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ABSTRACT:Neisseria meningitidis is a Gram-negative bacterium causes life-threatening sepsis, meningitis and other
forms of meningococcal diseases. It initially produces symptoms like fatigue, fever, headache and can rapidly invades into
the blood stream causing a systemic infection, sepsis, disseminated intravascular coagulation, breakdown of circulation and
septic shock progress to neck stiffness, coma and even death. Multi drug resistance nature of N. meningitidis and vital
functioning in the pathogenesis of meningitis imposed as target for intervention in meningitis in the present study. Small
RNAs (sRNAs) are non-coding RNAs that regulate various metabolic activities by forming metabolic complexes in the
bacteria. Complete genome of N. meningitidis has 249 sRNAs. Among which 68 were enzymes. CMP-Nacetylneuraminate-beta-galactosamine-alpha-2,3-sialyltransferase (LST) was selected as target to design antagonist as it
plays a crucial role in cell wall synthesis, non-homologous to Homo sapiens and no alternative way to synthesize the
product. A grid of 10 x 10 x 10 Å was generated around CDP of the crystal structure of LST. Seven published inhibitors
were subjected to shape based similarity screening using PHASE v3.9 of Schrodinger-2015 against more than 1 million
compounds resulted LST inhibitors library with 3540 compounds. Multi-level rigid receptor docking was performed with
the library of inhibitors, which results 34 leads and were subjected to MM-GBSA calculations. 11 the best leads were
obtained by comparing the derived 34 leads with 7 published inhibitors. The best leads were further submitted to QPLD,
MM-GBSA calculations and ADME predictions. Lead1 showed the least docking score with lowest binding free energy (93.26 kcal/mol) and was subjected to IFD with MM-GBSA. MD simulations were performed up to 50 ns for lead1 dock
complex using Desmond v3.8 of Schrodinger-2015. The potential energy, root mean square deviation, root mean square
fluctuations and protein-lead1 interactions revealed the stability of the complex in physiological environment. The proposed
inhibitors would provide a frame work for development of therapeutics towards meningitis caused by N. meningitidis.
Keywords: Neisseria meningitidis, meningitis, sRNA, CMP-N-acetylneuraminate-beta-galactosamine-alpha-2,3sialyltransferase, docking, MM-GBSA, MD simulations.
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Introduction
Neustria
meningitides is
Gram-negative
aerobic,
diplococci, responsible for a variety of meningococcal
diseases like cerebrospinal fever, Septicaemia, life
threatening sepsis and bacterial meningitis. Annually, about
500,000 cases of meningococcal meningitis are reported
worldwide and while survivors may suffer from seizures,
hearing impairments and brain damage. It can cause severe
brain damage and too fatal in 50% of cases if untreated.
Meningococcal septicaemia typically causes a purpuric rash
this means that the condition may not be ignored [1]. N.
meningitidis MC58 serogroup B has attained greater
interest to researchers for developing effective vaccines and
drugs molecules. Herein, in silico analysis was carried out
to find 249 sRNAs from N. meningitidis. CMP-Nacetylneuraminate-beta-galactosamine-alpha-2,3
sialyltransferase (LST) is one of the sRNA candidates
which is non-homologous to humans and plays a crucial
role in oligosaccharide synthesis, cell wall synthesis and
also not having the alternative pathway leading to the rise
of meningitis symptoms.
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The KEGG analysis revealed that LST of N. meningitidis is
an important enzyme involved in oligosaccharide synthesis
and
cell
wall
synthesis
mechanism
[2].
Glycosyltransferase catalyze the transfer of activated
carbohydrate moieties from donor molecules to an acceptor
substrate may be as simple as a second monosaccharide.
The other organisms may have metal independent enzymes
and may utilize many other nucleotide sugar donors. Some
glycosyltransferases use lipid linked glycosyl donors,
frequently a terpenoid such as dolichol or polyprenol
therefore LST of Glycosyltransferase family-52 plays main
role in the N. meningitidis which involve in the bacterial
proliferation [3]. There are some known inhibitors of LST
such as penicillin, ceftriaxone, vancomycin, gentamicin,
chloramphenicol, rifampicin, ciprofloxacin, meropenem,
which are available in literature database, PubMed [4].
They are causing side effects like allergies and also have
poor pharmacological properties. Hence, an attempt was
made in the present study to design novel inhibitors using
computer aided drug design to LST of N. meningitidis
which is involved in synthesis of lipopolysaccharide
biosynthesis in outer membrane of cell wall. The method
begins with known ligands or inhibitors of a drug target to
find their structural analogs from large to small molecule
repositories followed by structural analysis, computational
docking and binding free energy calculations along with the
MD simulations. Existing treatment showing the multi-drug
resistance nature of the meningococcal strains N.
meningitides, we need the deeper understanding of the
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virulence factors hence, this project was selected and
further work was carried out through computational
approaches.

