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ABSTRACT

Lymphatic filariasisis caused by the infection with Wuchereria bancrofti,
Brugia malayi and B.timori, parasitic filarial nematodes transmitted by
mosquito vectors. Currently the drug available for the treatment of filari-
asis, Diethylcarbamazine (DEC) iseffectiveonly against microfilariae. Three
dimensional structure of the filarial drug target Glutathione S-transferase
of Whbancrofti (WbGST) wasretrieved from the Protein databank and used
asthe biological receptor for macrofilaricidal drug development based on
SBDD. Active sites of target protein woGST were mapped using acompu-
tational tool PASS and the binding pockets using program CASTp. Plum-
bagin, macrofilaricidal lead moleculeidentified by VCRC was selected as
the seed structure for NCI database search. Preliminary database search
resulted in 100 hits. The hitsfrom NCI database were docked with 1SFM,
thetarget enzyme using the program Autodock 3.0.5 and fromthe resulting
conformations, top 21 conformationswere sel ected based on their Binding
Energy values. The binding energies of thetop 21 ligandsvariesfrom-8.36
t0-6.02 Kcal/mol. The physicochemical propertiesinfluencing the pharma-
cokinetic properties of the drug molecules namely log P, molecular volume,
polar surface area and hydrogen bond donor/acceptor properties were
calculated for thetop 21 hitsand their ADME violation has been generated
fromtheir 2D structuresusing TSAR 3.3.
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1.INTRODUCTION

Filariasi s contributesthe highest morbidity of hu-
man popul ation of many tropical and subtropica coun-
triesof theworld*2. Lymphaticfilariasisisacomplex
disease caused by parasitic nematodes. Three species
of filariae, Wuchereria bancrofti, Brugia malayi, and
Brugiatimori areresponsiblefor human lymphatic fi-
lariasis, which can lead to such conditions as € ephan-
tiassandtropica pulmonary eosinophilia.

Thesuccessful treetment of filariasisisnot possible
because of the non-availability of macrofilaricidal
drugs*. Theage-old drug diethyl carbamazine (DEC)
continuesto bethemainstay of clinical practicedespite
itswell-known deficiencies*®. lvermectin, asemisyn-
thetic macrocycliclactoneantibiotic, may takeanim-
pact asmicrofilaricidefor onchocerciasisbut it did not
irreversbly damagetheadult filarid wormg®l. Although
organic arsenica compounds havelong beenknown as
good macrofilaricides”, their potential toxicity tothe
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host hasprevented ther deve opment asuseful antifilaria
drugs. Besides these antifilarials, a number of
phenoxycyclohexane derivatives®, 2,4,6-substituted
triazines¥, 5-amino and 5,8-diaminoisoquinolines™
aplysinoposin derivatives and 1,10-dicyano-2- sub-
dtituted ethylened'@ wereidentified aspotentid filaricides
but most of the compounds exhibited very poor
adultiadd response Benzimidazolegroup of anthdmintics
exhibit high order of activity againg intestind helminths
but have not found application for thetreatment of tis-
suedwe ling he minthes**4, Therefore, theneed arose
to identify structural prototypes associated with
mecrofilaricidd activity.

Henceitisimperativetoidentify thekey enzymes
and biochemical pathways which are pivotal to the
paragite’s survival in the host’s hostile environment, in-
cudingther oxidativestressesandimmuneresponses™.
These enzymes should provide excellent biochemical
targetsfor devel oping effective chemotherapiesand
vaccines!®1, Onesuch enzymeisGlutathione Strans-
ferasd®, whichisinvolved in xenobiotic metabolism,
intracellular binding, and biosynthesisof endogenous
substrates such as prostaglandins and | eukotrienes®®
21, GSTsmay potentially favour parasite survival by
neutralizing thetoxins acting against them and may re-
pair host-induced damage'??. Because GSTsare ma-
jor detoxifying enzymesin he minthes, they may beable
to scavengethe products of lipid peroxidation and to
metabolizetoxicproducts, indudinganthemintics These
biological functions make GSTsmol ecular targetsfor
new antifilaria drugg™.

Theapplication of computationa methodsto study
theformation of intermol ecular complexeshasbeenthe
subject of intensiveresearch during thelast decade. It
iswiddy accepted that drug activity isobtained through
themolecular binding of one molecule (theligand) to
the pocket of another, usudly larger, molecule (there-
ceptor), whichiscommonly aprotein. Intheir binding
conformations, the molecules exhibit geometric and
chemica complementarity, both of which are essentia
for successful drug activity. The computationa process
of searching for aligand that isableto fit both geo-
metricaly and energeticaly thebinding siteof aprotein
iscaled molecular docking.

