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TDI a story
2004
.Steve Maurer (Berkeley) & Arti Rai (Duke)
.PLoS Medicine, Dec. 2004. Vol 1(3):e56

2005
.TDI web site http://www.tropicaldisease.org
.Ginger Taylor and The Synaptic Leap

2006 
.Maurer & Sali are 41th in “50 Who Matter”
.http://www.thesynapticleap.org

2007-2008
.KERNEL?

http://www.tropicaldisease.org
http://www.tropicaldisease.org
http://www.thesynapticleap.org
http://www.thesynapticleap.org
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Open Source
Why we need “a kernel”?
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Is it possible?...

Maurer, Stephen M., "Open Source Drug Discovery: Finding a Niche (or Maybe Several)" (April 1, 2007). 

1. In silico drug discovery
2. Chemistry

3. Stem cell lines

4. Phase IV Trials
5. Phase I to III Trials

NEXT STEPS

AMBITIOUS GOALS
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Drug Discovery pipeline

Pre Lead Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12

Cumulative cost
Success rate

RegistrationPhase IIIPhase IIPhase IPreclinical
Lead 

optimization
Target & Lead
identification

Adapted from: - Nwaka & Ridley. (2003) Nature Reviews. Drug Discovery. 2:919
                        - Austin, Brady, Insel & Collins. (2004) Science. 306:1138

Target & Lead identification
Computational Biology

Target Inhibitors
Iterative Bio/Med chemistry

Validated hits Leads Drug candidates
Compounds
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Drug Discovery pipeline

Pre Lead Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12

Cumulative cost
Success rate

RegistrationPhase IIIPhase IIPhase IPreclinical
Lead 

optimization
Target & Lead
identification

shorter time...

T
D

I

+ Completeness of genome projects (eg, Malaria)
+ New and more complete biological databases
+ New software and computers (cheaper and faster)
+ Internet == more people == less cost
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TDI flowchart
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protein structure modeling

protein-ligand docking

functional annotation

protein production protein engineering

compound librariessynthetic chemistry

structural biology target validation

high-throughput screening

substrate specificity studies
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Need is High in the Tail
DALY Burden Per Disease in Developed Countries
DALY Burden Per Disease in Developing Countries

Disease data taken from WHO, World Health Report 2004
DALY - Disability adjusted life years

DALY is not a perfect measure of market size, but is certainly a good measure for importance.
DALYs for a disease are the sum of the years of life lost due to premature mortality (YLL) in the population and the years lost due to disability (YLD) for incident cases of the health 

condition. The DALY is a health gap measure that extends the concept of potential years of life lost due to premature death (PYLL) to include equivalent years of 'healthy' life lost in states 
of less than full health, broadly termed disability. One DALY represents the loss of one year of equivalent full health.
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Disease

DALY

Heart diseases

Rare diseases

http://www.who.int/whr/2004/en/
http://www.who.int/whr/2004/en/
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Disease

DALY

Heart diseases

Rare diseases

http://www.who.int/whr/2004/en/
http://www.who.int/whr/2004/en/


“Unprofitable” Diseases
and Global DALY (in 1000ʼs)

Disease data taken from WHO, World Health Report 2004
DALY - Disability adjusted life year in 1000ʼs.

*  Officially listed in the WHO Tropical Disease Research disease portfolio.
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Malaria* 46,486

Tetanus 7,074

Lymphatic filariasis* 5,777

Syphilis 4,200

Trachoma 2,329

Leishmaniasis* 2,090

Ascariasis 1,817

Schistosomiasis* 1,702

Trypanosomiasis* 1,525

Trichuriasis 1,006

Japanese encephalitis 709

Chagas Disease* 667

Dengue* 616

Onchocerciasis* 484

Leprosy* 199

Diphtheria 185

Poliomyelitise 151

Hookworm disease 59

http://www.who.int/whr/2004/en/
http://www.who.int/whr/2004/en/
http://www.who.int/tdr/diseases/default.htm
http://www.who.int/tdr/diseases/default.htm
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# targets?
Overington, Al-Lazikani & Hopkins. (2006) Nature Reviews. Drug Discovery. 5:993

“... of 361 new molecular entities approved by the FDA between 1989 and 2000, 
76% targeted a precedented drugged domain and only 6% targeted a previously 
undrugged domain ...”

