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Abstract—The interaction of Nilotinib (NIL) with alpha lactalbumin (α-LA) were studied by spectrofluorim-
etry, UV-Vis spectroscopy, circular dichroism (CD) and molecular modeling methods. Static quenching pro-
cedure f luorescence spectroscopy revealed that the f luorescence quenching of α-LA by NIL was the reason
of formation of complex) NIL–α-LA. Fluorescence, UV-Vis, and CD spectra of NIL–α-LA complex
showed that the conformation of α-LA has been changed in the presence of NIL. Based on the fluorescence
quenching analyses the binding constant is calculated which is (467.73 × 104 M–1 at 298 K) and number of ligand-
binding site is equal to one then the thermodynamic parameters of this complex are (ΔG = –33.011 kJ mol−1,
ΔS = –80.005 J mol−1 K−1; ΔH = −157.70 kJ mol−1) at 298 K which were computed by using van’t Hoff equa-
tion and revealed that the reaction between ligand and protein is spontaneous and hydrogen bonding and van
der Waals forces played a key role in the binding of NIL to α-LA. The results of molecular docking investi-
gations have good agreement with the results of f luorescence spectroscopy studies. The molecular dynamic
simulation (MDS) showed that free α-LA and the NIL–α-LA complex reached equilibration after 20 ns
according to monitoring their root mean square deviation (RMSD). Finally, analyzing the root mean square
fluctuations (RMSF) show that interaction of NIL with α-LA did not cause a significant conformational
change in α-LA during the simulation.

Keywords: nilotinib, alpha-lactalbumin, f luorescence spectroscopy, molecular dynamics simulation, molec-
ular docking
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INTRODUCTION
Alpha lactalbumin (α-LA) is the second main

whey protein in the milk of all mammals. α-LA is a
small protein with molecular weight of about 14 kDa
[1–3], with a single polypeptide chain of 123 amino
acid residues which formed the large helical domain
and the smaller β-sheet domains which are linked by a
high-affinity Ca2+ binding site in the loop [4, 5]. The
helical domain comprising of three main α-helices
(residues 5–11, 23–24 and 86–98) and two short
310 helices (residues 18–20 and 115–118), and smaller
βHdomain with three stranded antiparallel β-sheet
(residues 41–44, 47–50 and 55–56), one short 310
helix (residues 77–80) and loops [6].

Drug delivery influenced by their binding ability of
protein is one of the most important biological func-
tions of the small whey proteins [7]. α-LA can act as
natural carrier for some drugs and can show interac-
tions with them. Therefore, by taking the drug during
breastfeeding it is possible to pass the drug through α-
LA to the baby [8]. If the baby is exposed to a drug in
mother’s milk, the baby may be harmed by various

factors (depend on timing of the dose, toxicity and oral
bioavailability of drug) [9].

Prescribing medication during breastfeeding needs
evaluating the benefits of taking medication for the
mother against the risk of not breastfeeding the baby
or the potential risk of exposing the infant to medica-
tions [10]. Nilotinib (NIL) is a new oral tyrosine-
kinase inhibitor (TKI) with a molecular weight of
529.5 Da, with hydrogen chloride and hemihydrate
salt is, amino-pyrimidine-derived tyrosine-kinase
inhibitor [11]. NIL shows good solubility in an acidic
milieu, moderate solubility in water (0.29 mg/mL),
and poor solubility (<0.1 mg/mL) in a phosphate buf-
fer at pH > 4.5 [12]. Nilotinib is stronger than Imatinib
in inhibiting BCR/ABL and also designed to over-
come Imatinib resistance in chronic myeloid leukemia
(CML) [13]. Therefore, it is necessary to evaluate the
Nilotinib binding to α-LA in order to evaluate its
transmission to the breast milk and infant [14, 15].
Fluorescence spectroscopy is important methods for
characterizing the interaction of small molecule with
proteins such as, binding constants and binding num-
bers [13, 16]. Also the molecular modeling method as
a quick and economical method has been performed
to predict the drugs binding site on proteins [17–19].

