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Introduction: In modern drug design, in silico methods are largely used to understand drug-
receptor interactions and quantum chemical properties. In the present study, a computational
de novo design approach was used to confirm mode of binding for antibacterial activity,
elucidating quantum chemical properties and ADMET-drug-likeness of carbazole alkaloid
(1) and three coumarins (2—4) isolated from roots of Clausena anisata.

Methods: Docking studies were performed with DNA-Gyrase (6F86) and LasR binding
domain (2UVO0) employing a flexible ligand docking approach using AutoDock Vina.
SwissADME prediction and toxicological predictions were performed by ADMET. The
optimized structures and molecular electrostatic potential surface of the isolated compounds
were predicted by DFT analysis using B3LYP/6-31G basis levels.

Results and Discussion: The docking results revealed that compound 3 showed better
docking scores against both DNA gyrase B and LasR binding domain compared with
ciprofloxacin with potential as an inhibitor of bacterial DNA gyrase and quorum sensing
LasR binding domain. The SwissADME prediction results showed that all the isolated
compounds (1-4) satisfy Lipinski’s rule of five with zero violations. Toxicological prediction
results suggested that all compounds and ciprofloxacin are non-hepatotoxic, non-carcino-
genic, non-irritant, immunogenic, and non-cytotoxic. The DFT analysis results revealed that
compound 3 has large electronegativity (yeV), global softness (¢ eV "), global electrophili-
city (meV), and mutagenicity value closer to ciprofloxacin (with LDso value of 480 mg/kg)
suggesting better bioactivity and chemical reactivity with considerable intra-molecular
charge transfer between electron-donor to electron-acceptor groups.

Conclusion: Overall, compound 3 may serve as a lead molecule that could be developed
into a potent E. coli DNA gyrase B inhibitor and efficient inhibitor for quorum sensing auto-
inducer LasR binding domain of Pseudomonas aeruginosa.

Keywords: alkaloids, coumarins, DNA gyrase, LasR binding domain, de novo DFT and
docking studies

Introduction

Clausena anisata is one of the traditional medicinal plants that belong to the family
of Rutaceae used for the treatment of bacterial and fungal infections.' ™ Recently,
our group reported isolation and antibacterial activity of a carbazole alkaloid (1)
and three coumarins (2—4) from the roots of Clausena anisata against strains of

Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and Bacillus
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subtilis.> Additionally, the alkaloids and coumarins have
been reported to be active against both Gram-positive and
Gram-negative bacteria and fungi.”*>'* However, the
mechanism of action of these compounds has not been
previously validated experimentally and little assessment
was made on the potential “drug-likeness” of these com-
pounds. In the discovery of new and complementary anti-
bacterial agents, phytochemicals that show antibacterial
activity can be examined for potential inhibition of bacter-
ial target proteins such as peptide deformylase (PDF),
topoisomerase IV (TopolV), DNA gyrase B (GyrB), pro-
tein tyrosine phosphatase (Ptp), UDP-galactopyranosemu-
tase (UGM), cytochrome P450 (CYP121), and NAD'-
dependent DNA ligase, as well as phytochemical inhibi-
tors of bacterial efflux pumps or quorum sensing proteins,
or agents that enhance the immune system.

Pseudomonas aeruginosa is the most extensively stu-
died strain due to the potentially fatal effects of its infec-
tions, that are responsible for many deaths each year
worldwide. It is the most common Gram-negative bacter-
ium found in hospital-acquired infections, being responsi-
ble for nosocomial pneumonia, urinary tract infections,
and surgical wound or bloodstream infections. In general,
many Gram-negative bacteria coordinate the activities of
their populations through autoinducers.'* This is called
quorum sensing and it can regulate pathogenic virulence
factor production and antimicrobial resistance. Quorum
sensing inhibitors can diminish the pathogenicity of P,
aeruginosa."*'® The emergence of LasR as a key regula-
tor of P. aeruginosa pathogenesis has made its inhibition
an interesting pharmaceutical goal. Additionally, DNA
topoisomerases are crucial enzymes for maintaining the
topological state of DNA."""' The ATP-dependent bacter-
ial type II topoisomerases, DNA gyrase and DNA topoi-
somerase [V are responsible for the maintenance of the
correct level of supercoiling in bacterial DNA. These
enzymes have been well-validated as antibacterial targets
as the fluoroquinolone antibiotics act at the DNA-cleavage
site of these enzymes.”” The aminocoumarin antibiotics,
including novobiocin, which was used clinically in the
1960s, target the ATP-binding site.’’ Therefore, in the
present study we examined the binding modes of reported
inhibitors (coumarins and a carbazole alkaloid from the
roots of Clausena anisata) within bacterial DNA-GyrB
and LasR, considering their promising antibacterial activ-
ity along with DFT analysis for optimized structure, drug-
likeness, pharmacokinetics, toxicity profile and compared
with the clinically approved drug ciprofloxacin.

