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Abstract

The interaction of flavonoid Quercetin with Phospholipase
A, isolated from snake venom Bothrops brazili (MTX-11) was
investigated by fluorescence spectroscopy and molecular
modeling. The fluorimetric titrations were conducted at
288, 298 and 308 K and at pH 8.0. Stern-Volmer quenching
constant (Ksy) and binding constant (K,) were calculated
along with the corresponding thermodynamic parameters
AG, AH and AS at 288 and 298 K. From these analysis
evidences of complex formation in between MTX-1l and QCT
are found. Besides that modified Stern-Volmer plot show
evidences for two types of intrinsic fluorophores with
different accessibilities at 308 K. The mean distance
between the donor (MTX-Il) and acceptor (QCT) was
determined by fluorescence resonance energy transfer
(FRET). The optimized structure of QCT was obtained by ab
initio calculation, which geometry was performed in its
ground states by using DFT/B3LYP functional with 6-311+G
(d,p) basis set. The molecular docking analysis show that
QCT may be localized at two main clusters, the first is at the
dimer interface and the second at the active site like region.
The clusters positions and binding energies reinforce the
experimental data.

Keywords: Phospholipase A2; Quercetin; Fluorescence
spectroscopy; Molecular modeling

Introduction

Phospholipases A, (PLA,-E.C. 3.1.1.4) are a large class of
intracellular and extracellular enzyme, catalyze the hydrolysis of
sn-2 acyl bonds of sn-3-phoapholipids. Intracellular PLA,¢ are
often membrane associated and are involved in phospholipid
metabolism however, extracellular PLA,; are also found
abundantly in the venom of snake and insects [1]. These
enzymes are the smallest (~14 kDa), stable, calcium dependent
encountered in a wide range of biological fluids, such as saliva,

venom, macrophages, platelets, placenta, etc. [2,3]. Naturally
occurring PLAy,-homologues in which Asp49 is changed to Lys
[4-7], Ser [8] or Ala [9] are therefore catalytically inactive. PLA,q
are highly stable protein due to the presence of disulfide bonds,
which help in analysis of biochemical and structural
characterization as well as on their pathological effects and
other bioactivities. On the basis of amino acid sequence
similarities and disulphide bonding pattern, extracellular PLA,
have been classified into class I, Il and 11l [10].

In particular, extracellular PLA,; are ubiquitous in nature,
represents the major venom component of snakes belonging to
genus Bothrops and exhibit a broad range of biological effects
including neurotoxicity, myotoxicity, cardiotoxicity, hemolysis,
anticoagulant and antiplatelet activities [11-14]. The
Phospholipase A, (MTX-Il), purified from the snake venom
Bothrops brazili investigated earlier, a Lys49- PLA,s that are
considered to be catalytically inactive due to their inability to
hydrolyze natural phospholipids [15]. For this reason it is
important to conduct detailed studies of the microenvironment
of binding sites of PLA,, in order to understand PLA,—inhibitor
interactions. Due to these characteristics, Quercetin (QCT) has
been chosen as flavonoid model.

In this work, the interaction of QCT with MTX-Il has been
investigated in aqueous solutions at three temperatures under
physiological conditions. Although there have been a large
amount of studies on the interaction of QCT with BSA [16],
Ovalbumin [17], Lysozyme [18] however, the binding of QCT with
PLA,; has seldom been reported. Therefore, the main
contribution of the present work is to describe the mechanism
of interaction between QCT and PLA,; (MTX-II) at the molecular
level.

QCT is one of the widely distributed flavonoids and
abundantly found in the flowers and plants as secondary
metabolites. They are a large class of naturally occurring
bioactive polyphenolic compounds, which have three rings; the
basic nucleus of a phenyl benzo (y)pyrone, that is, two aromatic
rings (A and B) joined by a three—carbon linked (y)-pyrone ring
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(C), hydroxyl, glycosyl and methoxyl are side groups (Figure 1A)
[19]. The flavonoids are poorly water-soluble pigments and are
often referred to as “nature’s biological response modifiers”,
because of their ability to modify the body’s reaction to
allergens, viruses, and carcinogens.