1 Corresponding author: e-mail: bshimi999@yahoo.com;
mhfatemi@umz.ac.ir.
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Fig. 1. The fluorescence quenching spectra of α-LA
(10 μM) in the presence of different concentrations NIL under
physiological condition (pH 7.4) at 298 K, λex = 280 nm.
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Interactions of cationic surfactant with α-LA to find
of binding sites by spectroscopic methods was done to
elucidate unfolding of α-LA has been [20]. Moreover
spectroscopic methods and molecular dynamics
(MD) simulation have been used to carried out inter-
action behavior between drugs and nanoparticles in
the viewpoint of pharmacokinetic and pharmacody-
namics sciences [21–23].

In the present work, the binding affinity of NIL to
α-LA, thermodynamic parameters of complexation,
binding constants, binding numbers, structural
changes of α-LA is investigated to provide useful
information about interactions between NIL and
α-LA. These properties were studied in detail by using
fluorescence quenching technique [22, 24], and UV-
Vis [20, 25, 26], circular dichroism (CD) measure-
ment [27, 28] molecular docking [29, 30] and molec-
ular dynamics simulation [21, 31].

RESULTS AND DISCUSSION

Quenching Mechanism of -LA by NIL

Various dependence of the quenching process on
temperature, viscosity and excited state lifetime are
often used to recognize whether the quenching mech-
anism is static) or, dynamic [32]. Static quenching is
usually associated with formation of ground state
complex between the f luorophore (protein) and the
quencher, while which in dynamic quenching there is
a collision between the f luorophore (protein) and the
quencher. The quenching rate depends on the diffu-
sion rate of quenching to f luorophore and also the
temperature and viscosity of the solution [33].

Quenching mechanism induced by a variety of
molecular interactions such as excited state reactions,

α
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energy transfer, ground-state complex formation, and
collisional quenching, which diminish the f luores-
cence intensity [34]. Intrinsic α-LA fluorescence
spectra originate from emission of tryptophan (Trp),
tyrosine (Tyr) and phenylalanine (Phe) residues.
However, Trp residue alone plays the most important
role due to the intrinsic f luorescence of the α-LA. As
shown in Fig. 1, a gradual decrease in the f luorescence
intensity of α-LA observed increasing the concentra-
tion of NIL at constant concentration of α-LA. To
explore the type of f luorescence quenching in NIL–
α-LA complexation, the data obtained from fluores-
cence quenching was analyzed by using the Stern–
Volmer equation [35] at various temperatures.

(1)

In Eq. (1), F0 and F are the f luorescence intensities
in the absence and presence of quencher (NIL),
respectively; Kq is the bimolecular quenching rate con-
stant; τ0 is the lifetime of the f luorophore in the
absence of quencher (τ0 = 10−8 s) and [Q] is the con-
centration of quencher. The effect of temperature on
lactalbumin is greatly influenced by the composition
of the medium and the concentration of protein. Thus,
these aspects should be considered in the design of
heat treatments of lactalbumin in order to preserve its
putative biological function when it is added to special
food or pharmaceutical products. The heat of dena-
turation for lactalbumin has been shown to be depen-
dent on protein concentration. Rate constants for
denaturation of lactalbumin in phosphate buffer and
in milk is increases by increasing the temperature
therefore it is better to measure rate constant in the
temperature range of 298 to 308 K [36].

