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Abstract

The interactions of 6twk protein with Ectoine drug, Polyamidoamine (PAMAM) /Ectoine and histidine modified
PAMAM/Ectoine were investigated using molecular docking and molecular dynamics simulation. Based on the
results of molecular docking increasing of binding energy and the decreasing of inhibition constant of the
compounds, increase their inhibitory activity. Protein stability in complex with these ligands was investigated
using molecular dynamics simulation approach. Results molecular dynamics simulation displayed that histidine
modified PAMAM/Ectoine with the lowest mean square displacement (MSD) is the better suitable to deliver the
ectoine drug. This causes the most controlled/diffusion of ectoine drug molecule. So, histidine modified
PAMAM/Ectoine conjugate can be introduced for further investigations on interaction of ectoine drug and 6twk

protein.
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1. INTRODUCTION

Different types of nanocarriers including
polymers, liposomes, poly-ion complex micelles,
cell-penetrating peptides and dendrimers have
been utilized in anticancer drug delivery systems
[1-3]. Among these, dendrimers are polymers
with highly branched architectures of nanometer
dimensions are showed the potential applications
in bio-imaging, drug delivery, and gene transfer
[4, 5]. Dendrimer is a well-known polymer, which
is capable of binding with drugs and proteins
through covalent, noncovalent, hydrophobic and
hydrophilic interactions [6]. As compared to other
polymers, dendrimers showed less toxicity in
animals and now they are under human trials for
commercial usage in cancer treatment [7, 8].
Polyamidoamines dendrimers with greatly special
and hierarchical three-dimensional architecture,
are one of the dendrimers which are highly
utilized as proper carriers to delivery drugs and
tissue engineering and regenerative medicine [9,
10]. Wu et al. were reported that the histidine
modified PAMAM dendritic can be applied as
efficient chemotherapeutic drug vehicles in
cancer treatment [11]. The bonding of drug-
dendrimer are so significant in pharmaceutical
industry, the biomedical sciences and
pharmaceutical industry. Ectoine drug is
considered as one natural metabolite that force the
apoptosis in the cells of lung cancer [12]. It could
be applied as a medicine for the treatment of lung
cancer after more optimization of formulations or
as auxiliary drug. Since it has no toxic impact on
other cells [13, 14].
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Molecular docking may be a simulation approach
for planning drug which can be predict the
compliance of a receptor-ligand complex. The
receptor is regularly a protein or a nucleic acid
molecule (DNA or RNA) and the ligand could be
a small particle or drug [15]. Besides, molecular
docking is one of main instrument for virtual
screening strategies. Molecular docking analysis
of PAMMA-SFU with the oncoproteins (E6 and
E7) has been studied by Rengaraj et al. that
displayed PAMAM/5-fluorouracil drug conjugate
had a higher affinity for the oncoprotein than for
5-FU [16].

Molecular dynamics simulations are broadly
accomplished to understand physical phenomena
occurring in various membranes at the molecular
level [17-20]. MD simulation is very helpful in
analyzing the conformational stability and
dynamics of the protein and protein-ligand
complexes at different nanosecond time intervals,
fluctuations, and their deviations from the
reference structure that will be discussed in the
study. The interactions of compounds ectoine,
PAMAM-ectoine  and  histidine = modified
PAMAM- ectoine with 6twk protein were studied
by molecular docking method. The molecular
dynamics (MD) simulation was applied for
stability of protein complex with compounds.

2. EXPERIMENTAL

Docking calculations between ectoine,
PAMAM@ectoine and Histidine modified
PAMAM@ectoine as ligand and 6twk protein
have been performed using Auto Dock 4.2[21].
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Crystal structure of  6twk protein has been
gained from Protein Data Bank (www.rcsb.org).
This protein has two chains A and B that A was
omitted. Then, molecular docking was
accomplished using the lamarckian genetic
algorithm. To identify the binding sites in 6twk
protein, blind docking has been done, By the grid
size set to 60, 60, and 60 Angstrom along with
X-, Y- and Z-axes with 9.526, 22.699 and -
23.362°A grid space. The conformation with the
lowest binding free energy and low inhibition
constants was employed for better analysis.

In Molecular dynamics simulations, the motion
and distribution of particles and the dynamical
behavior of the system are calculated based on
Newton’s motion equations and statistical
mechanics. This method is used to predict the
specific behavior of macromolecules in different
conditions. In this method, the interparticle forces
and the potential energy of the system are defined
by molecular mechanics force fields. In the
minimization and dynamics steps of all
molecules, the condensed-phase optimized
molecular potential (COMPASS) force field (FF)
was employed[22].which is the first FF validated
and parameterized by means of condensed-phase
criteria and ab initio and empirical data. The
COMPASS force field is frequently used to
investigate the drug delivery efficacy of various
drug delivery systems. MD simulations were done
on efficiency of pharmacokinetic of PAMAM-
dendrimer-furosemide delivery systems [23], self-
assembled paclitaxel structures [24] and Loading
of doxorubicin onto the functionalized graphene
surface by employing the COMPASS force field
[25]. Materials Studio software was used to
perform the MD simulation runs [26].

The minimization of energy of amorphous cell
and balancing stages (NVT and NVE), were done

using the Forcite module. The Mean square
displacement (MSD) and the radius of gyration
(Rg) as the as a function of time were analyzed.
These parameters are used investigation of
sustainability of the structure of protein.

3. RESULTS AND DISCUSSION

A molecular docking is used for prediction the
structure of the receptor-ligand complex and
investigation of the interactions of ligands and
receptor in the process of discovery of new
pharmaceutical compounds. Crystallographic
structure of 6twk (B) protein and structure of
Ectoine drug were displayed in Fig. 1.

