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INFLUENCE OF THE CAFFEINE ON THE INTERACTION

BETWEEN HALOPERIDOL AND HUMAN SERUM ALBUMIN:
SPECTROSCOPIC AND MOLECULAR DOCKING APPROACH

MIROSLAV SOVRLIC?, RATOMIR JELIC?, MARKO ANTONIJEVIC®,
ZORAN MARKOVIC®, JOVICA TOMOVIC®, EMINA MRKALIC®

ABSTRACT. The interactions between human serum albumin (HSA) and
haloperidol (HPD) in the presence or absence of caffeine (CAF) with HSA were
studied by fluorescence-absorption spectroscopy and molecular modeling. The
results showed that the presence of CAF decreased binding constants of HPD-
HSA with increasing temperature from 1.07x 10* mol/dm3to 3.13 x 102 mol/dm?3.
The results indicate that the HSA-HPD and HSA-CAF-HPD system is very
thermally sensitive. The number of binding sites obtained at three different
temperatures were close to 1 indicating the presence of one binding site of HPD,
CAF on HSA. Fluorescence quenching was initiated by dynamic quenching
procedure irrespective of the absence or presence of CAF. The negative value
of the free energy change (AG) indicates a spontaneous binding process of
both, HPD to HSA protein and HPD to the HSA-CAF protein complex. The
values of AH’<0 and AS°<0 for binding interaction HSA-HPD and HSA-CAF-
HPD, indicate that interaction is enthalpy driven. Docking simulation results are
confirmed that the most preferable place for binding HPD and CAF is the active
site |, in domain |l subdomain lIA. The present study suggested that the combined
actions of HPD and CAF, may lead to further changes in HSA conformation.
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INTRODUCTION

Within plasma proteins, human serum albumin (HSA) is undoubtedly

the most important transporter of drugs and other small molecules. HSA
accounts for about 60% of the proteins present in the plasma of healthy
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individuals. It is smaller in mass (66,500 Da) than other plasma proteins [1].
Binding to HSA is often very specific, at least for low or therapeutic drug
concentrations. Two binding sites in HSA, sites | and II, by Gail Sudlow
classification and co-workers, are involved in tying up a large number class of
compounds. Analysis of the crystal structure of albumin revealed that the two
major binding sites of the hydrophobic cavity in subdomains IIA and IlIA [2].

Caffeine (CAF) is the most widely consumed psychoactive substance
in the world and can be found in coffee seeds (2%), cola cotyledons (up to
3%), and in tea leaves (up to 4%) [3]. It is purine alkaloid that posses many
different pharmacological effects such as: stimulation of the central nervous
system, diuretic effect, a stimulating effect on the heart, muscle relaxation,
stimulation of gastric secretion, etc. [3,4]. CAF binds to plasma proteins in a
certain percentage (10-30%). Caffeine could bind to HSA via the hydrophobic
interaction between the pyrimidine ring and aromatic stacking. The binding is
carried out via 3 methyl groups by Van der Waals forces and hydrogen
bonding [5]. The primary binding site was considered to be a hydrophobic
cavity formed by Leu198, Lys199, Ser202, Phe211, Trp214, Val344, Ser454
and Leu481 in domain lla, Sudlow’s site | [6].

Haloperidol (HPD) is an antipsychotic drug from the group of
butyrophenones which competitively blocks postsynaptic dopamine (D2)
receptors in the mesolimbic system of the brain, thereby eliminating dopamine
neurotransmission which is beneficial in patients with psychoses and
delusions [7]. It is highly bound to plasma proteins (90%). Haloperidol is used
extensively for the treatment of psychotic disorders, therefore monitoring of
plasma haloperidol concentrations is clinically significant. The potential
severity of the side effects is one of the reasons for monitoring the concentration
of haloperidol in the blood [8]. Earlier binding experiments with HPD and HSA
indicated that the binding site was located in a hydrophobic cavity near
Sudlow’s site | (subdomain IIA) [9,10].

