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a  b  s  t  r  a  c  t

hRSV  is  the  major  causative  agent  of  acute  respiratory  infections.  Among  its eleven  proteins,  M2-1  is  a
transcription  antiterminator,  making  it  an  interesting  target  for antivirals.  Quercetin  is  a flavonol  which
inhibits  some  virus  infectivity  and  replication.  In  the  present  work,  the  M2-1  gene  was  cloned,  expressed
and  the protein  was purified.  Thermal  stability  and  secondary  structure  were  analyzed  by  circular  dichro-
ism and  the  interaction  with  Quercetin  was  evaluated  by fluorescence  spectroscopy.  Molecular  docking
experiments  were  performed  to understand  this  mechanism  of  interaction.  The  purified  protein  is  mainly
composed  of  �-helix,  with  a melting  temperature  of  328.6  K (≈55 ◦C). M2-1  titration  with  Quercetin
showed  it  interacts  with  two  sites,  one  with  a strong  constant  association  K1  (site  1  ≈  1.5  ×  106 M−1)

5 −1

uercetin
iophysical analyses
olecular docking

by  electrostatic  interactions,  and  another  with  a weak  constant  association  K2  (site  2  ≈ 1.1  ×  10 M )
by  a hydrophobic  interaction.  Ligand’s  docking  shows  it  interacts  with  the  N-terminus  face  in a  more
polar  pocket  and,  between  the  domains  of oligomerization  and  RNA  and  P protein  interaction,  in  a  more
hydrophobic  pocket,  as predicted  by  experimental  data. Therefore,  we  postulated  this  ligand  could  be
interacting  with  important  domains  of the  protein,  avoiding  viral  replication  and  budding.

©  2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

The leading viral agent responsible for acute lower respiratory
nfection (ALRI) in infants and children are the Human Respiratory
yncytial Virus (hRSV) [1,2]. Each year, hRSV is responsible for over

0 million ALRI cases with a result of 60,000–190,000 deaths of
hildren under five years old, elderly and immunocompromised
eople [3]. It is estimated that 70% of infants under one year old are

∗ Corresponding author at: Correspponding author at: Rua Cristóvão Colombo,
265, Jardim Nazareth, São José do Rio Preto − SP, 15054−000, Brazil.

E-mail addresses: thiago spt@yahoo.com.br (T.S.P. Teixeira),
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atyssouza@yahoo.com.br (F.P.d. Souza).

ttp://dx.doi.org/10.1016/j.ijbiomac.2016.11.033
141-8130/© 2016 Elsevier B.V. All rights reserved.
infected with hRSV and 100% of two-year-old children have been
infected at least once [4,5].

RSV is classified in the order Mononegavirales, family Paramyx-
oviridae, subfamily Paramyxovirinae, genus Pneumovirus. They are
enveloped viruses with a helical capsid [6] and their genome is
composed of a non-segmented single-stranded RNA with negative
polarity, of about 15 kb encompassing 10 genes in the following
order: 3′-NS1-NS2-N-P-M-SH-G-F-M2-L-5′. Still, eleven proteins
are translated due to an open reading frame at matrix-2 protein
(M2), forming M2-1 and M2-2.

Four of these eleven proteins (N, P, L and M2-1) form the com-
plex RNA-dependent RNA polymerase (RdRp), which is involved
in genome replication and transcription. M2-1 protein is impor-

tant for the transcription all mRNAs, as it is a factor that prevents
premature transcription stop [7]. Moreover, during viral capsule
formation, the N-terminus portion of M protein associates with M2-

dx.doi.org/10.1016/j.ijbiomac.2016.11.033
http://www.sciencedirect.com/science/journal/01418130
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 protein [8,9], as well as with N and P proteins [10] to interrupt
iral transcription and direct virus assembly and budding.

Structurally, M2-1 protein is a tetramer [11] composed mainly of
lpha helix [12,13], with four distinct regions: the first 32 residues
n the N-terminus bind to zinc (zinc finger) and contribute to
ranscription (are mandatory for its function, but the correct mech-
nism of action is still unknown) [14–16]; the oligomerization
omain, situated between His33 and Gly62; a globular domain
omposed mainly of alpha helix (Ala63-Ser170) capable of binding
o P protein and RNA; and a C-terminus region with low organiza-
ion degree [13].

