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ABSTRACT
Aim: To study the comparative molecular interactions of Thy-
mol and 3’-fluoro-4’-(trifluoromethyl)biphenyl-4-sulfonamide 
(B4S) with the active sites of Kinesin-5 protein using molecular 
docking analysis for the selective anti-cancer activity. Materials 
and Methods: In this study, Group 1 is the binding affinity of 
B4S with Kinesin-5 protein and Group 2 is the binding affinity of 
Thymol with Kinesin-5 protein. The sample size was calculated 
with a pretest power of 80%. The sample size per group is 10 
and the total sample size is 20. The protein structure of Kine-
sin-5 protein was collected from the protein data bank (PDB) 
website and the ligand structures were collected from the NC-
BI-PubChem website. The binding energy (kcal/mol) was calcu-
lated using Autodock Vina Software.The structure of the protein 
was obtained from the PDB (protein data bank) database and 
the structures of ligand were obtained from the NCBI-PubChem 
database. The binding energy (kcal/mol) was calculated using 
Novel Autodock Vina Software. Results: The mean binding 
affinity of Thymol (-7.89 kcal/mol) was significantly (p=0.007, 
p<0.05, 2-tailed t-test) higher than the standard inhibitor B4S 
(-7.19 kcal/mol) towards the active sites of Kinesin-5 protein. 
Conclusion: The results suggest that thymol may bind selec-
tively to the cancerous cells and inhibit their proliferation and 
can act as a novel anti-cancer agent. 
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INTRODUCTION 
Cancer is a major cause of death and disease all 

over the world. Tens of millions of people are diag-
nosed with cancer each year around the world, with 
more than half of those diagnosed dying from it. Ki-
nesins are ATP-dependent molecular motors that bind 
to microtubules and convert ATP hydrolysis chemical 
energy into kinetic energy for movement along micro-
tubules (Heuston et al. 2010). Kinesins are vital com-
ponents of the mitotic spindle, and their actions are 
meticulously regulated to ensure that copied DNA is 
distributed accurately to daughter cells. Kinesin-5 is 
required for spindle bipolarity assembly and main-
tenance. They are tetramers that look like dumbbells 
and have two motor domains on each end (Goulet 
and Moores 2013). RNA interference (RNAi)-medi-
ated gene silencing of kinesin-5 causes apoptosis in 
multiple tumor cell types (Makala and Ulaganathan 
2018). Kinesin-5 expression has been found in a wide 
range of malignancies, including pancreatic cancer, 
lung cancer, and RCC. In addition, kinesin-5 is a pre-
dictor of a poor prognosis in bladder urothelial carci-
noma and is closely linked to treatment response in 
non-small-cell lung cancer. As a result, kinesin 5 has 
been identified as a possible cancer therapeutic tar-
get. A vast number of kinesin-5 inhibitors have been 
shown to have anti-cancer efficacy and can stop tumor 
proliferation by slowing mitosis without altering inter-
phase microtubules.The molecular docking approach 
may be used to represent the atomic level interaction 
between a small molecule and a protein, allowing us 
to define small molecule behavior in target protein 
binding sites as well as elucidate essential biochemi-
cal processes (Meng et al. 2011). Computer-assisted 
docking is a key tool for studying the binding inter-
actions between a ligand and its target receptor and 
it has emerged as a dependable, cost-effective, and 
time-saving strategy for lead compound discovery 
(Rizvi, Shakil, and Haneef 2013) (Meng et al. 2011). In 
the current study, the binding affinity of Thymol to-
wards the active sites of kinensin-5 protein was stud-
ied, which helps in the In silico validation of Thymol 
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as a novel anti-cancer agent. Our team has extensive 
knowledge and research experience that has translate 
into high quality publications(Chellapa et al. 2020; La-
vanya, Kannan, and Arivalagan 2021; Raj R, D, and S 
2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

