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Abstract

Background: Crizotinib and Temozolomide are the two major chemotherapy drugs used for the treatment of can-
cers. Crizotinib is used as a target chemotherapy drug in many cancers. It mainly binds on the ATP binding regions of
receptor tyrosine kinases (RTKs) targets and inhibits protein phosphorylation, which has already been reported. Temo-
zolomide drug is known as the alkylating agent. Its mechanism of action is the methylation of DNA and thereby inhib-
iting DNA replication. However, the Temozolomide drug with protein level interaction of Glioblastoma Multiforme
(GBM) and Non-small-cell lung carcinoma (NSCLC) of RTKs targets has not been reported so far. In the proposed work,
we investigated the molecular level interaction of the Temozolomide drug in C-MET, C-ROS1, and ALK RTKs targets of
GBM and NSCLC using an in silico study. We performed comparative analysis studies in both drugs'docked complexes
based on their drug properties and complex energy (CE) to identify the better efficacy of the drug.

Results: From the docking studies, we could identify that the Temozolomide drug bounded protein complexes
showed the least complex energy. The most stable complexes were identified from these docking studies by Molecu-
lar Dynamic simulation. In the proposed study, we found that the docked complex attained a stable conformation
and least energy via solid hydrogen bond interactions between the amino acid residues and the drug at the binding
sites of the proteins. The least energy and the hydrogen bond interaction of Temozolomide drug with the amino acid
residues of the protein complexes of C-MET, C-ROS1 and ALK protein with their id name are: 2WGJ is — 11305.0830
(PRO1158, MET1160), 3ZBF is — 11,659.6814 (MET2029, GLU2027), and 2XP2 is — 11,734.7565 (ARG1275, ASP 1160,
GLU1167).

Conclusion: Our studies revealed that the Temozolomide drug bounded protein complex showed the least energy
when compared to Crizotinib. So it will give better interaction on the binding sites of proteins and thereby provide
better inhibition in the treatment of target therapy of GBM and NSCLC.
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Background
Glioblastoma or Glioblastoma Multiforme (GBM) and
Non-small-cell lung carcinoma (NSCLC) are the two
major causes of cancer mortality globally. GBM is listed
, as the most aggressive, invasive and undifferentiated type
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12—-15 months, and NSCLC is 15 months [1-3]. The
main reason for GBM and NSCLC is the dysregulations
of RTKs in C-MET, C-ROS1 and ALK [4]. So C-MET,
C-ROS1 and ALK RTKs are considered as the primary
therapeutic targets of GBM and NSCLC [5-7] can-
cers. The main chemotherapy drugs used for GBM and
NSCLC are Crizotinib and Temozolomide [8-12].

The present study’s objective was to identify which
drug is more effective in treating GBM and NSCLC when
Crizotinib and Temozolomide are used as the targeted
therapy drug in C-MET, C-ROS1 and ALK target of GBM
and NSCLC cancers. Drug efficacy is the results from
intermolecular level interaction of the drug with pro-
tein/DNA/RNA/enzyme molecules, which can be identi-
fied with docking software [13]. The intermolecular level
interaction of Crizotinib with C-MET, C-ROS1 and ALK
of RTKs has already been reported experimentally. The
X-ray crystallographic structures have been deposited
in the PDB database [14, 15] but are not reported in the
Temozolomide drug. However, in the Crizotinib bounded
protein structures, we could only identify the drug prop-
erties based on their intermolecular interaction but not
on the complex energy. So we performed docking of both
Crizotinib and Temozolomide drugs with the same pro-
teins to identify the better drug.

Methods

The leading software we used for the docking study was
Discovery Studio 2018 (v18.1.100.18065), Server: DCB-
DELL-DSSERVERI. The primary online resources used
for the study were Uniprot, PDB, NCBI, PDBsum and
PubChem databases. The 3D structure of target proteins
C-MET (Protein id: 2W@G]J), C-ROS1 (Protein id: 3ZBF),
ALK (Protein id: 2XP2) and drug molecules Temozo-
lomide and Crizotinib were downloaded from PDB and

Table 1 List of ligands with CAS number which used for the study
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PubChem databases, respectively [16, 17]. The 2D images
and chemical properties of both Crizotinib and Temozo-
lomide are shown in Table 1.

Docking

We performed docking with the LibDock tool (Discov-
ery Studio user manual) of Biovia Discovery Studio 2018
[18]. The LibDock tool allowed flexible docking and is
usually used for library docking of compounds. How-
ever, we chose the LibDock tool for docking in the cur-
rent study, because LibDock will generate hundreds of
pose conformations for a single drug molecule, and also
LibDock will show good scoring accuracy in drug poses.
In LibDock, the Ligscore2 scoring function is used for
scoring the drug poses [19, 20]. The pipeline used for the
docking study is shown in Fig. 1.

During preprocessing, the ligand was removed from
the protein structures and then performed protein prepa-
ration with an automatic preparation tool. This tool per-
forms the main tasks in the input protein structure are
standardizing atom names, insert missing atoms in the
residues, insert missing loop regions, remove alternate
conformations and water molecules. Moreover, optimize
short and medium size loop regions with the Looper
algorithm, minimize the remaining loop regions and cal-
culate the pK and protonate the structure. In this tool,
the CHARMM force field was applied for minimizing the
entire protein structures [21]. The drug molecules Crizo-
tinib and Temozolomide were prepared and minimized
before the docking using Discovery Studio 2018. In the
minimization of ligand, a maximum of 2000 steps was
performed by smart minimizer algorithm. The RMS gra-
dient was set as 0.01. After this, we identified the active
site of the protein by the following methods.

SI.LNO: Ligand name

CAS number Molecular formula MW

LogP H-bond H-bond  Chemical structure

donors acceptors

1 Crizotinib (3-[(1R)-1-(2,6-dichloro- 877399-52-5  C5H,,ClLFENO
3-fluorophenyl)ethoxyl-5-(1-piperi-
din-4-ylpyrazol-4-yl)pyridin-2-amine)

2 Temozolomide (3-methyl- 85622-93-1  C4HgNO,

4-oxoimidazol[5,1-d][1,2,3,5]
tetrazine-8-carboxamide)

450.3 g/mol 183 2 6

194.15g/mol —28 1 5
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Fig. 1 Pictorial representation of pipeline used in the in silico study
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PDB Site record: In this method, the tool identifies the
already reported binding site from the PDB file, and this
site is used as active sites of the protein.

