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Table S1. Structures, antibacterial (in pg/mL) and antibiofilm (in % of inhibition) activities of the
compounds isolated from P. tinctorum extract.

No. Compound Structure % P. aeruginosa P. aeruginosa | E. coli MIC
biofilm inhibition* MIC
1 Norlobaridone 64.6 128 128
(NBD)
OO
0]
HO
(0]
OH
2 Pentylphenol /\/\/©/OH 11.4 256 >256
3 Rottlerin 7.9 >256 >256
4 Ellagic acid 0O 22.8 128 128
OH
9¢
HO
O OH
0]
HO
0]
5 Gallic acid 0] 21.4 >256 >256
HO
OH
HO
OH
6 P-hydroxy 0] 129 128 >256
benzoic acid 10
OH
HO
7 Phloroglucinol HO ; OH 311 64 64
OH
8 Resorcinol 21.7 128 128




9 Acetophenone 0] 25.2 256 128
10 AZM** - 52.7 8 32
1 P. tinctorum - 445 64 128

extract

*Antibiofilm activity expressed as the % of biofilm inhibition at the subinhibitory concentration (i.e., 5 pg/mL).

**AZM = Azithromycin, the reference antibiofilm drug.

Table S2. Bacterial strains and plasmids used in this study

Bacterial strain

Description Reference
P. aeruginosa - ATCC27853
E. coli DH5a Competent Cells ThermoFisher (catalog number:
18265017)
BL21 (DE3) E. coli Competent Cells ThermoFisher (catalog number:
EC0114)
Plasmid Description Reference
pSC11-L Broad host rang(;i)aél -lacZ reporter; Chugani et al. 2001
Broad host range PA1897’-lacZ .
pSC11-Q reporter; ApR Chugani et al. 2001
pSCI1-R Broad host rangx)hr\ll -lacZ reporter; Chugani et al. 2001
Arabinose-inducible lasR expression
PIN105L vector; pBBRMCS backbone; GmR Lee etal. 2006
Arabinose-inducible gscR expression
PINI0SQ vector; pBBRMCS backbone; GmR Lee etal. 2006
DIN105R Arabinose-inducible rhIR expression Eibergen et al. 2015

vector; pBBRMCS backbone; GmR

pET23b.LasR

Full length LasR overexpression vector

Paczkowski et al. 2017

Table S3. Details of sedimentation velocity data analysis

Protein Saow® Mwd
LasR-odDHL? 3.112 53304
LasR-NBDP 1.813 26635

LasR (0.5 mg/mL) in the presence of 100 uM odDHL.

bLasR (0.5 mg/mL) in the presence of 100 uM NBD.

€S20,w is the sedimentation coefficient with the parameter being corrected to 20.0 <C and the density of water.

dMolecular weight in Daltons.
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Figure S1. The effect of sub-MIC (5ug/mL) of NBD on P. aeruginosa growth at 37<C for 24 hr. The

data represent the mean values of experiments performed in triplicate.
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Figure S2. Inhibition of P. aeruginosa biofilm formation in the presence of sub-MIC of NBD and AZM.
Data is an average of three replicates. The results are presented as the mean £SD of the absorbance at 570

nm. * Statistically significant from the control (un-treated) at P<0.05.
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Figure S3. Inhibition of P. aeruginosa pyocyanin production in the presence of sub-MIC of NBD and
AZM. Data is an average of three replicates. The results are presented as the mean SD of the percent of

pyocyanin production. * Statistically significant from the control (un-treated) at P<0.05.
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Figure S4. Inhibition of P. aeruginosa rhamnolipids concentration in the presence of sub-MIC of NBD
and AZM. Data is an average of three replicates. The results are presented as the mean £SD. *

Statistically significant from the control (un-treated) at P<0.05.



Figure S5. A: Docking poses of NBD in alignment with each other inside the LasR ligand binding
domain. B: Docking poses of odDHL in alignment with the co-crystalized one (Yellow structure; RMSD
~1.254 A).

Figure S6. Inward movement of ASN-136 to ALA-166 a-helix of the Bak-bound LasR structures (A)
over the course of 300ns long MDS. Blue-colored a-helix represent the native position at the beginning of
MD simulation, while brick-red-colored a-helix represent the new position at the end of MD simulation.
In case odDHL-bound LasR structures (B), ASN-136 to ALA-166 a-helix remained in its original position
over the course of simulation. TRP-152, LYS-153, and ASP-156 are the key amino acid involved in the
H-bonding between LasR subunits to form functioning LasR dimer.



