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The in-silico hunt for the inhibitor against LpxC enzyme from
Salmonella Typhi from natural product derivatives
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ABSTRACT

large number of infections are caused by Salmonella worldwide at a remarkable pace. Salmonella enteric

serotype typhi (S. typhi), gram negative bacteria (only cause disease in man) is the predominant causative agent
of Typhoid fever. Typhoid fever is most common in poor and undeveloped countries of Asia and Africa. One of the
major components of virulence factors produced during salmonella infection is Lipid A, which acts as a strong
human immuno-modulator bacterial endotoxin. Regulation of Lipid A biosynthetic pathway occurs at second step,
catalyzed by LpxC, a Zn* dependent metalloamidase. Systematic Screening of natural products library database
fruitfully provided us a potent lead molecule {Pubchem CID: 1788783 (ZINC02133485) ((2S)-2-[[2-[3-(4-
fluorophenyl)-5-methyl-7-oxofuro[3,2-glchromen-6-yllacetyllamino]-3-(5-hydroxy-1H-indol-3-yl)propanoic
acid)} which actively binds (binding energy: -10.7 kJ/mol and Kd: 14.35 nM) with LpxC enzyme and could be
developed into a sound and potent inhibitor of LpxC enzyme after the application of drug development and
processing strategies. Wet lab experimentation is required to validate these results for further use.
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1. Introduction

A large number of infections are caused by Salmonella
worldwide. The most frequent Serotypes associated with
invasive disease are S. Typhi, S. Typhimurium and S.
Enteritidis (1,2). Prevalence of insidious non-typhoidal
Salmonella (iNTS) disease is as high as 227 per 100,000
cases every year. Salmonella enteric serotype Typhi (S.
Typhi), gram negative bacteria (only cause disease in man)
is the predominant causative agent of Typhoid fever. Cases
of 12% to 30% of untreated illness end up in the form of
death. Reversion of fever can occur in about 10% of
untreated people. Typhoid fever is most common in poor
and undeveloped (low or middle-income) countries with
rates greater than 100 per 100,000 persons per year in
parts of Asia and Africa. US suffer outbreaks every year (3).
The global burden of typhoid fever disease as estimated by
WHO is 11-20 million cases annually, consequential
casualties about 1,28,000-1,61,000 per year (www.who.
int/news-room/fact-sheets/detail/typhoid). The S. typhi
colonized gallbladder showed an asymptomatic chronic
infection. It is a fact that a typhoid toxin with a
carcinogenic potential is produced by S. typhi, that
induces DNA damage and cell cycle alterations in
intoxicated cells (4). This is also a reason to work on this
bacterium as the subject of the study.

Most of the Salmonella infections originate from
contaminated water and food and in hospitals. The
situation has been aggravated due to increased incidents
of drug resistance of Salmonella strains towards a broad
range of antibiotics. Salmonella is resistant to a number of
antibiotics viz, ampicillin, ciprofloxacin, Streptomycin,
furazolidone, sulfonamides, tetracyclines and fluoro-
quinolones (5,6). Although, two FDA approved vaccines
are also available but with limited functionality. Children
less than two years of age cannot be treated with these
vaccines (3), putting children at the highest risk. Therefore,
it is imperative to search for new drugs and their profound
targets in bacteria which would have minimum homology
and are functionally unrelated to human proteins.

One of the major components of virulence factors
produced during salmonella infection is lipopoly-
saccharide (LPS). LPS layer around outer membrane
confers a first line of barrier to prevent entry of harmful
substances like antibiotics and other small molecules into
the cell (7). Three parts of LPS are an outermost
immunodominant and highly variable repeating
oligosaccharide known as the [O-antigen] which is linked
to the [core oligosaccharide domain] which, in turn is
anchored to outer membrane through glucosamine
containing phosphorylated lipid i.e., [Lipid A]. Apart from
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its function as a hydrophobic membrane anchor of LPS,
Lipid A is a strong human immuno-modulator bacterial
endotoxin (8). Takayama and colleagues in 1983 eluci-
dated the first complete chemical structure of lipid A from
salmonella typhimurium (9). It has been observed that
E.coli mutants lacking lipid A, either do not survive or are
highly sensitive to antibiotics (10). Lipid A biosynthesis
involves nine conserved enzymes which all are needed for
the viability of the cell. Regulation of Lipid A biosynthetic
pathway occurs at second step, catalyzed by UDP-3-O-
acyl-N-acetylglucosamine deacetylase (LpxC) (10). LpxC
is a Zn*" dependent metalloamidase which catalyzes the
release of acetyl group from UDP-(3-O-(R-3-hydro-
xymyristoyl)-N-acetylglucosamine (myr- UDP- GIcN) to
form UDP-(3-O-(R-3-hydroxymyristoyl))-N-glucosamine
and acetate (Fig.1). LpxC catalyzed reaction is irreversible
and therefore is a committed step in lipid A synthesis
(10-13).