The Stern–Volmer quenching constant is given by
KSV which is equal to Kqτ0. If the quenching is identi-
fied to be dynamic, the Stern–Volmer constant is rep-
resented by KD. In static quenching the KSV and Kq
values are decreased by increasing the temperature
and vice versa in the case of dynamic quenching. In

order to obtain the above parameters a plot of  ver-

sus  at three different temperatures is plotted which
is shown in Fig. 2. According to this plot KSV and val-
ues obtained from linear fittings of the experimental
data and the values of KSV and Kq decreased when the
temperature is raised from 25 to 35°C (Table 1). This
quenching data prove that the quenching mechanism
is not initiated by dynamic collision but resulting from
the formation of a complex system and probably by
static quenching [37]. By increasing the temperature,
the dissociation of weakly NIL–α-LA complex bound
is take place [32]. In dynamic quenching, bimolecular
quenching constants are expected to increase as the
temperature is raised. In contrast, by increasing in
temperature a gradual decrease of complexes is occur,
and thus lower values for the static quenching constant
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Fig. 2. Stern–Volmer plots for the quenching of α-LA by
NIL at different temperatures.
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Table 1. Stern–Volmer equation constants for the interac-
tion of α-LA with NIL at different temperatures (pH 7.4)

a r2 is the correlation coefficient. b KSV = Kq × τ0.

T, K

Stern–Volmer equation

KSV, L/mol Kq, L/mol sb r2 a

298 6.35 × 104 6.35 × 1012 0.989

303 5.62 × 104 5.62 × 1012 0.975

308 4.26 × 104 4.26 × 1012 0.977

Fig. 3. The plot of log [(F0 – F)/F] versus log [Q] for
quenching process of NIL with α-LA (10 μM) at 298, 303,
308 K, λex = 280 nm.
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is obtained. In addition, KSV values decreased with

increasing temperatures which indicating a static
quenching mechanism.

Evaluation of the Binding Constant and Binding Site

Permission of drugs taking by a breastfeeding
mother are basically dependent on the strength of
interactions between drug and α-LA protein. The
binding constant (Kb) and number of binding sites (n)

can determine from the modified Stern–Volmer
equation:

(2)

The values of Kb and n can be calculated from the

intercept and slope of the plot of log [(F0 –F)/F] versus

log[Q] (Fig. 3). According to this plot the value of Kb

is 4.67 × 106 M–1 at 298 K, The moderate values of Kb

show that NIL–α-LA complex formation is reversible
and NIL can be saved and transferred by α-LA.
Experimental investigation of Kb data indicating that

the binding interaction of Nilotinib with α-LA is
approximately strong, whereas the obtained KSV value

indicating the high complexation rate of Nilotinib with
α-LA. The obtained values of Stern–Volmer constant
(KSV) and binding constant (Kb) show similar trend on.

Binding Forces and Thermodynamic Characteristics 
of NIL– -LA Complex

In a general sense, the acting forces between a drug
(ligand) and biological macromolecule (receptor) in
water mainly consist of four non-covalent interactions
such as hydrophobic interactions, hydrogen bonding,
van der Waals forces, and electrostatic interactions.
The thermodynamic parameters of binding reaction
such as, enthalpy change (ΔH) and entropy change
(ΔS), free energy change (ΔG0) of the reaction, are the

main evidence to proof nature of the binding forces.

From the thermodynamic standpoint, the values of
ΔH > 0 and ΔS > 0 imply that hydrophobic interaction
play important roles in the reaction. On the other
hands the values of ΔH < 0 and ΔS < 0 reveals that the
main force complexation would be van der Waals
forces or hydrogen bond formation; and ΔH ≈ 0 and
S > 0 suggest the existence of an electrostatic force
[38]. Since studied temperature does not varies sig-
nificantly therefore the enthalpy change (ΔH0) of a

system did not change over the studied temperature
range.

The values of thermodynamic parameters
(enthalpy change (ΔH) and entropy change (ΔS)) were
estimated from the van’t Hoff equation:

(3)
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where Kb is the binding constant at temperature (T),

and R (J mol–1 K–1) is the universal gas constant [36].

