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Abstract

HDACs inhibitors, Belinostat inhibits class I HDACs, class II HDACs and class IV HDAC
proteins activities. Antitumor activity of Belinostat is attributed to epigenetic control of gene
expression and inhibition of protein repression. In this study, we have performed molecular
dynamics simulation of Belinostat in water at 310 K temperature to investigate structural,
thermodynamic and tranport properties. For the structural analysis, we have studied the radial
distribution function (RDF). Thermodynamic integration (TI) and free energy perturbation
(FEP) based methods: TI, TI-CUBIC, BAR and MBAR have been used to estimate solva-
tion free energy. Our calculations show that Coulomb interactions has major contribution
to the solvation free energy of Belinostat in water although both coulomb as well as vdW
interaction contribute. Furthermore, we have estimated the sef-di�usion coe�cient of both
solute and solvent molecules with their binary di�usion coe�cient from the slope of Mean
Squared Displacement (MSD) versus time plot using Einstein's and Darken's relations respec-
tively. Hydrogen bond and Solvent accessible surface area (SASA) analyses further support
the strong hydration and structural stability of Belinostat in aqueous environment.
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1 Introduction

Belinostat is a hydroxamic acid-based histone
deacetylase (HDAC) inhibitor approved for the
treatment of peripheral T-cell lymphoma (PTCL)
[1]. PTCL represents a subgroup of non-Hodgkin
lymphoma. As conventional chemotherapy often
fail to render durable remission, there is a growing
need for e�ective targeted therapeutic strategies for
PTCL patients [2]. Belinostat has emerged as one of
the promising therapeutic candidates to treat can-

cer. Chemically, Belinostat is known as ethyl N −
hydroxy−3−[3−(phenylsulfamoyl)phenyl]prop−
2−enamide with molecular formula C15H14N2O4S
[3]. It contain a hydroxamic acid group capable
of coordinating to the Zn2+ ion in the HDAC
active site [4]. This zinc-binding property leads
to inhibition of histone deacetylase enzymes which
modulates the chromatin conformation and restores
acetylation-dependent transcriptional activation of
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tumor suppressor genes [5]. Due to this property,
Belinostat is categorized as a HDAC inhibitor which
target class I, class II and class IV HDAC enzymes

[6]. The molecular structure of the Belinostat is
shown in Figure 1(A).

Figure 1: (A) Molecular structure of Belinostat, and (B) System of Belinostat prepared for the simulation

HDAC plays an important role in tumor survival,
proliferation, di�erentiation, migration, and im-
mune mechanisms [7]. Mutations in genes regu-
lates DNA methylation and histone modi�cations
that commonly occur in PTCL patients, leading to
epigenetic disruption. This is especially responsive
to HDAC inhibition [8]. HDAC inhibition makes
Belinostat highly relevant not only clinically, but
mechanistically as well, due to which it is a strong
therapeutic candidate among targeted therapies
for hematologic malignancies. The clinical signif-
icance and therapeutic importance of Belinostat
were further supported by the results that demon-
strated clinically meaningful responses in heavily
pretreated PTCL patients with manageable tox-
icity [9]. Therefore, Belinostat is an important
therapeutic molecule for clinical hematology and
oncology research. Beyond clinical e�ects, the fun-
damental thermodynamic properties of Belinostat
such as solvation behavior directly in�uence drug
solubility, stability, protein-binding interactions,
and membrane permeability [10]. Solvation-free
energy is one of the essential thermodynamic pa-
rameters that determine the molecular accessibility
of the drug in biological �uids and governs molecu-
lar partitioning events.

Accurate estimation of solvation-free energy is criti-
cal in predicting the energetics of drug-solvent inter-
actions under physiological environments. Trans-

port properties, such as self-di�usion, binary dif-
fusion coe�cient, and viscosity, are equally impor-
tant as they determine the molecular mobility and
interaction characteristics of drug molecules in sol-
vent phases [11]. These parameters play key roles
in determining dissolution rate, drug clearance,
absorption behavior, intermolecular collision fre-
quencies, and mass transport in biological systems.
Therefore, a comprehensive understanding of both
thermodynamic and transport parameters of Beli-
nostat is essential not only from a pharmaceutical
formulation point of view but also from a com-
putational drug screening perspective. Molecular
dynamics (MD) simulations are widely employed in
computational physics for calculating free energy,
transport properties, and predicting the stability of
drug molecules in solvation environments [12].

