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ABSTRACT: The molecular mechanism of interaction between Mefenamic acid (MA) and human serum albumin (HSA)
was investigated. UV-Visible absorption, fluorescence, and FT-IR spectroscopies, with molecular docking, have been
used for assay of complex formation, quenching mechanism study, thermodynamic evaluations, and molecular details
of the interaction mechanism. The quenching constant (Ksv) of 1.51x105 M-1 was obtained, while the results are indicating
the dynamic quenching mechanism. The number of binding sites (n) and apparent binding constants (KA) were 1.51
and 6.55x107 M-, respectively that resembles positive cooperativity and and strong binding of MA to HSA. The negative
sign of standard enthalpy change (AH = -88.51 KJ/mol), standard entropy change (AS = -146.24 J/mol K), and Gibbs
free energy (AG = -44.93 KJ/mol) indicated that the van der Waals interactions and hydrogen bonds are facilitating the
MA-HSA complex formation. Addition of the metal ions, glucose, urea, and basic pHs decrease the MA-HSA binding
constant. Molecular docking simulation showed that mainly positively charged amino acid residues contribute to the
MA-HSA interaction.

KEYWORDS: Mefenamic acid; NSAID-HSA interaction; Spectroscopy methods; Molecular docking.

1. INTRODUCTION

The main protein that exists in the plasma, intracellular and interstitial fluids is human serum albumin (HSA).
Its half-life is 19 days, and it plays a pivotal role as a reservoir and carrier protein in the blood. HSA structure
and function studied well and findings revealed that the molecular roots of its extraordinary reversible ligand
binding and delivering capacity [1]. The HSA molecular weight is 66.5 kD and it is consisting of one
polypeptide chain. 585 amino acids with approximate dimensions of 80x80x30 A3 composed the heart-shaped
structure of HSA [2], that includes three homologous a-helical domains (I, II, and III). Two principal ligand
binding sites are well known as Sudlow’s site I (IIA) and Sudlow’s site II (IIIA) [3-6]]. Zsila introduced the
subdomain IB as a third main high-efficiency drug binding site in the HSA structure [7].

The pharmacological efficiency of a drug is closely related to its free concentration at the target site. Free
concentration, distribution, biological activity, and the metabolism rate of drugs are influenced by their HSA
binding [8, 9]. Structure HSA-binding relationship evaluations provide useful information for drug design
and discovery, pharmacokinetics, and drug-drug interaction studies. Real-time and sensitive methods have
developed using various spectroscopic techniques for drug-HSA interaction studies [10].
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We reported the molecular mechanism of lamotrigine and carvedilol interaction with HSA, previously [2, 5].
We applied the same procedure for the study of Mefenamic acid (MA) interaction with HSA in the current
research. MA is an anthranilic acid derivative that belongs to the nonsteroidal anti-inflammatory drugs
(NSAIDs). These drugs are recognized for their anti-inflammatory, analgesic, and antipyretic effects [11]. Most
of the NSAIDs such as ibuprofen, diclofenac, efc can bind well to the HSA [12, 13]. MA contains a carboxylic
acid moiety indicated in Figure 1 that is ionizing in the physiological pH. MA and its metabolites tightly bind
to the HSA. UV-Visible spectroscopy, fluorescence quenching spectroscopy, FTIR were used for the
investigation of MA-HSA interaction. The mode of interaction between MA and HSA was investigated by
molecular docking.

OH
“Ha

ZT
P
T

Figure 1. Chemical structure of MA.

2. RESULTS AND DISCUSSION
2.1. Fluorescence quenching titrations

Some parameter such as the excited-state reactions, complex-formation, energy transfer rate, and collisional
quenching, resulting in the quenching of fluorescence emission [14]. Fluorescence quenching titration has been
used for investigation of drug-HSA complex formation frequently [15, 16]. Fluorescence emission spectra of
HSA (excited at 278 nm) and HSA-MA complex solutions are shown in Figure 2A. Trp214 as an intrinsic
fluorophore is responsible for the fluorescence emission of HSA. The emission intensity of HSA (340 nm)
decreased following the addition of enhanced concentrations of MA. The emission reduction confirms the
MA-HSA coupling.

To identify the quenching mechanism (dynamic, static, or combined state), we fitted the obtained quenching
data to the Stern-Volmer equation (Eq. 1).

