue
for the design and development of effective novel TKI inhibitor.

2 Material and Methods

2.1 Protein selection and preparation

The crystallographic co-ordinates for wild (PDB ID: 30XZ)** and mu-
tant type (PDB ID: 3QRJ)** of BCR-ABL was retrieved Protein Data
Bank to their inhibitory effect and further processed for docking purppur-
posesSchrodinger?. Water molecules were removed, bond orders were
assigned, and hydrogen atoms were added to crystal structures. Further,
protein was preprocessed and then reviewed by following the optimiza-
tion of the target protein. Finally, a restrained minimization of the target
structure was performed using the default constraint of 0.30 A RMSD
and the OPLS-2005 force field*.

2.2 Ligand selection and preparation

To find out the potential inhibitors for BCR-ABL, we investigated and
annotated various small molecule databases such as Ligand.info: Small-
molecule Meta-Database?”?® (http://ligand.info/) (29,090) DrugBank?*-*°
(6,825), Similar compounds from PubChem?! (566). A total number of
36,481 compounds were retrieved from the corresponding databases in
Structure Data Format (SDF). Further these small molecules were pre-
pared using the LigPrep wizard of Schrodinger2. Since, collected small
molecules doesn’t have correct bond orders and bond angles; they

Proceedings IWBBIO 2014. Granada 7-9 April, 2014 1124


http://ligand.info/

were subjected to full minimization using OPLS_2005%6. Physiological
pH for protonation states were maintained and realistic bond lengths and
bond angles were corrected. Further, Epik®*34 option was selected for the
accurate enumeration of ligand protonation states in biological condition.
Finally, chiralities were determined from the SDF and output was saved
in maestro format.

2.3 Receptor Grid generation

Since, glide requires pre-requesting of grid for docking purposes. Grid
box was assigned at the center of the ATP binding site of BCR-ABL
(T3151) (Glu286, Met318, 11e360, Ala380, Asp381)35 using the ‘‘Re-
ceptor Grid Generation’’ of Schrodinger Glide36 so that the ligand can
rotate freely inside the binding pocket. The van der Waals (vdW) radii
of receptor atoms were scaled by 1.00 A and partial atomic cutoff 0.25
was added to the system to soften the potential energy of non-polar parts
of the protein.

2.4 Virtual Screening

We performed High Throughput Virtual Screening (HTVS) using virtual
screening workflow option from Glide. It is an application in maestro
software which is used for docking purposes by using different options
like HTVS, SP (standard-precision), and XP (extra-precision). Glide per-
forms a complete systematic search of the conformational, orientation,
and positional space of the docked ligands. All prepared ligands were
incorporated in the Virtual Screening Workflow Wizard. Ligands were
further scrutinized for their drug properties using Lipinski rule of five®’.
Finally, docking was performed by using Glide HTVS in the flexible
mode of protein. After, HTVS docking, we kept 10% of the best com-
pounds and these compounds were further assessed in Standard Precision
(SP) docking for reliable docking of the selected ligand with high accu-
racy. Again, the 10% of the successful compounds were further incorpo-
rated for XP mode to eliminate the false positives using advanced scoring
which results most potent lead molecule.

Proceedings IWBBIO 2014. Granada 7-9 April, 2014 1125



2.5 Molecular Dynamics Simulation for protein ligand complexes

Protein-ligand complexes were evaluated for their binding stability using
Gromacs4.5.5 with the Gromos93al force field*® with our earlier protocol
for Protein-ligand complex®’. Since, we need a topology file for ligand,
ProDRG server*’ server was used to generate the ligand topology file.
Further, these protein ligand complexes were solvated with TIP3P ex-
plicit water molecule in a box. Electrostatic energy was calculated using
the particle mesh Ewald method*! , which permits the use of the Ewald
summation at a computational cost comparable to that of a simple trun-
cation method of 10 A or less. Linear Constraint Solver (LINCS)** algo-
rithm for covalent bond constraints was used. Before minimization, the
system was neutralized by adding 8 Na" ions and then steepest descent
approach (1000ps) was used for each protein ligand complex. After en-
ergy minimization, equilibration was performed. The system was cou-
pled to the external bath by Berendsen pressure and temperature cou-
pling. Finally, MD run was set to 10 ns with the same parameters as
mentioned above for each protein-ligand complexes and trajectories
were saved for further analysis using XMGRACE.