Although, We have previously investigated the
solvation free energy and transport properties of
Panobinostat, HDAC inhibitor, using the classi-
cal MD simulation approach [13]. To the best of
our knowledge, no prior molecular dynamics simu-
lation study has investigated the solvation free en-
ergy and transport properties such as self-di�usion
coe�cient, binary di�usion coe�cient, and viscos-
ity of Belinostat in aqueous solution. While Belino-
stat has been studied experimentally as an HDAC
inhibitor in biological contexts, its physicochemical
behavior in water at the molecular level remains
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unreported. The present work is therefore the �rst
MD simulation study to comprehensively character-
ize the solvation thermodynamics and transport be-
havior of Belinostat in water at physiological tem-
perature (310 K). These �ndings are expected to
provide valuable insights into the physicochemical
behavior of Belinostat in aqueous systems, con-
tributing to rational drug design, optimization, and
computational pharmacokinetic predictions.

2 Materials and Methods

2.1 Theoretical background

To study the macroscopic properties of a system
from the analysis of trajectories of particles, molec-
ular dynamics (MD) simulation is used which is
based on the theory of statistical mechanics [14,15].
This technique simulates the motion of atoms and
molecules. From the simulation results we explore
the physical, chemical, and biological phenomena
at the atomic level providing detailed insight into
molecular structure, interactions, transport proper-
ties, and thermodynamic behavior [16]. It may be
the e�cient alternative of the experimental meth-
ods. Based on this approach, we performed MD
simulations to investigate the solvation free energy,
di�usion coe�cient, and viscosity of Belinostat in
aqueous solution, providing a molecular-level un-
derstanding of its stability, mobility, and physico-
chemical behavior.

2.1.1 Free Energy of Solvation

The free energy of solvation provides details into
the stability, solubility, and interaction behavior of
drug molecules in solution [17, 18]. Solvation free
energy is crucial for understanding molecular pro-
cesses such as binding thermodynamics, transport,
and structural changes [19, 20]. Free energy calcu-
lations can be performed using several established
methods. Free energy perturbation (FEP) method
estimates the free energy di�erence between two
thermodynamic states A and B with potential en-
ergy function UA and UB from ensemble averages
of potential energy di�erences as [21]

∆FAB = FB−FA = −kBT ln ⟨exp [−β (UB − UA)]⟩A
(1)

In the equation (1), ⟨···⟩A represnts the average over
the canonical ensemble of state A and β = 1/(kBT )
with kB represents Boltzmann constant. FEP is
particularly e�ective for evaluating small pertur-
bations in the system, such as solute-solvent in-
teractions, and provides rapid and precise free en-
ergy estimates. Moreover, Thermodynamic Inte-
gration (TI) complements FEP by providing a con-
tinuous pathway between the two states. In TI,

the free energy di�erence is obtained by integrat-
ing the ensemble-averaged derivative of the poten-
tial energy with respect to a coupling parameter λ
that gradually transforms the system from state A
(λ = 0) to state B (λ = 1) [21]

∆FAB =

∫ 1

0

〈
∂U(r, λ)

∂λ

〉
λ

dλ (2)

Here, U(r, λ) is the potential energy as a function
of atomic coordinates r and λ, commonly expressed
using switching functions f(λ) and g(λ):

U(r, λ) = f(λ)UA(r) + g(λ)UB(r) (3)

with f(0) = 1, f(1) = 0, g(0) = 0, and g(1) = 1. TI
ensures transformation between the states, yielding
free energy di�erences independent of the chosen
pathway [22].

In this study, both FEP and TI were used to deter-
mine the solvation free energy of Belinostat in aque-
ous solution. This combination provides a compre-
hensive and accurate assessment of its thermody-
namic stability.