Receptor Cavity (RC): This method derives the binding
sites from the protein’s cavity structure.

Direct/Site-specific method: In this method, we can
directly define the protein’s binding site if we have prior
knowledge about it.

Motif based method: In this method, we selected the
already reported active site of each protein and its DFG-
motif region as a binding site. The reason is that the DFG
motif has a crucial role in the regulation of kinase protein
activity. So DFG-motif of kinase protein is considered as
one of the critical parts of structure-based drug design-
ing [22].

The docking is performed for each drug with the pro-
tein based on the active site identification. Then the
binding energy and complex (CE) energy of the docked

complex was calculated. We selected the docked com-
plex’s top 10 poses from each docking method to cal-
culate the binding energy and complex energy using
calculate Binding Energy tool of Discovery Studio 2018.
The binding energy and CE are calculated by using the
following equations in Discovery Studio software.

Energy binding = Energy complex — Energy ligand
—Energy receptor.
Complex energy = Energy binding + Energy ligand
+ Energy receptor.

The final result of each docking method was evaluated
based on drug properties and complex energy. Crizo-
tinib drug property is an inhibitor of receptor tyrosine
kinases (RTKs), which binds the ATP binding region of
tyrosine kinase protein and inhibits the protein from
phosphorylation. Here the active sites of Crizotinib on
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Fig. 2 Molecular interaction of Crizotinib drug with 2WGJ, 3ZBF and 2XP2. In 2WGJ, primary interaction occurs in the ATP binding sites are Glu2027,
Met2029, in 3ZBF, found in Pro1158, Met 11,600 and 2XP2 protein, Glu1197, Met1199 amino acid residues. These hydrogen bond interactions are

targeted protein experimentally reported by X-ray crys-
tallographic structure were Pro1158, Met1160 in 2WG]J
(C-MET), Glu2027, Met2029 in 3ZBF (C-ROS1) and
Glul197, Met1199 in 2XP2 (ALK), which are shown in
Fig. 2.

Temozolomide drug is an alkylating agent. Its mecha-
nism of action is methylation, which has an essential role
in regulating protein functions. It is already reported
that methylation by Temozolomide drug occurs in argi-
nine and lysine residues of the protein [23]. In eukaryotes
organism, methylation usually occurs on the side-chain
nitrogen of glutamate, leucine, isoprenylated cysteine,
lysine, arginine, histidine residues or the carboxyl groups
of proteins [24-28, 33]. Hence, the docking of Temozo-
lomide drug with C-MET, C-ROS1 and ALK proteins
focuses on the interaction on these amino acid residues
and already reported key residues at the proteins’ binding
sites.

Dynamic simulation

To analyze the least energy showed complexes’ stabil-
ity and conformational flexibility in a biological system,
we performed Molecular Dynamics (MD) simulation
studies [29] using two tool panels of Discovery Studio
2018 (Ref: user manual of Simulation protocol in Dis-
covery Studio Tool). The first one was standard dynam-
ics cascade, and the second one was Analyze Trajectory
tool. Here we selected the protein docked complex from
C-MET, C-ROS1 and ALK complexes for MD simula-
tions were based on the order of their least complex
energy. Before the dynamic simulation study, we applied
the CHARMM36 force field in the docked complex using
the ChangeForce field tool panel. (In Discovery Studio,
CHARMM36 is the default force field applied for chang-
ing force field of macromolecules.) Then, docked com-
plex was solvated by adding enough water molecules,



Younus et al. Futur J Pharm Sci (2021) 7:187

chloride and sulfur, allowing the protein molecule to nat-
urally interact with the solvent [30] by using the solvation
method, which is included in the simulation tool panel.
The protein complex solvated was an explicit periodic
boundary condition. After setting the solvation condi-
tion of the protein complex, started the MD simulation
run by using the standard dynamic cascade tool of Dis-
covery Studio 2018. Before running the MD simulation,
the parameters were set up. In the minimization part,
two minimization methods were used based on steep-
est descent and adopted basis NR algorithm. The mini-
mization steps were set as 1000 and 2000 on each part,
respectively. After setting the energy minimization step,
heating, equilibration and production were done.

During heating, the whole system’s initial temperature
was set from 50 to 300 K in 4 ps (picosecond) simula-
tion time without restraint, and adjust velocity frequency
was set in 50. The result was saved at interval 2 ps (pico-
seconds). Next, the equilibration of the system was set
to 300 K temperature, adjust velocity frequency was set
to 50, and the simulation time was set to 20 ps without
restraint. Finally, the production time was set to 200 ps
for a run in 300 K with typed NPT. The remaining param-
eter was set as by default value. The total simulation
times taken for the heating, equilibration and production
steps were 224 ps. After MD simulation, we checked the
hydrogen bond interaction between amino acid residues
of the protein and ligand molecule. To understand the
complex’s conformational stability and flexibility, we per-
formed trajectory analysis by using Analyze Trajectory
tool of Discovery Studio 2018. For this, we selected the
protein complexes, which were shown stable hydrogen
bonds during the MD simulation run. No solvent files
of C-MET, C-ROS1 and ALK were chosen as reference
molecules for analyzing the trajectory of the C-MET,
C-ROS1 and ALK complexes. In the proposed study, we
performed two types of MD simulation analysis on each
protein to identify the actual deviations and fluctuations
that occur in a protein structure when a drug molecule
bounded on its active site.