Fo/F =1+ Kg[Q] qu

Where Fo and F show the fluorescence intensities in the absence and presence of the quencher [Q]. Ksy is the
Stern-Volmer quenching constant that shows the sensitivity of the fluorophore (Trp214) to the quencher (MA).
Figure 2(B) shows the Stern-Volmer plot of MA-HSA interaction at 298K. The data fitted to a linear Stern-
Volmer plot that indicates a static or dynamic mechanism of quenching. The resulted Ksy value (1.51x105 M1)
indicated a strong quenching between MA and HSA was observed [17]. The obtained data for fluorescence
quenching titrations at enhanced temperatures (298, 305, 310, and 315°K) were fitted to the Stern-Volmer
equation and the results were presented in Figure 2(B) and Table 1. The enhanced Ky, values at higher
temperatures suggested the dynamic quenching mechanism as the dominant mechanism in the MA - HSA
interaction.
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Figure 2. (A) Fluorescence spectra of HSA (7.5 pM) in the absence and presence of various amounts of MA (1-9 uM) at

298°K, (B) Stern-Volmer plot, (C) Hill plot, (D) Van't Hoff plot at 298-315°K.

Table 1. The Stern-Volmer quenching constant (Ksv), binding constant (Kb), binding site number (n), thermodynamic
parameters of the interaction of HSA with MA at four different temperatures.

Ksv Ka AH AS AG
log Ka

T R n RHill an
(K) (@05 M- VR M 107 M- plot A (KJ.mol-  (J.molMK-  (KJ.mol-

1) M7 1) 1) 1)
298 1.51 0.97 7.81 6.55 1.51 0.99 18.00 -44.93
305 1.85 0.97 7.53 3.44 1.44 0.99 17.35 -88.51 -146.24 -43.91 0.99
310 2.16 0.98 7.29 1.95 1.38 0.99 16.78 -43.18
315 227 0.98 6.97 0.93 1.31 0.98 16.05 -42.45

2.2. Apparent binding constant and the number of binding sites

The binding constants (KA) and the binding cooperativity or number of the binding site (n) obtained using

the Hill model (Eq. 2).

log(Fy — F)/F =log KA +nlog [Q]

374

Eq. 2
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Where [Q] is the quencher concentrations (MA). Figure 2(C) shows the Hill plot of MA-HSA interaction at
studied temperatures. KA and n values were presented in Table 1. KA at 298 K was 6.55%107 that confirms the
strong interaction between MA and HSA. The reduction of KA at higher temperatures may result from HSA
partial unfolding at higher temperatures. Binding cooperativity (n) of 1.51 at 298 K showed that there is a
positive co-operativity between MA and HSA in which MA facilitates the binding of the second ligand to HSA
after complex formation. The positive co-operativity was observed at all studied temperatures (Table 1), while
n decreased due to the temperature enhancement. KA and n decreased due to the temperature enhancement
(Table 1). This may occur due to the complex loosen at higher temperatures.

2.3. Mod of interaction between MA and HSA

The thermodynamic feature of MA-HSA complex formation was calculated using the fluorescence quenching
titrations at enhanced temperatures (298, 305, 310, and 315°K). The data fitted to the van't Hoff equation (Eq.
3) for the calculation of entropy change (AS) and enthalpy changes (AH) [18]. Figure 2D shows the van't Hoff
plot.

Ln KA = —AH/RT + AS/R Eq.3

The constant of R is the gas constant value (8.314 J/molxK) and T is the absolute temperature. Free energy
changes (AG) were calculated using the Gibbs free energy (Eq. 4).

AG =AH —TAS = —RT Ln KA Eq. 4

Obtained results are presented in Table 2. AH and AS values were -88.51 KJ.mol! and -146.24 J.mol-1K-,
respectively. Negative amounts for AH and AS shows the participation of the van der Waals and hydrogen
bonding forces in the interaction due to the Ross and Subramanian [19]. The negative amount of AG (-44.93
KJ.mol" at 298K) indicates a feasible, spontaneous, and exothermal reaction between MA and HSA. AG values
decreased by temperature enhancement (Table 2), which is a result of MA-HSA complex disassociation at
higher temperatures.

Table 2. Calculated binding parameters of HSA-Mefenamic acid and HSA-site markers systems in the presence of two site
indicators and MA-HSA interaction in acidic, neutral and basic pH.