Given that the actual volume of distribution and drug concentration at
the receptor-binding site are associated with the amount of unbound fraction
of the drug, the complete characterization of the mechanism of drug binding to
plasma proteins became a necessary step for understanding the pharmacokinetic,
pharmacodynamic and the toxicological profile of each drug [11]. Simultaneous
administration of the two drugs may lead to competition at the level of binding
to HSA, which may significantly affect the disposition of both drugs, with
possible serious physiological consequences. Due to its characteristics, HSA
is a unique protein model for the quantitative and qualitative study of protein-
drug interactions [12]. Previous studies showed that CAF as well as other
natural products present in food and beverages could have an effect on
binding parameters of different drugs to HSA [13-15].
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The aim of this study is to systematically characterize the interactions
of HPD and CAF with HSA using spectroscopic and molecular modeling
methods. The thermodynamic parameters, nature of forces responsible for
drug binding and location of the probe in macromolecular architecture were
discussed based on the results of temperature variation experiments as well
as molecular docking results.

RESULTS AND DISCUSSION
Interaction mechanism of HSA-HPD and HSA-CAF-HPD

In order to demonstrate the binding of HPD and CAF to HSA, the
fluorescence emission spectra of HSA were recorded. Fluorescence
spectroscopy methodology is used to test small molecule binding for proteins.
This test method can provide information on the binding mechanism, binding
mode, binding constant, and number of binding sites [16]. The interaction of
several antipsychotic drugs with serum albumin has been studied in the past
[17,18]. Also, in previous studies has been shown that natural compounds
from food and beverages can modulate interaction between HSA and
antipsychotics [19]. However, a detailed analysis of interactions between HSA
and HPD in the presence or absence of CAF is not available in the literature.
The fluorescence spectra of HSA with different concentrations of HPD and
same concentration CAF were recorded at temperatures 293, 303 and 310 K.
Based on numerous papers, we can conclude that Trp213 residues are major
drug targets in HSA [20]. The tryptophan (Trp) fluorescence intensity of HSA
decreases continuously with the regular addition of raising concentration
of HPD, indicating that HPD is interacting with HSA (Figure 1.-left). The
interaction of HPD with HSA in the presence of a competitive compound was
investigated (Figure 1.-right). It is clear that fluorescence intensity is significantly
reduced in the presence of different HPD concentrations and fixed CAF
concentrations at all recorded temperatures compared to the emission
spectra recorded without CAF. The binding of HPD-induced a redshift in the
fluorescence emission spectrum of HSA indicating that the polarity around
the Trp213 was increased in the presence of HPD. In the presence of CAF,
the binding of HPD also induced a redshift in fluorescence emission
spectrum of the HSA-HPD complex, indicating that binding of CAF further
increased the polarity around HPD bound to HSA. This was probably due to
the loss of the compact structure of the hydrophobic subdomain IIA where
Trpis located [21]. The presence of a red or blue shift Amax indicates that there
was a decrease or increase in the hydrophobicity of the microenvironment of
the binding region of the drug.
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Figure 1. Fluorescence emission spectra and Stern—Volmer plots of the fluorescence
quenching of HSA fluorescence with HPD (left) and HSA-CAF-HPD complex
(right) (increasing concentration HPD along the arrow direction) at different
temperatures. Curve x shows the emission spectrum of HPD only.

Fluorescence quenching data obtained at different temperatures is
usually described by Stern—Volmer (SV) equation (1) [22]:

(1) Fo/F=1+kq x1[Ql =1+Kp[Q] =1+ Ky
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where Fo and F are the fluorescence intensities of HSA in the absence and
presence of the quencher, respectively, [Q] is the concentration of the
quencher, Kp is the quenching constant, kq is the quenching rate constant of
biological macromolecule, 1o is the average lifetime of the molecule without any
quencher and the fluorescence lifetime of the biopolymer is 1078 s. Ksy and kq
values are given in Table 1. Given that in our experiments, te concentration of
free HPD was not known, we took approximately corresponds to the total
concentration of HPD.

Quenching can be defined as a decrease of fluorescence and under
the conditions of fixed pH, temperature, and ionic strength. Fluorescence
quenching can occur by a variety of mechanisms, most commonly classified
as static and dynamic quenching. These mechanisms can be distinguished
by their differing dependence on temperature and viscosity. This also means
that only one type, either dynamic (interaction of the excited fluorophore with
the quencher) or static (fluorophore and quencher interact in the ground
state), mechanism of quenching occurs [23]. Basically, albumin-drug interaction
is a dynamic and reversible process, and dissociation of bound drug
molecules from the albumin-drug complex occurs very quickly, probably
within a few milliseconds or in a shorter period of time [20].

