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1. INTRODUCTION

Tuberculosis is a major cause of illness and death worldwide, each year 8 million new cases
appear and 2 million people die of TB.!! Mycobacterium tuberculosis (MTB) is the causative
agent of TB. The existing drugs, although of immense value in controlling the disease to the
extent that is being done today, have limitations in treating drug-resistant TB. Besides high
level of adverse effect of the existing drugs (eg. Rifampicin ) their inability to act upon latent

form of bacillus limits their use. This limitation has led the chemists to search new drugs.

Computer aided drug discovery has simplified and accelerated the research; computer aided

analysis of metabolic network has provided insight into an organism’s ability to grow under
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specific conditions. The metabolic network analyses can be used to identify organism specific
essential genes by predicting the attentions of microbial growth of specific deletion
mutants.**!

Antibacterials are inhibitors of certain bacterial enzymes, all enzymes specific to bacteria can
be considered as drug targets.!®) Metabolic genes that are essential for pathogen growth but
are not present in humans constitute actual and potential drug targets. Amir et al® have
identified five unique metabolic pathways in M tuberculosis C-5 branched dibasic acid
metabolism, carbon fixation pathway in prokaryotes, methane metabolism,
lipopolysaccharide bio synthesis and peptidoglycan biosynthesis; 55 enzymes out of 60
(except sl. nos. 21,22,49, 52, & 60) mentioned in Table-1were found essential for M.

Tuberculosis life cycle.

Table 1
S. no. | Entry no. | Protein name Essential
enzyme

1 Rv1820 | Acetolactate synthase Yes
2 Rv0951 | Succinyl-CoA synthetase subunit beta Yes
3 Rv2987c | Isopropylmalate isomerase small subunit Yes
4 Rv1475c | Aconitate hydratase (EC: 4.2.1.3) Yes
5 Rv0066¢ | Isocitrate dehydrogenase (EC: 1.1.1.42) Yes
5 Rv2454c 12-207xg)glutarate ferredoxin oxidoreductase subunit beta (EC: Yes
7 Rv1240 | Malate dehydrogenase (EC: 1.1.1.37) Yes
8 Rv1098c | Fumarate hydratase (EC: 4.2.1.2) Yes