The total number of articles published related to 
this topic is 6 in Pubmed, 18,400 in google schol-
ar, and 2 in science direct. Kinesin-5, a tetrameric 
plus-end-directed motor, is required for bipolar spin-
dle assembly. The mitotic kinesin protein 5 is involved 
in the creation and maintenance of the bipolar spin-
dle during the mitotic phase. Kinesin-5 is a promis-
ing target for developing anticancer drugs. 3’-fluo-
ro-4’-(trifluoromethyl)biphenyl-4-sulfonamide (B4S) 
type inhibitors are known to interact with Kinesin-5’s 
allosteric region and inhibit cancerous cell prolifer-
ation (Gao, Lowndes, and Eriksson 2017); (Yokoya-
ma et al. 2015). 2-isopropyl-5-methyl phenol is the 
chemical name for thymol, a natural monoterpene 
phenol derivative of cymene (C10H14O) (Yokoyama 
et al. 2015; Islam et al. 2019). On cancer cells, thy-
mol can cause oxidative stress-related mitochondrial 
malfunction as well as other intrinsic and extrinsic 
apoptotic cell death. It also appears to have antipro-
liferative properties in cancer cells (Islam et al. 2019). 
Through many signaling pathways, Thymol showed 
anticancer and antiproliferative effects (Sampaio et 
al. 2021). Small-molecule kinesin 5 inhibitors have 
proved useful for studying the protein’s function, and 
several are currently being tested as anti-cancer thera-
pies. The majority of inhibitors discovered thus far are 
non-competitive and bind to a specific location on the 
motor head, trapping it in an ADP-bound form with 
a weak but non-zero affinity for microtubules (Groen 
et al. 2008). 

From the early reports, thymol and its derivatives 
are evident for its anticancer activities. But, the selec-
tive inhibition of cancer by Thymol by targeting Ki-
nensin-5 protein has not been reported. The authors 
are expertise in the field of molecular docking using 
Autodock Vina Software. In the current study, The 
in-silico molecular interaction between Thymol and 
Kinensin-5 protein was studied in comparison with 
a standard Kinensin-5 inhibitor B4S for the selective 
anti-cancer activity of thymol. 

MATERIALS AND METHODS 
This study was conducted in a Simulation lab, at 

Saveetha School of Engineering. There is no Ethical 
concern for this study. There are two groups involved, 
Group 1 is the binding affinity of B4S (N=10 Positive 
control group) with Kinensin-5 Protein and Group 2 
(N=10 Study group) is the binding affinity of Thymol 
with Kinensin-5 Protein. The sample size calculation 
was done using previous study results by keeping the 
alpha error threshold by 0.05, pretest power 80%, and 
95% Confidence Interval (CI) (Makala and Ulagana-
than 2018). Therefore the total sample size was 20.

Preparation of protein: The structure of the Kine-
sin-5 (PDB ID 3WPN) protein has been acquired at 
a resolution of 2.80 Å from the PDB online domain. 
The protein’s structure is saved in PDB format. The 
PDB format of the protein structure is transformed to 
PDBQT format using autodock tools (1.5.6). The wa-
ter molecules in the protein structure are eliminated 
during conversion and replaced with polar hydrogen 
atoms. Finally, the protein structure is modified to 
contain Kollman charges, and the resulting PDBQT 
structure is saved (Makala and Ulaganathan 2018).

Preparation of ligands: B4S and Thymol (Pub-
Chem CID 44590437 and 6989, respectively) ligand 
structures were found from the PubChem online plat-
form. The ligand’s structures are in SDF format. The 
SDF format can be translated to PDB format using the 
PYMOL software. Using Autodock tools(1.5.6), the 
PDB format of the ligand structures is translated to 
PDBQT format (Makala and Ulaganathan 2018).

Molecular docking using autodock vina software: 
AutoDock Vina is a free, open-source tool for in-sili-
co molecular docking. Dr. Oleg Trott of The Scripps 
Research Institute’s Molecular Graphics Lab conceived 
and implemented it. This was done to forecast the 
binding energy scores of the specific protein-ligand 
interactions. The binding sites of amino acid residues 
in the defined protein have been identified and used in 
the autodock vina software. However, the docked con-
formations with the highest fitness score were used 
to investigate the binding mode. The Novel autodock 
vina software was eventually run, and binding ener-
gies were recorded, saved, and displayed (Makala and 
Ulaganathan 2018).

STATISTICAL ANALYSIS 
The comparison of binding affinities for Kinesin-5 

with B4S and Kinesin-5 with Thymol was done in 
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IBM-SPSS (28.0.0). Since the variables were indepen-
dent of each other, an independent t-test was used to 
compare the binding affinities of different inhibitors.