Materials and Methods

Preparation of Ligands

The 2D structures (.mol) of all compounds were drawn
(Figure 1) and analyzed using ChemDraw 16.0. All the com-
pounds (1-4) are converted to 3D structure (.pdb) using
Chem3D 16.0. The 3D coordinates (.pdb) of each molecule
were loaded on to Chem3D for energy minimization.

Preparation of Macromolecule

The protein target, which is retrieved from the RCSB Protein
Data Bank (PDB code 6F86 and 2UVO0), serves as docking
receptor.'** All the bound ligands and water molecules
were removed from the active site of the receptor.

Molecular Docking Analysis (AutoDock
Vina)

The molecular docking studies were carried out using
AutoDockTools (ADT), which is a free graphic user inter-
(GUI) for the
AutoDockVina with standard protocol was used to dock

face AutoDockVina  program.*
the compounds (1-4) against the active site of protein
(PDB ID: 6F86 and 2UV0).'>*** The grid box was con-
structed using 58, 58, and 40, pointing in X, y, and z
directions, respectively, with a grid point spacing of
0.375 A. The center grid box is of 14.527 A, 56.689 A
and —5.122 A. Nine different conformations were gener-
ated for each ligand scored using AutoDockVina scoring
functions (Supplementary materials [Tables 1-8]) and
their
(Supplementary materials). AutoDock Tools and PyMOL

ranked  according to binding  energies

were used for the post-docking analyses. The conforma-
tions with the most favourable (least) free binding energy
were selected for analysing the interactions between the
target receptor and ligands by PyMOL.

In silico Drug-Likeness and Toxicity

Predictions

Structures of compounds (1-4) were submitted to
SwissADME tool and converted to their canonical simplified
molecular input line entry system (SMILE), to estimate in
silico pharmacokinetic parameters and other molecular prop-
erties based on the methodology reported by Amina et al.,
2016.>* SwissADME predictor provided information on the
numbers of hydrogen donors, hydrogen acceptors and rota-
table bonds, total polar surface area and the synthetic acces-
sibility of the compounds. The ligands were also subjected to

Lipinski et al. screenings using SwissADME predictor.
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Figure | 2D-ChemDraw structures of isolated compounds (1-4).

Drug-likeness is a prediction that determines whether a par-
ticular pharmacological agent has properties consistent with
being an orally active drug. This prediction is based on an
already established concept by Lipinski et al., called the
Lipinski rule of five. The rule predicts that there is likely to
be poor absorption or permeation when a compound pos-
sesses more than 5 H-bond donors, 10 H-bond acceptors,
molecular weight greater than 500 and a calculated LogP
(CLogP) greater than 5. The selection of compounds as drug
candidates were determined by a parameter called drug
score. The higher the drug score value, the higher the chance
of the compound being considered as a drug candidate. The
organ toxicities and toxicological endpoints of the ligands
and their LDs, were predicted using Pro Tox I1.>*?” The
analyses of the compounds were compared with that of
ciprofloxacin, and only compounds without violation of any
of the screenings were used for the molecular docking
analysis.

Quantum Computational Studies
The DFT (density functional theory) analysis of com-
pounds (1-4) were performed using Gaussian 09 and

visualized through Gauss view 5.0. The structural coor-
dinates of the lead compounds were optimized using
B3LYP/6-31 G (d,p) level basis set without any sym-
metrical constraints. The molecular electrostatic poten-
tial
obtained from the optimized geometry. Koopman’s

map and energies of the compounds were
approximation was used to estimate the HOMO-
LUMO energy gap and related reactive parameters
(electronegativity, chemical potential, hardness, soft-