Material and Methods

A. Identification of unique sRNA in N. meningitidis:
The whole genome sequence of N. meningitidis was
retrieved from the National center for Biotechnology
information (NCBI). sRNAs are crucial role in regulating
various cellular processes of pathogenic organisms. The
genome of N. meningitidis was submitted to sRNAPredict
tool to predict the sRNA candidates [5].The sRNA
candidates were checked for non homology against Homo
sapiens using BLASTp analysis. The enzyme targets that
are non-homologous to Homo sapiens with <30% identity
[6], plays crucial role in essential metabolic pathways and
unique to the pathogen having no other alternative pathway
for biosynthesis of the product were considered as the
putative drug targets of N. meningitidis using Kyoto
Encyclopedia of Genes and Genome (KEGG) [7], [8].
Protein preparation and inhibitor binding site
prediction:
CMP-N-acetylneuraminate-beta-galactosamine-alpha-2,3sialyltransferase (LST) co-crystallized with inhibitor
cytosine 51 triphosphate (CDP), 2YK6 was selected as the
drug target and retrieved from protein data bank (PDB).
The protein was prepared by adjusting bond orders,
replacing missing sidechains and loops by Prime, optimized
by Epik and minimized with OPLS 2005. The inhibitor
binding site residues of LST were considered using
literature and lig-plot analysis [9]. A grid of 10 x 10 x 10 Å
was defined around the inhibitor binding site residues of
LST.
C.Virtual screening and docking
Eight existing published inhibitors of 2YK6 were searched
as query against 4.5 Lakhs small molecules of ASINEX
database through shape based similarity screening using
PHASE v3.9. Ligand preparation was done for the shape
screened hits using LigPrep v3.0 module of Schrödinger.
The Epik v2.8 was employed to enumerate tautomers
(10,000 for each ligand) and protonation states of ligands
[10]. Reactive filters and Lipinski’s filters were applied to
refine the generated tautomers using QikProp v3.6. All the
eight published inhibitors and the hits were docked within
the grid of LST using grid based ligand docking with
energetics (GLIDE) v6.3 [11]. Glide offers virtual
screening workflow or rigid receptor docking, that
implements three tier docking protocol such as high
throughput virtual screening (HTVS), standard precision
(SP) and extra precision (XP) docking methods respectively
[12]. As the binding free energy was more accurate to
define the binding affinity than the docking score, binding
free energy (ΔG) by MM-GBSA were calculated for the
ligand receptor dock complexes through Prime v3.6 [13].
Copyright-IJCSME

QikProp v3.6 was used to calculate ADME/T properties
(absorption, distribution, metabolism, excretion and
toxicity) for all the ligands employed in the virtual
screening workflow protocol. Qikprop is a quick and
accurately predicts physico-chemical significant descriptors
and pharmaceutically relevant properties of organic
molecules [14], [15]. The ADME/T properties of leads and
eight published inhibitors were considered and allow for
comparing with those of 95% known FDA approved drugs.
D. Molecular dynamicsimulations:
Molecular dynamics (MD) simulations of 50 ns for the best
dock complex was performed using Desmond v3.8
implemented in Schrödinger package 2014 [16]. The initial
steps of MD simulations were performed by applying
optimized potential liquid simulations (OPLS) 2005
molecular mechanics force field and the water molecules
were placed to the ligand-receptor complex with simple
point charge water model simulated through the multistep
MD protocols of Maestro v9.8 [17]. Briefly, full system
minimization with restraints on solute was performed for
maximum iterations of a hybrid of the sharpest lineage and
the limited memory Broyden-Fletcher-Gold farb-Shanno
(LBFGS) algorithms, with a merging threshold of 50.0
kcal/mol/Å2. Two similar minimizations without any
restraints were performed with a convergence threshold of
5.0 kcal/mol/Å2. The non-hydrogen solute atoms were
restrained in the NVT ensemble (constant number of atoms
N, volume V and temperature T) using 10 ps simulation
time and temperature of 10 K. Simulations restraining non
hydrogen’s solute atoms were performed in the NPT
ensemble (constant number of atoms N, pressure P and
temperature T) for 12 ps simulation time and temperature
of 10 K. Further, NPT ensemble for a simulation time of 24
ps was carried out with restraining all non-hydrogen solute
atoms at a temperature of 300 K and then the system is
carried for 50 ns MD simulations in NPT ensemble [18],
[19].