Three-dimensiona structure (3D) of thetarget en-
zymeisessentia for definingtheactivesteand alsofor
designing, improving and docking of small ligandsto

the complex target protein. Inthe absence of acrystal
structureof thetarget enzymefilarid GST, the 3D-struc-
tures of GSTs of Wbancrofti and B.malayi viz,
whGST and bmGST have been modelled at Vector
Control Research Centre, Pondicherry by compara
tive protein modelling for whichthe PDB and RCSB
IDs are 1SFM and RCSB021668 and 1SJO and
RCSB021767 respectively. These 3D structureshave
been used for docking small ligands®! and theresults
encouraged to work further inthisareafor the devel -
opment of amacrofilaricida moleculethat can destroy
theadult filarid parasiteswhich causestremendouscon-
cernincombatingfilariass. Earlier work fromthisCen-
trehasidentified amecrofilaricidd |ead moleculeplum-
bagin?¥ isolated from the medicinal plant Plumbago
roseawhichasobindstothefilaria GST.

Therefore, for the identification of more potent
molecules, a structure based approach for macro
filaricidal drug devel opment hasbeen proposedinthis
work withfollowing objectives,

(). Toretrievethe structure of thefilarial drug target
enzyme Glutathione Stransferase (WbGST) from
the Protein database and to identify the active sites
inthetarget using bioinformaticstools

(i) To apply molecular docking toidentify compounds
appropriatefor thebiological receptor (WhGST)

2.MATERIALSAND METHODS

Structurebased drug design (SBDD)

Thestructure based drug design of macrofilaricidal
moleculesfollowed astandard stepwise procedure®
asgiveninschemel.

2.1. Selection of receptor structure

Theenzyme Glutathione S Transferase of thefi-
larial parasite Wuchereria bancrofti (wb) wasselected
asthemolecular target for drug design. Sincethecrys-
tal structureof thewbGST isnot available currently,
the comparatively model ed three-dimensiond structure
was used asthe biological receptor for thisstudy. The
3D dructureof thetarget protein WoGST wasretrieved
fromtheprotein databank with PDB ID: 1SFM which
isavallableinthefollowing URL: http://Amwww.rcsh.org.

2.2. Mappingof activesites, cavitiesand binding
pockets

Activesitespresent in thetarget protein woGST
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were determined using acomputationa tool PASS (Pu-
tativeActive Siteswith Spheres)?” based on size, shape
and buried volumesintheprotein. Cavitiesand binding
pockets of woGST weredetermined using CASTp, an
onlineserver?,

2.3. Selection of ligandsfor docking

Plumbagin, the reportedi>?4 |ead molecule for
macrofilaricidal drug development, was sdlected asthe
primary ligandin docking experiments. The plumbagin
was drawninthe JavaMolecular Editor provided in
thebrowser pageand it wastransferred to query form.
A search was conducted in NCI database (National
Cancer Ingtitute, USA) (http://129.43.27.140\ncidb2)
using plumbagin as substructure and the hitswere se-
lected for further analysis. All thestructuresweredown-
loaded in SDF (Structure DataFile) format and con-
verted to standard PDB format using the program
MarvinView (http://Amww.chemaxom.com/marvin).

2.4.Virtual screening

The 3D structure of wbGST retrieved from PDB
database was used asthetarget structurefor the mo-
lecular docking. The 100 smdl moleculesretrieved from
NCI by substructure search werevirtual ly screened to
givesmall moleculeswith apt geometric and chemical
complementaritiesusingAutodock 3.0.5,

2.4.1. Gener ation of receptor-ligand complexes

To calculate the binding energy using AutoDock,
polar hydrogens were added to the receptor 1SFM
coordinateswith the PROTONATE utility fromAM-
BER™!, AMBER united atom forcefield chargeswere
assigned, and solvation parameterswereadded using
theADDSOL utility. The 3D affinity grid fieldswere
crested usingtheauxiliary programAutoGrid. Theres-
due TYR 116 was chosen as the grid center. In this
stage, the protein was embedded inthe 3D gridand a
probe atom wasplaced at each grid point. Theaffinity
and el ectrostatic potentia grid wascal culated for each
typeof aomintheligand molecule. Thenumber of grid
pointsinx, y, z-axiswas 60x60x60 with grid points
separated by 0.375 A.

Ligandsthat had apeptide-like N- or C-terminal
end were assigned a charge. Hydrogen atoms were
added tofill al empty valences, and Kollman united-
atom charges®! were also assigned to theligands. Ro-
tatable dihedrasintheligandswereassigned using the
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programAutoTorsand were allowed torotatefreely.
The nonpolar hydrogenswereremoved and thepartia
chargesfrom thesewere added to the carbon that held
the hydrogen. The atom typefor thearomatic carbons
wasreassigned to be handled by the aromatic carbon
grid map. These preparationsweredonefor eachligand
usingtheAutoTorsmodule.

2.4.2. Automated docking

Docking calculations were carried out using
AutoDock, version 3.0.5, Three binding energy
termsweretakeninto account in thedocking step: the
van der Waal sinteraction represented asa L ennard-
Jones 12-6 dispersion/repulsion term, the hydrogen
bonding represented asadirectional 12-10term, and
the Coulombic e ectrogtatic potentid.