ness, electrophilicity).?®

Results and Discussion
Molecular Docking Against DNA Gyrase B

Molecular docking analysis of isolated compounds
showed better docking score within the active site of
E. coli (6F86). Compounds 1-3 (-7.2, =7.7, and —7.6
kcal/mol, respectively) showed equal to better docking
affinity than the preclinical drug ciprofloxacin (7.2
kcal/mol) whereas compound 4 showed smaller dock-
ing affinity (—6.6 kcal/mol). All the molecules showed
of co-

binding affinity within the binding sites
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Figure 2 The 2D and 3D binding interactions of compounds (1-4) against DNA gyrase B (PDB ID: 6F86). Ribbon model shows the binding pocket structure of DNA gyrase
B with compounds (1-4). Hydrogen bond between compounds and amino acids are shown as green dashed lines, hydrophobic interactions are shown as pink lines.

crystallized ligand (Figure 2). Compound 1 formed
hydrogen bond interaction with Arg-76, Asn-46, Gly-
77 and residual hydrophobic interaction with Ala-47,
Glu-50, Ile-78, Val-167. Similarly, compound 2 showed
one hydrogen bond (Asp-73) and residual hydrophobic
interactions with amino acids Glu-50, Val-43, Val-47,
Ile-78, Pro-79, 1Ile-94, Val-120, and Val-167.
Compounds 3 and 4 both showed hydrogen bond inter-
action with Asn-46 whereas compound 4 showed an
additional hydrogen bond with Arg-136 and hydropho-
bic residual interaction with Arg-76 and Pro-79.
Compounds 1-3 demonstrated a similar binding affinity
with residual amino acids compared with ciprofloxacin

(hydrogen bond with residual amino acid Asp-73, Asn-
46, Arg-76 and hydrophobic or pi-cation interaction
with residual amino acids Glu-50, Ala-47, Gly-77,
Ile-78, Pro-79, Ile-94, Ile-78). However, compounds 1
and 4 do not show the crucial interactions between the
ligand and amino acid Asp-73. In silico docking results
revealed that compounds 2 and 3 have least docked
score (=7.7 and —7.6 kcal/mol, respectively) compared
with other

interactions with that of ciprofloxacin within the

compounds and comparable residual

binding pocket (Table 1), suggesting that these com-
pounds are promising antibacterial agents against

. 6,8,29,30
E. coli.”*"

Table | Molecular Docking Scores and Residual Amino Acid Interactions of Compounds 1-4 Against E. coli DNA gyrase B (PDB ID

6F86)
S. No. | Ligands Affinity H-bond Residual Hydrophobic/Pi-Cation/Pi-Anion/Pi-Alkyl
(kcal/mol) Interactions
| CigHi7/NO, | =72 Arg-76, Asn-46, Gly-77 Ala-47, Glu-50, lle-78, Val-167
2 CisH2,05 =77 Asp-73 Glu-50, Val-43, Val-47, lle-78, Pro-79, lle-94, Val-120, Val-167
3 CieH 1404 7.6 Asn-46 Glu-50, Val-43, Val-47, lle-78, Val-71, lle-94
4 CioH2,04 6.6 Arg-136, Asn-46 Arg-76, Pro-79
5 Ciprofloxacin | =7.2 Asp-73, Asn-46, Arg-76 Glu-50, Ala-47, Gly-77, lle-78, Pro-79, lle-94, lle-78
16 submit your manuscript Advances and Applications in Bioinformatics and Chemistry 2021:14
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Molecular Docking Against Protein LasR
Binding Domain

LasR is a key regulator of P aeruginosa pathogenesis.>'**
Molecular docking of compounds against LasR binding
domain displayed better docking scores toward P. aerugi-
nosa (2UV0) compared with the DNA gyrase B docking
results. Binding mode of active compounds (1-4) demon-
strated docked scores of —8.9, —9.0, —9.3, and —9.2 kcal/
mol, respectively. All isolated compounds showed docking
interaction within the binding sites of co-crystallized
quorum sensing auto-inducer molecules N-3-oxo-dodeca-
noyl-l-homoserine lactone (OHN) where hydrogen bond-
ing interactions were observed with residual amino acids
similar to OHN (Ser-129, Asp-73, Tyr-64, and Trp-60) and
hydrophobic interactions with amino acid residues Leu-40,
Tyr-47, Ala-50, Ala-70, Val-76, and Leu-125 (Figure 3).
Compound 1 showed two hydrogen bonding interactions
with amino acid residues Thr-75 and Thr-115 and residual
hydrophobic interaction with amino acid residues Asp-73,
Tyr-64, Val-76, Leu-36, Ile-52, Ala-50, Ala-70, Tyr-47,
Cys-79, Leu-125, and Ala-127. Compounds 2 and 3