A,

H,C

Acetate

UDP-(3-0-(R-3-hydroxymyristoyl)-
N-acetylglucosamine
(myr-UDP-GIcN)

UDP-(3-0-(R-3-hydroxymyristoyl))-
N-glucosamine

Fig. 1: Action mechanism of LpxC enzyme

Consequently, LpxC has been considered significant as a
drug target. Structure elucidation of LpxC from Escherichia
Coli, Aquifex Aeolicus, Pseudomonas Aeruginosa and
Yersinia Enterocolitica has provided the substantial
understanding of catalytic site topology and catalytic
mechanism of the enzyme. Structural studies have prepared
the ground for designing novel inhibitors against the
enzyme (14-17). A number of LpxC small molecule
inhibitors with hydroxamate moiety have been synthesized.
One such hydroxamate based L-161, 240 inhibitor which
inhibits LpxC from E.coli has been shown inactive against
LpxC from Pseudomonas aeruginosa. This kind of
differential inhibition can be attributed to subtle structural
differences of the LpxC enzymes from the two organisms
(18). In case of E coli IpxC, Ba-pb loop is positioned away
from the catalytic site resulting in enlarged catalytic site as
compared to that of AaLpxC and PaLpxC. Consequently,
inhibitor molecule BB-78485 with bulky naphthalene
groups can be accommodated in E.coli LpxC catalytic site
but not in AaLpxC and PaLpxC (19). The differences in
inhibitor binding to the orthologs of LpxC in response to
slight variations in their catalytic sites, necessitates structural
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characterization of a greater number of LpxC orthologs.
Moreover, the presence of zinc-ion in the active site further
enhances the activity of LpxC and any lead molecule which
directly interacts with the zinc-ion would be the best choice
for further drug development process.

2. Material and Methods
2.1 Protein antigenicity and allergenicity

Antigenic nature of the protein is calculated using Vaxijen
v2.0 web-server which helps in the prediction of potent
antigens using default parameters (20). In the same
manner, the allergenicity prediction was carried out using
AllerTop v.2.0 webserver (21).

2.2 Homology modeling

The protein, UDP-3-O-(R-3-hydroxymyristoyl)-N-
acetylglucosamine deacetylase (LpxC), which is 305
amino acids in length, was chosen as the target sequence
(UniprotkB — Q8Z9G5 (LPXC_SALTI) to be modelled. The
sequence was downloaded from Uniprot (22) and was
subjected to protein-protein blast. 19 sequences were
found to match with the target sequence. Out of those,
Chain A of the Crystal Structure of the Escherichia Coli
Lpxc/lpc-138 Complex (PDB ID: 4MQY_A) (query
coverage=100%, E-value= 0.0, and sequence
identity=98% (as calculated by the NCBI protein-BLAST
program (http://blast.st-va.ncbi.nlm.nih.gov/Blast.cgi)))
was selected as the best template for full length homology
model preparation. The target and template sequences are
aligned by clustal omega server (23,24) using defaults
settings. To construct the protein model for the target
sequence, Modeller 9.12 suite (25-27) was used. The
secondary structure was predicted using PsiPred (28).
Alignments of target and template sequences are adjusted
to avoid big gaps in the secondary structure domain. After
the side-chains had been built, optimized and fine-tuned,
all newly modelled parts were subjected to a combined
steepest descent and simulated annealing minimization
(i.e. the backbone atoms of aligned residues were kept
fixed to avoid potential damage). The original ligand and
other molecules in the template structure were kept intact
to get the absolute idea about the binding and active site of
the newly made 3D structure of LpxC. As the template is
good, the resultant structure is also good in terms of energy
and stability [29]. For a comparative analysis, web-servers
i.e. PS(2), Modweb, Phyre2, CPHModels-3, and Swiss
Model were used to model 3D structures of the desired
protein. The stereochemical quality and validation of the
generated models were confirmed during the quality
check of model geometry using Ramachandran plot
(29,30), ProSA web-server (31), ERRAT (32), Verify3D (33),
and G-factor calculations in PROCHECK (34,35).

