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Prediction details & accuracy

Computational time 

free structure 
methods

★Based on previous knowledge.
★Many different methods.
★Good performance. 
★Poor information about the interaction. 

Comparative Docking

★Outputs binding-site localization.
★Based on structural comparisons.
★Applicable at wide scale.     
★Needs the structure or a reliable 
3D-model. 
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Ligand subnetwork
• Retrieved 7,609 high drug-likeness* compounds from PDB.

• Nodes of highly similar compounds: cliques of similarities. 

• 4,101 nodes of ligand clusters and 24,856 edges.  

• Edges weight = normalized similarity score.  

Bickerton, G. R., Paolini, G. V, Besnard, J., Muresan, S., & Hopkins, A. L. (2012). Quantifying the chemical beauty of drugs. Nature chemistry, 4(2), 90–8. *

Network ligand node

clique degree 6
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Protein binding-site network
• Binding-sites for the 7,609 compounds: 28,299 binding-sites. 

• Similarities between proteins by structural comparisons of the binding-site. 

• 19,483 nodes of binding-sites and 29,811 edges. 

• Edges weight = normalized binding-site similarity score. 

Network binding-site node

clique degree3

Link the two subnetworks by edges between protein structures and their co-crystallized ligands.  
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Query
DZP

Ligand Target Distance Global Z-score Local Z-score

DZP t1 1.3 -1.6 -2.5

DZP t2 2.5 2.3 1.02

DZP tM 1.9 -1.6 -3.16

DZP tN 2.6 2.42 2.97
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• 232 approved FDA drugs co-crystallized with a protein.

• Test-set  = 6,282 true drug-protein pairs and 5,981 negative pairs.  

• Drug ID = 0.97 AUC

• Anonymous compounds = 0.73 AUC  

Benchmarking
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Applying the method, modeling genomes...

Human Bacterial proteomes
3D reliable models 31,734  with overlapping 5,008 no overlapping

Different Proteins 14,000 5,008 different proteins

Inherited binding-sites 64,000 30,000

2. Binding-site  inheritance

3D model

PDB templates

1. Modeling

M
ycobacterium

 tuberculosis 

H
um

an proteom
e

M
ycobacterium

 bovis

M
ycobacterium

 sm
egm

atis 

Thursday, September 25, 14



Searching for Drugbank drugs 
interactions...

Bacterial

Human

Drugbank

Thursday, September 25, 14



Searching for Drugbank drugs 
interactions...

Bacterial

Human

Drugbank

Thursday, September 25, 14



Human Cyclooxygenase-1 targeted by 
NSAID drugs

• 21 out of the 44 approved FDA drugs against 
COX-1 ( score > 0.85 ).
• Human structure model from the sheep COX-1.
• Predicted binding site includes Tyrosine 385.

Drug ID Drug name nAnnoLyze score

DB00712 Flurbiprofen 0.97
DB00328 Indomethacin 0.97
DB01600 Tiaprofenicacid 0.96
DB00870 Suprofen 0.96
DB00821 Carprofen 0.96
DB00788 Naproxen 0.96
DB00500 Tolmetin 0.94
DB00465 Ketorolac 0.94
DB00963 Bromfenac 0.92
DB00586 Diclofenac 0.91
DB06802 Nepafenac 0.90
DB01283 Lumiracoxib 0.90
DB00784 Mefenamicacid 0.89
DB00861 Diflunisal 0.88
DB04552 NiflumicAcid 0.88
DB00991 Oxaprozin 0.88
DB01050 Ibuprofen 0.87
DB00939 Meclofenamicacid 0.86
DB01399 Salsalate 0.86
DB01009 Ketoprofen 0.86
DB00605 Sulindac 0.85
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Sorafenib pathway targeting through binding of several protein
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Sorafenib pathway targeting through binding of several protein

Annotated ( Chembl, PubChem, Drugbank, PDB )

Not Annotated

Target Score Structure KEGG
Pathway

MAPK 14 0.99 Yes

MAPK signaling
Fox0 signaling
VEGF signaling
Rap1 signaling
RIG-I-like receptor 
signaling
Acute myeloid leukemia

