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One third of the world’s population is infected with
Mycobacterium tuberculosis, the causative agent of
tuberculosis.

WHOTuber2012. Global Tuberculosis Report 2012.
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Tuberculosis incidence...
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Phenotypic screening against
Mycobacterium tuberculosis

Screening 2M compounds (GSK collection)
BCG <:> H37Rv BCGHTS |62000 primary hits
20k compounds Tanimoto (0.7) + soft filtering ﬂ > 45% Inhibition @ 10uM
BCG surrogate of H37Rv Selection of Primary hits (No AB) | 15000 hits
Clustering + hard filtering  [| > All 90% Inhibitors @ 10pM included
MIC HTS hits L HepG2 Cytotox | 3500 hits

MICs < 10pM v T.I.:HepG2 TC50/MIC BCG > 50-fold

M. tuberculosis H37Rv 850 hits
MICs Mtbh < 10uM,
T.I.> 50-fold
Chemical clustering 177 hits

: . \
7 chemical active
families identified ﬂ

SoC Start of Chemistry

Ballell, L.et al (2013). Fueling open-source drug discovery: 177 small-molecule leads against tuberculosis. ChemMedChem.
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776 compounds chemical features
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Number of NMEs

Phenotypic screenings
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Swinney, D.C. & Anthony, J. How were new medicines discovered? Nat. Rev. Drug Discov
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Finding out the mode of action...

Phenotype

0.0
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Finding out the mode of action...

Phenotype
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Methods

2D-Chemogenomics  Historical Approach 3D-Structural
Approach Approach
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Similar binding-sites tend to bind
similar ligands

co-crystallized

A3F

Similar binding-sites

AQ4

co-crystallized

Epidermal growth factor receptor
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Similar binding-sites tend to bind
similar ligands
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Similar binding-sites tend to bind
similar ligands

Similar ligands co-crystallized
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Similar binding-sites tend to bind
similar ligands

Similar ligands co-crystallized
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Network-based Method
nAnnolyze
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Applying the method, modeling genomes...

2. Binding-site inheritance
1. MOdeling 3D model

s <
HHE
HEAE
LI
& &
(V7]
UCgp  UrsulaPieper PDB templates
San Francisco An d rej Sa I i
Bacterial proteomes
3D reliable models 5,008 no overlapping
Different Proteins 5,008 different proteins
Inherited binding-sites 30,000
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Looking for targets...

GSK
Drug
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Thursday, September 25, 14



Looking for targets...

GSK
Drug

tl

tN

Thursday, September 25, 14



Looking for targets...
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Looking for targets...

tl
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Ligand

Target Distance Global Z-score

Local Z-score
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Statistical assessment of predicted links
between compounds and targets

* We merged all the predictions from the 3 methods.

Significance of links using groups of similar compounds and the
targets KEGG pathways.

. ogOdds. Odds of an observation given its probability.

* p-value using Fisher’s exact test for 2x2 contingency table comparing
two groups of annotations.
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Compound dataset diversity
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ompound dataset diversity
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Targeting essential aminoacids

HIST

metabolism pathways
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CHEM
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Streptomycin biosynthesis

Folate biosynthesis

Nitrogen metabolism

Aminoacyl-tRNA biosynthesis

Penicillin and cephalosporin biosynthesis
D-Arginine and D-ornithine metabolis

One carbon pool by folate
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Significant drug-protein pairs