Rv0247c | Fumarate reductase iron-sulfur subunit (EC: 1.3.99.1) Yes

Bifunctional 5,10-methylene-tetrahydrofolate dehydrogenase/5,10-
10 Rv3356c methylene-tetrahydrofolate Cyclohydrolase (EC: 1.5.1.5 3.5.4.9) Yes
11 Rv0951 | Succinyl-CoA synthetase subunit beta (EC: 6.2.1.5) Yes
Putative acetyl-coenzyme A carboxylase carboxyl transferase
12| RVO04C | & it beta (EC: 6.4.1.2) Yes
13 RV0973c Qgeétlyﬂ)proplonyl-coenzyme A carboxylase subunit alpha (EC: Yes
14 Rv1492 | Methylmalonyl-CoA mutase small subunit (EC: 5.4.99.2) Yes
15 Rv3667 | Acetyl-CoA synthetase (EC: 6.2.1.1) Yes
16 Rv0409 | Acetate kinase (EC: 2.7.2.1) Yes
17 Rv0408 | Phosphate acetyltransferase (EC: 2.3.1.8) Yes
18 Rv0243 | Acetyl-CoA acetyltransferase (EC: 2.3.1.9) Yes
19 Rv0860 | Fatty oxidation protein FadB Yes
20 Rv3667 | Acetyl-CoA synthetase (EC: 6.2.1.1) Yes
21 Rv0373c | Carbon monoxyde dehydrogenase large subunit (EC: 1.2.99.2) No
22 Rv2900c | Formate dehydrogenase H (EC: 1.2.1.2) No
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23 Rv1023 | Phosphopyruvate hydratase (EC: 4.2.1.11) Yes
24 Rv1240 | Malate dehydrogenase (EC: 1.1.1.37) Yes
25 Rv0070c | Serine hydroxymethyltransferase (EC: 2.1.2.1) Yes
26 Rv2205c | Hypothetical protein Yes
Zinc-containing alcohol dehydrogenase NAD dependent AdhB
27 Rv0761c (EC-1.1.1.1) Yes
28 Rv0489 | Phosphoglyceromutase (EC: 5.4.2.1) Yes
29 Rv0363c | Fructose-bisphosphate aldolase (EC: 4.1.2.13) Yes
30 Rv2029c | Phosphofructokinase PfkB (phosphohexokinase) (EC: 2.7.1.—) Yes
31 Rv1908c | Catalase-peroxidase-peroxynitritase T KatG (EC: 1.11.1.6) Yes
32 Rv0070c | Serine hydroxymethyltransferase (EC: 2.1.2.1) Yes
33 Rv0728c | D-3-phosphoglycerate dehydrogenase (EC: 1.1.1.95) Yes
34 Rv0505c | Phosphoserine phosphatase (EC: 3.1.3.3) Yes
35 Rv0884c | Phosphoserine aminotransferase (EC: 2.6.1.52) Yes
36 Rv0409 | Acetate kinase (EC: 2.7.2.1) Yes
37 Rv0408 | Phosphate acetyltransferase (EC: 2.3.1.8) Yes
38 Rv3667 | Acetyl-CoA synthetase (EC: 6.2.1.1) Yes
39 Rv2611c | Lipid A biosynthesis lauroyl acyltransferase (EC: 2.3.1. —) Yes
40 RVO114 D_-alﬁr;a,beta—D-heptose-l,?-blphosphate phosphatase (EC: 2. — Yes
41 Rv0113 | Phosphoheptose isomerase (EC: 5.———) Yes
42 RV1315 ;JE)E-I?\I)-acetylglucosamme 1-carboxyvinyltransferase (EC: Yes
43 RV0482 UDP-N-acetylenolpyruvoylglucosamine reductase (EC: Yes
1.1.1.158)
44 Rv2152c | UDP-N-acetylmuramate-L-alanine ligase (EC: 6.3.2.8) Yes
45 RV2155¢ (LSJ?;-gN)-acetylmuramoyl-L-aIanyI-D-qutamate synthetase (EC: Yes
16 RV2157¢ UDP-N-acetyImuramoylalanyl-D-gIutamyl-2,6-d|am|nop|melate-
D-alanyl-D-alanyl ligase MurF
47 Rv2156¢ ;r;o;pg))-N-acetylmuramoyl-pentapeptlde-transferase (EC: Yes
Undecaprenyldiphospho-muramoylpentapeptide beta-N-
48 Rv2153c acetylglucosaminyltransferase (EC: 2.4.1.227) Yes
49 Rv2911 | D-alanyl-D-alanine carboxypeptidase (EC: 3.4.16.4) No
50 Rv2981c | D-alanyl-alanine synthetase A (EC: 6.3.2.4) Yes
51 Rv2136¢ | Undecaprenyl pyrophosphate phosphatase (EC: 3.6.1.27) Yes
52 Rv2911 D-alanyl-D-alanine carboxypeptidase (EC: 3.4.16.4) No
UDP-N-acetylmuramoylalanyl-D-glutamate-2,6-diaminopimelate
53 | RV2158C | |iace (EC: 6.3.2.13) Yes
54 RV2157¢ UDP-N-acetyImuramoylaIanyI-D-qutamyI-Z,6-d|am|nop|melate- Yes
D-alanyl-D-alanyl ligase MurF
55 RvV2156¢ 2P;lc:gsmig())-N-acetylmuramoyl-pentapeptlde-transferase (EC: Yes
56 Rv2153c | Undecaprenyldiphospho-muramoylpentapeptide
beta-N-acetylglucosaminyltransferase (EC: 2.4.1.227) Yes
57 Rv3910 | Transmembrane protein Yes
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58 Rv0016¢c | Penicillin-binding protein PbpA Yes

59 Rv2163c | Penicillin-binding membrane protein PbpB Yes

60 Rv2911 | D-alanyl-D-alanine carboxypeptidase (EC: 3.4.16.4) No
These targets are potential targets for rational drug design.