Slope and intercept of the linear van’t Hoff plot (Fig. 4)

will give: ΔH and ΔS of complexation reaction, respec-

tively. The value of standard free energy changes (ΔG)

is calculated from the following relationship:
ol. 48  No. 4  2022
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Fig. 4. Van’t Hoff plots for the binding interaction of NIL
with α-LA.
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Fig. 5. UV spectra of α-LA (10 μM) in the presence of
NIL under physiological condition (pH 7.4) at room
temperature.
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(4)

The obtained values of ΔH0, ΔS0, and ΔG0 for

NIL–α-LA complex formation are calculated accord-
ing to these data depicted in Table 2. As shown in this
table, both negative sign of ΔH0 and ΔS0 lead to that

van der Waals and hydrogen-bonding interactions are

0 0 0. G H T SΔ = Δ − Δ
RUSSIAN JOURNAL OF

Table 2. Binding and thermodynamic parameters of the NIL

T, K Kb, L/mol n r2

298 467.73 × 104 1.4 0.098

303 45.71 × 104 1.2 0.098

308 10.97 × 104 1.1 0.098
more important driving force of complexation. Fur-
thermore, a negative value for ΔH0 advocates for the

exothermic reactions and negative sign of ΔG0 reveal

that the formation of NIL–α-LA complex is sponta-
neous reaction [39].

More over the negative value of ΔG0 demonstrate

that the wild type form is more favorable than the
mutant.

UV-Vis Spectroscopy

UV-Vis spectroscopy is one of the simplest and
economical techniques for probing the structural
changes of α-LA and provide information about for-
mation of a molecular complex. UV-Vis absorption
spectra of α-LA in the presence and absence of NIL
were shown in Fig. 5. In dynamic quenching mecha-
nism, peak positions in the UV-Vis spectrum of the α-
LA should not change during complexation. In the
case of static quenching, complex formation causes
change in UV-Vis spectrum of α-LA, as shown in Fig. 5
[40]. Furthermore, blue shift was observed at maxi-
mum peak position of NIL–α-LA (280–250 nm).
Maximum absorption at wavelength of 280 nm
belonged to absorbance by the aromatic ring (π → π*
transition) portion of aromatic substructure of some
amino acid such as Trp, Tyr and Phe. In the case of
macromolecules such as proteins, UV light absorption
and scattering take place simultaneously. As absorp-
tion increases, 90° Rayleigh scattering intensity
decreases but turbidity does not change [41]. Binding
constant of complex can be calculated from to
Benesi–Hildebrand equation [42, 43]:

(5)

where A0 and A are the absorbance of α-LA at 280 nm,
in the absence and presence of complex, respectively.
The parameters of εα-LA and εB are the molar extinc-
tion coefficient of α-LA and the bound complex,
respectively, and b is the light path of the cuvette
(1 cm). The value of A0/A – A0 is plot versus, 1/C com-
plex in Fig. 6 the binding constant (K) values of this linear
plot, can be calculated from the ratio of the intercept to
the slope. The obtained K = 0.6 × 105 L/mol, demon-
strating that strong binding exists between NIL to
α-LA and complex with lowest-energy state is formed. 
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–α-LA system, studied at different temperatures

ΔH0, kJ mol–1 ΔS0, J mol–1 K–1 ΔG0, kJ mol–1

1 –80.005 –157.70 –33.011

1 –32.222

1 –31.434
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Fig. 6. The plot of 1/(A – A0) vs. 1/C complex.
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Fig. 7. The far-UV CD spectra of α-LA (10 μM) in the
absence and presence of different concentrations NIL
under physiological condition (pH 7.4) at 298 K.
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Table 3. The α-helix content of α-LA in the absence and
presence of NIL

Concentration, μM
α-Helix content, %

α-LA NIL

10 0 33.19 ± 0.08

10 32.82 ± 0.11

20 32.44 ± 0.13

40 31.69 ± 0.08

60 31.63 ± 0.13
Circular Dichroism and Conformational Analysis
CD spectroscopy is used in this work to investigate

the secondary structure of α-LA after binding NIL to
α-LA. The CD spectra of α-LA in the absence and
presence of NIL under physiological condition (pH =
7.4) at room temperature are recorded and shown in
Fig. 7. As can be seen in this figure the CD spectra of
free α-LA exhibited two negative bands in the UV
region, at 208 and 222 nm, which originated from the
π → π* and n → p* transfer for the peptide bond of the
α-helixes, respectively. The helical content of free and
bounded form of α-LA was calculated from the mean
residue ellipticity (MRE) values at 208 nm.

