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Simulation protocol: All systems were subjected to enzyme minimization steps prior
to equilibration to remove close-ranged intra- as well as inter-molecular interactions using
the PMEMD module implemented in AMBERI18 [1, 2]. To keep the coordination bond
between the iron and inhibitors, distance restraints were applied throughout the simulation
time from minimization to production MD. Initially 500 steps of minimization were carried
out for the water molecules while applying restraints on the enzyme using a force constant
of 25 kecal.mol~".A~!. Afterwards, the force constant was gradually released after every
100 steps, thus a total of 1000 steps of restrained minimization were performed followed by
an unrestrained minimization for 500 steps. After the minimization, the systems were sub-
jected to heating and equilibration which involved thermal equilibration using the Langevin
thermostat at 300 K. During the equilibration phase, pressure was maintained at ~1 atm
using a relexation time of 1 ps in the pressure coupling algorithm [3]. Finally, simulations
for productions were performed in the isothermal-isobaric (NPT) ensemble for a total of
200 ns for all the three systems with the sampling of the simulation trajectories performed
every 2 ps using PMEMD module implemented with CUDA executed with the help of
GPU based workstation. The first 100 ns MD simulation was considered as equilibration
stage for all the systems and the final 100 ns simulation was for production MD. During the
whole simulation time, bonds involving H-atoms were constrained employing the SHAKE
algorithm [3] with a time interval of 2 fs, and the long-ranged electrostatic interactions
were treated by the Particle Mesh Ewald (PME) algorithm [4] with the associated cutoff
distance set to 10 A. In addition, for the case of complexes, the metal-ligand distance was

attempted to keep restrained within range between 1.9 and 2.0 A as for the metal-water



coordination distance in the ligand-free enzyme along with certain parameters for the NMR
restraint method, whereas the rest of the system was set free during the whole simulation
time that is during equilibration as well as the production runs (overall simulation time).
The simulation trajectories were analyzed with help of the cpptraj module implemented
in AMBERTOOLS18 [5, 1], VMD [6] and Chimera [7] were employed for the visualization

of the simulation data.

Free energy simulation protocol: MD simulations for the free energy calculation were
carried out for both complexes of the LuxS enzyme with the RHC and KRI inhibitors
following an appropriate protocol required for the simulation at each A\ point. Prior to
the simulations, minimization of the systems was carried out twice, first using the steepest
descent algorithm, and second the L-BFGS algorithm for the minimization in order to avoid
instabilities of the systems during ensemble averaging in the simulations. The systems were
then equilibrated for 100 ps using a time-step of 2 fs using first the canonical and later the
isothermal-isobaric ensembles. Finally, a ~1 ns simulation was performed for each A-value
to collect data for the estimation of the free energy contribution. Again the particle Mesh
Ewald (PME) algorithm was used for the treatment of non-bonded interactions using a
cutoff distance of 12 A for the Coulombic as well as the van der Waals interactions. A
constant temperature was maintained at ~298 K using the Langevin dynamics integrator
with a coupling constant of 1.0 ps. The pressure was controlled using the Parinello-Rahman
barostat fixed at 1 bar along with a coupling constant of 1.0 ps and a compressibility

value for water set to 4.5 x 107° bar~! for all simulations. The trajectories obtained



from the AMBER simulation package [1, 10] were converted to GROMACS format for the
estimation of the binding free energy through the thermodynamic integration (TT) method.
GROMACS 2018.3 [11] was used for all free energy simulations performed after which the
energy difference between the two states was estimated using the Benettet Acceptance
Ratio (BAR) module of the GROMACS program enabling a straightforward data treatment
[12]. The free energy estimates were determined using BAR with bisection, with the
precision of the output set and an error estimate taking into account time correlations is
made by splitting the data into blocks and determining the free energy differences over those
blocks and assuming the blocks are independent. The final error estimate is determined
from the average variance over 5 blocks. A range of block numbers for error estimation
were also obtained. In general, the results are split in two parts: the last part contains
the final results in kJ/mol, together with the error estimate for each part and the total.
The first part contains detailed free energy difference estimates and phase space overlap