Docking runswereperformed usngtheLarmarckian
genetic algorithm (LGA ) with default docking pa-
rameters. The LGA describesthereationship between
the protein and theligand by thetrand ation, orienta-
tion, and conformation of theligand. These“‘state vari-
ables” are the ligand’s genotype, and the resulting atomic
coordinatestogether with theinteraction and intermo-
lecular energiesaretheligand’s phenotype. The envi-
ronmental adaptation of theligand’s phenotype was
reversetranscribed into itsgenotype and became heri-
tabletraits.

Docking began with apopul ation of random ligand
conformationsin random orientations and at random
trand ations. Each docking experiment wasderived from
100 different runsthat was set to terminateafter amaxi-
mum of 2500,000 energy evaluations or 27,000 gen-
erations, yid ding 100 docked conformations. The popu-
lation sizewas set to 50. Theditism number, therate of
gene mutation and therate of genecrossover werel,
0.02 and 0.8 respectively. A pseudo-Solis and Wets
local search wasthen used to minimize energy of the
population. The probability that docking solutioninthe
popul ation would undergo alocal search was set to
0.06 and the constraint was set to amaximum of 300
iterations per search. The maximum number of suc-
cessesor faluresbefore changingthesizeof locd search
space (rho) wereboth set to 4. The starting conforma-
tionsof theligand were set torandom positions. Trans-
|ations were set to have amaximum limit of 2 A/step
and the orientation step sizefor the angular component
andthetorsonshad amaximum limit at 50 degrees/'step.

At the end of a docking job with multiple runs,
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Figurel(a): Thesingleletter codeaminoacid sequenceof 1SFM retrieved from PDB

Figure2: (a) PASS predicted active sites of wbGST, (b)
residuesaround TYR116 (uptol0A)

AutoDock performed cluster analysis. Docking solu-
tionswith ligand all-atom RM SDswithin 1.0 A of each
other were clustered together and ranked by thelow-
est energy representative. Thelowest-energy solution
of thelowest ligand all-atom RM SD cluster was ac-

cepted asthe cal cul ated binding energy.
2.5. ADME propertiesof top scored hits

Theimportant pharmacokinetic propertieslikeAb-
sorption, Digtribution, Metabolization, Excretionareall
involvein passage across cell membranes. It isessen-
tial to consider the mechanisms by which drugs cross
cell membranes and physico chemical properties of
mol ecules and membranethat influence thistransfer.
Important characteristicsincl udemol ecular Size, shapes,
solubility at thesite of itsabsorption, degree of ioniza-
tionandrelativelipid solubility of itsionized and non-
ionized formg®.

ADME properties were calculated for the top
scored 20 small moleculesfrom virtual screening us-
Ing TSAR 3.3 (http://www.accel rys.com).

3. RESULTSAND DISCUSSION

3.1. Receptor structureretrieval

The computationally modelled 3D structure of en-
zyme Glutathione STransferase of thefilarid parasite
Wuchereria bancrofti (wb) with PDB ID: 1SFM was
sl ected asthemol ecul ar target for macrofilaricidal drug
design. The sequencewasretrieved fromthe Protein
Data Bank and its single letter code amino acid se-
quenceisgiveninfigure laandits 3D structurein “car-
toon’ form as visualized by PYMOL is given in figure
1b.

3.2.Activesitesand binding pockets

Themost probable active sitesin 1SFM werede-
termined using computational tool PASS and the out-
put of the PASSisshown in figure2a Therearesix
putative active Steswith spheresin the receptor model
1SFM. Theresidues around TY R116 (uptol0A) are
showninfigure2b. Theactivessites predicted by the
tool PASSarein agreement with earlier reportg?*=3.

Binding Sitesand active sites of proteinsare asso-
ciated with structural pocketsand cavities. A cavity (or
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POC:MoleculelDN_mthArea_saArea_ms Vol_sa Vol_ms Lenth cnr
POC: /cat/A 1 O 0.000 2476 0.000 1158 005 4
POC: /fcat/A 2 1 0071 1510 0001 745 090 3
POC: /fcast/A 3 1 2768 398 0891 525 242 2
POC: /cast/A 4 O 0030 2682 0000 1297 082 6
POC: /cat/A 5 O 0051 2852 0000 1392 133 6
POC: /cat/A 6 O 0.067 2878 0.001 1398 134 6
POC: fcat/A 7 1 0440 1259 0.009 587 242 3
POC: /cast/A 8 1 1268 1244 0110 838 391 5
POC: /fcat/A 9 1 0247 20.70 0.004 1158 322 7
POC: /cast/A 10 1 3198 3895 0233 2355 907 8
POC: /cast/A 11 1 1864 2047 1028 1590 1008 7
POC: /cast/A 12 0 1049 4636 0030 2319 6.18 12
POC: /cast/A 13 1 8714 2699 2590 2779 1422 10
POC: /cast/A 14 1 3316 2867 0384 2014 888 12
POC: /cast/A 15 1 22918 9850 4.148 7142 3057 19
POC: /cast/A 16 0 25046 111.79 5908 9514 37.99 28
POC: /cast/A 17 1 24094 55.69 12108 67.62 34.60 22
POC: /cast/A 18 1 48904 12248 16438 130.17 51.72 28
POC: /cast/A 19 0 22675 14248 3420 97.65 5051 36
POC: /cast/A 20 2  86.521 16523 40.196 207.83 74.22 35
POC: /cast/A 21 1 60463 14863 18.997 161.70 70.37 44
POC: /cast/A 22 0 62780 249.40 16.468 210.86 92.99 64
POC: /cast/A 23 2 69.756 28755 11.095 243.51 118.39 69
POC: /cast/A 24 1 63385 23548 20.033 209.54 96.33 67
POC: /cast/A 25 0 92219 249.72 42555 27441 110.12 60
POC: /cast/A 26 2 179.870 366.87 115.942 477.06 181.60 93
POC: /cast/A 27 4 436.085 837.11 248.8301086.11406.351 87