RESULTS
In the current study, The binding energy of the 

protein-ligand complex was estimated by the molec-
ular docking analysis using autodock vina software. 
Table 1 shows the binding affinities of the B4S inhibi-
tor towards the active sites of Kinensin-5 protein. The 
compound B4S binds with Kinensin-5 protein with a 
higher affinity of -7.7 kcal/mol (Mean of -7.19 kcal/
mol). Table 3 and Fig. 1 show the interaction of B4S 
with amino acid residues and the nature of interac-
tion at the active site of Kinensin-5 protein. The active 
binding site residues of B4S namely LEU292, TYR352 
form hydrophobic interactions, and TYR104, SER269, 
SER348, SER348, and TYR352 forms hydrogen bonds.
Among the residues, Tyr352 is found to make more 
contact with the ligand. Binding energy and nonbond-
ing interactions of B4S with the target were demon-
strated in Fig. 3.

Table 1
The binding affinities of B4S with the active sites of Kinensin-5 
protein analyzed through Autodock Vina Software.

S. No. Binding affinity (kcal/mol)
1 -7.7
2 -7.6
3 -7.7
4 -7.7
5 -6.6
6 -7.7
7 -6.4
8 -6.4
9 -7.7
10 -6.4

Table 2 shows the binding affinities of Thymol to-
wards the active sites of Kinensin-5 protein measured 
using autodock vina software. Thymol has a mean 
binding affinity of -7.89 kcal/mol towards the active 
site amino acid residues of Kinensin-5. Table 2, Fig. 2, 
and Fig. 4 show the different types of interactions of 
thymol with the amino acid residues at the active sites 
of Kinensin-5 protein. Thymol interacts with the ami-
noacid residues TYR104, LEU266, LEU292, LEU295, 
ILE332, ALA334, and TYR352 via hydrophobic inter-
actions.

Table 2
The binding affinities of Thymol with the active sites of Kinen-
sin-5 protein analyzed through Autodock Vina Software.

S. No. Binding affinity (kcal/mol)
1 -7.9
2 -7.9
3 -7.9
4 -7.9
5 -7.9
6 -7.9
7 -7.9
8 -7.9
9 -7.8
10 -7.9

Table 3
Interaction of B4S with Kinesin-5. The active binding site resi-
dues of B4S namely LEU292, TYR352 forms hydrophobic inter-
actions. The residues namely TYR104, SER269, SER348, SER348, 
TYR352 forms hydrogen interaction. 

S. 
No.

Com-
pound 
Name

Residue Aa Distance Nature Of 
Interactions

1 B4S 292 LEU 3.83 Hydrophobic
352 TYR 3.83 Hydrophobic
104 TYR 2.28 Hydrogen
269 SER 2.46 Hydrogen
348 SER 2.43 Hydrogen
348 SER 2.70 Hydrogen
352 TYR 3.57 Hydrogen
352 TYR 3.76 π-Stacking

Table 4
Interaction of THYMOL with Kinesin-5. The active binding site 
residues of Thymol, namely TYR104, LEU266, LEU292, LEU295, 
ILE332, ALA334, and TYR352 form hydrophobic interactions.

S. 
No.

Com-
pound 
Name

Residue AA Distance Nature Of 
Interactions

1 Thymol 104 TYR 3.84 Hydrophobic
104 TYR 3.92 Hydrophobic
266 LEU 3.59 Hydrophobic
292 LEU 3.84 Hydrophobic
292 LEU 3.67 Hydrophobic
295 LEU 3.92 Hydrophobic
332 ILE 3.81 Hydrophobic
334 ALA 4.00 Hydrophobic
352 TYR 3.67 Hydrophobic
352 TYR 3.72 Hydrophobic
352 TYR 3.83 Hydrophobic
352 TYR 3.72 Hydrophobic
352 TYR 3.93 Hydrophobic
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Table 5
The group statistics data of binding affinities of B4S and Thymol 
performed through Independent sample t-test using IBM SPSS 
Software.

GROUP N MEAN Std. Devi-
ation

Std. Error 
Mean

B4S 10 -7.19 .640 .202
Thymol 10 -7.89 .032 .010

The statistical significance of the results was an-
alyzed by performing an independent sample t-test 
using IBM SPSS software. Table 4 and Table 5 demon-
strate the grouping of samples for the analysis of in-
dependent sample t-tests using IBM SPSS software.
Fig. 5 and Table 5 show that there was a statistically 
significant difference (p=0.007, p<0.05, 2-tailed t-test) 
between the binding affinities of B4S and Thymol to-
wards Kinensin-5 protein. Table 6 shows the mean 
difference, significance, and std. error difference of 
the binding energies of the Kinensin-5 with different 
inhibitors. 