The treatment for RSV infections is mainly symptomatic, includ-
ng oxygen support and hydration. Nevertheless, the mortality is
igh, with an annual cost to the health system [17,18]. Despite the

ong term research with hRSV, there is no effective drug or avail-
ble vaccine in the market yet. There are only a few drugs which
ack specificity and are expensive, such as ribavirin [19–24].

Natural products are a relevant source of antiviral agents
25,26]. Flavonoid is a group of phenolic compounds that are widely
iverse among natural products which have important proper-
ies as antitumor, antioxidant, antiviral and anti-inflammatory
27,28]. Quercetin (3,3′,4′,5,7-pentahydroxyflavone) is an excel-
ent free radical scavenger, metal chelator and is one of the most
otent bioflavonoids studied, which possesses a variety of pharma-
ological properties, including anti-inflammatory, antineoplastic,
ardio protective and anticancer activities [29,30]. Its anticancer
ffect is believed to result from its protective anti-oxidant action
31–34] Most importantly, quercetin has shown anti-viral activity.
t was effective in inhibiting HBsAg and HBeAg secretion in HBV-
nfected cells [35], as well as HCV replication [36], HIV-1 reverse
ranscriptase [37], and transcriptase from avian myeloblastosis,
ous-associated virus-2 and Maloney murine leukemia virus [38].

Ahmed-Belkacem and co-workers (2014) [39] reported that
avonoids, especially quercetin, were able to inhibit approximately
0% of HCV RdRp activity. This effect was due to flavonol binding
o the entrance of the RNA template tunnel. In 1985, Kaul et al.
40], observed that quercetin was able to inhibit RSV infection and
eplication. Therefore, quercetin can probably bind to some RdRp
roteins of RSV and prevent replication or transcription.

As M2-1 is a target protein for viral replication, transcription
nd budding of hRSV, and because of the promising properties of
uercetin, in this work we investigated the interaction of both
olecules by fluorescence spectroscopy and by bioinformatics

ools.

. Material and methods

.1. Expression, purification and identification of M2-1 protein

An M2-1 cDNA from the Human Respiratory Syncytial Virus
hRSV) strain A2 was inserted into pGEX4T-1vector (GE health-
are), allowing the expression of full-length M2-1 which was
-terminally fused to a GST affinity tag and a thrombin protease

ecognition sequence. The resulting plasmid was  transformed in
ultures of Escherichia coli BL21 Gold (DE3) (Agilent Technolo-
ies), which were grown until they reachedOD600 0.6–0.8 at 37 ◦C
nd protein production was induced with 400 �M isopropyl �-D-
-thiogalactopyranoside (IPTG), with 50 �M zinc sulfate (ZnSO4)
o aid in the correct folding of the zinc finger, for 16 h at
8 ◦C. Cells were recovered by centrifugation and suspended in

 mL  lysis buffer [50 mM Tris-Cl pH 7.5, 1 M NaCl, 1 x com-

lete protease inhibitor mixture EDTA-free (Sigma Aldrich), 1 mM
-mercaptoethanol, 1 mM CaCl2, 10 mM MgSO4] per 100 mL  of pel-

eted culture. Cells were incubated on ice for 30 min  and lysis was
ompleted by sonication (15 cycles − 15 s on and 45 s off − potency
logical Macromolecules 95 (2017) 63–71

of 36 W).  The clarified supernatant containing the soluble GST-M2-
1 protein was  applied in batch to glutathione Sepharose 4 B resin
(GE Healthcare) at 4◦ C for 4 h with rotation. The resin was pel-
leted and washed with 4 volumes of lysis buffer and 5 volumes of
PBS buffer. M2-1 was  cleaved from GST in the resin overnight at
16 ◦C by using thrombin protease which was  expressed and puri-
fied in-house. Cleaved M2-1 protein was eluted by pelleting the
resin and collecting the supernatant, which was applied on a 30 mL
Sepharose 20/300 size exclusion chromatography (SEC) column
(GE Healthcare) equilibrated with PBS buffer. The identity of the
purified protein was confirmed by accurate mass determination
using denaturing mass spectrometry. The protein was confirmed
to be RNA-free by spectrophotometry (OD 260/280 with a ratio of
0.27). Protein concentration was determined spectrophotometri-
cally using a molar extinction coefficient (�280) of 13200 M−1cm−1,
calculated using the Expasy ProtParam tool and in agreement with
a previous report [13].