N_mth: number of mouth openings for the pocket, Area_sa and
Area_ms: The SA and MS area of the pocket or cavity, Vol_sa and
Vol_ms: The SA and MS volume of the pocket or cavity, Length:
Length sums the arcs of the pocket, cnr: cnr is the total count of
the corner points.

Figure3: 1SFM Binding pocket infor mations

(@)

®)

Figure4: (a) Binding pocketsof woGST, (b): Binding pock-
etsaround TYR 116 of woGST

void) isaninterior empty spacethat isnot accessibleto
the solvent probe. It has no mouth openingsto the out-
sdebulk solution.

CASTp providesidentification and measurements
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of surface accessible pocketsaswell asinterior inac-
blecavities, for proteins and other molecules. It
measures analytically the area and volume of each
pocket and cavity, both in sol vent accessible surface
(SA, Richards’ surface) and molecular surface (MS,
Connolly’s surface). It also measures the number of
mouth openings, areaof the openings, circumference
of mouth lips, in both SA and M S surfacesfor each
pocket.

CASTpidentified pocketsand cavity, along with
themeasurementsfor 1SFM isgiveninfigure3.All the
binding pocketsin 1SFM predicted using CASTp are
giveninfiguredaasvisudized by Rasmol®4. Different
binding pocketsare shownin spacefill modd with grey
coloured backbone. Thebinding pocketsaround TYR
116 of wbGST aregiveninfigure4b.

Pocketsare empty concavitieson aprotein surface
into which solvent (probe sphere of 1.4 A) cangain
access, i.e., these concavities have mouth openings
connecting their interior with the outside bulk solution.
A total of 27 pocketswereidentified in 1SFM. The
binding pockets predicted by the CASTp server re-
vededthat theTY R 116isinvolvedintheformation of
threebinding pocketsnamely 15, 17 and 21. Thelarg-
et pocket 21 holds 27 atomsand theresiduesinvol ved
are 109, 113, 117, 163, 164 and 208 besides 116.
Pocket 17 holds 16 atomswith res dues 100, 103, 104,
108 and 112 excluding resdue 116. Similarly, thesmdl-
est pocket 15 contains 13 atomsformed from residues
97, 100, 119, 120 and 123 other than 116.

3.3Ligand generation

Plumbagin, thelead moleculefor macrdfilaricidd drug
development was sel ected asthe seed structureand is
showninfigure5. NCI database searchwith plumbagin
assubstructureresultedin 100 hits. Thelist of hitswith
NSC IDsand chemica namesaregivenin TABLE 1.

Figure5: Plumbagin molecule
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TABLE 1: Hitsfrom NCI databasewith NSC | Dsand chemical names