2.6 Rescoring of BCR-ABL and drug candidate complexes using
interaction energy and MM-GBSA approach

To compute the average interaction energy and binding free energy of
seven best lead molecules in complex, interaction energy and Gibbs free
energy was calculated. Interaction energy was calculated from BCR-
ABL and drug complexes by calculating the short range Lennard-Johes
and short range Coulomb energy using the g energy analysis tool of
gromacs software.

Ein=ELrtEcoul
Here, Eix stands for interaction energy, Ery stands for short ranges
Lennard-johes and Ecou denotes short ranges for coulomb energy. It is a
crude qualitative estimate of the stability of protein and drug candidate
complexes. While the binding free energy is calculated based on the fol-
lowing equation

AGvind =AEMMTAGsov+Gsa
Using Schrodinger, Where AEMM is the difference in energy between
ligand in complex and unliganded receptor®, using the OPLS-AA force-
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field. AGsolv is the difference in the Gsa solvation energy of the com-
plex and the sum of solvation energies for the unliganded protein.
AGsa is the difference in surface area energy for the complex and the
sum of surface area energies for the protein and ligand.

3 Results and Discussions

To identify the potential lead compounds, which may have a stronger
binding affinity to the ATP binding site of BCR-ABL, better than exist-
ing drug compound we performed High throughput virtual screening of
the T3151 Mutant (PDB:3QRJ) BCR-ABL against various small mole-
cule libraries. Ponatinib, bosutinib, bafetinib, dasatinib, nilotinib and
imatinib were selected as a reference compounds to set the cutoff value
for XP docking. Docking experiment was performed with the mutant
type of the target protein. Our docking study showed that ponatinib has
the highest binding affinity to inhibit the drug target with the docking
score of -11.050kcal/mol while bosutinib, bafetinib, dasatinib, nilotinib
and imatinib showed -5.513kcal/mol, -4.689kcal/mol, -4.702kcal/mol, -
3.772kcal/mol, -3.593kcal/mol and -3.78kcal/mol, respectively (Table
1). Hence, for screening potent lead molecules, we set -11.00 kcal/mol,
as a cutoff value.

Our virtual screening experiment yielded seven persuasive lead com-
pounds, four lead molecules (DB07107, DB06977, DB04200 and
DBO01172) from DrugBank and three lead molecule from ligand info.
Database (ST007180, ST013616 and ST019342). All seven lead mole-
cules exhibited enhanced binding affinity than reference drug molecules.
Their 2D conformations and drug details are summarized in Table 2.

DB07107 (C23H22N40) from DrugBank showed highest binding en-
ergy with the XP Score of -14.045 kcal/mol which is greater than our
selected cutoff value (Figure 1a). To get an insight into their interacting
mechanism, we used UCFC Chimera molecular visualization tool****and
glide for generating 2D interaction plot. Detailed analysis of this docking
pose revealed four hydrogen bonds (H_bonds) interactions with the ATP
binding site residues of BCR-ABL. Here, we observed single H bond
with each Glu286 and Met318 residues with bond length of 2.92A and
2.97A, while two H_bond formation was encountered with Asp381 with
the bond length of 3.32A, 2.72A respectively.

DB06977 (C23H21N50), ST013616 (C14H12N402) (Figure 1b,1c),
DB04200 (C20H2206), ST007180 (C18H17FN20S), ST019342
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(C15H11C10O4) and DB01172 (C18H36N4011) (Figure 2) showed a
strong binding affinity with XP score of -13.163kcal/mol, -
12.065kcal/mol, -12.041kcal/mol, -11.555kcal/mol, -11.033 kcal/mol
and -8.433kcal/mol respectively (Table 3) with the key residues of
Glu286, Meth318 and Asp381. Here, it is noticeable that DB01172 ex-
hibits XP docking score below the cutoff value but showed higher bind-
ing affinity towards the BCR-ABL, and hence was included for further
study. DB01172 shares six H _bond with the ATP binding site of the tar-
get protein. Moreover, DB01172 forms each one side chain hydrogen
bond with Glu282, Glu286, Asp381, Lys285, and one back bone hydro-
gen bonding each with Asp381, 11e360.

3.1 Validation of drug candidate in Wild type

To evaluate the efficiency of the selected compounds with the wild type
of BCR-ABL (PDB: 30XZ), we performed docking study as mentioned
in above protocol and the results were summarized in Table 4. Result
showed high inhibitory activity with wild type and mutant. DB07107,
ST013616, DB04200 and ST007180 displayed docking score better than
ponatinib and imatinib. In case of DB06977, one H bond is missing
(Met318) in the wild type of Ber-Abl but still exhibits favourable bind-
ing score of -10.94 kcal/mol, while in case of ST013616, there is loss of
one H bond with Asp381. In addition, DB06977 makes one extra
H bond with Lys271. Most of selected drug in these study have shown
slightly less efficiency in wild type compare to mutant T315I mutant
Ber-Abl. These investigations showed that the selected drugs can effi-
ciently inhibit both mutant and wild type Bcr-Abl.