They have attracted considerable attention, specifically
because of biological and physiological importance such as
modifying eicosanoid biosynthesis, anti-estrogenic,
antiprostanoid, anti-inflammatory, antithrombic  effect,
antihypertensive effect, antiarrhythmic effect, antiviral and
carcinostatic properties [20]. A large number of biochemical and
molecular biological investigations have shown that
therapeutically active flavonoid, both natural and synthetic
origin, frequently binds to proteins [21,22]. Therefore, to have a
detailed description of the interaction between flavonoid and
snake venom toxin at the molecular level is the early stage on
the long pipeline of inhibitor design (Figure 1).
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Figure 1: (A) Chemical structure of QCT. (B) Tridimensional
structure of Phospholipase A2 (MTX-Il) [PDB: 4DCF].
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Biophysical and computational assays were performed in
order to elucidate the binding and the interactions responsible
for stabilizing the QCT-MTX-Il complex. MTX-II is catalytically
inactive due to the presence of Lys-49 in place of Asp-49, in the
catalytic site region, but have physiological role such as induce
myonectptic effect [23-25], inhibit the vascular endothelial
growth factor [26], indicating their biomedical relevance. This
would be main emphasis of the current work to get an inhibitor,
which affects these physiological roles. Though, in the solution
phospholipase (MTX-1I) occur in tetramer conformation, but
essentially is formed by two dimers as reveled by DLS
experiment [15].

The monomers of the tetramer of MTX-Il named as A, B, C and
D is shown at Figure 1B. In the solution the two dimers formed
from monomers of A and B are in the asymmetric unit display
different conformation states due to glycosylation by
tetraethylene glycol (TTEG), have active site like region.
However, the second dimer formed by molecules C and D have
an empty active site region. In the all monomers the micro-
environments formed by amino acids have eight tyrosines,
which distributed on hydrophobic region as well as on the
hydrophilic surface and just one tryptophan in between the
dimmers interface. Moreover based upon experimental results
we also propose, through molecular docking, a structural model
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for understanding the molecular interactions between MTX-II
and QCT.

Materials and Methods

Preparation of stock solutions

PLA2 (MTX-II) was purified from the Brazilian snake; B. brazili
venom by Sephacryl S-100 column chromatography [15]. MTX-II
was dissolved in Tris-HC| buffer solution of 5 x 102 molL? at pH
8.0, containing 0.10 molL-! of sodium chloride. The stock
solution of QCT was prepared in ethanol. The QCT stock solution
concentration was determined by using an extinction coefficient
of 19.95 mMtcm™ at 257 nm and 21.88 mMlcm™ at 376 nm
using spectroscopy [27]. The stock solution concentration of
QCT was 3.51 x 1073 molL™%.

However, MTX-Il stock solution concentration was determined
spectroscopically using the extinction coefficient 18.295 M1cm™
at 280 nm, calculated by ExPASy-ProtParam tool [28] which was
3.21 x 10 molL"! by monomer. The structure of QCT and MTX-II
has shown in Figure 1A and 1B. A titration experiment was
performed by adding small aliquots from QCT stock solution to
PLA2 solution at a concentration of 4.0 x 10® molL. The final
QCT concentration achieved during the titration was 11 x 10®
molL(final ethanol concentration in buffer was <1%).

UV-Vis absorption spectrum

The UV-Vis absorption spectra were obtained by scanning the
solution on a Cary-3E spectrophotometer (Varian, Palo Alto, CA)
equipped with 1cm quartz cells at room temperature. The UV-
Vis absorbance spectra were recorded in the 200-500 nm range,
with an integration time of 0.333 seconds and spectral
bandwidth of 2.0 nm. It was performed the baseline subtraction
of the buffer for the final spectrum of each solution analyzed.

Fluorescence spectroscopy and titrations

The fluorescence measurements were performed at 288, 298
and 308K using an ISS PC1 steady-state spectrofluorimeter
(Champaign, IL, USA) well-appointed with a Neslab RTE-221
thermostat bath. Both excitation and emission bandwidths were
set at 4.0 nm. The fluorescence emission spectra were recorded
in the range of 290-500 nm follows at excitation at 280 nm. The
selected wavelength was chosen because it provides aggregate
excitation of tryptophan and tyrosine residues. The emission
spectrum was corrected for the background fluorescence of the
buffer. The absorbing effect produced by presence of QCT in
titration solution was minimized due to its low utilized
concentration (up to 11 x 10molL1).