2.3 Ligand Library preparation for Virtual Screening

Library of Natural Compounds (43,458 compounds) was
downloaded from ZINC-12 database (https://zinc12.
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docking.org/browse/catalogs/natural-products) and
subjected to PyRX along-with two known LpxC inhibitors
[3P3 (N-[(1S,2R)-2-hydroxy-1-(hydroxycarbamoyl)
propyl]-4-(4-phenylbuta-1, 3-diyn-1-yl)benzamide) and
L53 (4-[4-(4-aminophenyl) buta-1, 3-diyn-1-yl]-N-[(2S,
35)-3-hydroxy-1-nitroso-1-oxobutan-2-yl] benzamide)]
for compound cleaning, energy minimization, and
conversion from ‘sdf’ to ‘pdbqt’ format for the purpose of
Virtual Screening applying protocol of auto-dock vina.
Known ligands were used as a benchmark and control for
validation of the docking protocol. This prepared library
was used to dock with the protein to get the best inhibitory
compounds based on binding energy for further analysis.
Maximum number of allocated degrees of freedom (DOF)
as allowed by autodock is 10 for each ligand. Therefore,
DOF are assigned automatically by the software according
to compound’s structure.

2.4 Molecular Docking

Initial blind docking of 43,458 compounds was performed
using PyRx with default settings. The 5 best scoring
compounds with lowest energy of binding or binding
affinity was extracted and aligned with receptor structure
for further analysis (subjected to AutoDock4). In order to
carry out the molecular docking, we used the AutoDock
4.0 suite (12). Intermediary steps, such as pdbqt files for
protein and ligands preparation and grid box creation
were completed using Graphical User Interface program
AutoDock Tools (ADT). ADT assigned polar hydrogens,
united atom Kollman charges, solvation parameters and
fragmental volumes to the protein. AutoDock saved the
prepared file in PDBQT format. AutoGrid was used for the
preparation of the grid map using a grid box. The grid size
was set to 62 x 70 x 88 xyz points with grid spacing of
0.375 A and grid centre was designated at X= 190.404, Y=
101.754,7Z=-0.753 dimensions.

A scoring grid is calculated from the ligand structures to
minimize the computation time. The Lamarckian Genetic
Algorithm (LGA) was chosen to search for the best
conformers. During the docking process, a maximum of
10 conformers was considered for each compound. The
population size was set to 150 and the individuals were
initialized randomly. Maximum number of energy
evaluation was set to 2500000, maximum number of
generations 27000, maximum number of top individuals
that automatically survived set to 1, mutation rate of 0.02,
and crossover rate of 0.8. Rest of the docking parameters
were set to be default with 10 LGA runs. During the
docking procedure, both the protein and ligands are
considered as rigid. The results less than 1.0 A in positional
root-mean square deviation (RMSD) was clustered
together and represented by the result with the most
favorable free energy of binding. The pose with lowest
energy of binding or binding affinity was extracted and
aligned with receptor structure for further analysis.
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2.5 Molecular Dynamics Simulations

The docked 5 complexes viz, LpxC_ZINC27215482,
LpxC_ZINC70707494, LpxC_ZINC70707502, LpxC_ZIN
C018754, and LpxC_ZINC02133485 were subjected to
molecular dynamics (MD) simulations to understand the
conformational and structural changes during protein-
ligand complex formation. Simulations also provide
information regarding the strength of the interaction and
also the binding partners took part in molecular bonding.
MD simulations were performed using YASARA, version
15.10.18 (36,37), with the AMBERO3 force field (38),
which is a balanced force field that works well with both
macro- and micro-molecules. The protein-ligand
complex was placed in a water box that is 10 A larger than
each side of the protein. Hydrogen atoms were added to
the protein structure at the appropriate ionizable groups
according to the computed pKa in relation to the
simulation pH, thus a hydrogen atom will be added if the
computed pKa is higher than the pH. The pKa is computed
for each residue according to the Ewald method (39,40).
The structure was then minimized using steepest-descent
method followed by simulated annealing. The simulation
was performed at pH 7.0 in a 0.9% NaCl solution at 300 K
temperature for 50 ns. A cut-off of 7.86 A was used for van
der Waals forces while Particle Mesh Ewald algorithm (41)
were used for electrostatic forces. A multiple time step of
1.25 and 2.5 fs was used for intra-molecular and inter-
molecular forces, respectively. All calculations were
conducted on an Intel Core i5 2.50 GHz with 4 GB of
RAM. Approximately, 4-5 ns/day of speed was obtained
using the said specifications.

