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ABSTRACT

Quorum sensing (QS) is the well adapted cell tb @ahmunication system present mainly in all théhpgenic
bacterial species. The mechanism of QS is populatensity-dependent and the system expresses &t ubar
threshold signal. This system regulates the pradoaif N-acylated I-homoserine lactones (AHLS) as autoiredsic
(Als) which mediate the QS signalling pathway. @8vay is responsible for the production of virote factors,
formation of bacterial biofilm and directly assot@d with the development of drug resistance. Pherompounds
from the ginger rhizome (Zingiber officinale Rosce&. [6]-gingerol, [6]-shogaol and isoxazoline rikative of
[6]-gingerol exhibited QS inhibitory activity agah Chromobacterium violaceum and Pseudomonas awsoegi
and thus found to be the promising leads in thealorof anti pathogenic drugs. In this work we héseussed our
attention on the identification of mode of bindmfgphenolic compounds (those showing anti QS &gfiaf ginger
rhizome in the active site pockets of CviR and LisRptor protein. Based on this template, moleacdtacking of
analysis of polyphenolic compounds (stilbenes,oftals, flavan-3-ols) which are abundantly presemtMitis
vinifera (common grape vine) was carried out. OfiQcstudied bioactives majorly all of them wererfduo be
effectively stabilizing the domain of LasR receimtein and binding with greater affinity (-6.8 tb1.4 kcal/mol)
in comparison to natural ligand. The best bindirf§jiréaty was shown by quercetin and myricetin whietiongs to
flavonols. However, in general polyphenolic commtsutiave shown less binding affinity against CviBeptor
protein. Further, molecular electrostatic surfacetgntial (MESP) of the investigated compounds rsna@vn that
polyphenols carry structural complementary featuvdsich are responsible for the binding interactimuith the
target proteins. Present study illustrated the ptitd of polyphenolic compounds present in Vitisifera to act as
prospective leads for the further development @Eh@®S inhibitors as antimicrobial therapeutics.
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INTRODUCTION

Quorum sensing (QS) is the mechanism responsibliadocell to cell communication in the bacteria¢sies which
is mediated by the release of small molecule cal@dinducers. These autoinducers belondd-aeyl homoserine
lactone chemical class and responsible for theymtimh of variety of biochemical processes likellnminescence,
virulence expression and biofilm formation.[1] Th&uctural representation of few autoinducers wasas in

Figure 1. This phenomenon is mainly responsiblettier pathogenesis of bacterial species and thuisitimg this

process is highly demandable. Developing quorunsiagrinhibitors proves out a milestone in the fiefdadjuvant
therapy for antimicrobial treatment.[2, 3] Sevechkemical classes were identified as quorum serisinidpitors

(QSI) but none out of them have seen the faceetlihic owing to their toxic effects in experimaehimodel.[4, 5]
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Figure 1. Representative structur e of a few acyl homoserine lactone based autoinducres

Quorum sensing iP. aeruginosaand C. violaceumis well established and also exploited well fardihg out
hits/leads which can curb the infection causedhegé two agents.[6] The clinical importance of QSlsecoming
essential owing to increase burden of antibiotgistance.[7] The traditional antibiotics are fadagay in terms of
their efficacy and becoming resistant. This sitatwill be more worsen in the coming years dueverose and
misuse of antibiotics which has been acceleratedneously. Moreover, the repeated chances of outboéamew
infectious disease or re-appearance of old infactian impose a serious threat on the human heatthgkobal
economy. In addition to this, the mechanism of &8l$o noticed in bacteria which are commonly dasst with
spoilage of food. Thus spoilage of food by bactesjgecies forming biofilm is also a significant pkem in food
industry. Thus the exploration of molecules frontunal or synthetic sources which can quench thege® of QS
has immense industrial value. [8]

In present scenario, the identification of noveldanolecules by the use of modern computation&higoes based
on the three-dimensional structure of the targettgin has been increasingly utilized. Particularnyplecular

docking studies employed in the computer-aided diisgovery aid help in predicting the optimal canfiation and

key interactions of promising small molecules ®riceptor. This approach can be well used to miheeprotein

small molecule interaction at atomic level, whielmders information about the behaviour of smallewoles in the
binding site of the target protein. The drug desigientists are in continuous search of leads/dwigsh can bind

the receptor protein with high binding affinity aminimal toxicity.