S.no. NSC ID Name
1 NSC8 No name
2 NSC504 1-chloro-2-methylanthra-9,10-quinone
3 NSC607 2-methylanthra-9,10-quinone
4 NSC3871 7,8,9,10-tetrahydro-5,12-naphthacenedione
5 NSC4722 5-0-(3-(hydroxymethyl)-9,10-dioxo-9,10-dihydro-1-anthracenyl) pentose
6 NSC5001 9,10-diox0-9,10-dihydro-2-anthracenecarboxylic acid
7 NSC6196  7-(hexopyranosyloxy)-3,5,6,8-tetrahydroxy-1-methyl-9,10-diox0-9,10-dihydro-2-anthracenecarboxylic acid
8 NSC7216 2-ethylanthra-9,10-quinone
9 NSC7230 Dichinyl
10 NSC7578 1-anilino-9,10-diox0-9,10-dihydro-2-anthracenecarboxylic acid
11 NSC7581 1-((4'-((2-carboxy-9,10-diox0-9,10-dihydro- 1-anthracenyl)amino)[ 1,1'-bi phenyl]-4-yl)amino)-9,10-dioxo-
9,10-dihydro-2-anthracenecarboxylic acid
12 NSC7824 1-chloro-9,10-dioxo-9,10-dihydro-2-anthracenecarboxylic acid
13 NSC7961 benzo[a] anthracene-7,12-dione
14 NSC9026 1-amino-9,10-dioxo-9,10-dihydro-2-anthracenecarboxylic acid
15 NSC9027 2-methyl-9,10-diox0-9,10-dihydro-1-anthracenesulfonyl chloride
16 NSC9608 1-(2-naphthyl)-9,10-dioxo-9,10-dihydro-2-anthracenecarboxylic acid
17 NSC15908 5,6,11,12,17,18-trinaphthylenehexone
18 NSC16228 4-((9,10-dioxo-8-((5,8,14-trioxo-5,8,13,14-tetrahydronaphtho[ 2,3-c] acridin-4-yl)amino)-9,10-dihydro-1-
anthracenyl)amino)naphtho[ 2,3-c] acridine-5,8,14(13H)-trione
19 NSC17351 5a,11a-dihydro-5,6,11,12-naphthacenetetrone
Methyl-2-ethyl-2,5,7,10-tetrahydroxy-6,11-dioxo-4-((2,3,6-trideoxy-4-O-(2,6-dideoxy-4-O-(6-methyl-5-
20 NSC18334 oxotetrahydro-2H-pyran-2-yl) hexopyranosyl)-3-(dimethylamino) hexopyranosyl)oxy)-1,2,3,4,6,11-
hexahydro-1-naphthacenecarboxylate
21  NSC18335 Cinerubin B
22 NSC21205 Pluramycin A
23 NSC27034 1,4-dihydroxy-9,10-dioxo-9,10-dihydro-2,3-anthracenedicarbonitrile
24 NSC30546 1,3-dihydroxy-2-(hydroxymethyl)anthra-9,10-quinone
25 NSC30548 2-tert-butylanthra-9,10-quinone
26  NSC30555 7-acetyl-6-ethyl-3,5,8-trihydroxy-9,10-dioxo-9,10-dihydro- 1,2-anthracenedicarboxylic acid
27  NSC30839 benzo[ b]triphenylene-9,14-dione
28  NSC30869 10-methylbenzo[ a]anthracene-7,12-dione
29 NSC31000 dibenzo[ a,h]anthracene-7,14-dione
30 NSC37130 1-hydroxy-9,10-dioxo-9,10-dihydro-2-anthracenecarboxylic acid
31 NSC37131 1-hydroxy-2-methylanthra-9,10-quinone
32 NSC37132 1,8-dihydroxy-3-methylanthra-9,10-quinone
33  NSC37223 7,7-Bidizarin
34  NSC37598 1-chloro-9,10-dioxo-9,10-dihydro-2-anthracenecarbonyl chloride
35 NSC37599 1-chloro-2-(dibromomethyl)anthra-9,10-quinone
36  NSC37600 2-(dibromomethyl)-1-(hydroxy(oxido)amino)anthra-9,10-quinone
37 NSC37601 1-mercapto-2-methylanthra-9,10-quinone
38 NSC37615 1,3,5,7-tetramethylanthra-9,10-quinone
39 NSC37621 2-benzoyl-1-chloroanthra-9,10-quinone
40  NSC37623 1-((2-carboxyphenyl)thio)-9,10-dioxo-9,10-dihydro-2-anthracenecarboxylic acid
41  NSC38628 1,8-dihydroxy-3-(hydroxymethyl)anthra-9,10-quinone
42  NSC38629 4,5-dihydroxy-9,10-dioxo-9,10-dihydro-2-anthracenecarboxylic acid
43 NSC39889 1-amino-3-bromo-9,10-dioxo-9,10-dihydro-2-anthracenecarboxylic acid
44  NSC39896 6-chloro-11-hydroxy-5,12-naphthacenedione
45  NSC39897 6-hydroxy-5,12-naphthacenedione
46  NSC39898 6-amino-11-hydroxy-5,12-naphthacenedione
47  NSC39911  1-chloro-N-(9,10-diox0-9,10-dihydro-2-anthracenyl)-9,10-diox0-9,10-dihydro-2-anthracenecarboxamide
48  NSC39913 1-amino-N-(9,10-diox0-9,10-dihydro- 1-anthracenyl)-9,10-di ox0-9,10-dihydro-2-anthracenecarboxamide
49  NSC39914  1-amino-N-(9,10-diox0-9,10-dihydro-2-anthracenyl)-9,10-dioxo-9,10-dihydro-2-anthracenecarboxamide
50 NSC39918 N-(3-methyl-2,7-dioxo-2,7-dihydro-3H-naphtho[ 1,2,3-de] quinolin-6-yl)-5,8,14-trioxo-5,8,13,14-
tetrahydronaphtho[ 2,3-c]acridine-10-carboxamide
51 NSC39939 5-amino-9,10-dioxo-9,10-dihydro-2-anthracenecarboxylic acid
52 NSC39940 1-amino-9,10-dioxo-9,10-dihydro-2-anthracenecarboxylic acid
53  NSC39943 1-amino-2-methylanthra-9,10-quinone
54  NSC39944 4-amino-1-hydroxy-2-methylanthra-9,10-quinone