Where at the pathogens targets???!!!



Predicting binding sites in protein structure models.
TDIʼs Kernel
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A good model has MPQS of 1.1 or higher

Modeling Genomes
data from models generated by ModPipe (Eswar, Pieper & Sali)



Comparative docking
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1. Expansion 2. Inheritance
co-crystalized protein/ligand model

crystalized protein template

crystalized protein



Models with inherited ligands 

Transcripts Good Ligands Lipinski Lipinski+ZINC FDA+ZINC

C. hominis 3,886 886 183 131 28 12 (10)

C. parvum 3,806 949 219 145 30 12 (10)

L. major 8,274 1,845 488 334 84 44 (34)

M. leprae 1,605 1,321 286 189 39 29 (25)

M. tuberculosis 3,991 2,887 404 285 71 44 (37)

P. falciparum 5,363 1,057 271 191 48 20 (16)

P. vivax 5,342 1,042 267 177 37 18 (15)

T. brucei 921 1,795 440 309 94 46 (36)

T. cruzi 19,607 3,915 730 493 127 62 (52)

T. gondii 7,793 587 174 124 28 8 (7)

TOTAL 60,588 16,284 3,462 2,378 586 295 (242)

15

from 16,284 good models, 295 inherited a ligand/substance with at least a 
partial hit (exact SMILE) to a compound  already approved by FDA and ready 

to be used from ZINC
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L. major Histone deacetylase 2
Formula Name Cov. Seq, Id. (%) Residues

TSN C17 H22 N2 O3  Trichostatin A 100.00 90.9 90 131 132 140 141 167 169 
256 263 293 295

SHH
C14 H20 N2 O3 Octadenioic acid hudroxyamide 

phenylamide
100.00 90.9

ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Apr. 2004, p. 1435–1436 Vol. 48, No. 4
0066-4804/04/$08.00!0 DOI: 10.1128/AAC.48.4.1435–1436.2004
Copyright © 2004, American Society for Microbiology. All Rights Reserved.

Antimalarial and Antileishmanial Activities of Aroyl-Pyrrolyl-Hydroxyamides, a
New Class of Histone Deacetylase Inhibitors

Members of the genus Leishmania are parasitic protozoans
that infect about two million people per annum (5), and they
are emerging as serious opportunistic infective agents in hu-
man immunodeficiency virus-infected patients (4). Malaria
parasites are responsible for 1.5 to 2.7 million deaths annually,
primarily in Africa (10). The effort to find new antimalarial
agents is still a high priority given the increasing malaria emer-
gency largely due to multidrug-resistant Plasmodium falcipa-
rum strains. The histones of P. falciparum have recently been
proposed as targets for drug treatment of blood stage parasites
(6). They also play an important role in chromatin remodeling
in trypanosomatids, which include Leishmania species and try-
panosomes (3).

Apicidin, a cyclic tetrapeptide isolated from Fusarium spp.,
was reported to block the in vitro development of apicom-
plexan parasites by inhibiting parasite (including Plasmodium
species) histone deacetylase (HDAC) (6). Another HDAC
inhibitor, suberoyl bishydroxamic acid, showed an in vivo cy-
tostatic effect against the acute murine malaria Plasmodium
berghei, and one round of treatment with the compound failed
to select for resistant mutations (1).

Recently, Mai et al. reported a novel series of hydroxamate
compounds, namely, 3-(4-aroyl-1H-pyrrol-2-yl)-N-hydroxy-2-
propenamides, acting as HDAC inhibitors in the range of low
micromolar-submicromolar concentrations (7, 8). The aim of
the present study was to investigate the in vitro antimalarial
and antileishmanial activities of lead compound 1 and some
analogues (compounds 2 to 10) to identify potential chemical
tools with selective toxicity for protozoa.