showed formation of hydrogen bonding with amino acids
Ser-129, Thr-115 and hydrophobic interaction with amino
acid residues Asp-73, Tyr-64, Leu-36, Ile-52, Ala-50, Tyr-
47, and Ala-127 within the binding pocket (Table 2). In
addition, compound 3 showed two more hydrogen bonding
interactions with Tyr-47 and Thr-75. Compound 4 (9.2
kcal/mol) showed one hydrogen bond interaction with
amino acid Leu-110 and hydrophobic interaction with
residual amino acids Asp-73, Tyr-64, Leu-36, Val-76,
Ala-50, Ala-70, Tyr-47, and Ala-127. Molecular docking
results showed that all the molecules have least
docking score compared with co-crystallized ligand
(OHN) and clinical drug (ciprofloxacin). The docking
results are in good agreement with our previous in vitro
antibacterial analysis where compounds 3 and 4 displayed
better antibacterial activity against P. aeruginosa (14 £ 0.1
and 12 + 0.2 mm zone of inhibition, respectively)
compared with ciprofloxacin (15 + 0.3 mm zone of
inhibition)>>-'4-16-31

be better antibacterial agents specifically through quorum

suggesting compounds 3 and 4 may

sensing activity.

: . TYR
e : G:47

N P
AsP) TYR © . Ehs)
=5 G:73 G:S6 ) P
' LEY TRP
ALA h G:3 G:88
G:50
=0, TYR ALA

N, L
ILE ¥ G:69 6:127
Al LA

6:52 AP, L Al
ey 673 675 ALA 2
R 60 6:105

LEU
6:110
ILE
G52

Asp
6:73 &5
(4
v 70 o e 5
2y <y X 7
o ol 05 TYR
THR - | G:47
6:75 AR &
e (i . !
& ' & - LEU
4 V) . g P TYR G:l10
THR TYR (Fu 6:73 G:64
6115 VAL 6:64 29

Figure 3 The 2D and 3D binding interactions of compounds (1-4) against LasR binding domain (PDB ID 2UVO0). Ribbon model shows the binding pocket structure of LasR
binding domain with compounds (1-4). Hydrogen bond between compounds and amino acids are shown as green dashed lines, hydrophobic interactions are shown as pink

lines.
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Table 2 Molecular Docking Scores and Residual Amino Acid Interactions of Compounds 1-4 Against LasR Binding Domain

S. No. | Ligands Affinity H-bond Residual Hydrophobic/Pi-Cation/Pi-Anion/Pi-Alkyl Interactions
(kcal/mol)
[ CigHi7NO, | -89 Thr-75, Thr-115 Asp-73, Tyr-64, Val-76, Leu-36, lle-52, Ala-50, Ala-70, Tyr-47, Cys-79, Leu-
125, Ala-127
2 C9H,03 -9.0 Ser-129, Tyr-56, Thr-115 Asp-73, Tyr-64, Trp-88, Leu-36, lle-52, Ala-50, Ala-70, Tyr-47, Phe-101,
Ala-105, Leu-110, Ala-127
Ci¢H 1404 -9.3 Ser-129, Thr-75, Tyr-47, Thr-115 Asp-73, Tyr-64, Leu-36, lle-52, Val-76, Ala-50, Cys-79, Leu-125, Ala-127
4 C9H,04 -92 Leu-110 Asp-73, Tyr-64, Leu-36, Val-76, Ala-50, Ala-70, Tyr-47, Ala-127
Ciprofloxacin | —8.3 Asp-73, Tyr-47, Trp-60 Leu-36, Tyr-64, Val-76, Cys-79, Ala-127