Tobecountinuenext page
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55
56
57
58
59
60

61

62
63
64
65
66
67
68
69

70

71
72
73

74

75
76
7
78
79
80

81

82
83

84

85
86
87
88

89
90
91

92
93
94
95
96
97
98
99

NSC39950
NSC39958
NSC39964
NSC39965
NSC47720
NSC49891

NSC51543

NSC53156
NSC59063
NSC62490
NSC70845
NSC70929
NSC76511
NSC76612
NSC79232

NSC82151

NSC82289
NSC82322
NSC82892

NSC83142

NSC86005
NSC86262
NSC90571
NSC90986
NSC92938
NSC92941

NSC93419

NSC95407
NSC98908

NSC100290

NSC102813
NSC102815
NSC106763
NSC109351

NSC110428
NSC111708
NSC112758

NSC112857
NSC112877
NSC112894
NSC112923
NSC113465
NSC113467
NSC114019
NSC114343

100 NSC114345

1-amino-2-ethylanthra-9,10-quinone

1-amino-2-benzoylanthra-9,10-quinone

2-(1-chloro-9,10-diox0-9,10-dihydro-2-anthracenyl )anthra[2,1-d] [ 1,3] thiazole-6,11-dione
2-(1-amino-9,10-dioxo-9,10-dihydro-2-anthracenyl)anthra[ 2,1-d][ 1,3] thiazole-6,11-dione
6,10,12-trichloronaphtho[ 2,3-c]acridine-5,8,14(13H)-trione

No Name

N-(9-(benzoylamino)-5,10,15,17-tetraoxo-10,15,16,17-tetrahydro-5H-dinaphtho[ 2,3-a:2,3-i] carbazol -6-
yl)benzamide

9,10-dihydroxy-2,3,5,6,7,8-hexahydro-1,4-anthracenedione
3-hydroxy-1-methoxy-2-methylanthra-9,10-quinone

Cinerubin B

Nogalamycin

Hedamycin

5H-naphtho[2,3-a]carbazole-5,13(12H)-dione

2,3-dimethylanthra-9,10-quinone

7-methyl-5H-naphtho[ 2,3-a] carbazol e-5,13(12H)-dione
3-acetyl-3,5,12-trihydroxy-10-methoxy-6,11-dioxo-1,2,3,4,6,11-hexahydro-1-naphthacenyl 3-amino-2,3,6-
trideoxyhexopyranoside

1-amino-4-chloro-2-methylanthra-9,10-quinone
1-(hydroxy(oxido)amino)-9,10-dioxo-9,10-dihydro-2-anthracenecarboxylic acid

Nogalamycin compound B
3-acetyl-3,5,12-trihydroxy-10-methoxy-6,11-dioxo-1,2,3,4,6,11-hexahydro-1-naphthacenyl 3-amino-2,3,6-
trideoxyhexopyranoside

NOGALAROL

12-hydroxy-6,11-dioxo-6,11-dihydro-5-naphthacenesul fonic acid

9,10-dimethyl-5H-naphtho[ 2,3-a] carbazol e-5,13(12H)-dione

9,10-dichloro-5H-naphtho[ 2,3-a] carbazol e-5,13(12H)-dione
5H-naphtho[2,3-a]carbazole-5,13(12H)-dione

12-methyl-5H-naphtho[2,3-a] carbazole-5,13(12H)-dione
3,10,12-trihydroxy-2,8-dimethoxy-3-methyl-4,6,11-trioxo-1,2,3,4,6,11-hexahydro-1-naphthacenyl 6-deoxy-
2-O-methylhexopyranoside

6,11-dihydroxy-5,12-dioxo-5,12-dihydro-2-naphthacenecarboxylic acid
2-((2-(1,3-dioxolan-2-yl)-1lambda~5~-pyridin-1-yl)methyl Janthra-9,10-quinone

methyl 2-ethyl-2,5,7-trihydroxy-6,11-dioxo-4-((2,3,6-trideoxy-3-(dimethylamino)hexopyranosyl ) oxy)-
1,2,3,4,6,11-hexahydro-1-naphthacenecarboxylate hydrochloride

.beta.-Rhodomycin

Daunomycin compound D

5,12-dioxo-1,4,4a,5,12,12a-hexahydro-1-naphthacenyl acetate
8-acetyl-6,8,10,11-tetrahydroxy-1-methoxy-7,8,9,10-tetrahydro-5,12-naphthacenedione
3-acetyl-1-((4-O-benzoyl-3-(benzoylamino)-2,3,6-trideoxyhexopyranosyl) oxy)-3,12-bis(benzoyl oxy)-10-
methoxy-6,11-dioxo-1,2,3,4,6,11-hexahydro-5-naphthacenyl benzoate
12-methoxy-6,11-dioxo-1,2,3,4,6,11-hexahydro-5-naphthacenyl acetate
3-acetyl-3,5,12-trihydroxy-10-methoxy-6,11-dioxo-1,2,3,4,6,11-hexahydro-1-naphthacenyl 3-amino-2,3,6-
trideoxyhexopyranoside