Fluorescence data can also be used to calculate a constant of binding
(Ka) and number of binding sites (n). When small molecules bind independently
to a set of equivalent sites on a macromolecule, a balance between free and
bound the molecule can be represented by modified Stern—Volmer equation
(2) to confirm the mechanism [24].

Fy—F

(2) log = logK, + nlog[Q]

where K is the binding constant and n is the number of binding sites. There
are many binding sites per HSA molecule and [K] is the concentration of
quenchers. Values K, and n are obtained from the intersection and slope of
the graph of the dependence of log (Fo - F) / F on log [K] (Figure 2). The
values of K, and n are given in Table 1. From Figure 2, it was known that
under certain HPD concentrations, the curves of Fo/(Fo—F) versus 1/[Q] were
linear.
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Figure 2. Modified Stern—Volmer Plots of log (Fo — F)/F versus log [Q]
at different temperatures using equation 2.

The binding constants (K,) and the number of binding sites (n)

The values of n obtained at three different temperatures were close
to 1 indicating the presence of one binding site of HPD on HSA and HSA-
CAF. In addition, an increase in temperature leads to an decrease in the (n)
binding capacity of HSA for HPD and 1.17 values were obtained; 1.04 and 0.93
at 293, 303 and 310 K. Also, the values of n were decreased in the presence of
CAF at all temperatures. Our report is an excellent agreement with the previous
reports where antipsychotic drugs have shown to bind with HSA at one
binding site [9]. Results from our study indicate that the binding of HPD at
sites to HSA and HSA-CAF was a concentration-dependent saturable process.

Correlation coefficients above 0.9 indicate a good linear relationship.
It is clear from Figure 1. and Table 1 that the values of Ka were decreased
significantly upon an increase in the temperature indicating that the complex
between HSA and HPD gets disrupted on increasing the temperature. Binding
constant decreases with increasing temperature, both in the absence and in
the presence of CAF. The value of quenching constant obtained for HSA-
HPD interaction was in the range from 1.07 x 10*to 1.48 x 103 mol/dm3, while
the value of quenching for HSA-CAF-HPD was in the range 5.47 x 103 to
3.13 x 102 mol/dm3, at three different temperatures. These results indicate
that the HSA-HPD and HSA-CAF-HPD system is very thermally sensitive. In
other words, even a small temperature change can lead to significant changes
in the Ky value. The unstable compound would be partly decomposed with
the rising temperature, therefore, the values of K, decreased. As a rule, the
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Ksv values increase with an increase in temperature for dynamic quenching,
and the Kq values were on the order of 10"" L/mol-s. These results can be
explained by more collisions between drug and fluorophores and faster
diffusion at higher temperatures [25-26].

Based on the conventional concept, the cellular uptake is proportional
to the unbound fraction of the drug. If a drug is weaker bound to serum
albumins, the fraction of free drug available to act on target tissues may be
significantly increased and the effect of the drug may consequently be higher
[27]. The data indicate that the binding of HPD to HSA was largely inhibited
in the presence of CAF. This may be explained by the competitive
interference of HPD and CAF in the vicinity of the binding site of HSA which
leads to increasing concentrations of free HPD in the plasma and its
maximum effect [28]. Further, te mechanism by which CAF decreased the
binding affinity and led to a decrease in the binding constant is not sufficiently
elucidated, but indicates that probably there is a competition between CAF
and HPD for binding to HSA.

The results presented in Table 1 indicate that the stability of the HSA-
HPD complex decreases with increasing temperature and that HPD is better
bound and transported by HSA at lower temperatures as well as due to the
absence of CAF. All these results showed that there were obviously
characters of dynamic quenching.

Table 1. The interaction parameters of the HSA-HPD and
HSA-CAF-HPD systems at different temperatures

Systems T/K | Ksv/dm3mol' | Kg/dm3mol's | K/dm3mol’ n R
203 | 247x10° | 247x10" | 1.07x10% | 1471 | 0.997
HSA-HPD 1353 243x10° | 243x107 | 3.72x10° | 1.042 | 0.994
310 | 254x10° | 254x107 | 148 x10° | 0.939 | 0.988
HSA-CAF-HPD | 293 | 144 x10° | 144x107 | 547 x10° | 1.143 | 0.990
303 | 174x10° | 1.74x10" | 7.48x10% | 0.905 | 0.994
310 | 1.90x10° | 1.90x10" | 3.43x 102 | 0.800 | 0.991

The decreasing trend of K, with increasing temperature indicates that
the HPD binding reaction for HSA was exothermic, both in the presence and
in the absence of CAF [29].