Ab Initio calculation

The Gaussian 09 quantum chemical program series [29]
provided by Nucleo de Computagdo Cientifica da Universidade
Estadual Paulista (NCC/GridUNESP) was used in the calculation
of the chemical structure of QCT. The optimized geometry was
calculated for the gas phase isolated QCT molecule by using DFT/
B3LYP functional with 6-311+G (d,p) basis set. The vibrational
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frequency calculation was performed to check if the structures is
stable (true minimum on the potential energy surface) whereas
no imaginary frequencies should be found. The gap energy
between the highest occupied molecular orbital (HOMO) and
lowest unoccupied molecular orbital (LUMO) for QCT molecule
was calculated, as well as its molecular electrostatic potential
(MEP). The NewZMat utility of Gaussian program was used to
obtain the PDB file of the QCT molecule.

Molecular modeling calculation

The crystal structure of MTX-Il (PDB ID: 4DCF) was obtained
from the Protein Data Bank [15]. The 3D structure of the QCT
molecule was obtained from Gaussian 09 program series. The
AutoDock Tools software [30] of MGL Tools 1.5.4 program was
used to prepare MTX-Il and QCT by adding polar hydrogen
atoms, partial charges and atom types. The ligand rigid root was
generated automatically and all possible rotatable bonds and
torsions were defined as active. Grid maps were generated with
0.625 A spacing and dimensions of 82 x 122 x 84 points by the
AutoGrid 4.2 program [31] for the whole dimer. The AutoDock
4.2 program was used to study the binding site between QCT
and MTX-Il by applying the Lamarckian genetic algorithm (LGA)
for minimization using default parameters. Random starting
positions on the entire protein surface and random orientations
were used for the ligand. For each docking simulation, 100
different conformers were generated. The software Pymol [32]
was used to visualize the docked conformations and to locate
the interactions between QCT and MTX-II.

Results and Discussion

Fluorescence quenching rate constant of PLA,

Fluorescence quenching is related to any process that reduces
the fluorescence intensity of a sample. Quenching can be caused
by a variety of molecular interactions such as excited-state
reactions, molecular rearrangements, energy transfer, ground-
state complex formation, and collisional quenching.
Fluorescence quenching can be characterized by two main
mechanisms; static and dynamic.

These mechanisms are differentiated one each other due to
the response to temperature and viscosity dependent behavior,
or preferably with measurements of fluorescence lifetime. Since
higher temperature increases diffusion coefficients the
bimolecular quenching rate constants follow such increment,
because of the enlargement of the collisional quenching extent.
In contrast, weakly bounded complexes are dissociated at higher
temperature decreasing the quenching rate constant; hence
leading to less static quenching [30,33-35].

Fluorescence quenching data was analyzed by the Stern—
Volmer equation:

Fo/F=1+ KqTo[Q]=1+ K,,[Q] (1)

Where Fy and F are the steady-state fluorescence intensities
in the absence and presence of quencher, respectively. In Eq.
(1), Ky is the bimolecular quenching constant, 1 is the lifetime of
the fluorophore in the absence of quencher and its value for
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MTX-Il is 6.05 x 109 [36]. [Q] is the concentration of quencher
and Ksyis the Stern-Volmer quenching constant.

In this experiment, the solution concentration of MTX-Il was
maintained constant at 4.0 x 10°® molll and the QCT
concentration varied from 0 to 11 x 10°® molL"! with increments
of 1.0 x 10® molL’l. The spectra profiles, seen at Figure 2,
indicate the contribution of two intrinsic fluorophores species,
tyrosine (Tyr) and tryptophan (Trp), due to the presence of two
peaks at 305 and 350 nm, respectively [37]. The effect upon
fluorescence intensity of MTX-Il with the increment of QCT
concentration is registered at Figure 2.