Table 2. Significant links between GSK compound families and KEGG pathways.
GSK Family Compound Target Pathways
1 GSK975784A Rv2182¢ Glycerolipid metabolism (mtu00561)
Glycerophospholipid bolism (mt 4)
Rv2483c No Pathway
GSK975810A Rv2182¢ Glycerolipid metabolism (mtu00561)
Glycerophospholipid metabolism (mtu00564)
Rv2483c No Pathway
GSK975839A Rv2182¢ Glycerolipid metabolism (mtu00561)
Glycerophospholipid bolism ( 4)
Rv2483c No Pathway
Rv2299c No Pathway
GSK975840A Rv2182¢ Glycerolipid metabolism (mtu00561)
Glycerophospholipid metabolism (mtu00564)
Rv2483c No Pathway
GSK975842A Rv2182c Glycerolipid metabolism (mtu00561)
Glycerophospholipid metabolism (mtu00564)
Rv2483c No Pathway
Rv2045c¢ No Pathway
Rv2139 Pyrimidine metabolism (mtu00240)
Rv2299c No Pathway
Rv2483c No Pathway
3 GSK547481A Rv0194 ABC transporters (mtu02010)
GSK547490A Rv0194 ABC transporters (mtu02010)
GSK547491A Rv0194 ABC transporters (mtu02010)
GSK547499A Rv0194 ABC transporters (mtu02010)
GSK547500A Rv0194 ABC transporters (mtu02010)
GSK547511A Rv0194 ABC transporters (mtu02010)
GSK547512A Rv0194 ABC transporters (mtu02010)
GSK547527A Rv1640c Amii yl-tRNA biosynthesis (mtu00970)
Rv3598c Amii yl-tRNA biosynthesis (mtu00970)
Rv0194 ABC transporters (mtu02010)
GSK547528A Rv1640c Ami yl-tRNA biosynthesis (mtu00970)
Rv3598c Aminoacyl-tRNA biosynthesis (mtu00970)
Rv0194 ABC transporters (mtu02010)
GSK547543A Rv0194 ABC transporters (mtu02010)
7 GSK1829727A Rv0053 Ribosome (mtu03010)
Rv0379 No Pathway
Rv0650 Glycolysis/Gluconeogenesis (mtu00010)
Galactose metabolism (mtu00052)
Starch and sucrose metabolism (mtu00500)
Amino sugar & nucl. sugar metab. (mtu00520)
Streptomycin biosynthesis (mtu00521)

Table 2. Cont.

MoA Prediction against TB

GSK Family Compound Target Pathways
GSK1829729A Rv3855 No Pathway
Rv0053 Ribosome (mtu03010)
Rv0379 No Pathway
Rv0650 Glycolysis/Gluconeogenesis (mtu00010)
Galactose metabolism (mtu00052)
Starch and sucrose metabolism (mtu00500)
Amino sugar & nucl. sugar metab. (mtu00520)
Streptomycin biosynthesis (mtu00521)
GSK1829816A Rv0053 Ribosome (mtu03010)
Rv0379 No Pathway
Rv0650 Glycolysis/Gluconeogenesis (mtu00010)
Galactose metabolism (mtu00052)
Starch and sucrose metabolism (mtu00500)
Amino sugar & nucl. sugar metab. (mtu00520)
Streptomycin biosynthesis (mtu00521)
GSK479031A Rv0053 Ribosome (mtu03010)
Rv0379 NoPathway (mtu00000)
Rv0650 Glycolysis/Gluconeogenesis (mtu00010)
Galactose metabolism (mtu00052)
Starch and sucrose metabolism (mtu00500)
Amino sugar & nucl. sugar metab. (mtu00520)
Streptomycin biosynthesis (mtu00521)
GSK957094A Rv3170 Gly, Ser and Thr metabolism (mtu00260)
Arginine and proline metabolism (mtu00330)
Histidine metabolism (mtu00340)
Tyrosine metabolism (mtu00350)
Phenylalanine metabolism (mtu00360)
Tryptophan metabolism (mtu00380)
Rv0053 Ribosome (mtu03010)
Rv0379 No Pathway
Rv0650 Glycolysis/Gluconeogenesis (mtu00010)
Galactose metabolism (mtu00052)
Starch and sucrose metabolism (mtu00500)
Amino sugar & nucl. sugar metab. (mtu00520)
Streptomycin biosynthesis (mtu00521)
9 GSK1188379A Rv0194 ABC transporters (mtu02010)
GSK1188380A Rv0194 ABC transporters (mtu02010)
16 GSK1825940A RV0194 ABC transporters (mtu02010)
GSK1825944A Rv0194 ABC transporters (mtu02010)
35 BRL-10143SA Rv1649 Aminoacyl-tRNA biosynthesis (mtu00970)
Rv2763c One carbon pool by folate (mtu00670)
Folate biosynthesis (mtu00790)
One carbon pool by folate (mtu00670)
Rv2764c Pyrimidine metabolism (mtu00240)
BRL-51093AM Rv2763c One carbon pool by folate (mtu00670)
Rv2764c Folate biosynthesis (mtu00790)