UV-Vis measurements
In this part of the study, we examined changes in the UV absorption
spectra of the HPD, HSA-CAF, and HSA-CAF-HPD systems, with varying

concentrations of haloperidol. The contribution of HPD and competing for
CAF was subtracted from the results in complexes. HSA has a weak absorption
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maximum at about 278 nm due to the cumulative absorption of three aromatic
amino acid residues (Trp, Tyr and Phe). The absorption spectra of HPD are
characterized by an absorption peak at 247 nm. The absorption maximum
at 278 nm slightly increased (Figure 3), which was largely caused by T — 1 *
transitions of aromatic amino acid residues to HSA [30], indicating that a
complex has formed between HSA and CAF and HSA-CAF and HPD. At the
characteristic peak for haloperidol (247 nm) we notice that with increasing
concentration of HPD, the absorption intensity of HSA-CAF increasing
(Figure 3; inset), while the concentration of CAF remained the same, suggesting
that we can exclude static quenching mechanism interactions between HSA-
CAF and HPD. The dynamic quenching only affects the excited states of the
fluorophores and, thus, no changes in the absorption spectra are expected.
However, the ground state complex formation will result in perturbation of
the absorption spectrum of the fluorophore [23]. We also found a similar
phenomenon observed with the fluorescence method. It is evident from
UV-Vis spectral results that the progressive increase of absorbance with the
increase in drug concentration confirms the formation of new protein—drug—
drug complexes (HSA-CAF-HPD).
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Figure 3. UV-Vis absorption spectra of HSA-CAF; absorption spectrum of HPD only;
absorption spectrum of HSA-CAF-HPD complex; difference between absorption
spectrum of HSA-CAF-HPD complex and free HPD. Inset: UV-Vis absorption
spectra of HSA-CAF (1:1) in the presence of increasing amounts of HPD from
0.0to 7.0 x 107 mol dm™3 (T = 298 K, pH = 7.4).
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Thermodynamics of HSA-HPD and HSA-CAF-HPD interaction

There are essentially four types of non-covalent interactions that
could play arole in ligand binding to proteins. These are electrostatic interaction,
hydrogen bond formation, van der Waals interaction, hydrophobic and steric
contacts [31]. To identify the binding force between HPD and HSA, and HPD
to HSA-CAF complex, an examination of the binding was carried out at three
different temperatures 293, 303 and 310 K. To find out the nature of the
interaction of HPD with HSA and HPD with HSA-CAF complex, thermodynamic
parameters (enthalpy change (AHp) entropy change (ASo) and Gibbs free
energy change (AGO)), were calculated using Van't Hoff and Gibbs—Helmholtz
relations [32] using equation (3) and equation (4):

(3) InK, = —AH°/RT + S°/R
(4) AG® = AH® — TAS®

where Kj is the binding constant at the appropriate temperature, R is the gas
constant and T is absolute temperature (Figure 4). The values of AH?, AS°
and AG? at different temperatures are shown in Table 2. The negative value
of the free energy change (AG) indicates a spontaneous (exergonic) binding
process of both, HPD to HSA protein and HPD to HSA-CAF protein complex
[33]. The values of AH? < 0 and AS° < 0 for binding interaction HSA-HPD and
HSA-CAF-HPD, means that interaction is enthalpy driven. It can be seen that
the binding reactions of these components are exothermic and are
characterized by relatively large negative AH values. In this case, a
spontaneous reaction is dependent upon the TAS term being small relative
to the AH term, so that AG is negative [34,35]. The latter is consistent with
dispersive van der Waals interactions of aromatic chromophores being the
main contributors to bind formation. Dispersive van der Waals interactions
are characterized both by negative enthalpy and negative entropy indicating
an enthalpic origin for the binding process of these drugs to HSA protein [36].

Table 2. Thermodynamic parameters of the HSA—-HPD and HSA-CAF-HPD
systems at different temperatures

System T/IK AHYkJ mol™! AS%/J mol™" K™ AGYkJ mol™!
293 -22.70
HSA-HPD 303 -87.15 -219.88 -20.50
310 -18.96
293 -20.81
(HSA-CAF)-HPD 303 -128.86 -368.56 -17.13
310 -14.55
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Figure 4. Van't Hoff plot of the interaction between HSA and HPD,
and HSA-CAF complex and HPD, T = 293, 303, and 310 K.