Results and Discussion

Prediction of unique sRNA in N. meningitidis:
The whole genome of Neisseria meningitidis has a size of
2.18 Mb with the GC content of 51.18% and contains 2,065
coding genes that encode 1,909 proteins. Small RNAs
(sRNAs) are non-coding genes that constitute large and
heterogeneous bacterial gene expression regulators.
sRNAPredict tool resulted 249 sRNA candidates, among
which 101 proteins, 62 hypothetical proteins, 10 trRNAs, 8
pseudo genes and 68 enzymes were defined. As enzymes
are known to be involved in crucial metabolic pathways of
pathogens and have definite site for inhibition, hence
enzymes were taken for further study. Among the 68
enzymes, LST was found to be non-homologous to Homo
sapiens, unique to the pathogen without any alternative
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pathway and also plays a crucial role in the cell wall
synthesis.
Thus
CMP-N-acetylneuraminate-betagalactosamine-alpha-2,3-sialyltransferase
(LST)
was
selected for designing novel antagonists to inhibit the
function of LST which further halts the propagation of N.
meningitidis.
Protein preparation and inhibitor binding site
prediction
The co-crystal structure of LST was retrieved from the
PDB, visualized by PDBsum and PyMOL, prepared and
minimized in the protein preparation wizard. The residues
such as Asp165, Gly-166,Thr-167, Ile-214, Phe-215, Lue234, Phe-235, Lue-254, Gly-255, Ala-278, Pro-279, His280, Pro-281, Val-298, Ser-322, Gly-323, Ala-324 and Thr327 were found to be present with in 4 Å region around the
CDP of LST. The carboxylate side chain of Glu-300 forms
a bidentate anchor to the C2 and C3 hydroxyl groups on the
ribose ring. The cytidine ring is sandwiched between the
alkyl side chains of Pro-281 and Ile-299 and held by two
hydrogen bonds from the backbone Fig. 1(A) [20]. The
important residues of LST like Ala-278, Arg-280, Ile-299,
Glu-300 and Gly-323 were targetted by generating grid for
ligand docking using glide.
Virtual screening and docking
Shape screening of eight published inhibitors of LST with
ASINEX database contributed 408 structural analogs.
LigPrep was employed to generate multiple conformations
from the published inhibitors and structural analog
molecules. The 408 conformations were passed through the
Lipinski’s filter, reactive filters and subsequently 387
ligands were obtained. The grid of LST and 387 ligands
were applied for three levels of docking (HTVS, SP and
XP) approaches. In high throughput virtual screening mode
(HTVS) 96 ligands were obtained, 46 ligands were
generated in standard precision (SP) docking and in extra
precision mode (XP) which is more accurate docking
method generated 34 ligands. Further, binding free energies
for LST dock complexes of 34 ligands and eight published
inhibitors were calculated for through Prime/MM-GBSA.
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Fig.1: Molecular interactions (A). LST-CDP (B). LSTlead1 docking
The results revealed that eleven leads possess better
docking scores (XPG) and binding free energies (∆G)
(TABLE Ι) with hydrogen bonds, van der Waals
interctionsand pharmocological properties in maintaining
the stability of the docking complex compared with the
eight published inhibitors of LST (TABLE .ΙΙ and ΙΙΙ).
Among the nineteen dock complexes, the complex with the
least glide and ∆G values signifies the stability and
spontaneous formation of LST-lead complex, therefore
lead1 possess the least XPG score of -13.18 kcal/mol and
the lowest binding free energy ∆G of -93.26 kcal/mol
towards LST of N. meningitidis. Lead1 exerts three
hydrogen bonds with LST in docking, one hydrogen bond
by the nitrogen group of indole moiety with the backbone
of Ile-299 and two hydrogen bonds by the amine groups of
propanamide moiety with the sidechain atoms of Glu300.The inhibitor binding site residues Leu-254, Pro-279,
His-280, Pro-281, Val-298, Ser-322 and Ala-324 of LST
were also well contributed van der Waals interactions
within 4 Å region of lead1 Fig. 1(B).
TABLE 1: XPG AND ∆G SCORES OF LEADS AND
PUBLISHED INHIBITORS
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TABLE 2: ADME/T PROPERTIES OF 11 LEADS