2.2. Primary protein structure sequencing

The primary sequence of M2-1 protein was  determined in order
to see if it was correctly expressed. The protein sequence was deter-
mined by the ShotGun method [41] by the group of Prof. Dr. Mario
Sérgio Palma at Centro de Estudos de Insetos Sociais − UNESP.

2.3. Sample preparation

Stock solution of quercetin (MM  = 338.3 Da) was prepared in
10% ultra-pure water and 90% ethanol, and M2-1 protein was
prepared in a solution of PBS pH = 7.4. To determine Quercetin
stock solution concentration, a molar extinction coefficient of
�375 = 21.880 M−1cm-1 at 376 nm was employed [43] and to deter-
mine M2-1 concentration, the molar extinction coefficient used
was of �280 = 13.200 cm−1M−1 at 280 nm [44].

2.4. Circular dichroism (CD) spectroscopy

GST-free M2-1 was  analyzed using a Jasco J-810 spectropo-
larimeter at 25 ◦C equipped with 1-cm thick quartz cells. Protein
samples were loaded into the cuvettes, and spectra between 200
and 260 nm were recorded using a velocity of 20 nm/min, with a
2 s answer and bandwidth of 1.0 nm,  totalizing 10 accumulations.
The baseline was corrected subtracting buffer spectrum from pro-
tein spectrum. The far-UV CD experiments of the protein were
expressed as milli degrees and performed in triplicate. The frac-
tion of secondary structure was calculated using CDPro program
[42]. From these data, it was possible to check the integrity of the
target protein.

2.5. Thermal denaturation

The thermal denaturation of M2-1 protein was  carried out on
a spectropolarimeter Jasco-815 equipped with a Peltier tempera-
ture control and quartz cuvette of 5 mm.  The measurements were
performed in the temperature range from 20 ◦C to 80 ◦C, with heat-
ing velocity of 1 ◦C/min and readings at each 5 ◦C. The wavelength
was measurement at 222 nm with a 2-s answer and bandwidth of
1.0 nm,  totalizing three accumulations.

2.6. Fluorescence spectroscopy

Fluorescence quenching was performed using the Cary Eclipse

Fluorescence Spectrophotometer with Single Cell Peltier tem-
perature control. For protein titration with Quercetin, protein
concentration was  initially determined, so that a proportion of lig-
and:protein of 0.1 to 4.5 would be used. Titration was performed
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Fig. 1. M2-1 protein sequenced by the ShotGun method. In bold is the GST sequence,
in  italics is M2-1 sequence, in bold, italics and underlined is the thrombin cleaving
T.S.P. Teixeira et al. / International Journal

hree times using a temperature control. A 1 cm quartz cuvette was
sed, with emission and excitation bandwidths of 5 nm.  The exci-
ation wavelength was of 280 nm and the emission was  recorded
etween 295 and 500 nm,  totalizing five accumulations.

For fluorescence quenching data analysis, it is admitted that
he protein-ligand complex formation totally suppresses M2-1 flu-
rescence, i.e., after each addition of Quercetin, the reminiscent
uorescence corresponds to the protein that has not interacted
ith ligand (nonfluorescent ground-state complex). Thus, it is pos-

ible to calculate the fraction of the protein complexed with the
igand (fb) throughout the fluorescence variation with the ligand
ncrease:

b = F0 − F
F0

= [PL]
[PT]

,  (1)

here F0 is M2-1 protein fluorescence in the absence of the ligand,
 is the fluorescence after ligand addition, [PL] is the concentration
f the protein complexed with n ligands and [PT ] is the total protein
oncentration. Therefore, there is a relation between the fraction of
he bound ligand and the fraction of the protein complexed with
he ligand (fb):

 = [Lb]
[PT ]

= nfb (2)

here [Lb] is the concentration of ligand bound to the protein and
 is number of ligands bound to each protein.

From the values calculated for the bound ligand fraction, it is
ossible to obtain the Scatchard plot for the interaction between
2-1 and Quercetin. The multiphasic Scatchard plot was analyzed

y using a linear combination of simpler plots. For each linear
egion of Scatchard plot the following parameters were deter-
ined: the total number of binding sites equals the intercept on

he abscissa, and the association constant equals the slope.

.7. Thermodynamic analysis

From the association constant values for M2-1/Quercetin com-
lex determined by using fluorescence quenching experiments at
ifferent temperatures (298, 304, and 310 K), van’t Hoff analysis
as performed to obtain the enthalpy change (�H) of interaction.

rom the declivity of the van’t Hoff plot (-Rln(K) vs 1/T) �H  value
s calculated using R = 1.98 calmol−1.K−1.