3.2 Molecular Dynamics Simulations

Based on the virtual screening result, MD Simulation was carried out for
the best nine molecules complexes with BCR-ABL using Gromacs4.5.5.
The structural behaviour of protein-ligand complexes was studied in a
dynamic context, especially in terms of complex flexibility. Root mean
square deviations of each protein-ligand complexes have not shown
much variation in their backbone. Initially, each lead molecule was in
excited state and they exhibited RMSD energy of 0.1500 nm to 0.3 nm.
DBO01172 have shown continuous fluctuation up to 6000 ps, afterwards
it maintains its equilibration state. None of the lead molecules have major
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RMSD fluctuations during the trajectory period of simulation indicating
that ligands are not playing a major role for the structural stability of the
protein backbone and the whole system is stable and well equilibrated
(Figure 3).

To investigate the total drift in the RMSD of ligands behavior, we gen-
erated the ligand positional RMSD of each lead molecule*®. ST019342
compound showed more and continues fluctuations in the noticeable
window size of 0.4 nm throughout the simulation period. ST019342-
BCR-ABL complex co-ordinates were downloaded from the system in
the interval of 1000 ps and investigated in PyMOL. Result showed that
ST019342 has an unstable binding affinity toward BCR-ABL as the drug
was coming out from the binding pocket of the target protein and exhib-
iting more fluctuation. This suggests that ST019342 compound’s inabil-
ity to inhibit the protein target efficiently while the other drug candidates
showed stable and well equilibrated binding (Figure 4).

Residual mobility was calculated using the Root Mean Square Fluctu-
ation (RMSF) and graph was plotted against the residue number based
on the trajectory period of MDS. The general profile of residual fluctua-
tion was minimal since there was no abnormal fluctuation (Figure 5). In
sum, none of the drug candidates brought any noticeable changes in their
residual level.

3.3 Hydrogen bond analysis

MD analysis of BCR-ABL and selected drug candidates complex stabil-
ity was monitored during the trajectory period and their hydrogen bonds
between protein and ligands were calculated using the g_hbond utility of
GROMACS to determine the stability of hydrogen bonds with the ATP
binding site of T315L

Hydrogen bond analysis reveals that compound DB01172 has 6-7
(highest) number of average H bonds (Glu282, Lys285, Glu286, 1le360)
and two H bond with Asp381 (Figure 6). Whereas Compoundss
DB07107, DB06977, ST013616, DB04200, ST007180 and ST019342
showed an average number of hydrogen bond 2-3 (Glu286, Met318 and
Asp381), 3 (Glu286, Met318 and Asp381), 3-4 (Glu286, Asp381,
Glu316, Met318), 2-3 (Glu286 and Met318), 1 (322) and 1-2 (Met318
and Asn322) respectively (Figure 7). These average number of H_bonds
throughout the MDS period provides stability to the protein and ligand
complex and holding it to the ATP binding position.
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3.4 Interaction energy and binding free energy

Interaction energy and MM-GBSA of BCR-ABL with drug complexes
were also calculated. The data showed that all the selected drug com-
pounds have superior interaction energy of -64.37kcal/Mol, -
44 .58kcal/mol and -42.62kcal/mol for DB06977, DB07107 and
DB04200, respectively. Interestingly, DB01172 showed the highest
crude interaction energy of -65.490 kcal/mol. Re-scoring of the com-
plexes using Prime MM-GBSA results that all the selected drug candi-
dates display excellent binding free energy (Table 5). Since DB07107,
DB06977, DB04200, ST17180 and DB01172 showed promising results
in all the above mentioned experiments these drugs can effectively in-
hibit BCR-ABL kinase activity by blocking the DFG out conformation
of BCR-ABL (Figure 8). We strongly recommend these compounds to
be tested experimentally for further verification. ST019342 and
ST013616 showed poor interaction and binding free energy. Moreover,
the backbone of these drug compounds are not stable throughout the sim-
ulation period and hence unlikely to be a potent inhibitor of BCR-ABL.