(6)

(7)

where Cp is the molar concentration of α-LA, n
denotes the number of amino acid residues, l is the
path length (1.0 cm), the value of 4000 is the MRE of
the β-form and random coil conformation cross at
208 nm while 33000 is the MRE value of a pure α-helix
at 208 nm. It can be seen from Table 3 that the α-helical
content of α-LA slightly decreases from 33.19 to
31.63%, while the concentration of NIL increased
from 0 to 60 μM, suggesting that the conformational
change of α-LA induced by NIL is slight.

Docking Studies
The molecular docking approach can predict the

favored preferred posing of a small molecule (NIL) to
target (α-LA) and estimate the energy of binding in
interaction of NIL with α-LA. To form the NIL–α-LA
complex, according to docking studies The value of
the calculated binding energy for NIL–α-LA complex

is 36.78 kJ mol−1 which is in agreement with experi-
mental results that serve as a confirm for the binding
mechanism and docking studies (Table 2).

The estimated values of binding free energy from
molecular docking and fluorescence quenching stud-

ies were –36.78 mol−1 and –33.011 kJ/mol, respec-
tively. In addition, the molecular modeling studies
have been approved by all experimental results. These
methods had previously been shown to produce bind-
ing models similar to experimentally observed coun-
terparts [44, 45]. The reason for slight differences
between these values is probably raised due to the dif-
ferences between the X-ray structure of the protein
and actual ones [45].

One of the main reasons to slight difference
between the obtained values of ΔG0 experimental and

docking methods is due to the effect of solvent inter-
actions with NIL to α-LA. Also molecular docking
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MRE , 

10 pC nl
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100 ,
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− −
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study is used to explore the amino acid residues

involved in binding site (Fig. 8). As can see in Fig. 8

NIL is surrounded by the hydrophobic residues amino

acid such as: Ser34, Thr33, His32, Trp104, Val27,

Thr30, Thr29, Ala106, Cys28, Tyr103, Trp26. More-

over the docking results also reveals that there is one
ol. 48  No. 4  2022
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Fig. 8. Lig plot diagram of the interaction between α-LA and NIL.
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hydrogen bonding interactions site between NIL and
the carbonyl group of Gln54 residue to build a hydro-
gen bond with NH group in NIL with bond length of
3.24 Å. Therefore it can calculated that the NH group
in the structure of the NIL have an important role in
the NIL–α-LA complex formation. Therefore, as
results of molecular docking studies show that hydro-
gen bonding and hydrophobic forces are the major
forces in NIL interaction with α-LA which can stabi-
lize the complex. Furthermore, the calculated interac-
tion parameters and binding energy are in good agree-
ment with those obtained from experiment.

Molecular Dynamics Simulation
To evaluate the stably of complex the molecular

dynamics simulation (MDS) along 20 ns was per-
formed. The value of root mean square deviation
RUSSIAN JOURNAL OF
(RMSD) and root mean square of f luctuation