The Gibbs free energy change (�G) and entropy change (�S)
ere calculated using the following equation:

G  = −RT ln(K) = �H  − T�S  (3)

.8. Molecular docking

All molecular docking calculations were performed with an
utoDock 4.0 [45]. The GRID was built centralized in the protein
ith a box width of 100 × 100 × 100 and spacing points of 0.5 Å.

he Lamarckian Genetic Algorithm (LGA) search was  used with the
enetic Algorithm (GA) number of 200 steps, population size of 150
nd medium search of maximum evaluation number. The remain-
ng parameters were kept as default. The results were analyzed
sing MGL  AutoDockTools [46] and the pictures were made with
he Chimera program [47] and Maestro 2015-4 [48].

. Results and discussion

The M2-1 gene was cloned in a 603 bp length (Fig. S1), inserted

n pGEX4T-1 vector and transformed in strain BL21 Gold (DE3). Five
lones were selected to express the protein (Fig. S2), all of which
xpressed M2-1 protein fused to GST (∼48.47 kDa). To confirm the
orrect sequence of the protein which was expressed and purified
site and underlined is the amino acid sequence found by the ShotGun Method.

(Fig. S3), it was sequenced by the ShotGun method. The primary
sequence (Fig. 1) was aligned using BLASTp Tool, resulting in a 67%
coverage and 46% identity to hRSV M2-1 protein (access code −
AAX23995).

Once the protein was obtained, it was necessary to observe if it
maintained its structure at the temperatures employed in the fluo-
rescence experiments. The results of circular dichroism presented
characteristics of a structured protein, showing a minimum ellip-
ticity at 209 and 222 nm.  The secondary structure analysis indicates
that the protein has approximately 40% of alpha helix, 10% of beta
sheet, 19% of turns and 31% of random coils (50% turns and random
coils) (Fig. 2). Our results are in accordance with those described
by Tran and colleagues [13], which showed that M2-1 protein is
composed of 38% alpha helix, 12% beta sheet, 10% turns and 40%
random coils.

The melting temperature obtained was  Tm = 328.6 K ≈ 55 ◦C,
indicating that M2-1 is thermally stable considering the temper-
ature range of many physiologic processes (37 ◦C = 310 K). Thermal
denaturation curve analysis (Fig. 3) revealed that in the experimen-
tal conditions, there was  approximately 10% denaturation in the
biologic temperature range (approximately 37 ◦C), not interfering
in the isothermal titration experiments performed to identify the
interaction profile between M2-1 protein and Quercetin.

The fluorescence quenching spectra of M2-1 with Quercetin at
298 K (25 ◦C) are shown in Fig. 4. It is possible to observe that M2-1
fluorescence intensity decreases with the rise in Quercetin concen-
tration, suggesting this flavonoid affects the microenvironment of
fluorophores (tyrosine and tryptophan) of the protein.

From the fluorescence quenching data analysis using Scatchard
plot, it was possible to obtain the association constant and the
number of ligand binds per protein for the establishment of M2-
1/Quercetin complex. The result of this analysis (Fig. 5) shows
there are two  binding sites which are independent from each other,
one with a strong binding association (∼1.5 × 106 M−1) occupied
by 0.25 ligand and another site with a weak binding association
(∼1.1 × 105 M−1), occupied by one ligand. Literature describes that
M2-1 protein forms a tetramer; therefore, this result suggests the
existence of one strong binding site formed by the four tetramer

units, which is occupied by one ligand (0.25 ligand/protein = 1 lig-
and/tetramer), the second binding site being occupied by one ligand
(1 ligand/protein = 4 ligands/tetramer).
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Fig. 2. Far-UV CD spectra of M2-1 protein. The results are expressed as mili degrees. The dashed line represents the adjustments of the experimental data obtained from the
deconvolution of the CD spectrum.

F re is a
T
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w
3

ig. 3. Thermal denaturation of the M2-1 protein. At the temperature of 328.6 K the
he  dashed line is a nonlinear adjustment of the measure point.
Aiming at identifying the type of interaction between M2-1 pro-
ein and Quercetin in the two binding sites, titration experiments
ere performed at three different temperatures, 298 K, 304 K and

10 K. The values for the two association constants K1 (strong site)
 balance in the concentration of M2-1 protein in native state and denatured protein.
and K2 (weak site) obtained at three different temperatures are
shown in Table 1.