measures in units of kT (together with their computed error estimate).
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Figure S1: Ramachandran plot for the modelled LuxS enzyme obtained from PROCHECK
Program
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Plot statistics
Residues in most favoured regions [A,B,L] 263 86.2%
Residues in additional allowed regions [a,b,],p] 38 12.5%
Residues in generously allowed regions [~a,~b,~l,~p] 2 0.7%
Residues in disallowed regions 2 0.7%
Number of non-glycine and non-proline residues 305 100.0%
Number of end-residues (exel. Gly and Pro) 7
Number of glycine residues (shown as triangles) 18
Number of proline residues 16
Total number of residues 346
Based on an analysis of 118 structures of resolution of at least 2.0 Angstroms
and R-factor no greater than 20%, a good quality model would be expected
to have over 90% in the most favoured regions.




Ligand parameter files obtained from GAFF
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frcmod file

Remark line goes here
MASS

o 16.000 0.434
c 12.010 0.616
c312.010 0.878
n4 14.010 0.530
hn 1.008 0.161
hx 1.008 0.135
hc 1.008 0.135
h11.008 0.135
ss 32.060 2.900
oh 16.000 0.465
ho 1.008 0.135
h4 1.008 0.135

BOND

c-0 637.70 1.218
c-c3 313.00 1.524
c3-n4 283.30 1.511
c3-hx 338.70 1.091
c3-c3 300.90 1.538
hn-n4 373.20 1.030
c3-hc 330.60 1.097
c3-hl 330.60 1.097
c3-ss 21590 1.839
c3-oh 316.70 1.423
ho-oh 371.40 0.973
c-h4 310.70 1.112



ANGLE

0-c-0 77.900 130.250
c3-c-0 67.400 123.200
c-c3-n4 65500 110.730
c-c3-hx 46.900 108.850
c-c3-c3 63.300 111.040
c3-n4-hn 45.900 110.110
c3-c3-hc 46.300 109.800
c3-c3-c3 62.900 111.510
hx-c3-n4 48.600 108.010
c3-c3-n4 64.200 114.210
hn-n4-hn 40.600 108.300
c3-c3-hx 46.200 110.560
c3-c3-h1 46.400 109.560
c3-c3-ss 61.300 110.270
hc-c3-hc 39.400 107.580
c3-ss-c3 60.200  99.240
h1-c3-h1 39.200 108.460
hl-c3-ss 42.100 108.760
c3-c3-oh 67.500 110.190
c3-oh-ho 47.400 107.260
h1l-c3-oh 50.900 110.260
c3-c-h4 45600 114.640
c-c3-oh 68.300 108.790
c-c3-hl 47.000 108.220
h4-c-0 54.200 120.700

DIHE
o-c-c3-n4 6 0.000 180.000 2.000
o-c-c3-hx 6 0.000  180.000 2.000
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h4-c -c3-c3 6 0.000  180.000 2.000
c-c3-c3-oh 9 1.400 0.000 3.000
c-c3-c3-h1 9 1.400 0.000 3.000
h4-c -c3-oh 6 0.000  180.000 2.000
o-c-c3-oh 6 0.000 180.000 2.000
¢ -c3-oh-ho 3 0.500 0.000 3.000
h4-c-c3-h1 6 0.000  180.000 2.000

o-c-c3-hl1 1 0.800 0.000 -1.000

o-c-c3-hl1 1 0.000 0.000 -2.000

o-c-c3-hl1 1 0.080 180.000 3.000

IMPROPER

c3-0-C -0 1.1 180.0 2.0 Using general improper torsional angle X- o- c- o, penalty
score= 3.0)

c3-h4-c -0 10.5 180.0 2.0 Using general improper torsional angle X- X- c- o,
penalty score= 6.0)

NONBON

0 1.6612 0.2100
c 1.9080 0.0860
c3 1.9080 0.1094
n4 1.8240 0.1700
hn 0.6000 0.0157
hx 1.1000 0.0157
hc 1.4870 0.0157
hl 1.3870 0.0157
SS 2.0000 0.2500
oh 1.7210 0.2104
ho 0.0000 0.0000
h4 1.4090 0.0150
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frcmod file