2.1.2 Di�usion Coe�cient

Di�usion of molecules is a fundamental transport
process that in�uences the mobility and dissolu-
tion of drug molecules [23,24]. The di�usion coe�-
cient, D, quanti�es this stochastic motion and can
be determined from the mean square displacement
(MSD) of particles using the Einstein relation [25]

D = lim
t→∞

⟨[rα(t+ t0)− rα(t0)]
2⟩

6t
(4)

where,

� rα(t+t0): Position of particle α at time t+t0,

� rα(t0): Position of the same particle at the
initial time t0, and

� ⟨[rα(t + t0) − rα(t0)]
2⟩: Ensemble-averaged

mean square displacement (MSD) over all
particles.

2.2 Computational Details

We used CHARMM-GUI web server for the prepa-
ration of the system of Belinostat [16] by using the
sdf �le from PubChem Identi�er: CID 6918638 [26].
To prepare the system we used Charmm36m force
�elds [27] and TIP3 [28] water model at pH 7.0.
The Belinostat was solvated using the TIP3 wa-
ter model in a cubic box and neutralized with 150
mM NaCl. The solvated and neutralized system
of the Belinostat consists of 2707 atoms in a cubic
simulation box which is shown in Figure 1(B). All
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simulations were carried out at 310 K in under peri-
odic boundary conditions (PBC) at 1 atm pressure
using GROningen MAchine for Chemical Simula-
tions (GROMACS) software package [29]. To re-
move van der Waals bad contact, we performed an
energy minimization run using the steepest descent
method [29].

2.2.1 Estimation of solvation free energy

To ensure a controlled and smooth decoupling
of solute-solvent interactions, 21 discrete cou-
pling parameter (λ) values were applied for
both Coulombic and van der Waals interactions
[30, 31]. The Coulombic λ values were de�ned as:
λCoulomb = 0.00, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60,
0.70, 0.80, 0.90, 1.0, 1.00, 1.00, 1.00, 1.00, 1.00,
1.00, 1.00, 1.00, 1.00 and 1.00 for Coulomb inter-
action; and λvdW = 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00,0.00, 0.10, 0.20, 0.30,
0.40, 0.50, 0.60, 0.70, 0.80, 0.90 and 1.00 for van
der Waals interaction. The λ = 0 and λ = 1 states
correspond to fully decoupled and fully interacting
solute-solvent con�gurations, respectively, allow-
ing precise estimation of the solvation free energy
through integration of ⟨∂U/∂λ⟩ across all interme-
diate states.

We performed energy minimization run using steep-
est descent algorithm to eliminate steric clashes
[29]. Then, equilibration was performed under NVT
and NPT ensembles at 310 K and 1 atm pres-
sure, respectively, with a time step of 2 fs [32].
Langevin thermostat is used to control the tem-
perature, and pressures were maintained with a
Parrinello-Rahman barostat (coupling time 1 ps,
isothermal compressibility 4.5 × 10−5 bar−1 [33].
All bonds were constrained using the LINCS al-
gorithm [34]. Long-range electrostatics interac-
tions were estimated using the Particle Mesh Ewald
(PME) method with a 1.2 nm real-space cuto�,
while van der Waals interactions were truncated at
the same distance [35]. Neighbor lists were updated
every 20 steps, and soft-core potentials (α = 0.5,
σ = 0.3, p = 1) were applied to prevent singu-
larities during decoupling [36]. Each λ-state was
equilibrated for 2 ns, followed by a 5 ns produc-
tion run. The solvation free energy of Belinostat
was obtained by integrating the ensemble-averaged
derivatives over all λ values, yielding a thermody-
namically consistent and quantitatively accurate es-
timate of its hydration free energy.