3.

The selection of distant homologs of StLpxC protein was
performed using the web tool Protein Pathtracker (42),
which allows to track the evolutionary history of a query
protein by locating homologs in selected proteomes along
several evolutionary paths. Such sets of homologs are
often applied to investigate the function of a protein and
the degree to which experimental results can be
transferred from one organism to another.

Results & Discussion

Utilizing default settings, we found 2 ortholog sequences in
taxon Cellular Organisms, 10 orthologs in taxon
Viridiplantae, 5 orthologs in taxon Bacteria, and 2 orthologs
and 4 homologs in taxon Arthropoda. No sequences were
found in Primates and Fungi taxa. Results and figures are
provided in supplementary data Appendix 2.

Using FastaHerder2 (43), 241 similar sequences which are
very similar or identical to StLpxC were clustered and
aligned to make a small dataset of sequences which are
functionally and evolutionarily close to each other.
Weblogo 3 (44) was used to make the amino acid
propensity diagram of these 241 clustered LpxC protein
sequences (Fig. 2).
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Fig. 2: Amino acid propensity diagram of 241 clustered
sequences of LpxC (from residues 1 to 305 numbering
as of StLpxC) made by Weblogo 3 (44).

The numbering of figure starts and ends according to the
numbering of StLpxC. Colouring is set to be according to
the charge of the amino acids.

All the 241 sequences are provided (as fasta text) in the
supplementary data Appendix 1 in aligned format. Thirty
residues out of 305 are found to be identical in all the 241

sequences taken into consideration for propensity
match.

VaxiJen server (20) which was used for antigenicity
prediction gives overall protective antigen prediction
score of 0.4307 (data not shown) which tells that the
protein is a probable antigen. AllerTop server (21)
predicted our protein sequence as a probable non-
allergen.

3.1 Construction of S. typhi LpxC model structure

For modelling the LpxC structure, Uniprot sequence:
Q8Z9G5 was chosen as the target sequence. For the
construction of the protein, the Escherichia Coli Lpxc/lpc-
138 Complex 3D structure (PDB ID: 4MQY) was chosen as
a template. The 4MQY structure shared a sequence
identity of 98% with the target sequence. The sequence
alignment of the target to template sequence is shown in
supplementary data Appendix 3.

YASARA based MODELLERV.9.12 suite is used for model
creation along-with other web-based servers like (PS)2-
3.0, Modweb, Phyre2, CPHModels-3.0, and Swiss Model.
Parameters for the quality assessment of the generated
models are listed in Table 1. Ensuing comparison of the
model quality and stereochemistry guided the selection of
the best model. None of the web-based servers except
Swiss model supported the inclusion of Zn* cofactor. With
the PROCHECK statistics (92.3% residues in the core
favourable region), good ERRAT quality (93.266), Verify-
3D score of 100%, and RMSD of 0.375 A, model obtained
from MODELLER seems to be the most reliable and high-
quality representative 3D structure of StLpxC.

The knowledge-based energy graph calculated by ProSA
for the top modelled LpxC is provided in Fig. 3.

Table 1: Stereochemical evaluation parameters for StLpxC structure models
made by Modeller and different web servers.