As can be seen the fluorescence intensity of MTX-II decreased
in the presence of QCT concentrations, indicating that the
microenvironments of fluorophores were affected by flavonoid.
The spectra profiles also revealed that both peaks (305 and 350
nm) are simultaneously affected and regarding the individual
contribution which is different may be due to the
microenvironments where they are positioned in the protein. In
order to elucidate the response behavior of each contribution at
the absence of QCT, a set of experiments at different
temperatures were performed. The insert at Figure 2 shows two
similar spectra profiles at 288 and 298 K, while at 308 K the peak
intensity changed, while at 305 nm the intensity increased at
350 nm it decreased. Certainly such response may be related to
the slight conformational changes induced by temperature
varying differently the microenvironments where the intrinsic
fluorophores are found at MTX-I.
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Figure 2: Fluorescence spectra of the MTX-Il obtained with
the increment of the QCT concentration (T=298 K, pH 8.0,
Aex=280 nm). [MTX-11]=4.0 x 10® molL%; [QCT] varied from 1
to 12 from 0 to 10 x 10°® molL? with increment of 1 x
10°molLL. The insert corresponds to the emission spectra of
MTX-1I (at the absence QCT) dependent on temperature.
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These uneven behaviors may also indicate that the quencher
accessibility is different depending on the regions of interaction
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with MTX-1l [33]. As an example, the emission of tryptophan
(W68) at 350 nm illustrates that this residue under certain
condition is easier exposed to the buffer [33], and which
localization is at the dimmer interface [15]. On the other hand,
tyrosine with a total of eight residues, taking in account their
tridimensional arrangement and the spatial proximity (6-8 A) are
dispersed in three main clusters, the first (Y21, Y24, Y103 and
Y107), the second (Y45 and Y51) and the third (Y64 and Y66),
shown in Figure S1. In face of major number and spatial
distribution, the final emission as a summation do not allow us
to infer much about the increment of the signal but confirms
that different microenvironments somehow made the quantum
efficiency of tyrosines more effective. The results of
fluorescence quenching at 288 K, within the concentration range
of QCT, are in accordance with the Stern—Volmer equation,
which calculus at both wavelength 305 nm and 350 nm obtained
the quenching constant (Ksy) and which values are presented at
(Table 1). It is noticeable that the quenching constant for Trp is a
little bit higher than to Tyr, which reinforces our assumption
about the solvent accessibility. The same procedure was
repeated at 298 K and the quenching constant decreased at
both wavelength, and once again showed the same behavior.
The Stern-Volmer quenching constant obtained by the slope of
linear adjustment and is inversely correlated with temperature is
presented at Figure 3. The decrement of the Kgyvalues as
temperature increases up to 298 K infers that the quenching
mechanism of the interaction between MTX-Il and QCT is static.
In addition, the calculated values in Table 1 show that the
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binding reaction was greater than 2.0 x 109 Ms1 the
maximum diffusion collision quenching rate constant of various
quenchers with biopolymers [38]. Therefore, the fluorescence
quenching mechanism of MTX-II-QCT is classified as static
quenching process. ,
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Figure 3: Stern-Volmer plots for the fluorescence quenching
of the MTX-Il by QCT at 288 and 298 K and at pH 8.0, for
tyrosine (Tyr; l, @) and tryptophan (Trp; o, 0).

Table 1: Stern-Volmer quenching (Ksy), bimolecular quenching constant (K,), modified Stern-Volmer quenching constant (Kj,),
binding constant (K), and binding site interactions (n) of MTX-1I-QCT complex at 288, 298 and 308 K.

pH T(K) Ksy Kq Ka Ky n
Tvr 4.4 x 104 M 4.4 x 104 M 5.8 x 104 M-! 1.3
Y (R=0.983) (R=0.983) (R=0.988) (R=0.988)
288
T 5.8 x 104 M1 5.8 x 104 M1 7.4 x 104 M- 1.2
P (R=0.989) (R=0.989) (R=0.983) (R=0.983)
Tvr 6.2 x 103 M1 6.2 x 103 M1 0.9 x 102 M- 0.3
Y (R=0.970) (R=0.970) (R=0.945) (R=0.945)
8 298
T 1.2 x 104 M1 1.2 x 104 M- 1.0 x 103 M- 0.4
P (R=0.963) (R=0.963) (R=0.910) (R=0.910)
Tvr 2.3 x 105 M1
Y (R=0.973)
308
T 2.7 x 105 M1
P (R=0.935)
At temperature 308 K, Stern-Volmer plot presents a slight Fo/ AF=(faKa)1[Q]1+fal (2)
negative deviation from linearity (Figure 4). The downward . .
& y (Fig ) Where AF is the difference between the fluorescence