Recently, long alkyl chain containing phenolic stural motifs (zingeroned), [6]- [6]-shogaol §), [6]-gingerol 6))
and present iZingiber officinaleRoscoe(ginger rhizome) has been identified as inhibitofQS by Kumaret al.
[9] This research group further derivatized [6]ggnol and [6]-shogaol and obtained [6]-Azashogamid
isoxazolin derivative of [6]-gingerol which are ted againsP. aeruginosandC. violaceumand found to exhibit
fairly good inhibitory activities. The structurebtbhe compounds are provided in Figure 2.
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Figure 2. Structural representation of phenolic compounds of ginger and their derivatives

The polyphenolic compounds are present as secomdetgbolites in many plants and compounds likeenegrol,

quercetin, rutin, catechin, proanthocyanidins whitgdongs to polyphenols class have been reportgubssess
multiple biological activities,[10] including camlprotective, anti-inflammatory, anti-carcinogenamt-iviral and
anti-bacterial property. The polyphenols are véessgharmacophore in relation to their physico-cleinproperties
as they have well balanced hydrophilicity and lipiipity parameter which is helpful in imparting fiefent

pharmacokinetic profiling.
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On this template QS inhibitory activity d&fitis vinifera (common grape vine) conserve was tested ag#inst
aeruginosaand found to show fairly good inhibitory activity dhis biological source is rich in diverse type of
polyphenolic compounds.[11] The structures repriadsiam of polyphenols%:17) which are present iitis vinifera

is provided in Figure 3.

Stilbenes

HO

= O OH
OH

trans-resveratrol

9

14

15

16

17

HO
OH
R4
catechin H
epicatechin H
gallocatechin OH
epigallocatechin OH

Flavonols

10 Kaempferol
11 quercetin
12 myricetin
13 isorhamnetin
Flavan-3-ols
OH

OH

R R,
H H
OH H
OH OH
OCHs H

R;
OH

H

OH
H

Figure 3. Various class of polyphenols present in the Vitis vinifera (common grape vine).

Underin silico studies molecular docking analysis of phenolic pounds ofZingiber officinaleRoscoe(ginger
rhizome) andVitis viniferawas done in the active site pocket of CviR andR_esceptor protein. It was found that
the binding affinity of polyphenolic derivatives dfitis vinifera was much better in comparison with phenolic
compounds of ginger as they are binding with great#nity with QS receptor protein. Further MESRdlecular
electrostatic surface potential) of two best dockethpounds based on docking score and docking pese

developed and plotted using Argus lab. [12]

Computational Details

Molecular docking
Molecular docking is a vital tool used for studyidgug-macromolecule interaction at the active [dig215] The

ranking of various ligands can be done on the befsisinding affinity and docking pose in the actisiée. This
method is highly useful in finding out the bindingnformation of the docked ligands and key amindsawhich
are responsible for stabilizing the drug-macromali@c interaction. Following three steps were carr@t for
molecular docking analysis: protein preparatiord generation and ligand docking.
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Protein structure preparation

The structure of CviR (PDB ID code: 3QP5)[16] arasR receptors (PDB ID code: 2UV0)[17] co-crystakiavith
chlorolactone (gH;1sCINO,4) and N-3-oxo-dodecanoyl-L-homoserine lactonesig;NO,) were taken from RCSB
protein data bank depository. The proteins wer@amed by adding hydrogens, Kollman charges, assigAD4
type, and repairing missing atoms and convertgutibmt format.

Ligand Preparation

The ligands were drawn in ChemBioDraw Ultra 12 lofged by MM2 minimization of ligands (using ChenaBiD
Ultra 12.0) by keeping a check on the connectioareén the bonds. Ligands and Grid preparation dase using
the open source software AutoDock Vina 1.1.2 [I8pider to carry out molecular docking analysise Térsions
for the ligands were set by detecting the rootutoDock Vina 1.1.2 followed by setting aromaticdsiteria of 7.5.