1. MD simulation performed on ligand-free protein
structure.

2. MD simulation performed on ligand bounded pro-
tein structure based on their least energy.

Results

Docking result

Docking of protein 2WGJ(C-MET) with Crizotinib
has generated 353 drug poses in docking by four dif-
ferent active site identification methods. The PDB site
record method generated 93 drug poses in which drug
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pose number six (P6) showed the least energy and good
drug interaction. The least CE of the docked complex
was —11,179.9569 and the main interaction showed
amino acid residues on the binding site were PRO1158,
MET1160 and ASP1164. In the RC method, ten sites
had been generated on the protein cavity, in which only
two binding sites S1 and S2 showed good drug interac-
tion with the least complex energy. In the S1 site, 99 drug
poses and site S2, 65 drug poses were docked. Here the
least energy along with good drug interaction showed
complex was the drug pose number four in the site
S2(RC(S2, P4)). It interacts with the amino acid residue
PRO1158, MET1160 and ASP1164, and the least energy
of this complex was -11,155.5712. In the site-specific/
DIRECT method, we performed docking on the already
reported binding region PRO1158, MET1160. Here,
a total of 94 drug poses were generated and docked on
the site. The second drug pose (P2) formed complex
exhibits the least energy with good drug interaction.
This complex’s least energy was —11,028.5560, and the
primary interacting amino acid residues found in the
binding site were ASP1164, PRO1158, and MET1160.
In the motif-based method, we consider the DFG motif
Asp1222, Phel223, Gly1224 of the kinase protein 2WG]J
and already reported binding site PRO1158, MET1160.
The reason for this was that the DFG motif has a par-
ticular role in regulating kinase protein activity. So in the
drug development processing of kinase proteins against
various diseases in the targeted therapy, the DFG motif
is considered one of the vital elements [22]. In the motif-
based docking method, only two drug poses were gener-
ated and docked on the particular site. However, there
were no good drug interactions found in that specific site
at the docking.

Docking of Crizotinib with protein 3ZBF(C-ROS1), 287
drug poses generated and docked on different protein
sites by various methods. In this docking, 95 drug poses
in PDB, 51 drug poses in RC, 67 drugs poses indirect, and
74 drug poses in the motif-based method had docked.
In the PDB method, drug pose number six (P6) showed
good interaction with the amino acid residues ASP2033,
GLU2027, MET2029, and the least energy of this docked
complex was —11,509.9762. In the RC method, fourteen
sites had generated from the protein’s cavity, in which
only three sites (S1, S4 and S6) were docked with 51
drug poses. Here the least energy showed complex was
the docking of drug pose number four (P4) at the pro-
tein site S1 (RC (S1, P4)). This docked complex’s least
energy was —11,400.4896, and the primary interaction
showed amino acid residues with the drug in the bind-
ing region was ASP2033, GLU2027 and MET2029. In
the direct method, amino acid residues GLU2027 and
MET?2029 are considered for docking. Here a total of 67
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drug poses were generated and docked on the selected
site. The best-docked complex of this docking was the
drug pose number three (P3) with the protein (DIRECT
(P3)). The complex’s energy was —11,473.5427 and the
main interacting amino acid residue in the binding site
with the drug was GLU2027 MET2029. In the motif-
based method, we selected Glu2027, Met2029 amino
acid residues, and the DFG motif Asp2102, Phe2103,
and Gly2104. Here 74 drug poses were generated and
docked at the selected site and the first drug pose (P1)
attained good drug interaction on the protein at the
amino acid residues ASP2033, GLU2027, MET2029
(MOTIF (P1)). The least energy of this docked complex
was —11,514.2552.

Docking of Crizotinib with protein 2XP2(ALK), 393
drug poses were generated and docked. In the PDB
method, 97 total drug poses generated and docked,
in which the least energy with good drug interaction
showed complex was the docking of drug pose num-
ber ten (P10) at the PDB site (PDB,(P10)). The least
energy of the complex was —11,600.2395 and the drug
interacts with the primary amino acid residues were
GLU1197, MET1199. Ten sites had been generated
in the RC method, but only two sites, S1 and S2, were
docked with 102 drug poses. In this, site S1 with drug
pose number eight (P8) showed good drug interaction
with least energy (RC (S1 (P8)). The least energy of the
docked complex was —11,666.7948, and the primary
interacting amino acid with the drug in the binding site
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was GLU1197, MET1199. In the direct method, 100 drug
poses were generated and docked on the GLU1197 and
MET119. Here, the least energy showed complex was
the first drug pose (P1) with the protein site. The main
amino acid interaction found on the site was GLU1197,
MET1199, SER1206 and ASP1203, and the least energy
of the docked complex was —11,648.2048. In motif-
based docking, a total 94 drug poses were generated on
the site and docked. The main amino acid selected for
docking was GLU1197, MET 1199 and the DFG motifs
were Aspl270, Phel271 and Gly1272. The best-docked
complex obtained from this docking was drug pose num-
ber nine (P9) with GLU1197, MET1199 and ASP1203 in
the protein. The least energy of this docked complex was
—11,656.9972.

Tables 2 and 3 contain the drug’s details, docking
method, binding site, the total drug poses generated, drug
pose docked on the binding sites, and druggable bind-
ing sites. Tables 4 and 5 contain details of docking score,
binding energy, complex energy of the docked complex,
and the main hydrogen bond interaction showed amino
acid residues at each protein complex’s binding site.

In the case of Temozolomide drug with proteins dock-
ing, we looked at two types of interactions.

1. The Temozolomide drug interaction with already
reported amino acid residues of the proteins.

2. The Temozolomide drug interaction with the main
methylation site of the proteins.

Table 2 Details of the docked drug, total drug pose generated in each docking method and details of the druggable binding site

Protein Name Docked drug Docking method Site generated/key amino acid Total Drug pose docked Pose number
point selected drug pose on the total number and druggable
generated of site site
2WGJ Crizotinib PDB 1 93 1(93) PDB(P6)
RC 10(51,52,53,54,55,56,57,58,59,510) 164 2(51(99),52(65)) RC(S2,P4)
DIRECT/ 1(Pro1158, Met1160) 94 1(94) DIRECT(P2)
Site-specific
MOTIF 1(Pro1158, Met1160, 2 12) NIL
DFG motif
Asp1222,Phe1223,Gly1224)
3ZBF
Crizotinib PDB 1 95 1(95) PDB(P6)
RC 14(51,52,5354,55,56,57,58,59,510,511 51 S1(3),54(13),56(35) RC(S1,P4)
,512513,514)
DIRECT 1(Glu2027,Met2029) 67 1(67) DIRECT(P3)
MOTIF 1(Glu2027,Met2029,DFG motif 74 1(74) MOTIF(P1)
Asp2102,Phe2103,Gly2104)
2XP2 Crizotinib PDB 1 97 1(97) PDB(P10)
RC 10(51,52,53,54,55,56,57,58,59,510) 102 $1(96),52(6) RC(S1,P8)
DIRECT 1(Glu1197, Met1199) 100 1(100) DIRECT(P1)
MOTIF 1(Glu1197,Met1199,DFG motif 94 1(94) MOTIF(P9)