2.2.2 Transport properties

To study the transport properties of Belinostat in
aqueous solution, Belinostat molecule was solvated

in a cubic box and performed all-atom MD sim-
ulations. Energy minimization was �rst carried
out using the steepest descent algorithm to remove
steric clashes. The systems were then equilibrated
for 100 ns under an isothermal-isobaric (NPT) en-
semble at 310 K and 1 atm for 500 ns of pro-
duciton run with a 2 fs time step using Leap-
frog algorithms [35]. Long-range electrostatic in-
teractions were handled with the Particle Mesh
Ewald (PME) method, while short-range van der
Waals and Coulomb interactions were truncated at
1.0 nm [37]. Initial velocities were assigned accord-
ing to the Maxwell-Boltzmann distribution, and all
bond lengths were constrained using the LINCS
algorithm [34]. Thermal and barostatic control
were maintained via a velocity-rescaling thermo-
stat (coupling time 0.01 ps) and Berendsen baro-
stat (coupling time 0.8 ps), respectively, under peri-
odic boundary conditions [38,39]. The mean square
displacement (MSD) of Belinostat and surround-
ing water molecules was calculated from the equi-
librated trajectories, and self-di�usion coe�cients
were determined using Einstein's relation. Only the
initial portion of the trajectory was used for linear
�tting to ensure high statistical reliability.

3 Results and discussion

Herein, we investigate the thermodynamic and
transport properties such as solvation free energy,
and di�usion coe�cients of Belinostat molecule in
aqueous enviroment.

3.1 Free Energy of Solvation

The solvation free energy of Belinostat was de-
termined using thermodynamic integration (TI),
cubic-spline TI (TI-CUBIC), and free-energy per-
turbation (FEP), based Bennett Acceptance Ratio
(BAR) and Multistate Bennett Acceptance Ratio
(MBAR) methods to ensure accurate and statisti-
cally consistent estimation of the free-energy pro-
�le. In TI and TI-CUBIC calculations, the cou-
pling parameter λ was varied from 0 to 1 to con-
struct a series of intermediate, non-physical thermo-
dynamic states between the fully coupled (λ = 0)
and fully decoupled (λ = 1) states. Trapezoidal
and cubic-spline rules are used to evaluate

〈
∂U
∂λ

〉
λ

across the alchemical analysis. The Coulombic in-
teractions were �rst gradually switched o� while re-
taining full van der Waals (vdW) coupling, followed
by the decoupling of vdW interactions. Figure 2(A)
shows the corresponding energy derivatives, where
the red color shows the electrostatic contribution
and the green color represents the van der Waals
(vdW) contribution to the solvation free energy of
the Belinostat molecule.



Narayan Gautam et al./ BIBECHANA 23 (2) (2026) 146-156 150

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

200

100

0

100

200

U
(k

J/m
ol

)

0.
10

0.
20

0.
30

0.
40

0.
50

0.
60

0.
70

0.
80

0.
90

1.
00

0.
10

0.
20

0.
30

0.
40

0.
50

0.
60

0.
70

0.
80

0.
90

1.
00

Coul
Vdw

Figure 2: (A) Variation of ⟨∂U∂λ ⟩λ with λ for Belinostat taking TIP3P water model as solvent at temper-
ature 310 K.

The sharp increase in the coulombic term at higher
value of λ shows the activation of electrostatic inter-
actions between Belinostat and the water. On the
other hand, the vdW contribution increases slowly
and uniformly as the Belinostat creates space in the
solvent and develops favorable dispersion forces.
BAR and MBAR values are in close agreement
with TI and TI-CUBIC derived values which vali-
date the thermodynamic predictions. These results
establish that the solvation thermodynamics of Be-
linostat are dominated by electrostatic interactions,
with vdW forces serving as secondary stabilizing
contributions. The Coulombic measurements re-
�ects the intrinsic polarity of Belinostat, indicating
that its hydration is governed primarily by solvent
reorganization around charged and polar regions.
This thermodynamic pro�le has direct implications
for its aqueous stability in biological systems. The
estimated values of solvation free energy of Beli-
nostat molecules in water at 310 K using di�erent
methods are presented in Table 1.

The time series plots demonstrate that the free en-
ergy calculations converge after a fraction of the
simulation time, with the forward and reverse ∆G
values closely agreed after the initial hysteresis ef-
fect as shown in Figure 2(B). This con�rms that the
free energy estimates reach equilibrium, validating
the reliability of the computed solvation free energy.