In this work we have chosen the enzyme n-acetyl glucosamine-1-carboxy transferase, alias
murA as the target. This enzyme transfers carboxyvinyl group and catalyzes the first
committed step in the biosynthesis of bacterial cell wall peptidoglycan. Its other biological

functions include cell shape, etc.

The crystal structure of udp-n- n-acetyl glucosamine-1-carboxy transferase murA chain (syn:
enoylpyruvate transferase,) obtained from the organism taxid:550 expressed in Escherichia
coli (expression system taxid :562) was established in the year 2000 by Schonbrumm et al.[”
The resolution was 1.70A R factor 0.180 and R free 0.210. The PDB Id is 1IEYN.The

structure is co-crystallized with -8-anilino-1-naphthalene sulfonate (ANS).

In continuation of our work!®*!J pertaining to our molecular docking studies for identification
of potentially effective cheap antibiotics!® and anti HIV drugs,®®* in this paper we report
the results of molecular docking studies of some natural occurring chromene derivatives on
target proteins designated by PDB 1EYN.

Chromene (Benzopyran) is one of the privileged medicinal pharmacophore which appears as
an important structural component in natural compounds and generated great attention
because of their interesting biological activity. It is a heterocyclic ring system consisting of a
benzene ring fused to a pyran ring. Chromene constitute the basic backbone of various types
of polyphenols and widely found in natural alkaloids, tocopherols, flavonoids, and
anthocyanins.* It is known that certain natural and synthetic chromene derivatives possess
important  biological activities such as antitumor, antivascular,™® antimicrobial,™
antioxidant,*® TNF-a inhibitor,*® antifungal,*”! anticoagulant, antispasmolytic,
estrogenic,*® antiviral,™ anti-helminthic, anticancer,®” anti-HIV,*" antitubercular,'* anti-
inflammatory,?? herbicidal, analgesic and anticonvulsant™® activity. A key feature is that the
lipophilic nature of the benzopyran derivatives helps to cross the cell membrane easily."
Among the all heterocyclic compounds, oxygen heterocycles are special because of their
wide occurrence and broad pharmaceutical significance. The druggability of these

compounds having good docking scores is also being reported.
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2. MATERIAL AND METHODS

The molecular docking studies were carried out on glide 5.0 platform of Schrodinger 2012
software. The druggability was also studied with the help of quick prop program of the same
software.LD50, LC50 and EC50 and ADMET plot have been computed from Accelrys
Discovery Studio Client 2.5. The target protein 1EYN was downloaded from the site
RCSB.org. The general description of target proteins have been described below:-
1EYN: This target protein was isolated from Enterobacter cloacae micro-organism. The
crystal structure of 1EYN having structure weight 45313.33 was determined by Schonbrunn
E, Eschenburg S, Luger K, Kabsch W, Amrhein N using X-ray diffraction at a resolution of

1.7 A.The molecule is monomeric.

Computational studies

The molecular docking studies were done on the protein 1IEYN by downloading it on the
glide software of Schrodinger 2012. The validation of the docking protocol was carried out
by removing the co-crystallized originally docked molecule from the binding site and re-
docking it to the IEYN. We found very good agreement between the localization of the

inhibitor LEYN upon docking and from crystal structure.

Protein preparation: The downloaded protein had some problems, so preparation of protein
was needed before docking. This was done in the protein preparation wizard from the

workflow menu following the method prescribed by Schrodinger 2012 user manual.

Ligand Preparation: The initial structures of all the ligands were drawn with Chem-Draw
ultra 8.0 and the structures were optimized on Chem3D ultra 8.0. The saved mol files of these
structures were imported and prepared by the method prescribed in the manual of the Maestro
9.3 of Schrodinger 2012 version software and these prepared molecules were finally docked

with the two desired target proteins.