4 Conclusions

In this current study we performed the docking study against the T3151
mutant tyrosine kinase to inhibit the chronic myelogenous leukemia
(CML) using virtual screening approach. The study yielded highly po-
tential seven lead molecules which were further scrutinized for the struc-
tural and binding affinities using MDS and interaction energy. MDS
study illustrated the dynamic behaviour of protein-ligand complexes.
Specifically, DB07107, DB06977, ST013616, DB04200, ST007180 and
DBO01172 showed minimal protein backbone and ligand backbone fluc-
tuation whereas ST019342 showed an abnormal fluctuation throughout
the simulation study and ligand is not stable inside the binding pocket.
Hydrogen bond analysis revealed that DB01172 has high binding affinity
towards the binding pockets. Moreover, this particular compound exhib-
its average of six hydrogen bonds with the protein complex throughout
the trajectory period while other compound such as DB06977 and
ST013616 showed average of three H bond interactions with BCR-ABL
protein. Prime MM-GBSA investigations revealed that all the selected
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lead molecules possess good free binding energy and interestingly
DBO01172 shows greater crude interaction energy when compared to all
other lead molecules. Hence, we propose DB07107, DB06977,
DB04200, ST007180 and DB01172 to be tested experimentally for fur-
ther analysis as a highly potential drug candidate for blocking BCR-ABL
towards the treatment of chronic myeloid leukemia (CML).
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7 Tables

Table 1. Glide XP results for the existing drug molecules for mutant BCR-ABL, by
Schrodinger 9.3.

Pubchem Name Glide HD:HA(A)

ID Score
24826799 Ponatinib  -11.917 -11.050 Glu286:0e2::n3(2.865)
Met318:n::n5(2.815)
11e360:0::n2(3.457)
Asp381:n::01(2.867)

5328940 Bosutinib  -5.310 -5.513 Asp381:0d2::n2(2.737)
11e360:n::n5(3.047)
24853523 Bafetinib  -4.644 -4.644 Asp381:0::n3(2.720)
Arg362:nh2::n8(3.223)
3062316 Dasatinib  -4.220 -4.702 [1e360:0:01(2.827)

Arg362:nh1::01(2.959)
11e360:n::01(3.095)

644241 Nilotinib ~ -3.617 -3.772 Arg362:nh1::01(2.810)
Asp381:0d2:n2(3.029)
5291 Imatinib ~ -3.460 -3.593 Glu292:0e2::n2(3.092)

11e360:0::n4(3.027)

Proceedings IWBBIO 2014. Granada 7-9 April, 2014 1135



Table 2. 2-D Structures of the finally selected seven lead molecules have been shown in the
figure. (a) DB07107 (b) DB06977, (c) ST013616, (d) DB04200, (¢) ST007180, (f) ST019342

and (g) DB01172.
DrugBank ID | Chemical For- | Molecu- 2D-Structure
(PubChem ID) | mula lar weight
DB07107 C23H22N40 370.447
(6914613)
D M
DB06977 C23H2IN50 383.446 ,
(46937040) Q
= x \
h = HH ‘ ‘/'
ST013616 C14H12N402 268.270 -
(6530845)
OH
H /N_
NH
-
DB04200 C20H2206 358.385 v
(119205) \Q\ L
ST007180 C18HI17FN20S | 328.403
(2057417) \@ \
/
-
H
ST019342 C15H11ClO4 290.698
(670959) Q
7 ! 0
ar
iy ;
DB01172 C18H36N4011 | 484.498
(6032) (I/
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Table 3. Glide XP results for the seven lead molecules with the Mutant type of BCR-ABL , by
Schrédinger 9.3

Drug Bank ID Docking  Glide HD:HA(A)
Score Score
DB07107 -14.031 -14.045 Glu286:0E2:: N4(2.92),
Met318:N:: N1 (2.97),
Asp381:01:: N(3.32),
Asp381:N4:: O (2.72)

DB06977 13.163 -13.163  Glu286:0e2 :: N5(2.81),
Glu381:N5:: O (2.73),
Met318:0:: N3(3.08)

ST013616 -12.106 -12.041 Glu286:0E2:: 01(2.79),
Met381:02:: O(2.96),
Glu316:0: N2 (3.41),
Met318:N:: N3(3.07)

DB04200 -12.065 -12.065 Glu286:0E2::05(2.78),
Met318: N:: 02 (3.07),
Met318:N::01(3.33)

ST007180 -11.555 -11.555 Asn322 ND2: O1 (2.79)

ST019342 “11.033 -11.033  Met318 N1: N (2.84),
Asn322 N: 04 (3.41)
Asn322 Nd2 : 04 (2.75)

DB01172 -8.603  -8.433 Glu282 OE1: N4 (2.66),
Lys285 O: N3 (3.52),
Glu286  OE2: N2
(3.03),
11e360 O: N1 (2.82),
Asp381 OD2: 04
(2.84),
Asp381 O: N2 (3.10)
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Table 4. Glide XP results for the seven lead molecules with the wild type of BCR-ABL, by

Schrédinger 9.3.