Due to Fig. 2, docking of medicinal Ectoine drug
with protein 6twk (B) were detailed with
Discovery Studio visualizer 4.1 (2014) software.
The docking studies showed that ectoine
interacted at two sites of the 6twk (B), through
Arg 322 (H) and Glu 255 (O) of the 6twk (B) via
O and N atoms with bond distances of 2.97 and
2.88 A, respectively. The ligand forms stable
complex and has good binding energy values (-
4.58 kcal/mol). PAMAM/Ectoine and histidine
modified PAMAMY/Ectoine were docked with
6twk (B) and the observed binding energy were -
5.63 and -6.57 kcal/mol, respectively. The
docking studies showed that PAMAMY/Ectoine
interacted at three sites of the 6twk (B), through
Glu 255, Asp 338, and Pro 337.While histidine
modified PAMAM/Ectoine interacted at Tryp 339
site of the 6twk (B). PAMAM/Ectoine and
histidine modified PAMAM/Ectoine displayed
the minimum of inhibition constant (Ki) which
have more activity (22.63 and 20.38 pM) than the
pristine Ectoine (41.25uM).

Fig. 1. (a) Crystallographic structure of 6twk protein (B), (b) Ectoine drug .
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A common metric used to evaluate distance
between the predicted pose and the native pose,
given a superposition of their protein receptor
structures, is the root mean square deviation
(RMSD) between their respective atoms (Eq. 1):

RMSD = \/%2’!:1 d? (1)
Where N is the number of atoms in the ligand,
and d; is the Euclidean distance between the iw
pair of corresponding atoms [28]. The RMSD
curve of 6twk protein over PAMAM/Ectoine and
histidine modified PAMAMY/Ectoine conjugates
are shown in Fig. 3. To investigation the possible
orientation of these molecules during the
interaction, RMSD values were calculated for 10
samples with 1.0 picosecond equilibration and a
trajectory of 100 picoseconds. The RMSD values
showed more fluctuation because of the formation
of a complex between the protein and the
dendrimer in solution. The PAMAM/Ectoine and
histidine modified PAMAM/Ectoine  posse an
equal number of binding orientations with protein
and they illustrated more possible orientations.

Fig. 3. RMSD plot of 6twk protein over Ectoine,
PAMAM/Ectoine and histidine modified
PAMAM/Ectoine conjugates.

ki

Fig. 2. Docking of Ectoine (a), PAMAM/Ectoine and histidine modified PAMAM/Ectoine (c) with 6twk protein (B)

The diffusion ability of the ligands Ectoine,
PAMAM/Ectoine  and  histidine = modified
PAMAM/Ectoine conjugates inside the 6twk
protein is estimated from the mean square
displacement (MSD) plots, and the diffusion
coefficient (D) values can be computed from the
slopes of these plots. The MSD diagrams for the
ligands Ectoine, PAMAMY/Ectoine and histidine
modified PAMAM/Ectoine conjugates molecule
in the 6twk protein drug delivery systems are
presented in Fig. 4. The almost linear lines in the
MSD (mean square displacement) curves confirm
the continuous ligands diffusion within the
systems during the MD simulations. Also, it is
apparent that the Ectoine demonstrates the highest
MSD for diffusion while histidine modified
PAMAM/Ectoine conjugate displays the smallest
MSD. Therefore, in order to perform an effective
drug delivery, a system with the lowest MSD is
essential.

The radius of gyration (Rg) represents the size of
ligand& protein complex, defined as follows:
<RZ>=—< ¥ mylr, - R > Q)
Where M is the mass of the whole complex, m;
the mass of an atom i, r; the position of an atom i,
and R the center of mass of the complex [29]. <>
mentions to average value in a NVT ensemble (T
=298 K).

Changes in protein size in the presence of ligands
of Ectoine, PAMAM/Ectoine and histidine
modified PAMAM/Ectoine during simulations
time are shown in the Fig. 5. As shown in the
graph, the radius of gyration increases to 68 ns in
the presence of all ligands. However, after that
time, a decreasing was observed in the radius.
But, after 89 ns, the increasing rate is reduced and
the radius of gyration shows a lower fluctuation
until 20 ns. The radius of gyration describes the
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dimension of a protein chain. Larger Rg is
indicative of a larger distance between the protein
chain and its mass center. Also, the Ectoine shows
the greatest Rg and histidine modified
PAMAM/Ectoine displays the smallest Rg.

Fig. 4. The MSD diagrams for the diffusion of Ectoine,
PAMAM/Ectoine and histidine modified
PAMAM/Ectoine conjugates inside the 6twk protein.

Fig. 5. The time evolutions of the gyration (Rg) of
6twk protein as a function of time in complex with
ligand Ectoine, PAMAM/Ectoine and histidine
modified PAMAM/Ectoine.

4. CONCLUSIONS

Hydrogen and hydrophobic interactions were
investigated by molecular docking. The docking
studies showed that binding energy of histidine
modified PAMAM/Ectoine with 6twk (B) was -
6.57 kcal/mol. Also Histidine modified
PAMAM/Ectoine displayed the minimum of
inhibition constant (Ki) which have more activity.
The MD simulations were accomplished on the
ligands of Ectoine, PAMAM/Ectoine and
histidine modified PAMAM/Ectoine having 6twk
protein. The almost linear lines in the MSD
curves confirm the continuous ligands diffusion
within the systems during the MD simulations.
For performing an effective drug delivery,
histidine modified PAMAM/Ectoine system with
the lowest MSD is suitable. Also, histidine
modified PAMAMY/Ectoine displays the smallest
R, that indicative a smaller distance between the
protein chain and its mass center. The results can

be useful for design and development of drug
delivery conjugates.
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