Asp1270,Phe1271,Gly1272)
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Table 3 Details of the docked drug, total drug pose generated in each docking method and details of the druggable binding site

Protein Name Docked drug Docking method Site generated/key amino  Total Drug pose docked onthe  Pose number
acid point selected drug pose total number of site and druggable
generated site
2WGJ Temozolomide
PDB 1 43 1((43) PDB(P9), PDB(P4)
RC 5(51,52,53,54,55,56,57,58,S 62 4(51(7),52(39),54(3),56(13)) (RC(S1,P4),(S1,P6))
9,510)
DIRECT 1(Pro1158, Met1160) 29 1(29) DIRECT(P4)
MOTIF 1(Pro1158, Met1160, 13 1(13) MOTIF(P1,P11)
DFG motif
Asp1222,Phe1223 Gly1224)
3ZBF Temozolomide
PDB 1 51 1(51) PDB(P3, P4)
RC 14(51,52,53,54,55,56,57,58,59, 105 S1(32),54(30),56(33),58(6),510  S1(P4,P9)
S10,511,512,513,514) (M,S11(3)
DIRECT 1(Glu2027,Met2029) 100 1(100) DIRECT(P5)
MOTIF 1(Glu2027,Met2029, 94 1(94) MOTIF(PT)
DFG motif
Asp2102,Phe2103,Gly2104)
2XP2 Temozolomide
PDB 1 51 1(51) PDB(P3)
RC 10(51,52,53,54,55,56,57,58,S 40 S1(5),52(19),56(2),57(7),58(2  RC(S1(P2,P4)
9,510) ),S10(5)
DIRECT 1(Glu1197,Met1199) 5 1(5) DIRECT(P3)
MOTIF 1(Glu1197,Met1199,DFG 3 1(3) MOTIF(P2)
motif

Asp1270,Phe1271,Gly1272)

Table 4 The details of the druggable binding site, their docking score and binding energy, least complex energy and the main
interaction showed amino acid residues at the binding site

Protein name and Type of docking Docking score Binding energy  Complex energy Interacting residues

drug name (kcal/mol) (kcal/mol)

2WGJ PDB(P6) 139.105 —44.14 —11,179.9569 MET1160,PRO1158,ASP1164

DRUG-CRIZOTINIB RC(S2,P4) 137.169 —15.3749 —11,155.5712 ASP1164,PRO1158 MET1160
DIRECT(P2) 106.855 114.7614 —11,028.5560 ASP1164,PRO1158 MET1160
MOTIF - - - -

3ZBF PDB(P6) 113349 —106.9428 —11,509.9762 ASP2033,GLU2027 MET2029

DRUG-CRIZOTINIB RC(S1,P4) 92.346 62.0108 —11,400.4896 GLU2027 MET2029
DIRECT(P3) 98.9302 —20.1590 —11,473.5427 GLU2027,MET2029
MOTIF(P1) 114.545 —112.0438 —11,514.2552 ASP2033,GLU2027, MET2029

2XP2 PDB(P10) 111.801 —135.9488 —11,600.2395 GLU1197, MET1199

DRUG-CRIZOTINIB RC(S1,P8) 108615 —189.7012 —11,666.7948 GLU1197, MET1199
DIRECT(P1) 118.508 —193.8604 —11,648.2048 GLU1197,MET1199, ASP1203,

SER1206

MOTIF(P9) 107.35 —176.1679 —11,656.9972 GLU1197MET1199,ASP1203

Docking of Temozolomide drug with 2WG]J protein, first one is PDB (P4) and the second one is PDB (P9). In
147 drug poses were generated and docked in all the the RC method, a total of 62 drug poses were generated
docking methods. In PDB site record method docking, and docked on four sites from ten different docking
a total of 43 drug poses were generated and docked, in  sites. Here we selected two best-docked complexes with
which we selected two different poses complex. The poses were the first site with pose number 4 and pose
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Table 5 The details of the druggable binding site, their docking score and binding energy, least complex energy and the main

interaction showed amino acid residues at the binding site

Protein name and drug name Type of docking docking score Binding energy Complex energy Interacting residues
(kcal/mol) (kcal/mol)
2WGJ PDB(P9) 721914 74427 —11,266.0096 ARG1208
PDB(P4) 74.4989 —16.3492 —11,289.7872 MET1160
DRUG-TEMOZOLOMIDE RC(S1,P6) 65.8739 20.7625 —11,295.5088 ARG1227,GLU1127
RC (S1, P4) 67.5009 —25.2079 —11,302.4869 ARG1227
DIRECT(P4) 68.0813 —27.8584 —11,305.0830 PRO1158, MET1160
MOTIF(PT) 74.7354 —32.2530 —11,309.5066 ARG1208
MOTIF(P11) 56.0548 —19.8256 —11,292.9200 PRO1158, MET1160
3ZBF PDB(P3) 60.5055 —21.2784 —11,597.8 LYS1980,ARG2083
PDB(P4) 58.5464 —40.5732 —11,659.6814 MET2029,GLU2027
DRUG-TEMOZOLOMIDE S1(P4) 54.3362 —55.3656 —11,670.6518 ASP2102
S1(P9) 519164 —38.8334 —11,657.6084 LYS1980
DIRECT(P5) 56.4637 —12.0296 —11,627.0789 GLU2027,MET2029
MOTIF(P1) 71.1408 —29.3576 —11,648.4805 HIS2006
2XP2 PDB(P3) 61.6198 —3.4005 11,693.1778 GLU1197 MET1199
DRUG-TEMOZOLOMIDE RC(S1,P2) 60.1738 —44.4725 —11,734.7565 ARG1275, GLU1167
RC(S1, P4) —59.7869 —59.7869 —11,750.1009 LYS1150,ARG1275
DIRECT(P3) 61.0851 —25.9935 —11,715.3869 MET1199
MOTIF(P2) 524923 —27.8563 —11,717.0798 LYS1150,ASP1249,ASP1270