Ligand docking

For the validation of docking protocol, bound ligawas extracted and then re-docked to generatsatine docking
pose as found in its co-crystallized form. Fina#lyset of optimized ligands were docked on CviR laagR receptor
protein using AutoDock Vina 1.1.2, and they weralgsed based on their docking score and inter-miédec
interactions.

Visualization
The results obtained from AutoDock Vina 1.1.2 wassialized using academic version of Pymol software.

RESULTSAND DISCUSSION

Molecular docking analysis of phenolic compounds of Zingiber officinale Roscoe

Molecular docking analysis was carried out usingofiock vina 1.1.2 program to study the binding ptié of the
phenolic compounds4{8) in the active site of CviR and LasR protein. Tdueking calculations were carried out
using X-ray crystal structure of CviR protein (P@Bde:3QP5) bound to its antagonist chlorolactonéchvis
reported by Chemt al. Figure 4 represents a 3D ribbon representation iR orotein monomer. This protein
contains two binding domains (Ligand binding domélii8D) and DNA-binding domain (DBD)) placed in a
“crossed-domain” conformation connected to eatheo with a short flexible coil. The LBD is made whelices
andp-sheets while in contrast DBD is made up of fedwelices. The antagonist chlorolactone (HLC) binmdshe
LBD as shown in the solid surface in Figure 4 atabitzes the closed conformation of CviR in conigan to
agonist (G-HSL) and thus prevents the QS activity.

Similarly, LasR protein which is present in thedeter form as shown in 3D ribbon representatiosciszated by
N-3-oxo-dodecanoyl-L-homoserine lactone (OHN). Taigoinducer may serve as lead structure for degjgmew
molecules which can inhibit its domain.

Figure 4. The 3D-ribbon representation of CviR (PDB Id: 3QP5) and LasR (PDB Id: 2UVO) protein

The docking protocol was standardized by perfornitregy re-docking of bound ligand HLC, this ligandaisle to
dock inside the active site of protein with almiintical binding pose as compared to its co-chysta structure
(Figure 5) with the docking Score of -8.2. The ¢agt head group of HLC forms H-bond with nearby HArp8sidue,
while the acyl group shows hydrogen-bonding withp@s and Serl55 residues. The tail part is burisdlénthe
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hydrophobic pocket forming— = stacking interaction with Tyr88. Similarly, forgind OHN, the formed
interactions after performing docking analysis relskes the interaction represented in co-crystalliferm and
found suitable for performing molecular dockingdifferent set of investigated compounds.

™
Y
)

b)('

Figure5. The docked pose of co-crystallized ligand a) HL C in the active site pocket of CviR protein, b) OHN in the active site pocket of
LasR protein. The blue dotted line indicates hydrogen bonding interaction

Further, the molecular docking analysis of phenotimpounds as shown in Figure28) was carried out and the
results are mentioned in Table 1. From this stidy observed that out of 5 different compoundsgsiol 6) and
isoxazoline derivative of gingeroB) is showing maximum binding affinity against Cvikhd LasR receptor
proteins. The result is equally supported by thpeexnental results which show that compouindnd 8 exhibit
good inhibitory activity againsP. aeruginosaand C. violaceumorganism in comparison with the rest of the
phenolic isolates of ginger.[9]

Tyrs6 8

Ser155

Figure 6. The docked pose of compound 8 (isoxazoline derivative of [6]-gingerol) a) in the active site pocket of LasR protein, b) in the
active site pocket of CviR protein. The blue dotted line indicates hydrogen bonding interaction

List of binding scores and key interactions fornaed provided in Table 1 for the autoinducer (OH&h)tagonist
(HLC) and the docked phenolic compounds3) under study. The results of molecular dockinglysis indicated
that some of the phenolic compounds show highekidgescores than that of the co-crystallized lig&tdN in the
active pocket of LasR protein (Table 1, coulombHgnce, it is clear that phenolic compounds cad hiith greater
affinity and form interaction with key amino acidsidues as shown in Figure 6. Mainly the interactgovan der
Waal force of attraction along with the formatioh loydrogen bond primarily with Ser129, Ty56 and 7%r
However, in CviR receptor protein the docking sooffélLC (synthesized antagonist of CviR) was foumdbe -8.2
kcal/mol. The phenolic compounds show less dockicmye against CviR receptor protein in comparisohlitC.
Compound5 and 8 again found to be among top 2 ranked compoundhefseries which displays maximum
docking score and biological activity and form hygken bond mainly with Ser155 and Trp84.
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Table 1. Thelist of docking scores of phenolic derivatives of ginger in the active site pockets of LasR and CviR QS receptor protein