(RMSF) are determined from MDS result. The anal-

ysis of RMSD was performed to investigate the stabil-

ity of the system with time period of 20 ns. The RMSD

values of backbone for non-liganded α-LA and NIL–

α-LA complex with respect to starting structures were

calculated and plotted from 0 to 20 ns, as shown in

Fig. 9a as can be seen in this figure the RMSD of each

system rapidly achieves stability and low fluctuations

around their average values after nearly 4 ns. To inves-

tigate the f lexibility and changes in the mobility of

α-LA residues in the absence and presence of NIL the

analysis of root mean square f luctuations (RMSFs) of

the backbone atoms are done. Results are shown in

Fig. 9b, small f luctuation RMSF of the complex sys-

tem reveals that NIL–α-LA complex were stable

during the simulation time.
 BIOORGANIC CHEMISTRY  Vol. 48  No. 4  2022
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Fig. 9. (a) The root means square deviations (RMSD) ver-
sus the MD simulation time for α-LA (blue) and NIL–α-LA
complex (orange) in the MD simulation system;
(b) RMSF value of each residue of α-LA during the entire
simulation time, in absence and presence of NIL.
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Fig. 10. Plot of the MD-simulated structures of NIL in the
binding site of α-LA.
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To further analyze the binding mode during the
simulation, average conformation of the binding
pocket of α-LA complexed with Nilotinib was
obtained from MD simulation. As can be seen in
Fig. 10 the most key residues have been appeared
around the Nilotinib in the binding pocket on the basis
of average MD-simulated complex structure are
approximately similar to the results obtained from
docking however. Analysis of MD results shows that
two hydrogen bonds which are formed between NH
group of Nilotinib and lle10 and amide group of Nilo-
tinib and His32 remained stable throughout the simu-
lation, which indicates that these hydrogen bond
interactions were strong. In addition, hydrophobic
interactions (Ala 109, lle41, Val21, Gly19, Gly20,
Thr33) played an important role in stabilization of
Nilotinib in the binding pocket.

EXPERIMENTAL

Materials and Methods

Alpha lactalbumin from bovine milk-type III-cal-
cium depleted (L 6010) was obtained from Sigma-
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
Aldrich. Nilotinib was procured from Baran Co. (Teh-
ran, Iran).

Preparation of Stock Solution

A stock solution of α-LA (10 μM) is prepared in
0.1 M phosphate buffer at pH 7.4.

Stock solution of Nilotinib (4.5 mM) is prepared by
dissolution in dimethyl sulphoxide (DMSO). All solu-
tions were preserved in the refrigerator at 4°C in the
dark. Experimental fresh solutions of α-LA and Nilo-
tinib were made by diluting of their stock solutions.

Apparatus

UV-Vis measurements. UV spectra of all α-LA
solutions in the absence and presence of Nilotinib
were recorded from 200 to 400 nm at room tempera-
ture on a SQ4802 UV-Vis diode-array spectropho-
tometer equipped with 1.0 cm quartz cells.

Fluorescence measurements. Fluorescence mea-
surements were performed on a personal computer
based spectrofluorometer (JASCO Japan FP-8300)
equipped with a Xenon lamp light and quartz cuvette
(1.0 cm path length) were used for the measurements.
Fluorescence spectra of α-LA in the absence and the
presence of increasing NIL concentrations were
recorded in the λem = 300–500 nm and λex = 280 nm

at three temperatures (298, 303, and 308 K). In this
experiment α-LA concentration was kept fix at (10 ×

10–6 mol L–1), while the concentration of a NIL was
varied in the range, 0–5 μM. The inner filter effects of
ol. 48  No. 4  2022
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any compound in f luorescence determination system
were removed by using the following equation [46, 47]:

(8)

where  and  are corrected and observed f luo-

rescence intensity, respectively,  and  are the
absorption of the system at excitation and emission
wavelength, respectively.

Circular dichroism (CD). Far-UV CD measure-
ments (190–240 nm) were carried out on a Jasco-815
spectro polarimeter with using a quartz cell with a path
length of 1 mm (Tokyo, Japan) at room temperature. To
explore changes in the secondary structure, the various
concentrations of NIL (10, 20, 40, 60 μM) were added to
the fixed concentration of α-LA (10 μM).

Docking Analysis and Structural Modeling
of NIL–α-LA Complex

Protein structure selection and preparation. In
order to estimate the conceivable orientation of the
drugs that binds to the proper binding site of protein
and also computes the binding free energy the Auto
dock (version 4.2) and Auto dock tools (ADT) which
is constructed on the Python Molecule Viewer (PMV)
utilizing the Lamarckian genetic algorithm [48] were
used.