Receptor Grid Generation
Receptor grid of the prepared 1EYN protein were generated before docking following the

prescribed method.

The docking of the ligands to the generated receptor grid was carried out without imposing
any constraint. The docking pose, binding energy and details of other interactions including

the ligand interaction diagram, were visualized on the monitor.
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The drug properties were determined on the quick prop protocol of the same software.

3. RESULTS AND DISCUSSION

The results of molecular docking, LD50,LC50 and EC50 of originally co-crystallized ligand
8-(phenylamino)naphthalene-1-sulfonate (I), and some chromenes derivatives 5,7-dihydroxy-
6-(((3R,4S,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)-4H-
chromen-4-one (m, 5,7-dihydroxy-2-phenyl-6-(((3R,4S,5S,6R)-3,4,5-trihydroxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)-4H-chromen-4-one (l11), 5,7-dihydroxy-2-
(4-hydroxyphenyl)-3-(((3R,4S,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-
pyran-2-yl)oxy)-4H-chromen-4-one(Kaempferol-3-O-glucoside),(1V), (2R,3R)-2-(3,4-
dihydroxy phenyl)chromane-3,5,7-triol (V), 6-(4-hydroxybenzoyl)-2-(trifluoromethyl)-2H-
chromene-3-carboxylic  acid,(VI1),  6-chloro-7-(4-nitrophenoxy)-2-(trifluoromethyl)-2H-
chromene-3-carboxylic acid, (VII), 5,6,7-trihydroxy-4H-chromen-4-one,(VIII), and 2-(3,4-
dihydroxyphenyl)-4H-benzo[g]chromene-3,4,8,9-tetraol,(IX)with the target proteins IEYN
appear in Table2 and 3 respectively. The drug candidate (I11) has exhibited docking score
(7.10) than originally docked ligand (I). From the Table2 it is clear that drug candidate ((I1) is
the best with docking score of -8.12 with the target proteins. 8-(phenylamino) naphthalene-1-
sulfonate (originally docked ligand)(l) held through hydrogen bonding with ARG 91 amino
acids of the protein. The virtual drug candidate (I1) having highest docking score is also held
through hydrogen bonding with amino acid ARG91 and showing similar docking parameters.
The other drug candidates also show similarities in the interactions with the amino acids are

remarkable. The conformational pose of the highest docking scorer (11) appears in the fig1l.

The results of toxicity study namely LC50, LD50 and EC50 appear in Table-3. It is apparent
that all the drug candidates have virtually lower toxicity.

The druggability of (), (1), (111), (IV), (V), (VI), (VII), (V1) and (1X), have been computed
by quick prop program and the reports appear in the Table4. From the perusal of Table-4 it is
clear that all these compounds are good drug candidates. There similarities with other drugs
have been tabulated in Table5. The interaction diagram of all the investigated chromenes
derivatives along with the re-docked co-crystallized ligand with the proteins 1EYN have been
shown in Table 2. Drugs most similar to highest docking score of originally docked ligand

and chromene derivatives have been summarized in Table 4.
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Table 2. Docking score and interaction diagram of originally re-docked ligand and

chromene derivative

Ligands Docking Interaction diagram
Score
O\ /o
8-(phenylamino)naphthalene-1- 125 o7 '1“;‘3
.. H
sulfonate (originally docked N O
. -6.1 PRO _ MET
ligand) 121 90
Q) L¥S
5,7-dihydroxy-6-(((3R,4S,5S,6R)- h 5
3,4,5-trihydroxy-6- o
(hydroxymethyl)tetrahydro-2H- -8.12
pyran-2-yl)oxy)-4H-chromen-4- 3 TR
one (I1) - ©
111 SQEgR HO o
o, e
< S
5,7-dihydroxy-2-phenyl-6- c
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Table 3 Results of LD50, LC50, EC50 and ADMET plots of originally co-crystallized

ligand and chromene derivative.
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Table 4. Drugs most similar to highest docking score of originally docked ligand and chromene derivatives