DISCUSSION 
In the present study, the probability of selective 

anti-cancer activity of Thymol was tested in compari-
son with a standard Kinensin-5 inhibitor B4S in silico
using AutoDock Vina software by molecular docking 
analysis. The results show that Thymol can interact 
with Kinensin-5 protein with a higher affinity of -7.9 
kcal/mol (Mean -7.89 kcal/mol). The active binding 
site residues of Thymol namely TYR104, LEU266, 
LEU292, LEU295, ILE332, ALA334, and TYR352 via 
hydrophobic interactions. 

Many of the current challenges in the field of cyto-
toxic chemotherapy, such as the creation of substantial 
host cell toxicity could be reduced or eliminated with 
targeted therapy (Danchev, Nikolova, and Momekov 
2008). B4S-type inhibitors are known to interact with 
Kinesin-5’s allosteric region and inhibit cancerous 
cell proliferation (Gao, Lowndes, and Eriksson 2017); 
(Yokoyama et al. 2015). The binding affinity of thy-
mol was significantly (p=0.007, p<0.05, 2-tailed t-test) 

Table 6
Independent sample t-test in predicting the significance, mean difference, std error difference of Kinesin-5 protein with different 
inhibitors. 

 Independent Samples Test
Levene’s Test for 

equality of variances
 t-test for Equality of means

ENERGY F Sig. t df Signifi-
cance

(2-tailed)

Mean
difference

Std.Error
Difference

95% Confidence Inter-
val of the Difference
Lower Upper

Equal variances 
assumed

155.969 <.001 3.453 18 .003 .700 .203 .274 1.126

Equal variances 
not assumed

3.453 9.044 .007 .700 .203 .242 1.158

Fig. 1. Interaction analysis of B4S in the active pocket site of  Kinesin-5 protein .The structure of Kinesin-5 and  B4S  are represented 
in green and red sticks . Amino acid residues of Kinesin-5 protein, namely LEU292, TYR352, SER348, SER269, TYR104  interact with 
B4S.
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Fig. 2. Interaction analysis of Thymol in the active pocket site of Kinesin-5 protein. The structure of Kinesin-5 and Thymol are 
represented in pink and green sticks. Amino acid residues of Kinesin-5 protein namely LEU295, LEU292, LEU266, ILE332, TYR104, 
ALA334, and TYR352 interact with Thymol.

Fig. 3. Interaction chains of B4S with Kinesin-5 protein with res-
idues in which blue colour represents the protein, orange rep-
resents the ligand, sky blue represents water, yellow represents 
charge center, white represents aromatic ring center, pink rep-
resents metal ion, … represents hydrophobic interaction, --hy-
drogen bond.

Fig. 4. Interaction chains of Thymol with Kinesin-5 protein with 
residues in which blue colour represents the protein, orange 
represents the ligand, sky blue represents water, yellow rep-
resents charge center, white represents aromatic ring center, 
pink represents metal ion, … represents hydrophobic interac-
tion.

Fig. 5. The binding energies of B4S and Thymol towards the active sites of Kinensin-5 protein. The X axis represents the screening 
of inhibitors and the Y axis represents binding energy of the targeted molecules. Results were represented as Mean ± 1SD and the 
error bars with 95% CI. 
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higher when compared to B4S. Hence, it can make ef-
fective interactions with the active sites of Kinensin-5 
via hydrophobic interactions. The binding affinity of 
the molecule is based on the effective hydrophobic 
and hydrogen interactions present between the pro-
tein and ligand (Danchev, Nikolova, and Momekov 
2008). As It has already been reported that thymol has 
anti-cancer properties (Güvenç et al. 2019) and it can 
interact with amino acid residues at the active sites of 
Kinensin-5 protein, it may selectively bind to the can-
cerous cells and inhibit their proliferation. 

The limitation of the present study is that it is en-
tirely In-silico simulation work which will provide 
only the details of possible interactions between the 
target molecule and the test compounds. To validate 
these, in-silico interactions further experimentation is 
required through in vitro and in vivo methods.

CONCLUSION 
The in silico probability of selective anti-cancer ac-

tivity of Thymol was tested in the current study. The 
results suggest that Thymol can make strong hydro-
phobic interactions with the amino acid residues pres-
ent at the acive sites of Kinensin-5 protein. This indi-
cates Thymol may bind selectively at the active sites of 
Kinensin-5 and inhibit the proliferation of cancerous 
cells. But, further validation is required through in vi-
tro and in vivo studies to confirm the thymol as a nov-
el anti-cancer agent with selective inhibition of cancer 
cell proliferation.
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