12-(acetyl oxy)-6,11-dioxo-1,2,3,4,6,11-hexahydro-5-naphthacenyl acetate

2,4-dimethylpentyl 1-(hydroxy(oxido)amino)-9,10-dioxo-9,10-di hydro-2-anthracenecarboxylate
3-ethylpentyl 1-(hydroxy(oxido)amino)-9,10-dioxo-9,10-dihydro-2-anthracenecarboxylate
8-(acetyloxy)-3-methyl-9,10-dioxo-9,10-dihydro-1-anthracenyl acetate

1,12-bis(acetyl oxy)-6,11-dioxo-1,2,3,4,6,11-hexahydro-5-naphthacenyl acetate
6,11-dihydroxy-7,8,9,10-tetrahydro-5,12-naphthacenedione
6,7,11-trihydroxy-7,8,9,10-tetrahydro-5,12-naphthacenedione
1,4,5,8-tetrahydroxy-2-methylanthra-9,10-quinone

7-Deoxynogalarol

Thesehitswereused asligandsfor virtud screeningwith  docked with 1SFM, thetarget enzymeusing the pro-
the filarial drug target glutathione S transferase of  gramAutodock and from the resulting conformations,
Whbancrofti (1SFM) asthebiological receptor. top 21 conformationswere sal ected based onther Bind-

3.4.Virtual screening

ing Energy values. Theresultsareshownin TABLE 2.
The accurate prediction of enzyme-substrateinter-

The one hundred hits from NCI database were  action energiesisone of themajor challengesin com-
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TABLE 2: Binding ener giesand inhibition constantsof top
21 hits

NSCID  B-ENERGY kcal/mol Ki
NSC39965 -8.36 +7.47e-07
NSC39964 -8.30 +8.30e -07
NSC37223 -7.66 +2.43e -06

NSC9608 -6.98 +7.62e -06
NSC95407 -6.49 +1.76e-05
NSCA47720 -6.45 +1.87e-05
NSC92941 -6.42 +1.98e-05

NSC7824 -6.35 +2.21e-05
NSC30839 -6.35 +2.21e-05
NSC79232 -6.31 +2.38e-05
NSC39914 -6.31 +2.36e -05
NSC90571 -6.30 +2.40e -05

NSC7230 -6.29 +2.47e-05
NSC86262 -6.29 +2.44e -05
NSC90986 -6.20 +2.87e-05
NSC39913 -6.18 +2.93e -05
NSC76511 -6.14 +3.17e-05
NSC92938 -6.14 +3.15e -05
NSC106763 -6.04 +3.72e-05
NSC37621 -6.02 +3.89e-05
NSC38629 -6.02 +3.90e -05

Figure 6: Plumbagin binding with receptor in various
conformations

Figure7: Compound with highest affinity among NCI hits
bindingtoreceptor

putationa biology. Protein-ligand docking methodsaim
to predict the binding energy of the protein-ligand com-
plex giventheatomic coordinates. In such caculations,
both the protein and ligand can betreated asrigid bod-
ieg*38: dternately, the ligand, the protein, or both
molecules, can becompletely or partially flexible="%,

Oneadvantageof incorporating flexibility isthat it
enablesasearch without biasintroduced by theinitia
modd . Thisbiasnormally influencesboth the orienta-
tion and conformation of theligand inthe activesite,
which usually representsaloca minimum conforma-
tion®. Moreimportantly, thelock and key concepts
used to eva uate enzyme-substrate binding, inreality,
refer toflexiblelocksand keysthat areboth in constant
dynamic (thermal) motioni,

Binding energy isthe sum of final intermolecul ar
energy and torsional free energy. The scoring method
used hereisbased on the binding energies of receptor-
ligand complexes. A more negative binding energy rep-
resentsamorefavourablebindinginteraction. Thebind-
ing energiesof thetop 21 ligandsvariesfrom—8.36 to
—6.02 Kcal/mol. The five best scored ligands were found
to becompoundswith NSC Idsasfollows; NSC39965
(2-(1-amino-9,10-diox0-9,10-dihydro-2-
anthracenyl)anthra[2,1-d] [1,3]thiazole-6,11-dione),
NSC39964 (2-(1-chloro-9,10-dioxo-9,10-dihydro-2-
anthracenyl)anthra[2,1-d][1,3]thiazole-6,11-dione),
NSC37223 (7,7'-Bidizarin), NSC9608 (1-(2-naph-
thyl)-9,10-diox0-9,10-dihydro-2-anthracenecarboxylic
acid), NSC95407 (6,11-dihydroxy-5,12-dioxo-5,12-
dihydro-2-naphthacenecarboxylic acid).