Hydrogen Bond Analysis

Hydrogen bond play am important role in stabiliz-
ing bimolecular systems. Molecular dynamics sim-
ulation of Belinostat molecule shows the energeti-
cally favorable interactions between its polar func-
tional groups and surrounding water molecules. We
have analyzed the hydrogen bonds between Belino-
stat and water molecules using trajectory after 5
ns production for initial i.e., coupling state repre-
sented by λ = 0. As shown in Figure 3(A), during
the 5 ns simulation, Belinostat form the consistent
stable hydrogen-bond network.
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Table 1: Estimated values of solvation free energy of Belinostst in water at 310 K using di�erent methods.

States TI (kJ/mol) TI-CUBIC (kJ/mol) BAR (kJ/mol) MBAR (kJ/mol)
0 → 1 24.45 ± 0.02 24.44 ± 0.02 24.43 ± 0.02 24.41 ± 0.02
1 → 2 21.71 ± 0.02 21.68 ± 0.02 21.69 ± 0.02 21.71 ± 0.02
2 → 3 19.30 ± 0.02 19.29 ± 0.02 19.29 ± 0.02 19.29 ± 0.02
3 → 4 17.07 ± 0.02 17.07 ± 0.02 17.04 ± 0.02 17.04 ± 0.01
4 → 5 14.97 ± 0.02 14.90 ± 0.02 14.95 ± 0.02 14.79 ± 0.01
5 → 6 13.12 ± 0.02 13.24 ± 0.02 13.11 ± 0.02 12.30 ± 0.01
6 → 7 10.43 ± 0.01 10.43 ± 0.02 9.76 ± 0.01 9.84 ± 0.01
7 → 8 7.74 ± 0.10 7.62 ± 0.11 7.72 ± 0.00 7.95 ± 0.00
8 → 9 6.11 ± 0.10 6.03 ± 0.11 5.97 ± 0.02 6.59 ± 0.00
9 → 10 5.07 ± 0.01 5.52 ± 0.03 6.28 ± 0.01 5.45 ± 0.01
10 → 11 9.13 ± 0.01 9.13 ± 0.02 9.13 ± 0.01 9.16 ± 0.01
11 → 12 8.90 ± 0.02 8.91 ± 0.02 8.92 ± 0.02 9.03 ± 0.01
12 → 13 8.65 ± 0.02 8.66 ± 0.02 8.71 ± 0.02 8.75 ± 0.01
13 → 14 8.15 ± 0.02 8.25 ± 0.02 8.19 ± 0.02 8.14 ± 0.02
14 → 15 6.60 ± 0.02 6.73 ± 0.03 6.64 ± 0.03 6.64 ± 0.03
15 → 16 3.98 ± 0.04 3.88 ± 0.04 4.11 ± 0.04 4.13 ± 0.04
16 → 17 −0.33 ± 0.07 0.77 ± 0.09 0.21 ± 0.08 0.20 ± 0.08
17 → 18 −11.89 ± 0.12 −12.58 ± 0.13 −12.06 ± 0.25 −12.06 ± 0.25
18 → 19 −16.51 ± 0.10 −18.34 ± 0.12 −18.11 ± 0.09 −18.33 ± 0.09
19 → 20 −5.34 ± 0.03 −5.24 ± 0.04 −5.37 ± 0.03 −5.37 ± 0.02
Coulomb: 140.56 ± 0.21 140.21 ± 0.20 140.25 ± 0.05 139.35 ± 0.06
vdWaals: 11.34 ± 0.26 10.17 ± 0.26 10.37 ± 0.28 10.30 ± 0.31
TOTAL: 151.91 ± 0.33 150.38 ± 0.33 150.62 ± 0.29 149.65 ± 0.31

Figure 3: (A)The variation in the number of hydrogen bonds between the Belinostat and TIP3P water
molecules at 310 K for the initial state at λ = 0, and (B) Solvent Accessible Surface Area of Belinostat
in water.