System Ko (105M1)  Ka(105M1) n pH Ksv (105 M) Ka(107 M) n

HSA-MA 1.85 655 151

HSA-Warfarin

3.65 35.6 1.20 55 236 237 165

HSA-MA-Warfarin 1.78 9.31 114  HSA-MA 74 18 6.55 151

HSA-Ibuprofen 5.02 419 1.18 8 171 1.95 1.36
HSA- MA -Ibuprofen 0.62 0.93 1.04

2.4. Determination of MA binding site in HSA by site markers

Warfarin and ibuprofen were used as subdomain IIA (Sudlow’s site I) and subdomain IIIA (Sudlow’s site II)
site indicators [18]. The binding site I is a main binding site for heterocyclic anions and binding site II is
selective for aromatic carboxylates [2]. MA binding site was determined using the site markers competitive
substitute experiment at room temperature (25°C). The fluorescence emission spectra of HSA and MA-HSA
were obtained in the concentrations (1-9 pM) of each site marker. Figure 3(A, B) illustrated HSA fluorescence
emission spectra with warfarin and ibuprofen, respectively. Figure 3(C, D) represents MA-HSA fluorescence
emission spectra after the addition of warfarin and ibuprofen, respectively. The addition of site markers made
a significant reduction of HSA and MA-HSA fluorescence intensities in the maximum emission wavelength.
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A considerable, blue shift was observed by the addition of ibuprofen to the HSA-MA solutions that show the
replacement of ibuprofen with MA (Figure 3(D)). A slight blue shift was also observed for the warfarin. The
binding constant reduction in the presence of ibuprofen was significantly larger than warfarin (Table 1). The
results revealed that MA interacts with the site IIIA with a higher tendency rather than the binding site IIA
[20].
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Figure 3. Fluorescence spectra of HSA in the presence of site indicators. Increased concentration of warfarin (A) and
ibuprofen (B). Constant concentration of MA and increasing concentrations of warfarin (C) and ibuprofen (D).

2.5. MA-HSA interaction in acidic and basic pH

The ionization, solubility, stability, absorption, and other properties of acidic and basic drugs are influenced
by pH [21]. Also, the HSA secondary structure alters due to the pH variation. HSA has four different
conformational isomers/forms at pH <2.7 (extended (E)), pH 2.7-4.3 (fast-migrating (F)), pH 4.3-8.0 (neutral
(N)), and pH>8.0 (basic (B)) [22]. To investigate the effect of pH variation on the conversion of MA-HSA
interaction, we studied the fluorescence quenching titrations in acidic and basic pH (5.5 and 8.0). The KA and
n obtained from Hill plot at each pH are given in Table 2. KA and n were reduced at basic pH while it increased
at acidic pH.

As the pka of MA is 4.20 [23], the proportion of its ionized concentration that is calculated by Henderson-
Hasselbalch equation (Eq. 5) increases at more basic pHs. At basic pH the ionization of imidazole and amino
groups of HSA decreases which leads to the enhancement of the net negative charge of HSA. The isoelectric

point of HSA is 4.7 [5]. These alterations in ligand and protein charges lead to the reduced interaction between
them.

[A7]
logﬁ=pH—pKa Eq.5
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Also, MA lipophilicity at basic pH (log D =2.21) is lower than at acidic pH (log D = 3.57), which could be a
result of reduced MA-HSA binding at basic pH.

2.6. Influence of metal ions, glucose, and urea on the interaction of MA with HSA

Metallic ions participate in coordinate bond formation in the structure of some proteins [24, 25] and in the
catalytic activity of enzymes [26]. Albumin binds to different metal ions including Mg(Il), Ca(Il), Co(Il/III),
Cu(I/1I), and Zn(II) in the plasma [27-29]. The presence of ions may increase or decrease drug-protein binding
[30, 31]. MA interaction with HSA was studied in the presence of Na*, Mg?*, Fe?*, Zn2?*, Cu?*, and Ni?* cations.
Ksv, KA, and n were calculated and the results are shown in Table 3. These calculated values are around 105
M-1. KA values of MA-HSA significantly decreased in the presence of the studied ions (Table 3). Mg?* cation
possessed the highest effect in KA reduction. The decrease of KA means the storage time of MA may decrease
and it can easily release from HSA in the presence of the studied cations [28].

Table 3. Calculated binding parameters of HSA-Mefenamic acid and HSA-site markers systems in the presence of two site
indicators and MA.