Compound XP Amino acid interactions

Score
(Wild)
DBO07107 -10.22 Glu286:0e2::N2(2.658),
Asp381:0::N2(2.600),
Asp381:N::01(3.497),
Met318:N::N5(3.043)

DB06977 -10.94 Asp381:0::N2(2.599),
Glu286:0e2::N2(2.727)
ST013616 -8.17  Lys 271:N2::01(3.031),

Glu286:0e2::02(2.784),
Glu286:0e2::01(2.627),
Glu316:0::N2(3.228),
Met318:N::N3(3.020)
DB04200 -9.76 Met318:N::01(3.177),
Asn322:03::Nd2(2.972)
Asp381:0::06(2.915),

ST007180 9.62  Met318:0:N1(3.215),
Met 318:0::51(3.907)

ST019342 833 Met318:N ::02(3.016),
Asn322:Nd2::04(3.129)

DB01172 972 11e360:0::08(2.900),

Glu286:0e2::N2(3.136),
Asp381:N::010(2.787),
Asp381:0::010(3.227),
Asp381:0d2::07(3.486),
Glu286:0e2::03(2.963 ),
His361:0::N4(2.800),
Asp381:0d2::0d2(2.647 ),
Arg362:Nh1::08(3.365)
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Table 5. Interaction energy of each BCR-ABL -ligand complex

Ligand Average Total Drift Interactio
n energy

DB07107 159619 LJ (SR) 15 1080.95 -94.4324 -44.58 -112.76
-1.01083e+06 Q(SR) 15 1690.11 -92.1206

DB06977 159597 LJ (SR) 22 1076.63 -72.1488 -64.37 -126.71
-1.01083¢+06 Q(SR) 44 1679.72 -197.183

STO013616 237095 LI(SR) 7.6 129591 -28.5264 -25.67 -71.53
-1.4591¢+06 Q(SR) 25 2022.29 -79.4374

DB04200 159667 LJ (SR) 8.4 1074.5 49.9894 -42.62 -103.15
-1.4591e+06 Q(SR) 20 1678.84 -128.368

ST007180 243003 LJ(SR) 20 978.101 -142.857 -58.154 -93.59
-1.48133e+06 Q(SR) 20 1424.7 -100.463

ST019342 237089 LJ (SR) 43 1300.79 -26.6877 -26.87 -73.73
-1.45905e¢+06 Q(SR) 22 2044.03 -85.7545

DBO01172 237089 LJ(SR) 27 1298.3 -156.608 -65.490 - 83.82
-1.45938e+06 Q(SR) 18 2032.86 -117.406
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Fig. 1. Binding poses of the DB07107, DB06977, ST013616 lead molecules. The proposed
binding mode of the lead molecules has been shown in the stick format. Residues involved in
Hydrogen bonding have been labeled with the Hydrogen bond in dotted red lines and bond
length have been shown in Angstron.
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Fig. 2. Binding poses of the DB04200, ST007180, ST019342 and DB01172 lead molecules.
The proposed binding mode of the lead molecules has been shown in the stick format. Residues
involved in Hydrogen bonding have been labeled with the Hydrogen bond in dotted red lines
and bond length have been shown in Angstron.
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Fig. 3. Time dependence of root mean square deviations (RMSDs). Backbone RMSD from the
initial structures of protein-ligand complexes during 10,000 ps molecular dynamics (MD) simu-
lation.
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Fig. 4. Backbone RMSD values of drug candidates from the initial structures of protein-ligand
complexes during 10,000 ps of molecular dynamics (MD) simulation period. Graphs were plot-
ted using xmgrace, a 3D plotting tool.
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Fig. 5. Root mean square fluctuations (RMSF) from the initial structures of protein-ligand com-
plexes during the trajectory period of simulation.
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Fig. 6. Total number of inter-molecular H_bond interactions between BCR-ABL and
DB01172 lead molecules.
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Fig. 7. Total number of inter-molecular H_bond interactions between BCR-ABL and
DB07107, DB06977, ST013616, DB04200, ST007180 and ST019342 lead molecules.
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Fig. 8. Mechanism of BCR-ABL inhibition by selected lead compounds.
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