curvature on quenching of MTX-Il reflects different
accessibilities to the intrinsic fluorophores in protein [33] along
the quenching process. This reinforces the conformational
changes assumption of the dimer, because the position of the
tryptophan residues (W68) at the dimer interface becomes more
exposed to the solvent, enhancing their accessibility areas to the
qguencher when compared to the tyrosines. Thus, the quenching
data was analyzed by the modified Stern-Volmer equation at 308
K [39] see the insert at Figure 4.

intensity in the absence and presence of the quencher at various
concentrations [Q], f; is the fraction of accessible fluorescence
and K, is the effective quenching constant for the accessible
fluorophores.
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Figure 4: Stern-Volmer plot for the fluorescence quenching of
the MTX-Il by QCT at 308 K and pH 8.0, for tyrosine (Tyr; H)
and tryptophan (Trp; e). The inset corresponds to the
modified Stern-Volmer plot.
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The response between Fo/AF and [Q]7 is linear, with a slope
equal to the value of (f,k,)l. The value f, is fixed on the
ordinate. The constant Kj is the quotient between the ordinate
and the slope. The fluorescence quenching results analyzed
when using Eq. (2) at 308 K is shown in Figure 4. The modified
Stern-Volmer constant value was 2.3 x 10° M1and 2.7 x 10° M1
at 308 K for Tyr and Trp at 305 and 350 nm, respectively, as
shown in Table 1.

Analysis of binding equilibria

In the case of the static quenching mechanism, the
assumption adopted is that the binding sites are the same and
independent at the protein. For the description of the site-
binding model:

P+nD-D,P (3)

Where P is the protein (MTX-Il), D is the drug (QCT), and D,P
is the new complex molecular which binding constant is K. Here
Kb is:

Kp"=[Dnp]/[Py][Dy]" (4)

Considering that all amount of protein and drug is Py and D,
respectively, then [Py]=[P,]+[D,P] and [Dg]=[D ]+[D,P], so that
the relation between the fluorescence intensity and the
unbound protein (P,) is given by [P,]/[Po]l=F/Fy and therefore
[40]:

Log(Fo-F)/F=nlogKp+nlog(1/([Dol-(Fo-F)[Pol/F))  (5)

Where K, is the binding constant for a site and n is the
number of binding sites per protein (MTX-II). Figure 5 shows the
binding equilibrium plots for the fluorescence quenching of
MTX-1l by the QCT molecule at 288 and 298 K. The dependence
of Log(Fq-F)/F on the value of log(1/([Dg]-(Fo-F)[Pol/F)) is linear,
with a slope equal to the value of n and the value nlogk,, fixed

© Under License of Creative Commons Attribution 3.0 License
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on the ordinate. For the system MTX-II - QCT, K, and n value at
288 and 298 K are shown in Table 1. It may be observed that the
number of binding sites between MTX-Il and QCT at 288K is
approximately equal to 1.0 (Tyr, 1.3; Trp, 1.2), indicating that
there is probability of only one QCT molecule for each MTX-II
molecule, in both signals (tyrosine and tryptophan). The data
shown in Table 1 indicates that the complex formed at 288 K is
more stable than to the complex formed at 298 K. It is also
observed that at 288 K the binding constant is magnitude orders
higher than the complex at 298 K. This means that the more QCT
molecule is carried out if the temperature increases as similar in
case of MNP-BSA complex [41]. All the correlation is greater
than 0.9 indicating that the interaction between MTX-1l and QCT
is in good agreement with site binding model. Table 1 also
shows the result of K, decreasing in correlation with the
temperature rising, which is in agreement with trends of Kgy as
mentioned previously (at 288 and 298 K). This fact indicates that
the interaction between QCT and MTX-Il weakens when the
temperature rises, resulting in the reduction of stability of QCT-
MTX-1I complex (static process).