Ions Ksv (105M1) Ka(10°M1) n
- 1.85 655 1.51
Zn2+ 7.01 3.54 0.94
Fe2+ 8.35 2.07 0.88
Cu?* 1.14 1.69 1.03
Na* 8.92 1.35 0.84
Ni2+ 3.39 0.91 0.89
Mg2+ 8.08 0.45 0.76

HSA is not a glycoprotein, while the N-terminal amino group (side chain) of positively charged residues
(lysine and arginine) of HSA undergo spontaneous and non-enzymatic glycation in some diseases like severe
diabetes [32, 33]. Lys199, Arg218, Lys281 (subdomain IIA residues), and Arg410, Arg428, Lys439 (subdomain
IIIA residues) undergo glycosylation. This modification rigorously impacts HSA physiological functions. Also,
glycated HSA can form intra and intermolecular cross-link between side chains of glycated amino acids and
different proteins. Cross-link leads to aggregation and fibrillation of albumin. Glycosylation cause to transition
HSA secondary structure from a-helical to b-sheet structure [32]. One of the common ways in response to the
protein conformational transitions is the change in emission spectra of Trp214 in glycosylated HSA. The
interaction of MA to glycated HSA was studied by fluorescence quenching titrations. KA and n were 0.37x105
M1 and 0.80, respectively for MA-glycated HSA. The affinity of MA to glycated HSA was significantly
decreased and negative cooperativity (n<1) was observed for MA-glycated HSA system.

Serum urea concentration increased in some pathophysiological conditions such as renal failure (uremia).
Urea alters HSA folding from N (native) to I (intermediate), and D (denatured) states [34, 35]. The intermediate
(I) conformation mostly is the result of domain III unfolding. We studied the MA-HSA interaction in the
presence of urea (7.5 pM) using fluorescence quenching titrations. In the studied concentration, urea may
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stabilize the intermediate conformation of HSA rather than HSA denaturation. KA and n values of MA-HSA
system in the presence of urea were decreased (4.67x10> M1 and 1.01). This reduction is a result of domain III
unfolding where it is the main binding site of MA.

2.7. Complex formation study by UV-Visible spectra

The UV-Visible absorption experiment was performed for investigating the secondary conformation alteration
of HSA in the presence of MA as well as MA-HSA complex formation. HSA absorption spectra include two
absorption bands at the wavelengths near 210 nm and 278 nm. The absorption around 210 nm is related to the
a-helix structure of HSA that is associated with the electronic transition (n — 1*) of C=0 functional groups in
the polypeptide backbone of protein. The absorption band seen near 278 nm is the consequence of m — 1*
transition of aromatic amino acids (Trp, Tyr, and Phe) [28]. The micro-environment change of aromatic amino
acids leads to the change in the m — n* transition and the consequent variation of the absorption band. The
HSA absorption intensity enhancement following the interaction with MA confirms the complex formation
between HSA and MA (Figure 4(A)). Also, a single redshift was observed from 278 nm to 285 nm due to the
MA addition that indicates the MA-HSA complex formation and consequent changing of amino acid
microenvironments. Subtraction of the absorption spectrum of HSA (curve a) and MA (curve b) from HSA-
MA spectrum (curve c) in Figure (4B) resulted in two completely different spectra (curve d and curve e) that
don’t superpose completely to MA and HSA spectra. The obtained results were confirmed the MA-HSA
complex formation [16].

2.8. Fluorescence resonance energy transfer (FRET)

The physical phenomenon of fluorescence resonance energy transfer (FRET), is an electrodynamic
circumstance that accrues among a donor molecule in its excited state and an acceptor molecule in the ground
state via two roots; radiative and non-radiative energy transfer mechanisms. Energy transfers non-radiatively
from a donor chromophore to an accepter molecule nearby a dipole-dipole interaction [36]. Energy transfer
efficiency from a donor to an accepter process occurs when a donor chromophore yield to the fluorescent light,
the fluorescence emission spectrum of the donor, and absorbance spectrum of the acceptor gate has an overlap
region and the distance from donor to acceptor is less than 8 nm [9].

FRET was applied for calculating the interval distance (r) of the donor (HSA) and acceptor (MA). Ro as a critical
distance when the transfer efficiency is 50% [5]. r was calculated using the method explained in our previous
studies [5, 9, 37]. The spectral overlap of the donor emission and the acceptor absorption (J) obtained using
Eq. 6.