Compounds  LasR I nteractions CviR I nteractions

OHN -8.7  Serl29, Tyr56, Asp73 - -

HLC -- -- -8.2  Trp84, Asp97, Serl55, Tyr88
4 -8.6  Serl29, Tyr56, Leu36, lle52  -6.8  Tyr88, Trpldus7
5 9.1 lle86, Phe87, Serl129 -7.3  Serl55, Tyr88
6 -5.2  Ser77, le86, Phe87 -7.3  Asp97, Serl55, Tyr88
7 -9.2 Serl29, Tyr64, Tyr56 -7.0  ASN77, Trp84
8 -9.6 Serl29, Tyr56 -7.9  Trp84, Tyr88, Metl35, Trp1ll

Molecular docking analysis of polyphenolic compounds of Vitis vinifera

Taking this study as template the screening of gdayiolic compounds dfitis vinifera (9-17) was carried out on
the LasR and CviR QS receptor proteins. The stud@dpound as shown in Figure 3 belongs to threferdifit
classviz. stilbenes, flavanols, flavon-3-ols. The polyphanptovide a kind of framework which is suitable tbér
forming hydrophilic and hydrophobic interactionsheTlist of docking scores of compounds on LasR peoe
protein (Table 2) and CviR receptor protein is shawTable 3.

Table 2. Thelist of docking scor e of polyphenolic derivatives of Vitis vinifera in the active site pocket of LasR protein

Compound Docking score I nteractions
OHN -8.7 Ser129, Tyr56, Asp73
9 -9.5 Leul10, Tyr56, Trp60
10 -8.9 Serl29, Thr76, Tyr56
11 -10.5 Serl29, Tyr56, Tyrd7, Arg61, Thr75, Thr115
12 -11.4 Tyr56, Serl29, Tyr64, Trp40, Tyr47, Thr75y1z6
13 -6.8 -
14 -9.9 Serl29, Arg61, Tyr56, Tyr64
15 -10.4 Serl29, Leul25, Tyr56, Leu36
16 -10.2 Serl29, Tyr64, Tyr56
17 -8.7 Ser129, Trp60, THR115

Table 3. Thelist of docking score of polyphenolic derivatives of Vitis vinifera in the active site pocket of CviR protein

Compound

Docking score I nteractions

HLC
9
10
11
12
13
14
15
16
17

-8.2 Trp84, Asp97, Serls5
-7.8 Met135, Trp84

-7.9 Trp84, Trplll

-7.9 Trp84, Tyr88

-8.0 Asp97,Trp84, Tyr88
-7.9 Trp84, Trpl1l

-7.5 Trp84, Leu57, 11e90
-7.2 Trp84, Asn77

-7.1 Met135, Trp84

-7.1 Trp84, Asn77

From Table 2 it is interpreted that mostly all iheestigated polyphenolic compound$1(7) have potential to
stabilize the ligand-receptor domain of LasR protdihe 3D structure of two best docked compounder@gtin

(11) and myricetin 12)) is shown in Figure 7.

11

12

Figure 7. The optimized 3D geometry of compound 11 and 12 which display highest docking score

The docking pose of these compounds in the actiggoecket of LasR protein is displayed in FigurerTBe amino
acid residues present around the ligands in thigeasite pocket of proteins were Tyr56, Serl29,7bhr_eu36,
Alal27, Tyr64, lle 52, Val76, Cys79, Ala50, Tyrd&u40, Gly126, Leul25. The compound4 é&nd12) which is
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showing docking score (-10.5 and -11.4 kcal/moinf® hydrogen bonding interaction with Ser129 and56y
These polyphenolics have overall good quality pa&tans so this framework can act as a better leddaule for
the development of protein inhibitor of the QS naukm ofP. aeruginosa.
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Figure 8. Molecular docking of pose of @) compound 11 and, b) compound 12 in the active site of LasR protein