SEEEVFRRRA RY

~~~~~~~~~

~-6.68
6.52
'\r-ﬁil

-4
EY
331
3.3
279
277
276
274
272

¢
/
\
£
}

-60000
-55000
50000
45000
-40000
-35000
-30000
~25000
20000
15000
~10000
[ ~5000

|
JER— L - JL A o N P " L_—l_{

5000

&5 €.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Figure S7. *H NMR spectrum of NBD in CD3OD at 400 MHz.
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Figure S8. *C NMR spectrum of NBD in CD3;0D at 100 MHz.
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Figure S9. DEPT-135 NMR spectrum of NBD in CDs;OD at 100 MHz.



Methods
E. coli reporter p-galactosidase assays

LasR, QscR, and RhIR assays in E. coli aDH5 were carried out according to previously
published techniques (Eibergen et al. 2015; O’Reilly and Blackwell 2016; Mattmann et al. 2011;
Gerdt et al. 2015). Briefly, a single colony of E. coli strain aDHS5 transformed with pSC11 (lacZ
reporter plasmid for LasR, QscR, or RhIR; see Table S1) and pJN105 (LasR, QscR, and RhIR
production plasmid) was inoculated in a 5-mL sample of LB medium containing 100 pg/mL
Ampicillin and 10 pg/mL Gentamicin. The culture was cultivated overnight at 37 °C with 200
rpm shaking.

Overnight culture was diluted 1:10 in fresh LB medium with 100 pg/mL Ampicillin and 10
ug/mL Gentamicin and grown to an ODsoo = 0.23-0.27. Aliquots of Bak stock solutions in
DMSO (2 uL) were applied to the interior wells of a transparent 96-well microtiter plate, with
final DMSO concentrations of 1%.

For antagonism experiments, once the subculture had achieved the desired OD, arabinose was
added at a final concentration of 4 mg/mL to promote pJN105 expression.

As a negative control, six DMSO-containing wells were filled with 200 pL of this subculture.
The remaining culture was adjusted to a final concentration of 2 nM OdDHL (for LasR), 10 nM
OdDHL (for QscR), or 10 uM BHL (for RhIR), and 200 uL aliquots of treated culture were
introduced to all experimental wells and DMSO wells (the latter as a positive control). The
plate's outer wells were filled with 200 pL of water (to help maintain plate humidity and limit
evaporation in the inside wells). For 4 hours, plates were incubated at 37 <C with shaking at 200
rpm.

For agonism experiments, 2 pL. DMSO was added to six wells (negative control), and another 6
wells were treated with either 10 mM OdDHL in DMSO (for LasR and QscR) or 100 mM BHL
(for RhIR). Once the subculture attained the desired ODeoo, arabinose was added at a final dosage
of 4 mg/mL to stimulate pJN105 expression. This culture was dispensed in aliquots (200 pL) into
all internal wells. The plate's exterior wells were filled with 200 pL of water (to help maintain the
plate's humidity/environment and delay overall evaporation for the internal wells). For 4 hours,
plates were incubated at 37 <C with 200 rpm shaking.

The ODsoo of each cell was measured after the period of incubation. Following that, 200 uL Z
buffer, 8 pL CHCls, and 4 pL 0.1% aqueous SDS were added to each interior well of a new 96
well plate. Each well in the original plate had a 50-uL aliquot transferred to the lysis-buffer
containing plate and lysed by aspirating 15 times. Following that, the receptor assays differed, as
shown below.

Inregard to LasR assay, a 100-uL aliquot from each well was transferred to a new, clear-bottom
96-well plate. At t = 0 minutes, the Miller assay (measuring B-galactosidase enzyme activity)
was begun by adding 20 puL of the substrate ortho-nitrophenyl-p-galactoside (ONPG, 4 mg/mL in
phosphate buffer) to each well. The plates were then incubated at 30 <C without shaking for 30
minutes. The enzymatic reaction was stopped by adding 50 pl of sodium carbonate (1M in water)



to each well. Absorbances at 420 and 550 nm were measured for each well. The following
formula was used to determine Miller units:

1000 x (4420 — (1.75 x A550))
t X v X 0D600

Miller unit =

t = time ONPG incubated with lysate in min and v = volume of culture lysed in mL

Miller units were reported as a percentage of the OdDHL-only contained wells (i.e., wells
containing just agonist = 100% activity). All experiments were performed in technical triplicate
and at least three times.

Regarding the QscR and RhIR assays, a 150 puL aliquot from each well was transferred to a new,
transparent bottom 96-well plate. At t = 0 minutes, the Miller assay was initiated by adding 25