Models PROCHECK ERRAT |Verify-3D [ProSA |YASARA
No. of non-glycine and non-proline residues | No. of | Residue | Bad G | Quality [ 3D-1D Z- RMSD
Most |Additionally[ Generously [ Dis- proline, | coverage | contacts | factor | factor [Scores>0.2| Score
H 0, 0y
favoured| allowed allowed |allowed glz'icm(:i (%) (%)
region region region region |3"¢ den
[ArBrl-] [albllrp] [Nar~br~|r~p] residues
YASARA 251 20 (7.4%) 1(0.4%) 0 33 305 3 0.12 | 93.266 100 -7.05 0.375
(92.3%)
(PS)2-3.0 254 17 (6.2%) 1(0.4%) 0 33 305 1 0.02 |82.8283]| 93.77 -7.07 0.123
(93.4%)
Modweb 252 15 (5.6%) 1(0.4%) 0 32 300 1 0.05 | 84.589 99.00 -7.11 0.125
(94.0%)
Phyre2 248 21 (7.7%) 2(0.7%) |1 (0.4%) 33 305 2 -0.05 |76.0943| 96.39 -7.16 0.147
(91.2%)
CPHModels-3.0 234 33(12.3%) 0 1(0.4%) 33 301 0 0.04 |87.6712] 99.67 -7.16 0.520
(87.3%)
Swiss Model 246 21 (7.8%) 1(0.4%) 0 36 304 1 -0.12 | 97.561 98.33 -6.94 0.063
(91.8%)
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Fig. 3: Knowledge-based energy profile of StLpxC obtained from ProSA-webserver. Black dot in the left image represents the
homology model. Middle graph represents the energy profile of the protein.Right image shows the Energy distribution
in the model according to the type of amino acids.

The graph shows local model quality by plotting energy as
a function of amino acid. As can be seen in the Fig. 3
(upper right), there are two types of lines: thick and thin.
The thick line represents the average energy over each 40
residue fragments while the thin line depicts window size
of 10 residues and be seen in the background of the graph.
In general, the positive values correspond to erroneous
part of the input structure. As can be seen in the graph,
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majority portion of the top modelled structure has negative
value and hence can be considered as the most
dependable model for the protein. Ramachandran Plot
(29,30,45) shows the assignment of amino acids on the
basis of phi-psi angles (Fig. 4). Number of residues fall in
favoured region are 297 (98.0%), Number of residues fall
in allowed region are 6 (2.0%). No outlier residues were
present in the model.
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Fig. 4: Ramachandran plot for StLpxC. Green cubes are
prolines, green and red triangles are glycine, red
circle is cysteine. Green circles are other amino

acids. Figure is obtained from DSVisualizer.

ModWeb and Swiss Model generated models were having
stereochemistry and quality comparable to that of
MODELLER model. However, incorporation of Zn* ion in
the structural model (LpxC is a zinc-dependent
metalloenzyme) was a feature supported by MODELLER
alone, thereby guiding the selection of the most
structurally relevant as well a good quality model. StLpxC
3D structure acquired in this study is having the same
typical Bl-o—o—B2 geometry of LpxC protein with
characteristic slight changes accordig to the sequence of
the protein.

3.2 Virtual Screening and molecular docking

Virtual screening and molecular docking was performed
with Autodock vina embedded in the PyRX (46,47). All
compounds were screened and out of them initial 20
compounds were selected which were subjected to
AutoDock 4 for site specific docking. This results in 5 most
preferred compounds viz. ZINC27215482, ZINC70707
494, ZINC70707502, ZINC018754, and ZINC02133485
(Table 2) which were selected on binding energy and
coefficient of inhibition parameters.

Polar and non-polar interactions (Table 3) were recorded
using DS visualizer (48). It is pretty clear that all the 5
selected natural compounds bind in the active site of the
protein and Zinc-metal is playing crucial role in stabilizing
the molecules in most of the cases. In ZINC70707494,
ZINC70707502, and ZINC02133485 ((2S)-2-[[2-[3-(4-
fluorophenyl)-5-methyl-7-oxofuro[3,2-glchromen-6-
yllacetyl]amino]-3-(5-hydroxy-1H-indol-3-yl)propanoic
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acid) zinc metal directly forms polar or non-polar
interaction. Leu-62, Phe-192, and Arg-196, His-238 also
plays role in binding the small molecule via bonded or
non-bonded interactions (Fig. 5).

3.3 Toxicity Prediction

Finalized 5 natural compound inhibitors are checked for
their toxicity using online tool named ProTox-Il (49). Table
4 shows the results for toxicity prediction which depicted
that compound ZINCO01875407 shows mutagenicity.
ZINC02133485 belongs to the class 6 of predicted toxicity
and found to be non-toxic out of all five ligands.