The structure of NIL was sketched using Hyper-
Chem7 [49] and was optimized using the AM1 semi-
empirical method. In the Protein Data Bank (PDB)
the three-dimensional coordinates of a-LA was
fetched (PDB ID 1HFZ) and ligand-free structure
(chain A) was chosen, as primary protein structure.
During the preparation of the protein input file water
molecules were removed, then polar hydrogen atoms
and partial Kollman charges were added using ADT to
the protein structure also describing the rotatable
bonds. The protein was held rigid receptor and the sol-
vent molecules effect is not considered during the
docking. Studies docking was carried out in two steps:
first, high atomic affinity grid maps and analyze the
surface characteristics of receptor by auto grid. The
grid size was set to be 35, 33, and 47 Å along X, Y and
Z axes with 0.375 Å between grid points. Then ligands
are docked with Auto Dock using this information.
Docking results through cluster analysis based on the
root-mean-squared deviation (RMSD) tolerance of
2.0 Å was performed. Eventually according to the
Autodock scoring function, best docked conforma-
tions were elected as initial structure for the molecular
dynamics simulation.

Molecular dynamics simulation (MDS). MD simu-
lation in the presence of an explicit solvent was carry
out to evaluate the in-vivo stability of the docked com-
plex. In this investigation GROMACS version 5.1.2
program [50] in Ubuntu Linux operating system was
utilized to perform molecular dynamics simulations
(MDS) and Potential energy minimization (PME).

ex em( )/2

cor obs ,
A AF F e +=

corF obsF
exA emA
RUSSIAN JOURNAL OF
The AMBER99sb force field was used for simulation
[51]. Similar conditions were considered for both pro-
tein and complex. Both of α-LA and α-LA-NIL were
solvated with water model TIP3P in cubic box by uti-
lizing periodic boundary condition to minimize edge
effects in the system. In each system the negative
charge was neutralized by adding sodium counter-ions
[52]. Then energy minimization of system with a cut
off 1 nm for van der Waals and Coulomb Forces can be
done by using 50000 steps of the steepest descent algo-
rithm to determine the appropriate molecular
arrangement in terms of energy. Then in order to prove
the stability of conformation system we used equilibra-
tion using canonical ensembles (NVT) followed by
isothermal isobaric ensembles (NPT) were carry out.
In NVT thermostat technique is used to control the
temperature by using the Nosé-Hoover thermostat
and Langevin dynamics and in NPT in addition to a
thermostat condition, a barostat is required. For this
purpose, in the NPT phase the number of moles of
molecules (N), pressure (P), and temperature (T), and
in the NVT phase: number of moles of molecules (N),
volume (V), and temperature (T) would constant.
Both phase of equilibration was done by 50000 steps
and 100 ps in 310 K. Finally, full MDS of 20 ns were
performed at constant temperature (310 K) and pres-
sure (1 bar).

CONCLUSIONS

The present study conformational changes in α-LA
upon binding to a NIL, interaction between them,
binding sites, binding energies, binding forces and
amino acid residues involved in bindings were investi-
gated by combination of UV-Vis absorption, circular
dichroism (CD), f luorescence quenching, and molec-
ular docking method. The values of Kb indicate that

strong binding form between NIL to α-LA, also it
done at situation in vivo [51, 52]. The thermodynamic
parameters and molecular docking analysis results
reveals that involvement of hydrophobic interactions
and hydrogen bonds as well as van der Waals forces in
stabilizing complex formation. In addition, the value
of obtained ΔG from fluorescence spectroscopy

(‒33.01 kJ/mol–1) and those estimated from molecu-

lar docking (–36.78 kJ /mol–1) were compared which
confirm each other. Changes of the UV absorption spec-
trum showed that the secondary structure of α-LA
slightly changes after the formation of the NIL–α-LA
complex. RMSD and RMSF of MD studies showed
that the NIL–α-LA complex achieved a steady state
after 4 ns.
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