Similarly the same set of compounds was docketiéractive site pocket of CviR protein, compoddproves to

be the best docked compound of the series wittdtdwking score of -8.0 kcal/mol and forming interactwith
Tyr88, Trp84, Metl35, Leu85, Asp97, Tyr80, Leu72ull00 amino acid residues. The hydrogen bonding
interaction is formed by Trp84 where oxygen of phlEnfunctionality is acting as hydrogen bond adoemnd
polar hydrogen of NH of tryptophan is acting astoggn bond donor with the hydrogen bond distanc2.26 A.
Similarly compoundLl also show fairly good docking results. The ligamigraction diagrams of these compounds
are given in Figure 9.

- N

Figure 9. Molecular docking of pose of @) compound 11 and, b) compound 12 in the active site of CviR protein

Molecular Electrostatic Surface Potential (M ESP)

The molecular electrostatic potential (MESP) isimportant parameter which is in general used taliptethe
behaviour and reactivity of the molecule. It is werseful in understanding the potential sites flecteophilic
(negative region) and nucleophilic (positive regiosactions. MESP surface plays a crucial role ringereceptor
recognition of one molecule (macromolecule) by baotsmall molecule/ligand), as commonly observedrig-
receptor, and enzyme-substrate interactions, bedaissthrough their potentials that the two speagiecognize each
other for bonding. To predict reactive sites (efgghilic and nucleophilic) in order to find out hnpdjen bond donor
and hydrogen bond acceptor sites in the investigatelecule, the MESP surface is calculated forgg@metries of
compound1l and 12 which are optimized at PM3 level and shown in Fégd0. The different values of the
electrostatic potential at the surface are reptedeby different colours and potential increasesha order
red<green<cyan<blue<violet. The colour code ofd¢hmsps is in the range between —0.0500 a.u. (desmdsand
0.0500 a.u. (violet) in the compound, where viatelicates the most electropositive i.e. electroargegion and red
indicates the most electronegative region, i.ected@ rich region. These contour plots were geeeratsing Argus
lab software. From the Figure 10, it is evidentt tthee most electronegative region is located owemen atom
attached by carbon atom which effectively acts lastmn donor or hydrogen bond acceptor in the moé
framework. This is also supported by ligand intéoacdiagram where phenolic oxygen moiety is gettimvolved
in forming hydrogen bond by acting as hydrogen bacckptor.
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11 12
Figure 10. MESP surfaces of 11 and 12; plotted onto a surface of constant electron density (0.002 e/au®)

CONCLUSION

The present study is based on the identificatiobinfiing pose and key amino acid residue interastimade by
phenolic compounds dingiber officinaleRoscoe(ginger rhizome) in the QS receptor proteindPofaeruginosa
andC. violaceumThese compounds have potential of forming hydndgending interaction with Ser129 (PDB Id:
2UV0) and Asp97, Serl55 and Trp84 (PDB Id 3QP5}kidies these interactions hydrophobic stabilizatoymed

by n-n sandwich type aromatic stabilization is also oh¢he important criteria for the compound to actQSlI.
Using this study as template the virtual predicodiQSI activity of polyphenolics which are mairgyesent irVitis
vinifera (common grape vine) was undertaken. The resultsepout to be highly favourable indicating that the
polyphenolic structural framework is capable ofb#tzing macromolecular domain of CviR and LasR egor
protein. Among the three studied classes, flavopadsed to be the best scored compounds in whiehcgtin (1)
and myricetin {2) have shown the high binding affinity towards @8aptor proteins.

Further the MESP contour plots of compountis 4nd 12) indicated that these compounds have functiondas un
which can act as hydrogen acceptor and get invdlvéke hydrogen bonding. Similarly, the aromaticieties can
form - aromatic stabilization. Thus, the polyphenolicsslaf compounds can serve as a lead moiety whish ha
structural features which are responsible for theyaeceptor recognition of the target proteinsclihare involved

in process of QS. As these compounds are not asdawith toxicity so they can be exploited by thiag design
scientist for the lead development to quench ther@8hanism.
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