J =Y F(D)e(D)A*AL) X F (L)AL Eq. 6

where F (M) indicates the fluorescence intensity of the fluorescent donor of wavelength A and € (A) is the molar
absorption coefficient of the acceptor at wavelength . we considered K, =2/3, N =1.36 and @ = 0.15 for HSA.
The spectral overlap and calculated energy transfer parameters for MA-HSA complex were shown in Figure
5. The obtained interval distance (r = 3.78 nm) is between 0.5 Ro - 1.5 Ro and lower than 8 nm, which confirms
the energy transfers from HSA to MA with high probability [31].
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Figure 4. (A) UV-Visible absorption spectra of HSA in the presence of MA (a-e, 1-9 uM). Figure 4(B) Different absorption
spectra of HSA-MA systems. (a) UV-Vis spectra of HSA, (b) MA, (c) HSA-Mefenamic acid system, (d) subtracting the
absorption spectrum of HSA from HSA-MA system, and (e) subtracting the absorption spectrum of MA from HSA-MA
system.

2.9. FT-IR spectra of the HSA and MA-HSA

The FT-IR spectra of free HSA (0.05 % (w/v)), pure MA, and MA-HSA were achieved in the range of 400-
4000cm! at room temperature. The FT-IR spectra of HSA, MA, and MA-HSA complex were shown in Figure
6. The recorded FT-IR spectrum of free HSA shows the feature of amide I and amide II absorption bonds at
1650 and 1547 cm™, respectively (Figure6a). The peak position of C=0O stretch and C=C in bonds of 1645 and
1404 cm™ were shown in MA spectra. The bands at 1762, 1414, and 1018 cm™! were assigned to C-N, C-H
(aromatic hydrocarbon), and C-O stretch, respectively. Addition of MA to HSA resulted in the amide I and
amide II bands” shift from 1650 cm™ to 1637cm™! and 1547 to 1535 cm™, respectively (Figure 6c¢). These shifts
are contributed to the alteration of HSA secondary structure due to the MA binding [2, 38].
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Figure 5. Overlapping between the fluorescence emission spectrum of HSA and absorption UV spectrum of MA (pH 7.4).
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2.10. Molecular docking results

MA docking to HSA shows the lowest free binding energy (AG= -9.53 Kcal/mol) in subdomain IIIA, which
approves the site marker competition study and previous finding [7, 20]. MA also showed a high tendency to
site IB (AG= -8.30 Kcal/mol). Another calculated free binding energy (AG) values for binding site IIA, IA, IIIB,
and IIB are -7.18, -7.10, -7.01, and -5.96 Kcal/mol, respectively. Figure 7. A shows the lowest free binding
energy conformer of MA docked to six different binding sites of HSA. The distance between the conformer
with the lowest free binding energy (AG = -9.53 Kcal/mol) from Trp 214 is 0.98 nm (9.8 A) (Figure 7.A), which
is less than 8 nm and confirms the calculated approximate distance from FRET analysis (r =3.78nm). Polar
amino acids mainly contribute to the MA-HSA binding (Table. 4). Positively charged Arg and Lys amino acids
as well as Tyr amino acid participated in the formation of the hydrogen bonds via the carboxylic acid
functional group of MA and mainly amino groups of HSA amino acids. Interactions between HSA binding
site residues and MA presented by two-dimensional mode in Figure 7.B which was prepared by Lig Plot* v
1.4.4 software [39]. These findings were confirmed the obtained experimental results that suggested hydrogen
bonds as the main forces between HSA and MA.
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distance between Trp214 and MA is 9.8 A and Figure 7.B. Interactions of MA and HSA in each binding site presented by
two dimensionally mode.

Table 4. Amino acids of HSA that interacted and formed hydrogen bonds with Mefenamic acid. Amino acids in hydrogen
bond formation are bolded.

