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A target is something you aim at.

In the context of a pathology, a target can be 
• a biological entity                                              Ontology
• and/or a biological phenomenon                 Functional representations

Intervention on the target depends on 
•the level of knowledge of the disease, 
•the cultural background of the physician

traditional medicine will focus more on the symptoms in order to end the 
symptoms.

allopathic (western, orthodox) medicine will focus on the causes (i.e. the 
etiology) in order to oppose the causes.

homeopathic medicine (in the sense of non-allopathic medicine) will focus 
on the etiology in order to treat likes with likes. In the widest sense of the 
word, vaccination is a category of homeopathic treatment. 

the technics and technologies for the intervention
without exogenous agents

musculoskeletal manipulations, surgery, diets
with exogenous biochemicals

natural substances based on traditional pharmacopoeia
drugs derived of traditional pharmacopoeia or from synthetic 

chemistry
vaccines

with exogenous genes (gene therapy)



Malaria ?

In silico strategies for target discovery, should :

1) comply with knowledge of the disease in ETIOLOGIC terms
- objects, attributes and data that are consistent with

- biological entities (as defined or understood by bench biologists in 
reductionist terms); i.e. genes, RNA, proteins, solutes, cellular structures, 
tissues, organs, etc. 

Ex.: a protein “E”
- and their measures, scales, i.e. concentration

- processes and functions that represent biological operations
-alterations over time (growth, transformations, movements) : 

Ex.: a reaction “A → B”
- relations between objects and processes

Ex.: “C” controls “E” that catalyzes “A → B”
If “B” is related to the pathology, “C” might be a target

2) benefit from biological knowledge in widest terms
- access to all data, experiments, literature
- mining, comparisons, knowledge transfers

3) include, enable, enhance, maximize creative approaches

4) comply with feasibility of a treatment
- genetic variabilitiy of target? drug? vaccine? gene therapy?
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Desp. waiting for Google Bio-earth…



Malaria

Plasmodium

Human

Targets (for insecticides): mostly vital 
processes - and genes –
Strategy requiring an exploration of mosquito, 
but also fly, genomic/postgenomic
molecular, and functional data

Anopheles



Malaria

Plasmodium

Human

Targets (for vector resistance and population control): 
Anopheles genes introducing resistance to Plasmodium
(with possible genetic manipulations to introduce this 
resistance) + fitness genes => promote the introduction of 
competing populations that resist to Plasmodium.
Strategy requiring an exploration of mosquito 
genomic/postgenomic molecular, and functional data + 
Plasmodium genomic/postgenomic data focusing on 
parasitic stages within mosquitoes.

Anopheles



Malaria
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HumanTargets ?
Anopheles



Malaria

Plasmodium

HumanTargets (for resistance):
Human genes introducing resistance 
to Plasmodium (with possible genetic 
manipulations to introduce this 
resistance) => promote the human 
processes involved in resistance (with 
immune response enhancer, but also 
including gene therapy approaches 
on a long, long, long term…)
Strategy requiring an exploration of 
human genomic/postgenomic
molecular, and functional data + 
mouse/rat models requiring 
comparative tools (homologies, 
syntenies) + epidemiological
information.
Chromosome 5q31-q33

Anopheles



Malaria

Plasmodium

Human
Anopheles

Photo Jason Socrates Bardi 

Targets (for drugs/vaccines): mostly vital 
processes - and genes -
Strategy requiring an exploration of 
Plasmodium (P. falciparum and other 
malaria species), genomic/postgenomic
molecular, and functional data + a study 
of genetic variations of the target 
candidate + a sufficient difference with 
human features to avoid toxicity.



Malaria

Anopheles
Human

Targets (for resistance):
Human genes introducing resistance 
to Plasmodium
Human genomic/postgenomic
molecular, and functional data + 
mouse/rat models requiring 
comparative tools (homolgogies, 
syntenies) + epidemiological
information.

Targets (for vector resistance and 
population control): Anopheles genes 
introducing resistance to Plasmodium +
fitness genes
Mosquito genomic/postgenomic
molecular, and functional data + 
Plasmodium genomic/postgenomic data 
focusing on parasitic stages within 
mosquitoes + population genetic data

Targets (for insecticides): mostly vital 
processes - and genes –
Mosquito + fly, genomic/postgenomic
molecular, and functional data

+ Experiments for Target validation (can be
knock out but not only)
+ Experiment to develop treatment (drug
discovery + development; vaccine 
development)

Targets (for drugs/vaccines): mostly vital processes - and 
genes -
Plasmodium (P. falciparum and other malaria species),
genomic/postgenomic molecular, and functional data 
+human genomic/postgenomic data + a study of genetic 
variations of the target candidate

Plasmodium



Plasmodium

Human

Malaria

Anopheles

Targets (for resistance):
Human genes introducing resistance 
to Plasmodium
Human genomic/postgenomic
molecular, and functional data + 
mouse/rat models requiring 
comparative tools (homolgogies, 
syntenies) + epidemiological
information.