One carbon pool by folate (mtu00670)
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Significant drug-protein pairs

MoA Prediction against TB

Table 2. Significant links between GSK compound families and KEGG pathways. Table 2. Cont.
GSK Family Compound Target Pathways GSK Family Compound Target Pathways
1 GSK975784A Rv2182c Glycerolipid metabolism (mtu00561) GSK1829729A Rv3855 No Pathway
Glycerophospholipid bolism (mtu00564) Rv0053 Ribosome (mtu03010)
Rv0379 No Pathway
Rv2483C No-Pathwvay —

GSK Family /COm,pound Target Pathways \
/ Pyrimidine metabolism (mtu00240)

173 GSK1402290A Rv1640c Aminoacyl-tRNA biosynthesis (mtu00970)
Rv3598c Aminoacyl-tRNA biosynthesis (mtu00970)

Rv3834c Aminoacyl-tRNA biosynthesis (mtu00970)
Rv3105c¢ No Pathway

Rv3135 No Pathway

334 GSK270671A Rv1284 Nitrogen metabolism (mtu00910)
Rv3588c Nitrogen metabolism (mtu00910)
Rv3273 Nitrogen metabolism (mtu00910)
Rv1707 No Pathway

Rv3598¢ Ami yl-tRNA biosynthesis (mtu00970) Streptomycin biosynthesis (mtu00521)
Rv0194 ABC transporters (mtu02010)
9 GSK1188379A Rv0194 ABC transporters (mtu02010)
GSK547528A Rv1640c Ami yl-tRNA biosynthesis (mtu00970)
. . . GSK1188380A Rv0194 ABC transporters (mtu02010)
Rv3598c Aminoacyl-tRNA biosynthesis (mtu00970)
RVO194 ABC transporters (mtu02010) 16 GSK1825940A RV0194 ABC transporters (mtu02010)
GSK547543A Rv0194 ABC transporters (mtu02010) GSK1825944A Rv0194 ABC transporters (mtu02010)
7 GSK1829727A RV0053 Ribosome (mtu03010) 35 BRL-10143SA Rv1649 Aminoacyl-tRNA biosynthesis (mtu00970)
RV0379 No Pathway Rv2763c One carbon pool by folate (mtu00670)
Rv0650 Glycolysis/Gluconeogenesis (mtu00010) (FElEL ey (s
Galactose metabolism (mtu00052) One carbon pool by folate (mtu00670)
Starch and sucrose metabolism (mtu00500) Rv2764c Pyrimidine metabolism (mtu00240)
Amino sugar & nucl. sugar metab. (mtu00520) BRL-51093AM Rv2763c One carbon pool by folate (mtu00670)
Streptomycin biosynthesis (mtu00521) Rv2764c Folate biosynthesis (mtu00790)
One carbon pool by folate (mtu00670)
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GSK1402290A attacking Aminoacyl-tRNA biosynthesis pathway

SERYL-tRNA synthetase SerS

nAnnolyze predicted binding-site + Autodock Vina
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Experimental validation

a. MapB
b. SahH
c.AofH

d. EphA

e.SerS?

Stacey Southall
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nAnnolyze

Home Help About Download

Introduce your query molecule

ID of the molecule  pBO0398

SMILE CNC(=0)C1=NC=CC(0C2=CC

Molecular Weight 464.82

Input an example

Upload your File Upload a File o
with the SMILES Choose Files | No file chosen .

Select the organism

Mycobacterium tuberculosis, Mycobacterium bovis, Mycobacterium smegmatis
® Homo Sapiens

nAnnolyze Submit

Home "le About Download RecName: Full=Mitogen activated protein kinase 14 Short=MAP kinase 14 Short=MAPK 14 EC=2.7.11.24 AltName: Full=Cytokine suppressive anti inflammatory drug

binding protein Short=CSAID binding protein S

+ Toggle Statistics

Graphics Tabl

Download Protein Model | Download Molecule in .pdb

GO terms Pathways

Visualize
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A

GO terms and

Filter by global z
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Statistics fo
Compound

DB003S8 ¢
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local global
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kinase 14;Short=MAPK
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Full=Cytokine suppressive anti-
inflammatory drug-binding
protein; Short= CSAID -binding
y / protein;S
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