number 6((RC (S1,P4),(S1, P6)). In the direct method,
a total of 29 drug poses were generated and docked,
in which we got good interaction with least energy
showed complex on pose number 4(DIRECT (P4)). In
the motif method, a total 13 poses were generated and
docked. These pose numbers 1 and 11 showed the least
energy with good interaction (MOTIF (P1, P11)).
Docking of Temozolomide drug with 3ZBF protein,
total 350 drug poses generated and docked on differ-
ent docking methods. In the PDB method a total of 51
poses were docked on the site in which pose number 3
and pose number 4 showed good interaction with the
least energy complex(PDB(P3, P4)). In the RC method, 14
sites were generated and 105 drug poses were generated
and docked on only six sites. The least energy with good
interaction showed with pose number 4 and 9 on the first
site (RC (S1, P4), (S1, P9)). In the direct method, a total
of 100 drug poses were generated and docked. The good
interaction is shown with pose number 5(DIRECT (P5)).
Ninety-four drug poses were generated and docked in
the motif-based method, and the least energy with good
interaction showed with pose number 1(MOTIF (P1)).
Docking of Temozolomide drug with 2XP2 protein,
total 99 drug poses generated and docked on different
docking methods. In the PDB method a total of 51 drug
poses generated and docked in which drug pose number
3 with complex formed shows least energy with good
interaction (PDB (P3)). Ten sites were generated in the

RC method, and 40 poses were docked on six sites. The
least energy showed complex with good interactions got
on pose number 2 and posed number 4 formed com-
plexes only on first site (RC(S1, P2)(S1, P4)). In the direct
method a total of five poses were generated and docked
on the site. The least energy and good interaction showed
complex was pose number 3(DIRECT (P3)). In the motif-
based method, only three poses generated and docked in
which pose number 2 with protein complex shows the
least energy with good interaction on the site (MOTIF
(P2)).

From the result table of the Temozolomide drug with
proteins, we only select two sets of data. Temozolomide
drug interaction with already reported amino acid resi-
dues of C-MET, C-ROS1 and ALK. Moreover, the Temo-
zolomide drug interaction with known methylation sites
of the proteins. Based on the drug properties and least
complex energy, we selected only the best complex from
various docking methods of Crizotinib and Temozolo-
mide with each protein, shown in Tables 6 and 7.

The results in Tables 6 and 7 contain docking score,
binding energy, least complex energy of both Crizotinib
and Temozolomide drug with protein in each method.
And also the main hydrogen bond interaction showed
amino acid residues with each drug at the binding sites in
all the docking.

When we looked at the final docking result, we under-
stood that the energy of the Temozolomide bound
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Table 6 Docking result of a best-docked complex of Crizotinib drug with C-MET, C-ROS1 and ALK proteins

Protein name Type of docking Docking score Binding energy Complex energy Interacting residues
(kcal/mol) (kcal/mol)

DRUG-CRIZOTINIB

2WGJ PDB(P6) 139.105 —44.1433 —11,179.9569 PRO1158, MET1160

3/BF MOTIF(P1) 114.545 —112.0438 —11,514.2552 ASP2033,GLU2027 MET2029

2XP2 RC(S1,P8) 108615 —189.7012 —11,666.7948 GLU1197, MET1199

Table 7 Docking results of a best-docked complex of Temozolomide drug with C-MET, C-ROS1 and ALK proteins

Protein name and drug name Type of docking Docking score Binding energy  Complex energy Interacting residues
(kcal/mol) (kcal/mol)

2WGJ PDB(P9) 721914 74427 —11,266.0096 ARG1208

PDB(P4) 74.4989 —16.3492 —11,289.7872 MET1160
DRUG-TEMOZOLOMIDE RC(S1,P6) 65.8739 20.7625 —11,295.5088 ARG1227,GLUT127

RC(S1,P4) 67.5009 — 252079 —11,302.4869 ARG1227

DIRECT(P4) 68.0813 —27.8584 —11,305.0830 PRO1158, MET1160

MOTIF(P1) 74.7354 —32.2530 —11,309.5066 ARG1208

MOTIF(P11) 56.0548 —19.8256 —11,292.9200 PRO1158, MET1160
3ZBF PDB(P3) 60.5055 —21.2784 —11,597.8 LYS1980,ARG2083

PDB(P4) 58.5464 —405732 —11,659.6814 MET2029,GLU2027
DRUG-TEMOZOLOMIDE S1(P9) 519164 —38.8334 —11,657.6084 LYS1980

DIRECT(P5) 56.4637 —12.0296 —11,627.0789 GLU2027,MET2029
2XP2 PDB(P3) 616198 — 3.4005 —11,693.1778 GLUT197MET1199
DRUG-TEMOZOLOMIDE RC(S1,P2) 60.1738 —44.4725 —11,734.7565 ARG1275, ASP1160,

GLUT167

RC(S1, P4) —59.7869 —59.7869 —11,750.1009 LYST150,ARG1275

DIRECT(P3) 61.0851 — 259935 —11,715.3869 MET1199

MOTIF(P2) 524923 —27.8563 —11,717.0798 LYS1150,ASP1249,ASP1270

protein complexes is very less. This means that the com-
plex will be more stable. A docked complex’s CE indi-
cates the overall energy attained after the drug is bound
on the protein surface. This is the sum of ligand energy,
protein energy and binding energy. To confirm stabil-
ity and understand the molecules’ behavior of docked
complex in a biological system, we should do molecular
dynamics (MD) simulation study. To find out more stable
complex from the Temozolomide drug protein bounded
protein complex, we consider the most least energy com-
plex from all the method of C-MET, C-ROS1 and ALK
protein complexes and performed MD simulation based
on the order of their least energy.

To understand ligand bounded protein structural devi-
ations and fluctuations, we selected both ligand-free pro-
tein and ligand bounded of C-MET, C-ROS1 and ALK
proteins structures for MD simulation.