CDK19 0.97 No -

FLT1 0.90 Yes Ras signaling pathway

RAF 1 0.89 Yes

MAPK signaling
Ras signaling
Rap1 signaling
VEGF signaling
Fox0 signaling pathway
Acute myeloid leukemia 

ARAF 0.88 Yes Fox0 signaling
Acute myeloid leukemia 

CDK10 0.88 No -

BRAF 0.88 Yes

MAPK signaling
Rap1 signaling
Fox0 signaling
Acute myeloid leukemia

CDK8 0.87 Yes -

FLT3 0.86 Yes Acute myeloid leukemia

MAPK 15 0.86 No -
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Abstract

Mycobacterium tuberculosis, the causative agent of tuberculosis (TB), infects an estimated two billion people worldwide and
is the leading cause of mortality due to infectious disease. The development of new anti-TB therapeutics is required,
because of the emergence of multi-drug resistance strains as well as co-infection with other pathogens, especially HIV.
Recently, the pharmaceutical company GlaxoSmithKline published the results of a high-throughput screen (HTS) of their
two million compound library for anti-mycobacterial phenotypes. The screen revealed 776 compounds with significant
activity against the M. tuberculosis H37Rv strain, including a subset of 177 prioritized compounds with high potency and low
in vitro cytotoxicity. The next major challenge is the identification of the target proteins. Here, we use a computational
approach that integrates historical bioassay data, chemical properties and structural comparisons of selected compounds to
propose their potential targets in M. tuberculosis. We predicted 139 target - compound links, providing a necessary basis for
further studies to characterize the mode of action of these compounds. The results from our analysis, including the
predicted structural models, are available to the wider scientific community in the open source mode, to encourage further
development of novel TB therapeutics.
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Introduction

One third of the world’s population is infected with Mycobac-
terium tuberculosis (MTB), the causative agent of tuberculosis [1].
Approximately 95% of infected individuals are thought to have
persistent, latent MTB infections that remain dormant until
activated by specific environmental and host response events.
Approximately 10% of latent infections eventually progress to
active disease, which, if left untreated, kills more than half of the
infected patients [2]. Moreover, there is an increasing clinical
occurrence of MTB strains with extensive multi-drug-resistance
(eg, MTB MDR and MTB XDR), where mortality rates can
approach 100% [3]. In some countries, the MTB MDR and XDR
strains may account for up to 22% of infections [1]. In addition,
current TB therapeutic regimes involve a combination of
antibiotics, administered at regular intervals over a 6-month
period, which makes patient compliance an issue, especially in
developing countries [1,2].

The discovery and development of new antibiotics is widely
recognized as one of the major global health emergencies, yet it is
also a major pharmaceutical challenge. Most currently used
antibiotics were discovered during the golden era from the 1940s

to 1960s through large scale screening of compound collections for
anti-bacterial activity – the so-called whole cell or phenotypic
screens [4]. The emergence of bacterial molecular genomics
technologies and the availability of whole genome sequences in the
1990s led to dramatic changes in anti-bacterial drug discovery,
where the emphasis was placed on screening essential targets for
inhibitory compounds. However, despite intensive efforts, target-
based screening has been largely unsuccessful in producing clinical
candidate molecules [5]. As a result, a return to whole cell
screening has been widely advocated, in combination with novel
technologies and bioinformatics to rapid identify targets associated
with a compound’s mechanism of action (MOA) [4,6].

Recently, the pharmaceutical company GlaxoSmithKline
(GSK) completed an anti-mycobacterial phenotypic screening
campaign against M. bovis BCG, a non-virulent, vaccine Mycobac-
terium strain, with a subsequent secondary screening in M.
tuberculosis H37Rv (MTB H37Rv) for hit confirmation [7]. A total
of 776 potent compound hits (including 177 MTB H37RV hits
with limited human cell line toxicity) were made openly available
to the wider scientific community through the ChEMBL database
(http://dx.doi.org/10.6019/CHEMBL2095176). The aim of this
release was to stimulate mechanism of action analyses using
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