Docking studies

The HSA protein is able to bind multiple molecules in six active binding
sites [37-38]. In most cases, drugs are binding to sites | and |, because these
sites have the highest binding affinities [37]. The reason for this is a high
amount of different amino acid residues that are forming hydrophobic cavities
inside subdomain IIA and IlIA where those active sites are found. The
experimental work in this paper has shown that active site, which has the
highest affinity for binding the HPD, is the same active site where CAF
molecules are banded, alongside with other drugs like warfarin [9]. The
AGFR software was employed for finding the active site by configuring and
computing affinity maps for a receptor molecule (Figure 5). Obtained maps
are further used in AutoDock4 for docking simulation. Docking simulation
results are confirmed that the most preferable place for binding HPD and
CAF is the active site | (Sudlow I) in domain Il subdomain IIA (Figure 5).
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DOMAIN 111

DOMAIN 1l

Figure 5. Active sites, domains and subdomains of HSA.

The presented results in Table 3 contain values of Gibbs energies,
inhibition constants, and other thermodynamic parameters that describe the
binding of HPD and CAF molecules to HSA, as well as binding of these
molecules to HSA-HPD and HSA-CAF complexes.

Table 3. Estimated values of binding energies for HSA with HPD and CAF

AGygu-

Conformations (kﬁ?:gﬁ) (pf\i/l) (kAJ(r;mgnct)Tg) ZZWh’::d (kJA giﬁ-w (kﬁﬁq) (kJA Sqtooi-w
HSA-HPD 407 | 0.08 | -432 ( -42% ! -0.38 6.19 8.74
HSA-CAF-HPD | -39.8 | 0.11 | -446 | -43.9 -0.71 3.93 8.74
HSA-CAF 208 | 231.7 | 208 | -20.7 -0.04 0.00 0.00
HSA-HPD-CAF | -206 | 2432 | -206 | -19.0 159 0.00 0.00

As can be seen from Table 3, the obtained thermodynamic
parameters from docking simulations are following the same trend that is
established by the experiment (Table 2). The values of Gibbs energy from
the docking calculation are equally lower in relation to the experimental
values from Table 2. That partially can be explained by higher entropy values
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in the experiment, solvent presence, and the usage of approximations in the
equations for theoretical calculations, for example, the usage of the compact
unbounded model.

It should be noted that the presence of CAF in the blood inhibits the
binding of HPD. The reason for this lies in the fact that both molecules are
binding in the same active place. It was found that there is a small difference
in binding energy, which cannot be ignored if HPD binds only to HSA and /
or to HSA-CAF complex (see values of binding constants Table 3).

CONCLUSIONS

In this paper, fluorescence-absorption spectroscopy and molecular
modeling were used to investigate the interaction between HSA and HPD
under simulative physiological conditions (in vitro) in the presence of CAF.
CAF is an important phytonutrient, which if used with other drugs may cause
interference. The presence of CAF, caused a decrease in the binding constants
of the HPD with HSA (competitive interference), because CAF and HPD have
almost the same binding site in HSA. This fact indicates that in the presence
of caffeine there may be an increase in the free fraction of haloperidol in
plasma, which may lead to the manifestation serious side effects or changes
in effectiveness. In order to reduce side effects, the patience under HPD
treatment should reduce their intake of beverages rich in CAF. This research
illustrates that the simultaneous uptake of coffe, tea, ...etc and drugs may
cause interaction.

EXPERIMENTAL SECTION
Reagents and chemicals

CAF (Ph.Eur.-USP-FU, catalog No. 326356) was obtained commercially
from the Carlo Erba reagents. HPD with purity over 95 % (Product No. H1512),
HSA (Lyophilized powder 296 % by agarose gel, essentially fatty acid free,
product No. A1887) and phosphate-buffered saline (PBS, Product No. P4417)
were purchased from Sigma-Aldrich Chemical Company (St. Louis, MO,
USA). All chemicals are used without further purification. Double-distilled
water was used throughout the experiment.