Toxicity table and radar chart are provided as supplemen-
tary data Appendix 4. In ProTox-1l (49) there are 6 classes
for toxicity (1 to 6) in which class 1 has LD50 => 5 whichis
fatal in nature on the other hand class 6 shows LD50 >
5000 which means compound is non-toxic.

3.4 Molecular Dynamics Simulations

Five protein-ligand complexes obtained from virtual
screening is subjected to molecular dynamics simulation
studies using mdrun macro of YASARA suite for 50ns time
frame. Fig. 6 demonstrates the difference between the
initial and final conformations of the protein-ligand
complexes before and after the MD simulation runs of
50ns each. Initial and final poses are aligned and
superimposed to understand the dynamicity of the
complex.

ZINC27215482-LpxC has an RMSD of 1.188 A over 300
aligned residues with 100.00% sequence identity.
ZINCO018754-LpxC has an RMSD of 1.253 A whereas
ZINC02133485-LpxC has an RMSD of 1.250 A. In the case
of ZINC70707494-LpxC the RMSD of initial to final
conformation is 1.288 A. On the other hand, ZINC
70707502-LpxC shows an RMSD of 1.293 A. Overall
RMSD for C-alpha atom and RMSF per residue based in all
five complexes are shown in Fig. 7.

Total 200 frames are captured in 50 ns run at a rate of one
frame per 250ps. LpxC-ZINCO018754 complex shows non-
equilibrated increasing RMSD after 100 frames up-to the
end of simulation. This suggested that maybe system is not
equilibrated enough to bring down the rmsd and stabilize
the protein-ligand complex and needs to be run with an
extended time-frame. All other complexes shows quite
equilibrated trajectories with one or two in-between
spikes of high energy. As shown in Fig. 7 (left panel), the
complex of ZINC02133485-LpxC showed a beautiful,
equilibrated trajectory symbolizes the stable conformation
and nice fit of ligand with the active site of the protein.

In ZINC70707502-LpxC complex area near residue
number 68-72 and 160-164 shows higher fluctuations.
Similar high fluctuating spikes can be observed in LpxC-
ZINC018754 complex in the block of 200-240 residue
numbers (Fig. 7 (right panel)). These fluctuations may
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Table 2: Physicochemical properties of the best five
inhibitory screened natural compounds.

Molecular No. of H- No. of H-
Name of the Natural .
S.No. C d Structure weight bond bond Log p
ompoun
(g/mol) donors acceptors
\W4
ZINC27215482  (CID:
1. | 92846501 [benzyl- 664.766 4 10 3.39
(benzyl-dioxo-
BLAHyl)BLAHdione]
ZINC70707494  (CID:
95374393) [4-[dioxo(p- o
2. tolyl)BLAHyI]-N-[(15)-1- TU \—N 582.704 2 7 7
methyl-3-phenyl- X NSO
propyllbenzamide] . L ' r
« ~D
ZINC70707502  (CID: D
95374395) [4-[dioxol(p- S
3. | lyDBLAHYIN-(R-T- | 7y 582.704 2 7 7
methyl-3-phenyl- o NS0
propyllbenzamide]
ZINC01875407  (CID: _p
1624198) [(6S,12a5)-2- Iy,
[2-(1H-indol-3-yl)ethyl]- E
4. 6-(3-nitrophenyl)- 4 519.561 2 9 4.36
6,7,12,12a-tetrahydro- N
3H-pyrazinol[1,2-b]$b- I /™
cal
ZINC02133485 (CID:
1788783) [(25)-2-[[2-[3-
(4-fluorophenyl)-7-keto- )
5. 5-methyl-furo(3,2- ;\‘ \ | ' 553.522 3 9 3.00
glchromen-6- J 1T T I
yllacetyl]lamino]-3-(5- g0 T :
hydroxy-1H]
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Table 3: Interactions table between Enzyme and inhibitors before and after MD simulations.
Binding affinity and inhibition constant for the respective
complexes after docking are also reported.