( 1
00

= Tyr288K
03 + Tyr298K
a Trp 288K
06 F ¢ Tip 298 K

0.9 ¢

log (F,-F)/F

5.=l] 5 .l2 5.:1- S.lE 5:3 E_IEI
log (1 / (1QCT) - (F, - F)IPLA2)/ F,))

Figure 5: Double-log plots for the fluorescence quenching of
the MTX-Il by QCT at 288 and 298 K and pH 8.0, for tyrosine
(Tyr; M, e ) and tryptophan (Trp; g, 0).
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Thermodynamic analysis

The interaction forces between drugs and biomolecules may
include electrostatic interaction, multiple hydrogen bonds, van
der Waals interactions, hydrophobic and steric contacts within
the antibody-binding site, etc. [42]. The thermodynamic
parameters, such as enthalpy, entropy and free energy changes
are the main evidences to determine the binding mode.
Therefore, the thermodynamic parameters depending on
temperatures were analyzed in order to better characterize the
driving forces between MTX-II and QCT, which were calculated
from the van’t Hoff plots.

If the enthalpy changes (AH) does not vary significantly within
the temperature range, both the enthalpy (AH) and entropy (AS)
changes can be evaluated from the van’t Hoff equation:

AH AS
anb: _ﬁ+7(6)
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where R is the universal gas constant and K, is binding
constant at the corresponding temperature (T). Table 2 shows
the value of AH and AS obtained from the slopes and ordinates
of the van’t Hoff relationship and lists the corresponding value
of Gibbs free energy change (AG) as calculated from the relation:

AG= AH-TAS (7)

Table 2: Thermodynamic parameters of MTX-1I-QCT complex at
288 and 298 K and pH 8.0.

pH T(K) a(kJmoI‘1) AG(kJmol ) AS(Jmol'K")
288 -26.3
Tyr -459.7 -1,504.9
298 -11.2
8
288 -26.9
Trp -306.6 -971.3
298 -17.2

The values of entropy and enthalpy changes attained for the
binding site from the slopes and ordinates at the origin of the
fitted lines are summarized in Table 2. The negative value of
Gibbs free energy changes indicates the spontaneity of the
binding of QCT with MTX-Il. Based on sign and magnitudes of
the thermodynamic parameters shown in Table 2, it is possible
to discuss the individual type of contribution of the interactions
that may occur in the complex MTX-Il and QCT. It may be noted
that the interaction involving the QCT with MTX-II binding sites
is apparently sensitive to temperature. A comparison between
enthalpy and entropy change magnitudes will define whether
the hydrophobic or the electrostatic contribution will play an
important role in the stabilization of the complex. As reported,
positive values for both AH and AS imply typical hydrophobic
interaction, while negative values imply the van der Waals forces
and hydrogen bonding [16]. Based on studies of water structure,
a negative entropy change is generally considered as evidence
for hydrophilic interactions and transfer of uncharged
hydrophobic molecular form water to macromolecules has
generally been considered to be entropic [43].

The entropy and enthalpy change values obtained by the
fluorescence quenching intensity which assign the contribution
of the amino acids residues Tyr and Trp were negative and
summarized in the Table 2. The negative entropy and enthalpy
changes arise from non-bonded (Van der Walls) interactions and
hydrogen bond formation accompanying association of QCT with
MTX-1l. Thus hydrogen bonds formed in a low dielectric
environment such as parts of the contact areas between MTX-I,
which are inaccessible to water or the QCT binding sites in the
interior of an enzyme could collectively make a substantial
negative contribution to entropy and enthalpy changes [44] as
similar in case of interface between the subunits of the a-
chymotrypsin dimmer [45] and interaction between S-peptide
with the S-protein of Ribonuclease [46]. The estimated result
reveals that all the interactions play almost equivalent role in
the complex QCT and MTX-II.
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Distance measurement between MTX-Il and QCT

Fluorescence resonance energy transfer (FRET) is a
nondestructive spectroscopic method has been used for
measuring molecular distances and relative angular orientation
of fluorophores in the biological and macromolecular systems. In
general, FRET happens when the emission spectrum of a
fluorophore (donor) overlaps with the absorption spectrum of
another molecule (acceptor). In addition, according to Forster’s
non-radiative energy transfer theory both, the donor and
acceptor fluorophores can be totally distinct or close to the
same macromolecule and the distance between the donor and
acceptor is less than approximately 8.0 nm [47]. According to
this theory, the distance r in the binding between MTX-Il and
QCT can be calculated by the equation:

E=1-F/Fo=R®%/(R®+r®) (8)

where, E is the efficiency of transfer between the donor and
the acceptor, r is the average distance between the donor and
the acceptor, and Ry is the critical distance when the transfer
efficiency is 50%.