Binding Site I II
A Val23-Ala26-Tyr30-Val46- Lys106-Pro147-Tyr148-Tyrl50-  Ser342-Val344-Arg348-Pro384-Met446-
Leu66-His67-Leu69-Phe70- GIn196-Cys200-Cys245- Ala449-Glu450-Leu453-Serd54-Leu481-
Asn99-Leu250-Leu251, Lys73- Cys246-Gly248-Leu250- Arg485, Tyr148-Lys199-Arg218-His242
Arg81-Glu82 Cys253, Ser202-Ser342-Arg348-
Arg410-Tyr411-Lys414-Arg485
B Argl17-Pro118-Met123-Leul35-  Arg209-Ala213-Val216- Tyr401-Asn405-Lys525-Ala528-Leu529-

Tyr138-Leul39-1le142-Tyr161-

Phel65,

Asp324-Leu327-Gly328-
Leu331-Ala350, Lys378

Leu532-Val547-Met548-Phe551-Ala552,
Lys525-Ser579

3. CONCLUSION

The molecular mechanism of interaction between HSA and MA was investigated in this research. Some
spectroscopic techniques and molecular docking simulations were used. The outcomes demonstrated that
HSA fluorescence was quenched by MA through a dynamic mechanism. The binding constant and number of
the binding site were 6.55x107 M1 and 1.51, respectively. This result indicated a strong interaction between
HSA and MA and positively co-operative during the interaction. Negative signs of AH and AS suggest the
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contribution of van der Waals interactions and hydrogen bonds as dominant forces in the binding of MA to
HAS. The reaction is spontaneous and exothermal based on thermodynamic Gibbs free energy value. Site
indicator experiment determined the interaction of MA with subdomain IIIA. Also, in the presence of metallic
ions, glucose, and urea the number of binding constants was reduced. The appropriate distance between Trp-
214 fluorophore and MA confirmed the probability of energy transfer. Docking results are in agreement with
experimental findings. MA has a high binding tendency to ibuprofen site and the hydrogen bond paly a
dominant role in the interaction. The reported results may increase the knowledge about the drug interaction
with HSA and the contribution of endogenous chemicals such as metal ions, glucose, and urea on the
interaction. Also, the results could be used in decision making for patients with diabetes, acidosis, alkalosis,
and specific diets.

4. MATERIALS AND METHODS
4.1. Reagents

The Fatty acid HSA (>97% purity) was purchased from Sigma Aldrich. Methanol, KH>PO;, and NaOH were
from the Merck Company. MA and ibuprofen were gifted by Sobhan Daru Company (Iran). Stock solutions
of HSA (7.5x10° M, 0.5% w/v) were prepared daily by dissolving of 0.01g HSA in 2 mL of phosphate buffer
(25 mM, pH 7.4). The main stock solution of MA (10-* M) was obtained by disintegrating of 0.002g in 10 mL
methanol and diluted with phosphate buffer to obtain working solutions (1x10-¢, 3x10-, 5x10-6, 7x10-6, 9x10-6
M). MA and HSA complex solutions were prepared by the dilution of enhanced concentrations of MA in the
HSA solution.

4.2. Instruments

A double beam UV-Visible scanning spectrophotometer (UV-1800, Shimadzu, Japan) with a 1.0 cm quartz cell
was used for the recording of UV spectra of studied solutions. The UV spectra were investigated in the range
of 200-400 nm at 298 K with a scan rate of 250 nm min-".

The fluorescence quenching titrations were studied using a multi-mode reader Cytation™5, BioTek
Instrument. The emission spectra of the studied solutions were obtained in the wavelength range of the 250-
500 nm following the excitation at the wavelength of 278 nm. The FT-IR spectra (BRUKER, TENNSOR 27/37)
with the range of 400-4000 cm™! was used to recording analysis data.

4.3. Molecular docking study

To study the molecular interactions of MA with the HSA molecular docking method was performed [40]. The
crystallographic structure of the HSA was acquired from the protein data bank. With 47269 PDBID Code
(resolution = 2.19 A). For the preparation of protein structure, the extra chemical structures were removed.
The 3D chemical structure of MA was prepared using Hyperchem 8.0 software with MM+ and AM1 as a
molecular mechanics and semi-empirical methods, respectively [41-43]. The molecular docking simulation
was carried out by AutoDock 4.2.6 and the results were analyzed by AutoDock Tools 1.5.6 [44]. MA and HSA
structures were prepared for docking by the addition of the polar hydrogen and Gasteiger and Kollman
charges. The grid box dimension size at grid points in xxyxz directions was optimized to 66x66x66 A3 with
0.375 A grid spacing [45]. The Lamarckian genetic algorithm method was employed for the docking procedure
with 100 runs [44]. AutoDock Tools default values of energy evaluation, number of generations, and
population size were set.
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