Dynamic simulation result
In the docking studies, we identified that the Temo-
zolomide drug bounded protein complex showed the

least complex energy in all the methods. So in the MD
simulation analysis, we selected the Temozolomide drug
bounded protein complexes of C-MET, C-ROS1 and ALK
structures based on the order of least energy. To maintain
a stable and accurate nature of MD simulations, we run
the MD simulation at 200 ps and the constant tempera-
ture fluctuations at 300 K in all the protein complexes
based on the Discovery Studio Standard Dynamic Cas-
cade procedure (Ref: user manual of Simulation protocol
in Discovery Studio Tool).

In the MD simulation study, we first considered the
protein docked complex was C-MET (2W@G]J). A total of
seven complex structures were filtered from all the four
docking methods of C-MET protein with the Temozo-
lomide drug, listed in Table 7. From these seven protein
docked complexes of C-MET protein, first, we selected
MOTIF (P1) of 2WGJ protein docked complex for MD
simulation based on their least complex energy. In this
complex, the amino acid residue ARG1208 with the
Temozolomide drug showed a strong hydrogen bond at
the protein’s binding site. After the MD simulation run,
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we could identify that this hydrogen bond interaction has
no conformational stability in the biological condition,
and the bond-breaking occurred. So we considered the
next least energy docked complex, site-specific/DIRECT
(P4) of 2W@G] for MD simulation. This docked complex
showed strong hydrogen bond interaction at the amino
acid residues PRO1158, MET1160 with Temozolomide
drug at the binding site. After the MD simulation run, we
checked the hydrogen bond interaction at the protein’s
binding site. We found that the same hydrogen bond
interaction between the amino acid resides PRO1158,
MET1160, and the Temozolomide drug in the protein
complex. After the MD run, we performed analyzed the
trajectory to understand the protein complex’s RMSD
and RMSE.

Next, we performed the PDB (P4) of the 3ZBF(C-ROS1)
complex for MD simulation based on the least energy. In
this complex, the hydrogen bond formed between Temo-
zolomide drug pose with MET2029 and GLU2027 amino
acid residues at the protein’s binding site. After the MD
simulation run, we checked the hydrogen bond interac-
tion at the binding site of the protein complex. Then, we
could identify that this complex attained a stable confor-
mation throughout the MD run and kept the hydrogen
bond between the Temozolomide drug with the amino
acid residues MET2029, GLU2027 at the binding sites.
Based on this result, we analyzed the docked complex’s
trajectory to calculate the RMSD and RMSE. However, in
the RC (S1, P4) complex of 2XP2 (ALK) MD simulation,
we found bond breaking in hydrogen bond interaction at
the amino acid residues LYS1150, ARG1275 with Temo-
zolomide drug. So we selected the next least energy com-
plex of RC (S1, P2) of 2XP2 and again performed an MD
simulation run. In this docked complex, the hydrogen
bond formed between amino acid residues ARG1275,
ASP1160, GLU1167 and Temozolomide drug. After MD
simulation, we could find that this complex was a stable
complex at this hydrogen bond interaction. Then, we per-
formed trajectory analysis on this complex to calculate
the RMSD and RMSE. From this MD run, we selected
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the best three docked complexes of C-MET, C-ROS1
and ALK protein complexes based on the least complex
energy and conformational stability, which are shown in
Table 8.

We performed MD simulation analysis on ligand-free
protein structure of C-MET, C-ROS1 and ALK protein
to understand actual conformational changes of docked
proteins C-MET, C-ROS1 and ALK. From the MD
simulation analysis of best-docked complexes of Temo-
zolomide drug with proteins, we got the average poten-
tial energy of C-MET (2WG]J (DIRECT (P4))) complex
was —66,117.6, and C-ROS1 (3ZBE (PDB (P4)), ALK
(2XP2 (S1, P2)) proteins complex were —96,712.009,
—80,334.651, respectively. In the MD simulation of
ligand-free protein structure of C-MET, C-ROS1 and
ALK, we got the average potential energy of C-MET
protein was-66303 and the C-ROS1 and ALK protein
were — 94,171, — 78,997.

From the RMSD value, we can understand that over-
all protein conformational changes (Structural devia-
tions) [31] happened from its original structure when
a drug molecule is bound on its protein surface and
understands the optimized states of ligand bounded
protein structures. Usually, an optimized protein struc-
ture RMSD value should be less than 1.5 A, which is
considered a good structure. Here RMSD value is gen-
erated for 100 docked protein conformations based on
224-ps time interval, which is mentioned in Figs. 3, 4
and 5. From the RMSD graph of C-MET protein com-
plex, we can understand a small hike in the conforma-
tions during the time interval of 36-46 ps. Apart from
this region, the protein conformations at all other time
intervals were at optimized condition, and the RMSD
values were below 1.5 A. Look at the original structure
and ligand bounded protein structure, and it is under-
stood that there was a small deviation that occurred
only in the ligand bounded protein structure. In the
case of C-ROS1 protein, the RMSD value is always
less than 1.4 A in all conformations. But in ALK pro-
tein, there is a small deviation between 26- and 80-ps

Table 8 Details of best-docked complexes of proteins with least energy and main hydrogen bond interaction showed amino acid

residues on the binding sites

Protein name and drug name Type of docking

Docking score

Binding energy Complex energy Interacting residues

(kcal/mol) (kcal/mol)
Protein: 2WGJ DIRECT(P4) 68.0813 —27.8584 —11,305.0830 PRO1158, MET1160
DRUG-TEMOZOLOMIDE
Protein: 3ZBF PDB(P4) 58.5464 —40.5732 —11,659.6814 MET2029, GLU2027
DRUG-TEMOZOLOMIDE
Protein: 2XP2 RC(S1,P2) 60.1738 — 444725 —11,734.7565 ARG1275, ASP1160, GLU1167
DRUG-

TEMOZOLOMIDE
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time interval where RMSD went above 1.5 A. How-
ever, after at a certain time intervals, it keeps the
RMSD value below 1.5 A. The average RMSD values
of C-MET, C-ROS1 and ALK docked complexes were
1.05879, 1.05879 and 1.29505, respectively, and also all
three complexes showed a stable conformation when
it reached at 224 ps. In the case of ligand-free protein
structure of C-MET, C-ROS1 and ALK, we got the aver-
age RMSD value were 0.966915, 0.996956 and 1.22515,
respectively.