R®=8.79 x 10 2°K2n™* & J (9)

In Eq. (9), K2 is the orientation space factor, n is the refracted
index of the medium, is the fluorescence quantum yield of the
donor, J is the effect of the spectral overlap between the
emission spectrum of the donor and the absorption spectrum of
the acceptor (Figure 6), which may be calculated by the
following equation:

oo

= f F()e)A*dA/ f F(1)dA (10)
0 0

\l
|

Flusrescence inlensity (a. u.)

wn 350 400 - sn 500
Wavelength (nm)

Figure 6: Spectral overlaps of the MTX-II fluorescence (A) with
QCT absorption (B) ([MTX-111=[QCT]=4.0 x 10°® molL1).
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Where, F(A) is the fluorescence intensity of the fluorescent
donor in the wavelength range from A to A+AA and g(A) is the
extinction coefficient of the acceptor. In order to obtain the
distance between the donor (MTX-Il) and acceptor (QCT) the
concentration of both was 4.0 x 10® molL™. In this study,
K2=2/3, n=1.36, and &=0.093. The & value was calculated by us
with the help of a lifetime of the fluorophore as reported by

6 This article is available from: http://www.imedpub.com/european-journal-of-experimental-biology/
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Alcala et al. [48]. According to Eqgs. (8)-(10), it was calculated
that J=1.791 x 102 cm3Lmoll, E=0.084, Ry=2.57 nm and r=3.82
nm. The mean distance between donor and accepter, at which
non-radiation transfer can occur, is in the range 2.0-8.0 nm [49],
indicating that occur a possible energy transfer from MTX-1l to
QCT.

Ab Initio calculations

Ab initio calculations were performed using the Gaussian
program series 09 provided by Grid UNESP. The optimized
geometry was calculated for the gas phase isolated QCT
molecule by using B3LYP functional with a 6-311+G(d,p) basis
set. Full optimization was performed with no symmetry
constraints. The calculated vibrational frequencies verified that
the structures were stable (true minimum on the potential
energy surface) whereas no imaginary frequencies were
obtained. The gap energy value between the HOMO and LUMO
molecular orbital is a molecular property and is related to an
approximation of the first electronic excitation energy [50-51].
The HOMO-LUMO energy gap of the QCT is about 3.627 eV
(AEgap=0E yumo-BEnomo), Which corresponds to a wavelength of
342 nm. Such wavelength characterizes the HOMO->LUMO
transition which is in the range of the absorption spectrum of
QCT in aqueous solution (Figure 6). Therefore, the results of ab
initio calculation for QCT (in the gas phase) are consistent with
the absorption profile band obtained experimentally. Such
approach indicates that the optimized geometry is reasonably
accepted for the next step of the description of the interaction
between QCT and MTX-Il. The molecular electrostatic potential
(MEP) of QCT (Figure 7) consists basically of the potential energy
of a proton test charge at a particular location near a molecule.
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Figure 7: Molecular electrostatic potential (MEP) map of QCT
molecule calculated using the B3LYP/6-311+G(d,p) level. The
electropositive and electronegative regions are represented
by blue and yellow colors, respectively.
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In our case, the MEP describes the potentially high positive
charge distribution occurs around the A and the B ring of QCT as
well have a partial negative charge. The ring C potentially has a

© Under License of Creative Commons Attribution 3.0 License
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high negative charge in comparison to A and B. Therefore, the
MEP describes equal charge distribution of QCT, which would
interact with MTX-Il in the context of electrostatic potential to
perform the binding interactions.