In Fig. 6, van’t Hoff plot is shown for the two association con-
stants of the M2-1/Quercetin complex. It is possible to verify from
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Fig. 4. Fluorescence quenching spectra of M2-1 protein with Quercetin at 25 ◦C. The M2-1 protein was in a concentration of 10 �M and the concentration of Quercetin ([Q])
varied  from 0 to 44.8 �M.
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ig. 5. Scatchard graph of the interaction between M2-1 protein and Quercetin. Tw
traight line represents the linear adjustments.
he van’t Hoff analysis that the strong site has a negative enthalpy
hange (-3.6 Kcal/mol, exothermic reaction), whereas the weak
ite has a positive enthalpy change (4.4 Kcal/mol, endothermic
eaction). Table 2 and Fig. 7 show the thermodynamic parameters
ferent interaction sites are observed, which are independent from each other. The
obtained from the fluorimetric titration experiments, as well as the
variations of these parameters in the temperature range explored.
The �H  and �S  values suggest that there are contributions of elec-
trostatic (�H<0 and �S>0) and hydrophobic (�H > 0 and �S  > 0)
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Fig. 6. Van’t Hoff plot related to M2-1 protein interaction with Quercetin.

Fig. 7. Temperature-dependence of �G, �H and T�S for the in

Table 1
Constant association of site 1 (K1) and site 2 (K2) in three different temperatures.

Constant 298 K 304 K 310 K

K1 (×106 M−1) 1.85 ± 0.04 1.60 ± 0.10 1.50 ± 0.10
K2 (×105 M−1) 0.82 ± 0.06 1.18 ± 0.02 1.09 ± 0.01
teraction of M2-1 protein with Quercetin in sites 1 and 2.

interactions in the strong (site 1) and weak (site 2) sites, respec-
tively, for the formation and stabilization of the M2-1/Quercetin

complex.

As the N-terminus face of M2-1 is highly positive and the C-
terminus face is also positive with four negative points [11], we can
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Fig. 8. Molecular docking of Quercetin on M2-1 monomer and tetramer. Quercetin was  docked on site 1-1 (A) (RNA and P protein binding domain and N-terminus residues)
and  on site 2-1 (B) (zinc finger and oligomerization domain), on site 1–4 (C) (N-terminus face), site 2–4 (D) (C-terminus face) and on site 3–4 (E) (interface between two
chains).  Dark blue – positively charged; red – negatively charged; light blue – polar; gr
pi-pi/pi-cation stacking; gray shadow – solvent exposure. (For interpretation of the refere
article.)

Table 2
�G, �H and T�S values of the interaction of the M2-1 protein with Quercetin to
the both binding sites.

Kcal/mol 298 K 304 K 310 K

�G1 −8.15 ± 0.02 −8.60 ± 0.05 −8.73 ± 0.06
�G2  −6.7 ± 0.05 −7.00 ± 0.01 −7.10 ± 0.07
�H1  −3.2 ± 0.6 −3.2 ± 0.6 −3.2 ± 0.06
�H2  4.4 ± 0.4 4.4 ± 0.4 4.4 ± 0.4
T�S1 5.3 ± 0.9 5.4 ± 0.9 5.5 ± 0.9
T�S2 11.1 ± 0.8 11.4 ± 0.2 11.5 ± 0.1
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G1 = free energy variation on site 1, �G2 = free energy variation on site
,  �H1 = enthalpy variation on site 1, �H2 = enthalpy variation on site 2,
�S1  = entropy variation on site 1, T�S2 = entropy variation on site 2.

ostulate that the partially negative regions of Quercetin (formed
y the hydroxyl and ketone groups) could lead this molecule to

nteract at these two points. When these sites are full, the sur-
ace between the chains (which has neutral charge points), could
ccommodate the non-polar chain of Quercetin by hydrophobic
nteraction.