The stable hydrogen-bonding pattern provides fa-
vorable interaction between the Belinostat and wa-
ter that underscore its central role in thermody-
namic behavior. Consistent hydrogen-bond forma-
tion reduces �uctuations in solvation energetics, en-
hancing the reliability of free-energy calculations.

The observed hydration dynamics also suggest that
Belinostat will maintain robust solvation behav-
ior across di�erent aqueous environments, ensuring
structural integrity under varying conditions. Fur-
thermore, we have also investigated the transport
properties of the Belinostat in water focusing on
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di�usion coe�cient and shear viscosity.

3.2 Solvent Accessible Surface Area
(SASA)

Solvent accessible surface area (SASA) represents
total surface area of molecule that is directly ex-
posed to the solvent. As shown in Figure 3(B), Be-
linostat exhibits a stable SASA that ranges approx-
imately 5.0−6.0nm2 across the entire trajectory of
the simulation, with only minor thermal �uctua-
tions. This smooth and uniform pro�le of SASA
measurements of Belinostat indicate that its polar
components remain consistently hydrated.

3.3 Transport Properties

We have estimated the self di�usion coe�cient of
the Belinostat as solute molecules and water, as
well as their binary di�usion coe�cient at 310 K
temperature.

Di�usion Coe�cients

The mean-square displacement (MSD) of Belinos-
tat is presented in Figure 4 that exhibits a smoothly
increasing logarithmic trend across the full molec-
ular dynamics simulation. The MSD curve rises
steeply during the initial picoseconds, correspond-
ing to rapid local relaxation dynamics, and subse-
quently transitions into a stable, near-linear pro-
gression on the log-log axes. The MSD curve shows
that Belinostat remains dynamically unrestricted in
the aqueous environment.

Figure 4: MSD versus time plot in logarithmic scale for (A) Water, and (B) Belinostat at temperature
310 K.

The mean-square displacement pro�le for water, as
shown in the �gure 4 (A), exhibits a smooth and
continuously increasing logarithmic trend of homo-
geneous solvent. From the long-timescale behav-
ior visible in the �gure 4 (B), Belinostat clearly
attains a well-de�ned di�usive regime. The MSD
rises sharply at short times due to rapid motions of
water molecules and subsequently transitions into
a stable, uniform slope across the intermediate and
long-time regions of the log�log plot [40]. The plot
shows that the system attains a well-de�ned di�u-
sive regime, re�ecting the intrinsic dynamical be-
havior of bulk liquid water. This consistently pro-
gressing MSD trajectory demonstrates that the sim-
ulation adequately captures the physical mobility

of the solvent and provides a robust basis for deter-
mining the self-di�usion coe�cient with high relia-
bility [41].

The MSD pro�les of Belinostat and water show
smooth logarithmic increases, re�ecting well-
de�ned di�usive behavior. Belinostat does not
exhibits a perfect slope that may be due to solva-
tion, molecular reorientation, and intermolecular
interactions, while water shows rapid and uniform
di�usion characteristic of bulk solvent molecules.
Both MSD pro�les attain appropriate di�usive
regimes that validate the physical meaning and
reliability of the self-di�usion coe�cients reported
in the Table 2.
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The estimated self-di�usion coe�cient of water
(5.86 × 10−9 m2/s) is in close agreement with the
experimental reference value of 7.05 × 10−9 m2/s
[42]. The reliability of this study is further sup-
ported by our previous MD study on Panobinos-
tat, a structurally related HDAC inhibitor, where
the same computational protocol yielded a water
self-di�usion coe�cient of 6.75 × 10−9 m2/s with
a percentage error of 4.26% against the same refer-
ence [13]. The self-di�usion coe�cient of Belinostat
(1.20×10−9 m2/s) is approximately 4.9 times lower
than that of water, consistent with the larger molec-
ular size and reduced mobility of the drug molecule
in aqueous solution. The binary di�usion coe�cient
of Belinostat in water is estimated to be 1.236×10−9

m2/s.

Table 2: Self di�usion coe�cients of Belinostat and
water molecules as well as their binary di�usion co-
e�cient at 310 K temperature.