uL of substrate chlorophenol red-B-galactopyranoside (CPRG, 4 mg/mL in phosphate buffered
saline) and incubating at 30 <C for 20 minutes (for RhIR) or 45 minutes (for QscR). Miller units
were calculated using the following formula:

1000 x (A570)
t X v x 0D600

Miller unit =

t = time CPRG incubated with lysate in min and v = volume of culture lysed in mL

Miller units were given as a percentage of wells containing just OdDHL (for QscR) or BHL (for
RhIR) (i.e., wells containing only agonist equaled 100% activity). All assays were carried out in
technical triplicate and at least three times.

In silico investigation and modeling methods
Docking

AutoDock Vina software was used in all molecular docking experiments (Seeliger et al. 2010).
All isolated compounds were docked against the LasR crystal structures (PDB codes: 6V7W and
31X4). The binding site was determined according to the enzyme’s co-crystallized ligand. The
co-ordinates of the docking grid box for the first LasR subunit were: x = -33.9; y = 15.6; z = -
31.31; and for the second were: x = - 53.16; y = 9.36; z = -2.93. The size of the grid box was set
to be 10 A Exhaustiveness was set to be 24. Ten poses were generated for each docking
experiment. Docking poses were analyzed and visualized using Pymol software (Seeliger et al.
2010). To validated the docking protocol, the co-crystalized ligands (odDHL and TP1) were re-
docked inside the LasR binding pocket, where the produced poses were almost identical to that
of the original crystalized ones (Figures S53 and S54) with RMSDs of 1.25 A and 1.19 A
respectively (Figure S1).

Molecular Dynamics Simulation

Desmond v. 2.2 software was used for performing MDS experiments (Bowers et al. 2006). This
software applies the OPLS force field. Protein systems were built using the System Builder
option, where the protein structure was checked for any missing hydrogens, the protonation
states of the amino acid residues were set (pH = 7.4), and the co-crystalized water molecules



were removed. Thereafter, the whole structure was embedded in an orthorhombic box of TIP3P
water together with 0.15 M Na* and CI- ions in 20 A® solvent buffer. Afterward, the prepared
systems were energy minimized and equilibrated for 10 ns. For protein-ligand complexes, the
top-scoring poses were used as a starting point for simulation. Desmond software automatically
parameterizes inputted ligands during the system building step according to the OPLS force
field. For AGyinding Simulations performed by NAMD (Phillips et al. 2005), the protein structures
were built and optimized by using the QwikMD toolkit of the VMD software. The parameters
and topologies of the compounds were calculated using the Charmm27 force field with the
online software Ligand Reader and Modeler (http://www.charmm-gui. org/?doc=input/ligandrm)
(Kim et al. 2020). Afterward, the generated parameters and topology files were loaded to VMD
to readily read the protein—ligand complexes without errors and then conduct the simulation step.
All produced trajectories were analyzed by Maestro or VMD software.

Absolute binding Free energy calculation

Binding free energy calculations (AG) were performed using the free energy perturbation (FEP)
method (Kim et al. 2020). This method was described in detail in the recent article by Kim and
coworkers (Kim et al. 2020). Briefly, this method calculates the binding free energy AGbinding
according to the following equation: AGbinding = AGcomplex - AGLigand. The value of each AG is
estimated from a separate simulation using NAMD software. All input files required for
simulation by NAMD can be prepared by using the online website Charmm-GUI
(https://charmm-gui.org/?doc=input/afes.abinding). Subsequently, we can use these files in
NAMD to produce the required simulations using the FEP calculation function in NAMD. The
equilibration (5 ns long) was achieved in the NPT ensemble at 300 K and 1 atm (1.01325 bar)
with Langevin piston pressure (for “Complex” and “Ligand”) in the presence of the TIP3P water
model. Then, 10 ns FEP simulations were performed for each compound, and the last 5 ns of the
free energy values was measured for the final free energy values (Kim et al. 2020). Finally, the
generated trajectories were visualized and analyzed using VMD software.
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