.1. Molecular docking

The molecular docking study was performed on M2-1 monomer
nd tetramer (PDB code=4C3B). The monomer was  divided in two
egions (Fig. S4) to perform the molecular docking. Site 1-1 (site

 of the monomer) is encompassed by a globular domain (P pro-
ein and RNA biding domain) and protein C-terminus, and site 2-1
site 2 of the monomer) encompasses the zinc finger and oligomer-
zation domain. On site 1-1, Quercetin has a binding energy of

6.41 kcal/mol and forms three hydrogen bonds (Met50, Asp51 and
eu103). The ligand interacts in a pocket between the oligomer-
zation domain and the globular domain (Fig. 8A). On site 2-1,
uercetin has a binding energy of −5.21 kcal/mol and forms three
een – hydrophobic; white – glycine; purple arrow – hydrogen bond; green line –
nces to colour in this figure legend, the reader is referred to the web  version of this

hydrogen bonds (His14 and Phe41). In this site, the ligand interacts
with the zinc finger domain, close to the metal zinc (Fig. 8B).

As M2-1 tetramer is bigger than the grid box, the docking
on M2-1 tetramer was performed in three points (Fig. S3) which
encompass the whole molecule. The Quercetin ligand was docked
on the central cavity of the N-terminus (site 1–4–site 1 of the
tetramer) and C-terminus (site 2–4–site 2 of the tetramer) faces
and on the interface between two  chains (site 3–4–site 3 of the
tetramer) (Face names taken from Tanner et al., 2014).

On site 1–4, quercetin binding energy was −7.36 kcal/mol. The
ligand interacted in a region between 2 chains (Fig. S4), making
three hydrogen bonds (Lys52, Leu103 and Asn138) and two pi-
cation interactions (Lys52 and Arg139) (Fig. 8C). On site 2–4 (Fig.
S4), the binding energy was −5.24 kcal/mol and Quercetin formed
three hydrogen bonds (Ph28 and Ala188) and two pi–pi stacking
(Arg3 and His33) (Fig. 8D). The molecule interacts with a region
between the zinc finger domain and the unstructured C-terminus
domain, close to the oligomerization domain. For site 3–4, binding
energy was  −7.36 kcal/mol and four hydrogen bonds were observed
(Cys15, Gly18 and Asp67) (Fig. 8E). The flavonol Quercetin inter-
acts with a pocket between the P protein and RNA domain and the
oligomerization domain, close to the metal zinc (Fig. S4).

By the docking results we  can postulate that Quercetin interacts
preferably with site 1-1 than with 2-1 of the monomer, close to �2
helix (where M2-1 binds to RNA) [49]. Additionally, this hypothesis
can be reinforced by the fact that Quercetin has some similarity
to adenine, which showed that residues Ser58-Lys177 have a high
affinity for uracil and adenine [11].

The characteristics of the interaction with the site with strong

binding association (site 1–4 and 2–4) and the one with weak
binding association (site 3–4) correlates experimental data with
molecular docking data. Sites 1–4 and 2–4, on docking, had more
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harged residues than site 3–4, which had more hydrophobic
esidues.

. Conclusion

In conclusion, M2-1 protein is mainly composed of alpha helix,
ith a melting temperature of about 328.6 K (≈ 55 ◦C). From the
uorescence quenching, it was observed that Quercetin inter-
cts in two sites, one with a strong association constant (site

 = ∼1.5 × 106 M−1) and another with a weak association constant
site 2 = 1.1 × 105 M−1). Site 1 is occupied by 0.25 ligand/protein,
r 1 ligand/tetramer, and site 2 is occupied by 1 ligand/protein,
r 4 ligands/tetramer. Binding sites 1 and 2 are independent from
ach another. The thermodynamics analysis showed that the inter-
ction of Quercetin at site 1 is by electrostatic interactions (�H < 0
nd �S > 0) and at site 2 is by hydrophobic interactions (�H > 0 and
S > 0).
The molecular docking of Quercetin in monomeric form shows

hat the interaction occurs in superficial pockets between the pro-
ein C-terminus and RNA and protein P interaction domain. This
nteraction is on a polar pocket stabilized by hydrogen bonds. How-
ver, docking with the tetrameric form occurs at two points, on the
-terminus face close to the �2 helix and between chains at the

nterface between the oligomerization domains and the binding
omains for RNA and P protein. In the first case, the interaction

s on a more polar pocket stabilized by hydrogen bonds and pi-
i/pi-cation stacking and on the second case, Quercetin interacts
ith a more hydrophobic pocket stabilized by pi–pi stacking and
ydrogen bonds. Therefore, Quercetin could interact with M2-1 in

mportant domains for its activity and thus this flavonoid could
void virus replication and budding.
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