The antimalarial activity of compounds 1 to 10 (Table 1) was
determined in vitro for chloroquine-sensitive (CQS) (D6,
Sierra Leone) and chloroquine-resistant (CQR) (W2, Indo-
china) strains of P. falciparum. Growth of cultures of P. falci-

parum was determined by a parasite lactate dehydrogenase
assay using Malstat reagent (9). Chloroquine was used as the
positive control, while dimethyl sulfoxide was tested as the
negative control. Suberoylanilide hydroxamic acid (SAHA)
and trichostatin A (TSA), two well-known HDAC inhibitors,
were also tested. Antileishmanial activity of compounds 1 to 10
(Table 1) was tested on a transgenic cell line of Leishmania
donovani promastigotes expressing firefly luciferase (assay with
Steady Glo reagent; Promega, Madison, Wis.) obtained from
Dr. Rafael Balana-Fouce, University of Leon, Leon, Spain.
Pentamidine was tested as a reference drug together with
SAHA and TSA. All the compounds were simultaneously
tested for cytotoxicity on Vero (monkey kidney fibroblast) cells
by a Neutral Red assay (2).

Among compounds 1 to 10, only compound 7 showed anti-
malarial activity against P. falciparum strains; however, its 50%
inhibitor concentration (IC50) values were 22- to 100-fold
higher than those of chloroquine and 4.8- to 8.5-fold and 33- to
93-fold higher than those of SAHA and TSA, respectively.
Compounds 1 to 4 showed little Plasmodium inhibition activity
(Table 1). This biological behavior of compounds 1 to 10 re-
sembles their corresponding anti-HDAC effect against maize
HD2 (compound 7, IC50 " 0.1 #M; compounds 1 to 4, IC50 "
2 to 4 #M; compounds 5, 6, and 8 to 10, low-level activity or
totally inactivity) (7, 8), thus confirming an inhibiting action of
compound 7 and, to a lesser extent, of compounds 1 to 4 on
parasite HDAC enzymes.

Surprisingly, the majority of compounds 1 to 10 were found
endowed with interesting anti-Leishmania activity (in this case,
activity not directly related to their anti-HD2 action) (Table 1).
Compounds 2 and 3, the most potent of the series, were as
active as pentamidine, slightly less potent than TSA, and $10-
fold more potent than SAHA. Interestingly, compounds 2 and

TABLE 1. Antimalarial and antileishmanial activities of compounds 1 to 10

Compound Compounda
IC50 (#g/ml) for P. falciparumb: IC (#g/ml) for L. donovani Cytotoxicity

(#g/ml)D6 (CQS) W2 (CQR) IC50 IC90

1 1 $4.8 (46) $4.8 (45) 2.4 11.3 NCc

2 2 $4.7 (19) $4.7 (34) 1.7 5.4 NC
3 5 $4.7 (35) $4.7 (49) 1.6 5.1 NC
4 7 3.8 3.5 2.4 14.3 NC
5 27 NAd NA NA NA NC
6 29 NA NA NA NA NC
7 8 1.2 4 16 $50 NC
8 25 NA NA NA NA NC
9 26 NA NA 8.3 32 NC
10 28 NA NA 6.8 $50 NC
SAHA 0.25 0.47 22 50 1.2
TSA 0.036 0.043 0.89 25 0.095
Pentamidine NTe NT 1.25 4.1 NC
Chloroquine 0.014 0.18 NT NT NC

a From reference 7.
b Numbers in parentheses represent percentages of inhibition at the tested dose.
c NC, not cytotoxic at concentrations of up to 23.8 #g/ml.
d NA, not active at the maximum dose tested (4.8 #g/ml in the case of the antimalarial assays and 50 #g/ml in the case of the antileishmanial assays).
e NT, not tested.
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TDI Models database
Is that the kernel? - Under what licensing?

http://sgu.bioinfo.cipf.es/services/TDIModels/

http://bioinfo.ci
http://bioinfo.ci
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“Volunteers can gain nothing from shading the truth” 
Richard M.  Titmuss (1972) 
“THE GIFT RELATIONSHIP: FROM HUMAN BLOOD TO SOCIAL POLICY“
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