Remark line goes here
MASS

o 16.000 0.434
c 12.010 0.616
c312.010 0.878
n4 14.010 0.530
hn 1.008 0.161
hx 1.008 0.135
hc 1.008 0.135
h11.008 0.135
ss 32.060 2.900
oh 16.000 0.465
ho 1.008 0.135
n 14.010 0.530

BOND

c-0 637.70 1.218
c-c3 313.00 1.524
c3-n4 283.30 1.511
c3-hx 338.70 1.091
c3-c3 300.90 1.538
hn-n4 373.20 1.030
c3-hc 330.60 1.097
c3-hl 330.60 1.097
c3-ss 21590 1.839
c3-oh 316.70 1.423
ho-oh 371.40 0.973
c-n 427.60 1.379
hn-n 403.20 1.013



n-oh 400.20 1.406

ANGLE

0-c-0 77.900 130.250
c3-c-0 67.400 123.200
c-c3-n4 65500 110.730
c-c3-hx 46.900 108.850
c-c3-c3 63.300 111.040
c3-n4-hn 45.900 110.110
c3-c3-hc 46.300 109.800
c3-c3-c3 62.900 111.510
hx-c3-n4 48.600 108.010
c3-c3-n4 64.200 114.210
hn-n4-hn 40.600 108.300
c3-c3-hx 46.200 110.560
c3-c3-h1 46.400 109.560
c3-c3-ss 61.300 110.270
hc-c3-hc 39.400 107.580
c3-ss-c3 60.200  99.240
hl-c3-hl1 39.200 108.460
hl-c3-ss 42.100 108.760
c3-c3-oh 67.500 110.190
c3-oh-ho 47.400 107.260
hl-c3-oh 50.900 110.260
c3-c-n 66.800 115.180
c-c3-oh 68.300 108.790
c-c3-hl1 47.000 108.220
c-n-hn 48.300 117.550
c-n-oh 68.200 115.510
n-c-o 74200 123.050



ho-oh-n 50.500
hn-n -oh 50.400
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n-c-c3-c3 1 0.100
n-c-c3-c3 1 0.070

oh-c3-c3-oh 1 0.144
oh-c3-c3-oh 1 1.175

c-c3-c3-oh 9 1.400

h1l-c3-oh-ho 3 0.500

c-c3-c3-h1 9 1.400
c3-c-n-hn 4 10.000
c3-c-n-oh 4 10.000
o-c-c3-oh 6 0.000
n-c-c3-oh 6 0.000
c-c3-oh-ho 3 0.500
o-c-c3-h1 1 0.800
0-c-c3-hl 0.000

0 -c -c3-hl 0.080

(o2 B SN S

n -c -c3-hl 0.000

c-n-oh-ho 2 3.000
o-c-n-hn 1 2.500
o-c-n-hn 1 2.000
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hn-n -oh-ho 2 3.000

IMPROPER
c3-0 -C -0 1.1
score= 3.0)
c3-n-c -0 10.5
score= 6.0)

¢ -hn-n -oh 1.1

NONBON

0 1.6612 0.2100

0.000
0.000
0.000
0.000
0.000
0.000
0.000
180.000
180.000
180.000
180.000
0.000
0.000
0.000
180.000
180.000
0.000
180.000
0.000
180.000
0.000

180.0

180.0

180.0

2.0

-4.000
2.000
-3.000
2.000
3.000
3.000
3.000
2.000
2.000
2.000
2.000
3.000
-1.000
-2.000
3.000
2.000
2.000
-2.000
1.000
2.000
2.000

Using general improper torsional angle X- o- ¢c- 0, penalty

2.0 Using the default value

Using general improper torsional angle X- X- c- o, penalty



c
c3
n4
hn
hx
hc
hl
ss

oh
ho

1.9080 0.0860
1.9080 0.1094
1.8240 0.1700
0.6000 0.0157
1.1000 0.0157
1.4870 0.0157
1.3870 0.0157
2.0000 0.2500
1.7210 0.2104
0.0000 0.0000
1.8240 0.1700