Molecular modeling calculations

The crystal structure of MTX-Il obtained from the Protein Data
Bank (PDB ID: 4DCF) [15]. QCT geometry optimized (in the gas
phase) obtained from ab initio calculation were employed to
analyze the binding sites of QCT with MTX-II (Figure 8). It shows
the result of the two best binding energies out of 100 different
conformers generated by the molecular docking. The first and
largest cluster is located in between the dimer interface. For the
lowest energy pose in this cluster, MTX-Il and QCT interacts
resulting in energy of -27.8 kcalmoll and a related binding
constant of 7.4 x 10* M1, by using the equation:

K=exp(-Gy/RT) (11)

Where, K is the theoretical binding constant, R is the universal
gas constant, T is the temperature and Gy, is the binding energy.
The K value obtained at 298 K in comparison with the
experimental value at the same temperature, shown in Table 1,
is in good agreement.

( 7
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Figure 8: The interaction model between Quercetin (QCT) and
MTX-II, only residue are around 3.1 A of the ligand. The
residues of the MTX-1l are presented using stick (blue for
chain A and magenta for chain B). (A) The QCT docking at the
interface of dimer. (B) The QCT docking at the active site like
region of chain B. The hydrogen bond and salt bride are
represented using yellow broken line.
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The binding site is in the interface region, where W68 of both
monomers are in close proximity. However, this conformation is
stabilized by three potential hydrogen bonds and three salt
bridges between QCT and MTX-Il chains. Two hydrogen bonds
formed in between the carbonyl oxygen of G14 at chain B and
carbonyl oxygen of Ql1 at chain A with 4'-OH and 3-OH
hydrogen of QCT, respectively. The third hydrogen bond formed
in between side chain oxygen of Q11 at chain B with 5-OH
hydrogen of QCT. The interaction is also stabilized by three salt

7
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bridges; two salt bridges formed with single esoteric oxygen of
y-pyrone ring C of QCT with carboxyl oxygen of Q11 at chain A
and side chain oxygen of Q11 at chain B of MTX-II, respectively.
The third salt bridge formed from oxygen of 3'-OH of QCT with
—NH3+ (amino group) hydrogen of Lys 7.

The second largest cluster is situated within the active site like
region formed by helix H1 and H2. The lowest energy pose in
this cluster is -25.8 kJmol? resulting in a theoretical binding
constant of 3.4 x 10* M1, This conformation is stabilized by
three potential hydrogen bonds and one salt bridge. The
hydrogen bonds occur in between carbonyl oxygen of P17, G29
and C44 of MTX-Il with 7-OH, 3'-OH and 3-OH hydrogen of QCT,
respectively. The QCT binding in the active site like region are
supported by salt bride in between 3-OH oxygen of QCT with §1-
NH hydrogen of His 47. The salt bridge formed with H47, which
can be responsible for a physiological role of MTX-Il, so this
result inform that QCT can be used as an inhibitor for MTX-II.
The two binding sites found in docking analysis are assumed to
be present in Phospholipase A2. This is in line with the results
achieved by Ohno et al. [52] about the secreted Phospholipases.

Conclusion

In this paper, the interaction of QCT with MTX-Il has been
investigated in vitro as well as in combination with ab initio and
molecular modeling calculations. These assays indicate that QCT
can bind to MTX-Il in between the dimer interface and to the
active site like region. The most probable quenching mechanism
for the interaction between QCT and MTX-Il is static process,
due to the cutback on the Stern-Volmer quenching constant
(Ksy) up to temperature 298K, but at 308K the fluorescence
quenching process reflects the difference of accessibility of the
quenchers to the intrinsic fluorophores. The thermodynamics
parameters indicates that the interaction is spontaneous (AG<0),
and negative entropy and enthalpy data support hydrogen bond
formation. The distance (r) between donor and acceptor is
obtained according to Forster non-radioactive energy theory
(FRET). Spectroscopic experiments and molecular modeling
assays indicated that hydrophobic surface supports binding of
QCT at two different sites. The binding study of QCT to MTX-Il is
of great importance to understand chemical-biological
interactions for future drug design, pharmacology, and
biochemistry studies. Furthermore, these assays are expected to
provide more information about the interactions of the protein
MTX-1l with natural product in view of an application as a
therapeutic drug.
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