The inhibitor binding site residues of LST showed
interactions with lead1 during 10,416 trajectories of 50 ns
MD simulations. The atoms of key catalytic residue, Glu300 sidechain were involved in hydrogen bond formation in
88% trajectories and the backbone atom was involved in
water mediated hydrogen bond in 78% trajectories with
lead1 Fig. 2(B). The potential energy plot showed that the
energy of the LST-lead1 complex was consistent during 50
ns MD simulations run with an overall average energy of 206360.16kcal/mol Fig. 2(C). The catalytic residues of LST
such as Ile-299, Glu-300 are interacting with lead1.
Thereby blocking of these residues will further hinder the
synthesis of LOS involved in lipopolysaccharides (LPS).
The inhibitor binding site residues in LST-CDP ligplot,
Leu-254, Ala-278, Pro-279, His-280, Pro-281, Arg-282,
Val-298, Ser-322, Gly-323 and Ala-324 were observed in
the LST-lead1 complex during 50 ns MD simulations Fig.
2(A).

TABLE 3: ADME/T PROPERTIES OF PUBLISHED
INHIBITORS

Fig.2: 50 ns molecular dynamics simulations of LST-lead1 (A). Lead1
interactions (B). Lead1 contacts (C). Energy plot

Molecular dynamics simulations
Copyright-IJCSME

The interactions fractions of the LST-lead1 complex in 50
ns MD simulations revealed the lowest potential energy,
root mean square deviations and root mean square
fluctuations to maintain the stability of the complex during
physiological conditions. The bacterial outer membrane is
found in Gram-negative bacteria and its composition is
distinct from that of the inner cytoplasmic cell membrane.
The outer leaflet of the outer membraneofN.
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meningitidesacts asendotoxinsand is responsible forseptic
shockand hemorrhage due to the destruction of red blood
cells.The
polysaccharidecapsulewhich
prevents
hostphagocytosis aid in evasion of the host immune
response and fimbriaemediates attachment of the pathogen
to theepithelial cellsof the nasopharynx thus inducing the
infection. The LPS transport machinery is composed of
LptA, LptB, LptC, LptD, LptE and were organized by LPS
assembly pathway. The depletion of any one of these
enzyme blocks the ordered LPS assemblypathway and
results with the defects in outer membrane biogenesis. Thus
results from virtual screening, docking and dynamics
studies infers that, the proposed inhibitors hinders the
organized LPS assembly pathway, in turn blocks the
bacterial cell wall synthesis that is necessary for the
survival of the pathogen. Thus by hindering the cell wall
synthesis, proliferation and multiplication of the N.
meningitidescan be reduced by treating with the proposed
leads against bacterial meningitis.

Conclusion

The study on LST of Neisseria meningitides
involves proteomic analysis and followed by in silico
approach to find out the more potential inhibitors to block
its pathogenic activity. The proteomic analysis of LST
revealed the crucial residues for targeting the functionality
of the enzyme and the rational drug designing approach
was employed by virtual screening, molecular docking and
molecular dynamics simulations. Upon virtual screening
and docking, eleven leads with LST possess better binding
free energies compared to the existing eight inhibitors of
LST were proposed as potential inhibitors. Among them,
lead1 showed the best binding free energy ∆G score of 93.26 kcal/mol and binding orientation by forming
hydrogen bonds, van der Waal interactions and good
pharmacological properties as par with 95% of the FDA
approved drug molecules to block the functional activity of
LST by blocking the cell wall synthesis mechanism in N.
meningitides and further decreases the proliferation of
pathogen causing meningitis. The potential energy and
LST-lead1 interactions also revealed the stability of the
complex in 50 ns MD simulations. Therefore, lead1 might
be a potent antagonist against LST, an essential enzyme for
cell wall biosynthesis and it was targeted to arrest various
life threatening diseases like meningitis and sepsis induced
by N. meningitides.
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