RMSD graphs of C-MET, C-ROS1 and ALK of both
ligands bounded and ligand-free proteins structures are
shown in Figs. 3, 4 and 5.

RMSF value is used to measure the ratio of protein
structures’ overall flexibility [30, 32], by fluctuations

occurring in each amino acid residues of protein struc-
ture when a ligand is bound on a protein surface. The
most acceptable range of RMSF value is below 2.25 A.
Usually, terminal residues and loop regions residues
have more chances for fluctuations, but movements
are more restricted in middle regions. In C-MET pro-
tein, there is a higher residual fluctuation in the loop
region between residues HIS 1088 and LEU1112. Apart
from this region overall ratio of RMSF values comes
under below 2 A. And also, there is a small fluctuation
occurred in the region PRO1158 and MET1160. But this
fluctuation was below the acceptable value. But in the
case of C-ROS1 ligand-free protein, there are two ter-
minal residual fluctuations above 2.25 A already have,
and the remaining fluctuation ratio was below 2.25 A.
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But we look at the ligand bounded protein structure,
we can see that only the left side terminal has fluc-
tuation above 2.25 A, but the rightmost terminal por-
tion fluctuations are below 2.25 A. In the hydrogen
bond region of MET2029, GLU2027 residues, a slight
degree of fluctuations occurred to down compared to
the original structure, and that states may affect the
protein’s overall flexibility. In ALK protein, hydrogen
bond interaction on ARG1275 and GLU1167 shows no
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fluctuation occurred in this region. However, in the sur-
rounding regions, there was a greater degree of fluctua-
tions above 2.25 A. The higher degree of fluctuations
occurred in ASN1093-SER1106, GLU1132-LEU1145,
GLU1210-ASP1225 and ASN1394, respectively, and
the remaining amino acid residues fluctuations below
2.25 A. The RMSF graphs of ligand-free proteins and
ligand bounded proteins of C-MET, C-ROS1 and ALK
are shown in Figs. 6, 7 and 8.
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The structure analysis details of C-MET, C-ROS1 and ALK
protein with Temozolomide drug in docking

The detailed intermolecular interactions at the bind-
ing site of Temozolomide drug with proteins C-MET,
C-ROS1 and ALK are shown in Table 9. We could iden-
tify two types of noncovalent bond interaction at the
protein’s binding site of C-MET (2WGJ) with Temo-
zolomide drug, which is shown in Table 9. The main
noncovalent bond interaction found on the active site
was two hydrogen bond and nine hydrophobic interac-
tions. The two hydrogen bond interaction includes one
conventional hydrogen bond (MET1160) and one car-
bon-hydrogen bond interaction (PRO1158). The nine
hydrophobic interactions include one Pi-Pi stacked inter-
action (TYR1159), six Pi-Alkyl interactions (VAL1092,
MET1211 (*2times), MET1160, ALA1108 (*2times)) and
two Alkyl interactions (ALA1226, LEU1157).

In the C-ROS1 (3ZBF) protein with Temozolomide
drug interaction, we found hydrogen bond and hydro-
phobic interaction at the binding site. The hydrogen bond
interaction includes one conventional hydrogen bond
interaction (MET2029) and one carbon—hydrogen bond
interaction (GLU2027) and nine hydrophobic interac-
tion, which includes three alkyl interactions (LEU2010,
LEU2026, LEU2086), six Pi-alkyl interactions (VAL1959,
ALA1978(*2times), LEU2086(*3times)).

The main noncovalent bond interactions found on the
ALK (2XP2) protein’s active site with Temozolomide
drug were eight hydrogen bonds and one electrostatic

interaction. The hydrogen bond interaction includes five
conventional hydrogen bond interactions (ARG1275
(*3times), GLU1167, ASP1160) and three carbon—hydro-
gen bond interactions (ASP1160 (*2times), ASP1276),
and also one electrostatic interaction (ASP1163).

Figures 9, 10 and 11 represent the best-docked protein
complex details of C-MET, C-ROS1 and ALK. The square
box colors indicate that the type of interaction obtained
between each amino acid residue and drug in the pro-
tein’s binding sites is shown in the 2D diagram. Here four
types of images are shown. Image (a) represents the 2D
interaction view at the binding site, images (b) and (c)
represent the surface view of hydrophobic and hydrogen
bond interaction of the protein complex at each binding
site, and image (d) represents the full view of the docked
protein complex.

Discussion

The proposed work is a comparative analysis study of
two chemotherapy drugs Crizotinib and Temozolo-
mide, to identify which drug is more effective in treat-
ing GBM and NSCLC when both the drugs are used as
target chemotherapy drugs for these cancers. For this,
we performed docking studies in the target proteins of
C-MET, C-ROS1 and ALK of GBM and NSCLC with
the drugs Crizotinib and Temozolomide. Here four
different docking methods had been used to identify
the druggable binding site of the proteins. The final
docking result was evaluated based on MD simulation
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Table 9 Details of intermolecular interactions at the binding site of Temozolomide drug with proteins C-MET, C-ROS1 and ALK