In silico Pharmacokinetics (Drug-

Likeness) and Toxicity Analysis

The SwissADME computed results showed that all the
isolated compounds (1-4) satisfy Lipinski’s rule of five
with zero violations (Table 3). The Kp values of all mole-
cules are within the range of —4.26 to —5.47 cm/s with
ciprofloxacin (-8.98 cm/s) inferring low skin permeability.
The predicted logP values revealed that they have optimal
lipophilicity (ranging from 2.43 to 4.37). The SwissADME
prediction parameters showed that all the compounds 14
have high gastrointestinal (GI) absorption, blood—brain
barrier (BBB) permeation and no compounds are sub-
strates of permeability glycoprotein (P-gp). The CYP’s
interaction result showed that all the compounds are inhi-
bitors for CYP1A2, CYP2C19, and CYP2C9. Compounds

1 and 4 were found to be potential inhibitors for CYP2D6
whereas compounds 2, 3, and ciprofloxacin were found to
be non-inhibitors. For CYP3A4, compound 1 and cipro-
floxacin were found to be non-inhibitors whereas com-
pounds 2—4 were found to be potential inhibitors (Table 4).

Acute toxicity prediction results such as LDsq values
and toxicity class classification [1 (toxic) to 6 (non-toxic)]
revealed that none of the ligands demonstrated acute toxi-
city similar to ciprofloxacin with toxicity class classifica-
tion 4 (harmful if swallowed) for compounds 3, 4 and
ciprofloxacin. Toxicological prediction results suggested
that all compounds and ciprofloxacin are non-hepatotoxic,
non-carcinogenic, non-irritant, immunogenic and non-
cytotoxic with the exception of compound 3 that displayed
a mutagenicity value closer to ciprofloxacin (with LDs
value of 480 mg/kg) suggesting this compound can be the

Table 3 Drug-Likeness Predictions of Compounds 1-4, Computed by SwissADME

S. No. | Formula Mol.Wt. (g/ NHD | NHA | NRB | TPSA (A°2) LogP Lipinski’s Rule of Five Violation
mol) (cLogP)

| CigH 7N, O, | 27933 2 2 0 53.09 2.57 0

2 Ci9H2,0; 298.38 | 3 | 50.44 243 0

3 CieH 1404 270.28 0 4 2 52.58 3.05 0

4 CioH2,04 314.38 | 4 2 59.67 3.47 0

5 Ciprofloxacin | 401.45 2 9 5 136.13 0.963 0

Abbreviations: NHD, number of hydrogen donor; NHA, number of hydrogen acceptor; NRB, number of rotatable bonds; TPSA, total polar surface area.

Table 4 ADME Predictions of Compounds 1-4, Computed by SwissADME and PreADMET

S. No. | Chemical log Gl BBB Inhibitor Interaction (SwissADME/PreADMET)
Formula Kp Absorption | Permeability
emls P-gp CYPIA2 CYP2CI9 | CYP2C9 CYP2Dé6 CYP3A4
Substrate | Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor
| CigHi7N,O, | 448 High Yes No Yes Yes Yes Yes No
2 C9H2 05 —4.26 High Yes No Yes Yes Yes No Yes
3 CieH 1404 -5.46 High Yes No Yes Yes Yes No Yes
4 C9H2 04 -5.47 High Yes No Yes Yes Yes Yes Yes
5 Ciprofloxacin | —8.98 High No Yes Yes No No No No

Abbreviations: Log Kp, skin permeation value; Gl, gastro-intestinal; BBB, blood-brain barrier; P-gp, P-glycoprotein; CYP, cytochrome-P.
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Table 5 Prediction of Toxicity of Compounds (1-4), Computed by Pro-Tox Il and OSIRIS Property Explorer

S. No. | Formula LD 5o Toxicity Organ Toxicity
(mglkg) Class
Hepatotoxicity | Carcinogenicity | Immunotoxicity | Mutagenicity | Cytotoxicity | Irritant

| CgH7N,0, 2000 3 No No No Yes No No
2 C9H203 2905 5 No No No Yes No No
3 Ci6H 404 480 4 No No Yes Yes No No
4 C9H» 04 1500 4 No No No Yes No No
5 Ciprofloxacin | 500 4 No No No Yes No No

lead compound compared with other isolated compounds
in the investigation (Table 5).

DFT Analysis for Optimized Structure

and Quantum Chemical Parameters

Optimized geometries (Figure 4) and molecular electro-
static potential (MEP) of isolated compounds were com-
puted using density functional theory (DFT) with the
basis sets B3LYP/6-31 G (d,p). Bond lengths, bond

Figure 4 The optimized structures of compounds (1-4).

angles, and dihedral angles were obtained from the
optimized structure (Table 6). The determination of the
MEP region is the best fit for identifying sites for intra-
and inter-molecular interactions (Figure 7).** Red/yel-
low regions indicate negative electrostatic potentials and
the blue region shows positive, and green color desig-
nates neutral potential region.