Di�usion coe�cient (×10−9 m2/s)
Self

Binary
Belinostat Water
Estimated Estimated Ref. [42] Estimated

1.20 5.86 7.05 1.236

Table 2 shows that Belinostat has a much lower
self-di�usion coe�cient than water, and its binary

di�usion in dilute solution closely matches with its
self-di�usion. This indicates that Belinostat dif-
fuses slowly due to its size and hydrogen-bonding
interactions, con�rming the reliability of the MD
simulations.

3.4 Structural Analysis

The structural analysis of the system can stud-
ied through the radial distribution function (RDF)
gXY (r) that provides the structural information
about the distribution of molecules around another
molecule [43, 44]. The RDF between the molecule
(X) at center and the surrounding molecules (Y )
as a function of intermolecular distance r is de�ned
as [29]

gXY (r) =
⟨ρY (r)⟩
⟨ρY ⟩local

=
1

⟨ρY ⟩local
1

NX

∑
i∈X

∑
j∈Y

δ(rij − r)

4πr2

(5)
In the equation 5, the terms ρY (r) and ⟨ρY ⟩ gives
the particle density of type Y at a distance r around
particles X, and particle density of type Y averaged
over all the spheres around particles X respectively.
Figures 5(A) and 5(B) represents the RDF between
the spatial orientation between the oxygen atoms of
water molecules and oxygen atom of Belinostat with
the surrounding water molecules, respectively.

Figure 5: (A)Radial distribution function (RDF) between oxygen atoms of water molecules, and (B)
oxygen atom of Belinostat and water molecules

In Figure 5(A), the RDF curves for oxygen-oxygen
of water molecules with a well-de�ned �rst coor-
dination peak observed near r = 0.8 nm. Fig-
ure 5(B) shows the RDF curve for oxygen atom

of water molecules and oxygen atom of Belinostat
molecule with a �rst coordination peak observed
near r = 0.25 nm.
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This suggests the strong solvation tendency of the
oxygen atoms of Belinostat in water. A sharp and
intense �rst peak centered around r = 0.25 nm
(g(r) ≈ 380) corresponds to the �rst hydration
shell, highlighting strong hydrogen-bonding inter-
actions between the polar oxygen sites and the hy-
drogen atoms of water. A secondary peak around
r = 0.70 nm indicates the presence of a second, less
ordered solvation layer.

4 Conclusions

We have performed molecular dynamic study to un-
derstand solvation mechanism and di�usion process
of Belinostat in water through the estimation of sol-
vation free energy and di�usion coe�cient. System
under study was modeled using charmm36m force
�eld and TIP3 water model. The solvation free en-
ergy of Belinostat molecule in water have been es-
timated at 310 K temperature using TI and FEP
based methods. The estimated values of solvation
free energy using TI, TI-CUBIC, BAR and MBAR
methods are 151.91 ± 0.33, 150.38 ± 0.33, 150.62
± 0.29, & 149.65 ± 0.31 in kJ/mol respectively.
The solvation free energy estimated using di�er-
ent methods are in close agreement ensure conver-
gence of the calculations. We have also analyzed
the individual contribution of Coulomb and vdW
interactions to the total solvation free energy; and
our results show that Coulomb interaction has ma-
jor contribution on solvation free energy, ≈ 140
kJ/mol. Approximately six hydrogen bonds has
been observed throughout simulation; and the hy-
drogen bonding network greatly impacts on solva-
tion free energy and improves the stability of sol-

vation. Moreover, to understand the solute-solvent
interaction, we have also analyzed the SASA of the
solute molecules which is nearly 5.2 nm2. Further-
more, to understand the di�usion of HDACs in-
hibitors, self di�usion coe�cient of both solute and
solvent molecules as well as their binary di�uion co-
e�cient have been estimtaed at 310 K temperature
through the analysis of MSD followed by the parti-
cles using Einstein's and Darken's relation respec-
tively. These results provide the valuable insights of
solvation free energy and o�er important informa-
tion for the development of new HDACs inhibitors
including improvement of Belinostat. Future work
could explore the e�ect of temperature variations
on these parameters for the comparative analysis
with structurally similar molecules.
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