Protein Name of the siteand Type of interaction Category The interacting amino acid in the Distance
Name pose number binding site with Temozolomide drug
2WGJ DIRECT(P4) Conventional hydrogen bond Hydrogen bond 5394:H16:A: MET1160:0 2.24481
Carbon hydrogen bond Hydrogen bond 5394:H17A: PRO1158:0 245839
Pi-Pi stacked Hydrophobic :5394—A:TYR1159 4.93012
Pi-alkyl Hydrophobic :5394—ANVAL1092 4.83973
:5394—AMET1211 3.91876
:5394—AMET1211 3.77984
:5394—AMET1160 5.1382
:5394—A:ALAT108 4.89055
:5394—AALAT108 4.93458
Alkyl Hydrophobic A:ALA1226:5394:C13 439785
:5394:C13:ALLEU1157 469299
3ZBF PDB(P4) Conventional hydrogen bond Hydrogen bond 5394:H16:AMET2029:0 242253
Carbon hydrogen bond Hydrogen bond 5394:H17-A:GLU2027:0 232972
Alkyl Hydrophobic 5394:C13—ALEU2010 5.45684
5394.C13—A:LEU2026 4.55133
5394:C13—A:LEU2086 53763
Pi-alkyl Hydrophobic 5394—A:VAL1959 5.24465
5394—A:ALA1978 4.34067
5394—A:ALAT978 3.69966
5394—A:LEU2028 5.1594
5394—A:LEU2086 4.34929
5394—A:LEU2086 468103
2XP2 RC(S1, P2) Conventional hydrogen bond Hydrogen bond A:ARG1275:HH12-5394:02 2.24837
AARG1275:HH22-5394:02 241096
A:ARG1275:HH22-5394:N6 2.23388
5394:H15-A:GLU1167:0E2 2.94087
5394:H16—A:ASP1160:0 261508
Carbon hydrogen bond Hydrogen bond A:ASP1160:HA—5394:N5 2.73974
5394:H17- A/ASP1160:0D1 2.25332
5394:H18- A:/ASP1276:0D2 233541
Pi-anion Electrostatic A:ASP1163:0D2—5394 3.68967
sy
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Fig.9 2D and 3D interaction images of drug Temozolomide at the binding sites of protein C-MET (2WGJ: DIRECT (P4))
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Fig. 11 2D and 3D interaction images of drug Temozolomide at the binding sites of protein ALK (2XP2: RC (51, P2)

analysis followed by drug properties and the complex
energy of the docked complex. We got the least energy
complex in C-MET (2WG@G]J) protein when Temozolo-
mide and Crizotinib were bounded on the same amino
acid residues MET1160, PRO1158. The x-ray crystal-
lographic studies by the Crizotinib drug with C-MET
protein reveal that these two amino acid residues are
the ATP binding sites of C-MET protein [14]. The final

evaluation of better drugs was identified by least energy
of the docked complexes. Moreover, the stability of the
docked complex was determined by MD simulation
analysis. From the final docking result of Crizotinib and
Temozolomide bounded protein structure of C-MET,
we could understand that the least energy of both
the drug complexes was —11,305.0830 (Temozolo-
mide complex: 2WG]J (Direct (P4))) and —11,179.9569
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(Crizotinib complex: 2WG]J (PDB (P6))). Based on the
least energy, we performed the MD simulation run with
the Temozolomide bounded docked complex. After
MD simulation analysis, we found that the Temozolo-
mide drug showed the same hydrogen bond interac-
tion with the amino acid residues MET1160, PRO1158
at the binding site of C-MET protein (Temozolomide
complex: 2WGJ (Direct (P4))) and also the C-MET
docked complex was more stable on this interaction.

The docking study of Crizotinib and Temozolomide
with C-ROS1 (3ZBF) proteins reveals that the drug’s
binding to MET2029, GLU2027 amino acid residues gave
the least complex energy. It also reported that these two
amino acid residues are the ATP binding sites of C-MET
protein [15]. In C-ROS1 protein, the least energy of both
the complex was —11,659.6814 (Temozolomide com-
plex: 3ZBF (PDB (P4))) and —11,514.2552 (Crizotinib
bounded complex: 3ZBF (Motif (P1))). Based on the
least energy, we performed an MD simulation run on
the C-ROS1 docked complex (Temozolomide complex:
3ZBF (PDB (P4))). From this study, we identified that the
hydrogen bond interaction of the Temozolomide drug
with the amino acid residues MET2029, GLU2027 was
strong, and the overall docked complex attained a stable
conformation on these interactions.

In ALK (2XP2) protein, the least energy attained com-
plexes were formed when the drug Crizotinib binds on
the GLU1197 and MET1199 amino acid residues and
Temozolomide drug binds on the amino acid residues
ARG1275, ASP1160, GLU1167 in the protein. The energy
of the docked complex was —11,734.7565 (Temozolo-
mide: 2XP2 (RC (S1, P2))) and —11,656.9972 (Crizo-
tinib: 2XP2 (MOTIF (P9))). In ALK protein, Crizotinib
drug bound on the already reported binding regions of
GLU1197 and MET1199 residues [14]. The drug Temo-
zolomide bound on the ALK protein at the methylation
sites of ARG1275, ASP1160, GLU1167 [24-28, 33]. After
the MD simulation, we could understand that the Temo-
zolomide drug showed strong hydrogen bond interac-
tion with the amino acid resides ARG1275, ASP1160,
and GLU1167 at the binding site of ALK protein, and the
docked complex attained a stable conformation on these
hydrogen bond interactions.

From the proposed work, we could confirm that
the Temozolomide drug bounded protein complex of
C-MET, C-ROS1 and ALK showed the least complex
energy. The less energy complex indicates that the com-
plex is more stable, and the drug can produce better effi-
cacy since it binds on these protein binding sites more
time. So Temozolomide drug can produce more drug
efficacy than Crizotinib in the treatment of GBM and
NSCLC.
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Conclusion

Intermolecular level interaction studies are beneficial
to understand the in-depth activities of drugs and pro-
teins. We cannot find a generalized solution for under-
standing the complete functionality of the drug when
it binds to a protein surface. However, we can extract
some set of useful information from this type of inter-
molecular level analysis. Here we tried to perform a
comparative in silico analysis study of Crizotinib and
Temozolomide drug with proteins based on drug prop-
erties and complex energy. Moreover, the final result
is extracted based on the least complex energy (CE) of
the docked complex. In the docking study, we usually
focus on the docking score of a top drug pose and its
binding energy. From our study, we saw that this type
of docked complex shows very high complex energy.
That means when a drug binds on a protein surface
with a good docking score and binding energy, that
complex often will be unstable and will not exhibit the
desired effect of drugs properly in the diseased path-
way. Also, Temozolomide drug activities in C-MET,
C-ROS1 and ALK target proteins of GBM and NSCLC
are not reported so far. The current method provides a
better understanding of the intermolecular level inter-
action of Temozolomide drug with protein in targeted
based treatment strategy and also the effectiveness
of Crizotinib and Temozolomide at the protein level.
Based on the result, it is identified that the Temozo-
lomide drug’s alkylation is more potent than the inhi-
bition of Crizotinib drug in the diseased pathway of
GBM and NSCLC.
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