Drug candidates Most Similar drug | Structure % similarity | Used as
8-(phenylamino)naphthalene-1-sulfonate
(originally docked ligand) (1) -
Florantyrone 92.88 Jreat.mer!t of biliary
yskinesia
5,7-dihydroxy-6-(((3R,4S,5S,6R)-3,4,5-
sy uismabyetatyie st
(1) Valganciclovir 74.42 cytomegalovirus infecti
ons.
5,7-dihydroxy-2-phenyl-6-
(((3R,4S,5S,6R)-3,4,5-trihydroxy-6- - anthracycline antileuke
(hydroxymethyl)tetrahydro-2H-pyran-2- Idarubicin 7517 mic drug.
yl)oxy)-4H-chromen-4-one, (111)
5,7-dihydroxy-2-(4-hydroxyphenyl)-3-
(((3R,4S,55,6R)-3,4,5-trihydroxy-6- anthracycline antileuke
(hydroxymethyl)tetrahydro-2H-pyran-2- | Idarubicin 71.31 Y

yl)oxy)-4H-chromen-4-one(Kaempferol-
3-O-glucoside), (1V)

mic drug.
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(2R,3R)-2-(3,4-

treatment of mental

benzo[g]chromene-3,4,8,9-tetraol, (IX)

ceiling diuretic agent

dihydroxyphenyl)chromane-3,5,7-triol Papaveroline - 85.23 disorders
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Figure 1. Orientation of selected highest docking scorer chromene derivative (black color)

Table 5 QikProp properties of originally docked ligand and chromene derivative.

| T I W Y, Vi Vil VIIT IX
\S/’\‘/’(:‘Igf] t Molecular 299.344 | 356.285 | 432.383 | 448.382 | 290.272 | 364.277 | 415709 | 194.143 | 354315 | (130.0/725.0)
Solute Total
SASA 498.27 | 520.205 | 653.684 | 640.567 | 510.995 | 571.845 | 589.01 | 357.063 | 584.89 | (300.0/1000.0)
gﬂgf Hydrophobic 0 118.982 | 90.295 | 95855 | 6500 | 17.08 | 12.526 0 36.293 ( 0.0/750.0)
gg'gf Hydrophilic 110.298 | 247.282 | 274.152 | 319.162 | 238.488 | 190.504 | 194.555 | 186.628 | 273.244 | ( 7.0/330.0)
g&'g;e Carbon Pi 386.501 | 153.941 | 289.237 | 225.551 | 207.417 | 267.393 | 237.676 | 170.435 | 275.354 |  ( 0.0/450.0)
gg'gfg Weakly Polar |4 345 0 0 0 0 96.779 | 144253 | 0 0 ( 0.0/175.0)
Solute  Molecular 875.152 | 93586 | 1180.616 | 1187.228 | 867.034 | 995.686 | 1036.557 | 569.876 | 1013.047 | (500.0/2000.0)
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Volume (A"3)
(SSS'“A“;' vdWPolarSA | 6175 | 165.453 | 171.099 | 185.801 | 114.873 | 103.898 | 109.976 | 98.888 | 140.627 | ( 7.0/200.0)
Solute No. of Rotatable 4 9 9 10 5 4 4 3 5 ( 0.0/ 15.0)
Bonds
Solute as Donor -
Hydrogen Bonds 2 5 5 6 5 2 1 2 5 ( 0.0/ 6.0)
Solute as Acceptor - 4.5 1225 | 12.25 13 5.45 5.75 4.5 3.75 7.45 ( 2.0/ 20.0)
Hydrogen Bonds
Solute Globularity 0888 | 0.889 | 0826 | 0846 | 0861 | 0843 | 0841 | 0931 | 0834 ( 0.75/ 0.95)
(Sphere = 1)
Predictions for Properties:
QP Polarizability 29.993M | 26.990M | 38.078M | 37.092M | 27.315M | 33.679M | 35.030M | 16.354 | 33.807M | ( 13.0/ 70.0)
(Angstroms”3)
QP log P for 10.430M | 11.023M | 14.291M | 14.456M | 10.523M | 10.498M | 10.765M | 6.719 |12.592M |  ( 4.0/ 18.0)
hexadecane/gas
QP log P for octanol/gas | 15.670M | 23.369M | 27.603M | 29.595M | 19.669M | 18.884M | 17.931M | 11.461 | 23.876M | ( 8.0/ 35.0)
QP log P for water/gas | 10.778M | 21.104M | 22.528M | 24.352M | 15.570M | 11.955M | 9.142M | 8.968 | 18.417M | ( 4.0/ 45.0)
QP log P for 2.99 126 | -0.168 | -0.829 | 0448 | 2901 | 3903 | 0154 | 0471 ( 20/ 65)
octanol/water
S)Fl’u'gi?itsy for aqueous 3132 | -1451 | -2.906 | -2.481 | -2.609 | -4432 | -5362 | -1213 | -3.425 ( 65/ 0.5)
QP log S - conformation 4411 | 2449 | -4092 | -4066 | -3474 | -5172 | -6.768 | -2.314 | -4.334 ( 65/ 0.5)
independent
QP log K hsa Serum 0192 | -0964 | -072 | -079 | -0425 | -0113 | 0239 | -0584 | -0.335 (-15/ 15)
Protein Binding
QP log BB for 0607 | -2.063 | -2.655 | -3.009 | -1.885 | -1.227 | -1.158 | -1.053 | -2.357 (-30/ 1.2)
brain/blood
No. of Primary Metabolites 2 6 6 7 7 2 2 3 6 ( 1.0/ 8.0)
Predicted CNS Activity (-- i _ _ _ . . . _ _
to ++)
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HERG K+ Channel -338 | -4055 | 572 | 5092 | -4778 | -3536 | -3432 | -3.462 | -5531 | (concernbelow -
Blockage: log IC50