The DFT calculated Mulliken’s
(Figure 5) revealed charge distribution in individual

atomic charges

atoms (Supplementary materials [Tables 9-16]). The
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Table 6 The Various Quantum Chemical Parameters of Isolated Compounds (1-4)

S.No. | Compounds | Equmo | ELumo | Energy Electronegativity | Global Global Global
(eV) (eV) Gap AE % (eV) Hardness 1 Softness ¢ Electrophilicity
(eV) (eV) (ev'h o (eV)
I CigHi7N,O, | —0.2064 | —0.0490 | 0.15746 0.12773 0.07873 12.70164 0.103613
2 Ci9H2,05 -0.2154 | -0.0564 | 0.15907 0.13592 0.07953 12.57308 0.116148
3 CieH 1404 -0.2209 | -0.0692 | 0.15168 0.14506 0.07584 13.18565 0.138729
4 CioH2,04 -0.2110 | -0.0546 | 0.15644 0.13283 0.07822 12.78445 0.112783
HOMO, LUMO, and energy gap (AE) of the isolated considerable intramolecular charge transfer from

compounds are calculated as —0.2064, —0.0490, and
0.15746 eV for 1, —0.2154, —0.0564 and 0.15907 eV for
2,-0.2209, —0.0692, and 0.15168 eV for 3, and —0.2110, —
0.0546, and 0.15644 eV for 4 respectively (Figure 6). The
results revealed that compound 3 showed the Ileast
energy gap (AE) compared with the other isolated com-

chemical reactivity and

suggesting  high

pounds

electron donor (HOMO) to electron acceptor (LUMO)
groups.>* Based on this results compound 3 has better
bioactivity compared with other reported compounds
herein. Additionally, compound 3 has large electronega-
tivity (yeV), global softness (o eV '), and global electro-
philicity (weV)
(Table 6).%%

compared with other compounds

Figure 5 The DFT calculated Mulliken’s atomic charges of compounds (1-4).
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Figure 6 Molecular orbitals and energies for the HOMO and LUMO of isolated compounds (1-4).

Conclusion

In the present work, a computational de novo approach was
used to confirm mode of binding for antibacterial activity,
elucidating quantum chemical properties and the ADMET-
drug-likeness of a carbazole alkaloid (1) and three coumarins
(2—4) isolated from roots of Clausena anisata. Compared
with alkaloid (1), coumarins (2—4) displayed better docking
score against both proteins and better docking scores than
ciprofloxacin suggesting further work for functional group
inclusion and modification to develop novel antibacterial
agents with therapeutic activity. SwissADME results
revealed that all the compounds are inhibitors for CYP1A2,
CYP2C19, and CYP2C9. Compounds 1 and 4 were found to
be potential inhibitors for CYP2D6 whereas compounds 2, 3,
and ciprofloxacin were found to be non-inhibitors. For

CYP3A4, compound 1 and ciprofloxacin were found to be
non-inhibitors whereas compounds 2—4 were found to be
potential inhibitors. Toxicological prediction results sug-
gested that all compounds and ciprofloxacin are non-hepato-
toxic, non-carcinogenic, non-irritant, immunogenic, and
non-cytotoxic with the exception of compound 3 that dis-
played a mutagenicity value closer to ciprofloxacin (with
LDso value of 480 mg/kg). The DFT results revealed that
compound 3 has better bioactivity and chemical reactivity
with considerable intramolecular charge transfer between
electron-donor and electron-acceptor groups. Based on the
results of the present investigation, compound 3 may serve as
a lead molecule and further work is recommended for func-
tional group inclusion, modification, and SAR study to
develop novel antibacterial agents with therapeutic activity
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Figure 7 Molecular electrostatic potential surface of compounds (1-4).

against £. coli DNA gyrase B inhibitor and efficient inhibi-
tors for quorum sensing auto-inducer LasR binding domain
of Pseudomonas aeruginosa.

Supporting Information

Full data for Autodock Vina conformations of compounds
1-4 against LasR and DNA gyrase binding domain are
included within supplementary materials.
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LasR and DNA gyrase B binding domain can be freely
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