Plumbagin docked to thereceptor 1SFM isgiven
infigure6. Top scored hit (NSC39965) among the set
of 21 compoundsisgiveninfigure7. Thetopscoring5
compoundsdocking conformationsisgiveninfigure8.

Database search with plumbagin as substructure
yielded 100 compoundswhich on subsequent virtual
screening using Autodock withfilarial GST asthere-
ceptor resultedin 21 hitscontaining anthraguinonetype
molecules. Thesemoleculesmay play avita roleinthe
future devel opment of macrofilaricidd moleculeswhich
may beuseful in diminating the human lymphaticfilari-
ass. Theimportanceor thevaidity of thiswork iscon-
firmed by therecent report on theantifilaria activity of
anthraguinonetype molecules*Y.

3.5. Phar macokinetic propertiesof top scored hits

The pharmacokinetic properties of themolecules
mainly depend ontheir physicochemica properties. The
physico-chemica propertiesof thetop 21 hitsfrom vir-
tua screening for macrofilaricidd activity werecalcu-
lated and theresultsaregivenin TABLE 3.

The physical and chemical properties of acom-
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TABLE 3: Physicochemical propertiesof top 21 NCI hits

Physicoch

NSC emical HB HB ADME

. log p . Sur area Mol vol
ID properties acc do vio
mol Wt

7230 44248 4 0 54578 1 235416 148.994
7824  286.67 4 1 26592 O 166.703  104.193
9608  378.39 4 1 4.8278 0 208.765 134.224
30839 308.34 2 0 44472 O 185.687 117.03
37223 478.42 8 4 3.3858 0 271.947 174.014
37621 346.77 3 0 4.1822 0 193.81 126.483
38629 284.23 6 3 15724 O 172132 105.723
39913 47247 5 2 28176 0 269.243 173.771
39914 47247 5 2 28176 0 275.881 174.901
39964 505.93 5 0 49448 1 289.906 177.576
39965 486.51 5 1 36436 O 285.058 174.131
47720 428.65 3 1 4.2839 0 218.078 151.955
76511 297.32 2 1 29824 0 180.404 113.995
79232 311.35 2 1 3449% O 187.109 118.357
86262 35434 6 2 Invalid 105711 114696

operand
90571 325.38 2 1 3.9168 0 200.524 124.11
90986  366.2 2 1 4.0184 0 199456 133.245
92938 297.32 2 1 29824 O 180.404 113.995
92941  311.35 2 0 32289 O 185.241 116.782
95407 334.29 6 3 25746 0 198.258 123.187
106763 320.36 4 0 21391 0 194.288 119.876

pound areafunction of itsmolecular structure. Struc-
ture-property rd ationshipsaredeve oped by findingone
or moremolecular descriptorsexplaining variationsin
the physica or chemical propertiesof agroup of con-
geners/analogs. While some descriptors can be deter-
mined experimentdly, derivingthemfrom either the2D
or 3D molecular structureisgenerdly more convenient
and practical. A relationship, once quantified, can be
used to estimate the properties of other moleculessim-
ply from their structures and without the need for ex-
perimental determination or synthesis.

Herethephysicochemica propertiessuchaslogP,
molecular volume, polar surface areaand hydrogen
bond donor/acceptor propertieswere ca culated for the
top 21 hitsand their ADME viol ation hasbeen gener-
ated from their 2D structuresusing TSAR 3.3. The
molecular weight ranged from 284.23 t0 505.93, hy-
drogen bond acceptors from 2 to 8, hydrogen bond
donorsfrom zeroto 3, log Pfrom 1.5724 10 5.4578,
polar surface areafrom 166.703 to 289.906 and mo-
lecular volumefrom 105.723t0 177.576. ADME vio-
lation was observed only for two compounds bearing
NSC ids 7230 and 39964. The violations were seen
with respect to logP value in the case of compound
NSC 7230 and with respect to molecular weight inthe
caseof NSC39964. Aninvaid parameterization prob-
lem was observed with compound NSC86262. All the
other hitsagreewith Lipinski’s “rule-of-five 2,

—=> Regulor Paper
4.CONCLUSION

Database search with plumbagin as substructure
yielded 100 compoundswhich on subsequent virtual
screening using Autodock withfilarial GST asthere-
ceptor resultedin 21 hitscontaining anthraguinonetype
molecules. From thework doneit isclear that thelead
compoundsgenerated using virtud screening areof very
va uablefor further work in drug devel opment, and dso
the principlesof computational biology givesusbetter
resultsin short duration and resultsarein agreement
with reported experimental results. Lead compounds
selected may be tested in vitro and in vivo against
adult filaria parasites. Thesemoleculesmay play avita
roleinthefuture development of macrofilaricidal mol-
eculeswhich may be useful ineliminating the human
lymphaticfilariass.
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