Apparent Caco-2 225 44 24 9 54 39 35 168 25 (<25 poor, >500
Permeability (nm/sec)

Apparent MDCK 128 17 oM 3M 21 64 106 72 9 (<25 poor, >500
Permeability (nm/sec)

QP log Kp for skin 1806 | -4671 | -4.689 | -5647 | -4704 | -3.706 | -3.884 | -4071 | -5.105 (Kp in cm/hr)
permeability

Jm, max transdermal 3453 | 0269 | 0011 | 0003 | 0014 | 0003 0 101 | 0001 | (microgramsicmA2
transport rate

L|_p|ns_k| Rule of 5 0 1 1 2 0 0 0 0 0 (maximum is 4)
Violations

Jo_rgen_sen Rule of 3 0 0 0 2 1 0 0 0 0 (maximum is 3)
Violations

% Human Oral Absorption % j

in Gl (+.20%) 87 36 38 14 61 72 78 68 55 (<25% is poor)
Qual. Model for Human | gy | Medium | Medium | Medium | Medium | HIGH | HIGH | Medium | Medium |  (>80% is high)
Oral Absorption
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CONCLUSIONS

The main purpose of this study was to search (In-Silico) some potentially cheap and naturally
occurring effective antibiotics for tuberculosis. Some readily accessible chromenes
derivatives have been found in this study to be virtually more active and less toxic when the
molecular docking studies were carried out against proteins with PDB ID IEYN. In-silico-
study have shown that it has good resemblance with originally co-crystallized ligand 8-
(phenylamino) naphthalene-1-sulfonate in binding energy and the interaction pattern with
amino acids in the cavity of the protein IEYN. Some of the chromenes derivatives show
higher docking value comparable to originally docked ligand. The quick prop program
predicts that it can be used as a drug candidate. Further work pertaining to experimental
verification of these predictions may be carried out in the laboratories which have the
adequate facilities.
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