Preparation of solutions
Solution of PBS (0.01 M) contains 0.0027 M KCI and 0.137 M NacCl,

pH=7.4 at 298,15 K, was prepared by dissolving one tablet in 200 ml of
distilled water. HSA stock solution (2:10-° M) was prepared by dissolving
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them in PBS. The stock solution of HPD (3.2:10 M) was prepared by
dissolving them in 5% methanol and then diluted to 2.82-10-* M with solution
of PBS. The CAF (2:10* M) stock solutions were dissolved in 5% ethanol
and diluted with solution of PBS. All solutions were made fresh and stored in
the refrigerator at 4 “C prior to use.

Fluorescence spectra measurements

All fluorescence spectra were measured on an RF-1501 PC
spectrofluorometer (Shimadzu, Japan) with excitation at 295 nm, using a 150
W Xenon lamp source, 1.0 cm quartz cells and a thermostatic bath. Fluorescence
spectra were recorded at 293, 303, 310 K in the range of 310—460 nm. The
widths of the excitation and emission slit widths were both fixed at 5 nm. The
specified temperatures were controlled by Julabo ED (v.2) open circulating
bath (Julabo Labortechnik GmbH, Germany).

The fluorescence spectra were obtained with constant HSA
concentration (2.0 x 10 M) and by varying the HPD concentrations from 0
to 7.0 x 10°M for HSA-HPD binary system. For the research on the effects
of the CAF on the HSA-HPD system fluorescence spectra were also
recorded at different temperatures (293, 303 and 310 K). In all series of
solutions, the molar ratio of HSA to CAF is maintained at 1:1 (2-10° M). The
solutions of HSA-CAF were left to stand for an hour, and then in the all of the
solutions concentration of HPD varied from 0 to 5-10-° M. Resultant mixtures
were incubated at different temperatures for half an hour, respectively.

Ultra-violet spectroscopy

All absorption maxima of the spectra were recorded in the range of
200 to 400 nm at a temperature of 298 K on a spectrophotometer (Agilent
Cary 300 spectrophotometer equipped with 1.0 cm quartz cells). On the
ordinate, the detection of absorbance values in the range from 0 to 3 was
set. The scanning speed was set to 480 nm per minute, and the device
entered values of absorbance at 1 nm. Before each new batch, a pure
solution corresponding to the buffer was recorded, and the obtained
absorption spectrum formed the baseline. Enabling the baseline correction
option, the program corrected all recorded spectra by subtracting the values
corresponding to the baseline. The absorption spectra were obtained with
constant HSA and CAF concentrations (2.0 x 10® mol dm™3) and by varying
the HPD concentrations from 0.0 to 7.0 x 107 mol dm=3.
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Molecular docking

The molecular docking simulations were employed in order to better
understand the inhibitor efficiency of the investigated compounds. Before
molecular docking simulations, the pockets and binding sites of HSA protein
were determined. AutoGridFR (AGFR) program [39] was used for this
purpose. Ligands were prepared for docking by optimizing their geometries
using the density functional theory (DFT) and employing B3LYP functional
[40,41] that is implemented in the Gaussian 09W software package [42]. The
crystal structure of HSA was obtained from the Brookhaven Protein Data
bank (PDB ID:1HK1, [43]). Protein was prepared for docking in Discovery
Studio 4.0 [44]. Polar hydrogen atoms, Kollman charges, and other
parameters were added using the graphical interface from AutoDockTools
(ADT) [45]. The AutoDock 4.2 software was used for molecular docking
simulations. In the docking procedure, ligands are presented as flexible
molecules and the docking software was free to rotate all single bonds to
catch the best position inside the active site of HSA. The Lamarckian Genetic
Algorithm (LGA) was used for protein-ligand and complex-ligand flexible
docking. The conformer with the lowest binding energy was used for further
analyses. Parameters for the LGA method were determined as follows: a
maximum number of energy evaluations was 250.000, a maximum number
of generations was 27,000, and mutation and crossover rates were 0.02 and
0.8, respectively. Algorithms, that AutoDock 4.2 software is based on, can
predict positions within the protein target, for the ligand, and to assess them
by scoring functions defined by setting the grid box. Grid box with dimensions
56x50%58 A3 in -x, -y, and -z directions of HSA was used to cover the protein
binding site and accommodate ligand to move freely. A gridpoint spacing of
0.375 A was used for auto grid runs. Results of the interactions between the
target protein and investigated compounds were analyzed and illustrated in
Discovery Studio 4.0 and AutoDockTools.
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