Interactions

Complex Binding Affinity Inhibition Before MD Simulation | After MD Simulation
(kcal/mol) Constant (nM)

Polar Non-Polar Polar Non-Polar

Asp-197, Phe-192,
Met-61, Leu-62, lle-159,
-10.3 26.67 Phe-192, Leu-18, Phe-194 Met-61,
Cys-63 Ala-215, Arg-196,
His-265 Asp-197

ZINC27215482 [benzyl-(benzyl-dioxo-
BLAHyI)BLAHdione]

His-265,
Lys-239,
Phe-192,
-8.51 579.45 Nil Leu-62,
Thr-60,
Met-61,
Asp-242

ZINC70707494 [4-[dioxo(p-toly)BLAHyI]-N-
[(1S)-1-methyl-3-phenyl-propyl]lbenzamide]

Leu-62,
Asp-242,
His-265,
-8.41 689.27 N/A Lys-239,
Phe-192,
Thr-60,

Met-61

ZINC70707502 [4-[dioxo(p-toly) BLAHyI]-N-
[(1R)-1-methyl-3-phenyl-propyl]benzamide]

lle-198,
Cys-207,
Cys-214,
ZINC01875407 [(6S,12aS)-2-[2-(1H-indol-3- Lys-239 Ala-215,

yDethyl]-6-(3-nitrophenyl)-6,7,12,12a- -9.27 161.51 |_>|/ 265’ Leu-18,
tetrahydro-3H-pyrazino[1,2-b]$b-cal - Leu-62,
Phe-192,
Asp-242,
Gly-264

Cys-207,
Gly-210,
ZINC02133485 [(25)-2-[[2-[3-(4- Asp-242 Leu-18,
fluorophenyl)-7-keto-5-methyl-furo(3,2- p " | Cys-214,
. -10.7 14.35 Phe-192,

glchromen-6-yl]acetyllamino]-3-(5-hydroxy- Leu-62,
1H] Lys-239 1 Aja-215,
Thr-191,
Cys-63

Leu-18,
Met-61,
Leu-62,
Cys-63 Phe-192,
Phe-194,
Cys-207,
Zinc-306

Table 4: Toxicity prediction results for the selected 5 natural compounds
as calculated using online tool ProTox-II (49).

Natural Compound Predicated LD50 (mg/kg) Predicted Toxicity class Average Similarity (%) Prediction accuracy (%)
ZINC27215482 28 2 61.22 68.07
ZINC70707494 650 4 64.74 68.07
ZINC70707502 650 4 64.74 68.07
ZINC01875407 700 4 69.87 68.07
ZINC02133485 8700 6 50.42 67.38
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Fig. 5: Interactions between Enzyme and 5 selected inhibitors before MD simulations (Left) and after MD simulations (Right).

55



Volume 3 Issue 2 2023 | ISSN 2583-4452 International Journal of Innovation and Multidisciplinary Research (I[IAMR)

Fig. 6: StLpxC conformations before (cyan) and after (magenta) 50 ns MD simulation run. Individual ligand conformations before
(blue) and after (red) MD run are shown on the side zoomed leaflets in all the 5 complexes. (A) ZINC27215482-LpxC,
(B) ZINC70707494-LpxC, (C) ZINC70707502-LpxC, (D) ZINCO1875407-LpxC, and (E) ZINC02133485-LpxC.
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Fig. 7: RMSD calculations in (A) for C-alpha atom of the protein-ligand complex in 50ns. 200 frames are observed (1 frame per
250ps) (left panel). RMSF is calculated per residue based to understand the level of fluctuations imparted during the MD simulation.
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Fig. 8: Energy plots for different energy contributors like Bond, Angle, Dihedral, Planarity, Coulomb, VdW to make up the total
potential energy of all the 5 different complexes. In most of them bond energy is totally
overlapped with the angle and planarity energies.

address an important event (in the form of ligand
interaction or a change in protein conformation) which
takes place. Different energy contributors like Bond,
Angle, Dihedral, Planarity, Coulomb, VdW to make up the
total potential energy (Fig. 8) is quite equilibrated and
normal during the whole 50ns course of simulation run.

4. Conclusion

Salmonella typhi, being the emerging opportunistic
pathogen needs a check on its virulence in an urgent
manner. Researchers throughout the world are working
continuously to address this issue and finding targets and
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drug molecules against the bacteria. This study is also a
small contribution in the same direction. Starting from
homology modelling of SiLpxC to the docking and
simulation of natural products ligands and till the prediction
of toxicity issues, this study provides us a novel leading
compound, ZINC02133485 (CID: 1788783) which
utilizing further wet-lab analysis and experimentation can
be developed in a potent LpxC inhibitor.
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