Targets (for vector resistance and 
population control): Anopheles genes 
introducing resistance to Plasmodium +
fitness genes
Mosquito genomic/postgenomic
molecular, and functional data + 
Plasmodium genomic/postgenomic data 
focusing on parasitic stages within 
mosquitoes + population genetic data

Targets (for insecticides): mostly vital 
processes - and genes –
Mosquito + fly, genomic/postgenomic
molecular, and functional data

+ Experiments for Target validation (can be
knock out but not only)
+ Experiment to develop treatment (drug
discovery + development; vaccine 
development)

Targets (for drugs/vaccines): mostly vital processes - and 
genes -
Plasmodium (P. falciparum and other malaria species),
genomic/postgenomic molecular, and functional data 
+human genomic/postgenomic data + a study of genetic 
variations of the target candidate

Invaluable collaborative work to 
generate/collect/control data and 
put some order in this avalanche of 
information. Endorsed by all 
individual scientists + dedicated
teams having sufficient critical
masses. No cost evaluation
(gigantic); access considered as a 
« universal human right »; only limit
is the investment in the 
maintenance, improvement and 
development of wise data storage
models and systems, navigation 
maps and mining tools
(DATABASES, KNOWLEDGE BASES, 
KNOWLEDGE SPACES) and 
accesses (internet portals and grid
distribution)



Malaria

Plasmodium

Human
Anopheles

Targets (for resistance):
Human genes introducing resistance to 
Plasmodium
Human genomic/postgenomic
molecular, and functional data + 
mouse/rat models requiring 
comparative tools (homolgogies, 
syntenies) + epidemiological
information.

Targets (for vector resistance and 
population control): Anopheles genes 
introducing resistance to Plasmodium +
fitness genes
Mosquito genomic/postgenomic
molecular, and functional data + 
Plasmodium genomic/postgenomic data 
focusing on parasitic stages within 
mosquitoes + population genetic data

Targets (for insecticides): mostly vital 
processes - and genes –
Mosquito + fly, genomic/postgenomic
molecular, and functional data

+ Experiments for Target validation (can be 
knock out but not only)
+ Experiment to develop treatment (drug 
discovery + development; vaccine 
development)

Linear workflows of experiments
that can be stopped as soon as 
failure indicators appear. Cost 
evaluation includes the cost of 
failures (>70 % of drug 
discovery/development projects 
fail), i.e. 800 M€. 
Endorsed by small teams.
Time scale is ~10 yr per project.
This is clearly the LIMITING STEP.
In silico information are non limiting 
by comparison.

Targets (for drugs/vaccines): mostly vital processes - and 
genes -
Plasmodium (P. falciparum and other malaria species),
genomic/postgenomic molecular, and functional data 
+human genomic/postgenomic data + a study of genetic 
variations of the target candidate



Malaria targets for new drugs ? 
An example of a drug discovery project,
combining bioinformatics and experiments.

~2-8 µm

Plasmodium falciparum an apicomplexan



Malaria targets for new drugs ? 
An example of a drug discovery project,
combining bioinformatics and experiments.

1991

J. Protozool. 1991 38:243-5.

The putative mitochondrial genome of Plasmodium 
falciparum.

Feagin JE, Gardner MJ, Williamson DH, Wilson RJ.
Intraerythrocytic stages of mammalian malarial parasites employ glycolysis for energy
production but some aspects of mitochondrial function appear crucial to their survival
since inhibitors of mitochondrial protein synthesis and electron transport have 
antimalarial effects. Investigations of the putative mitochondrial genome of Plasmodium 
falciparum have detected organellar rRNAs and tRNAs encoded by a 35 kb circular DNA.
Some features of the organization and sequence of the rRNA genes are reminiscent of 
chloroplast DNAs. The 35 kb DNA also encodes open reading frames for proteins
normally found in chloroplast but not mitochondrial genomes. An apparently unrelated 6 
kb tandemly repeated element which encodes two mitochondrial protein coding genes
and fragments of rRNA genes is also found in malarial parasites. The malarial
mitochondrial genome thus appears quite unusual. Further investigations are expected to 
provide insights into the possible functional relationships between these molecules and 
perhaps their evolutionary history.



1996Malaria targets for new drugs ? 
An example of a drug discovery project,
combining bioinformatics and experiments.



Synechocystis 3500 kb
Lettuce 140 kb
Plasmodium 35 kb

1997Malaria targets for new drugs ? 
An example of a drug discovery project,
combining bioinformatics and experiments.



1997Malaria targets for new drugs ? 
An example of a drug discovery project,
combining bioinformatics and experiments.



Malaria targets for new drugs ? 
An example of a drug discovery project,
combining bioinformatics and experiments.

Plasmodium Toxoplasma
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(Apicomplexans)

The apicoplast, a plastid limited by 3-4 membranes



Malaria targets for new drugs ? 
An example of a drug discovery project,
combining bioinformatics and experiments.

What is the apicoplast origin ?
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Malaria targets for new drugs ? 
An example of a drug discovery project,
combining bioinformatics and experiments.

1999

Is the apicoplast a target ?
• Fosmidomycin, a herbicide targeting a plant chloroplast process (i.e. the 
non-mevalonate isoprenoid pathway), kills the parasite (Jooma et al., 1999, 
Science).
•Genetic impairment of apicoplast division leads to cell with no apicoplast…
that die  (He et al., 2001, EMBO J)



Malaria targets for new drugs ? 
An example of a drug discovery project,
combining bioinformatics and experiments.

Target 
identification

Structural 
and functional

characterization

Pharmacological
screening

Bioactivity assays
Plasmodium, 
Toxoplasma, 

…Plants

Human cell
cytotoxicity

Molecule
optimization

19981997 2000 2001 2002 2003 2004 2005 2008

original
idea:
comparative 
genomics & 
biology

11 years
Marginal cost: 950 K€

Structure 
prediction, 
molecular
dynamics

First QSAR 
analysis

second 
QSAR 
analysis
(optimization
of chemical
descriptors
constrained
by complexe 
bioactivity
profiles).

Molecular phylogeny



Is the apicoplast a target ? 
(in more general term any plant-like process in Plasmodium)

Available
molecular

data
PlasmoDB, etc.
+ comparison

with other
organisms

(in particular
plants)

Genes inherited
from ancestral 
cyanobacteria

Genes inherited 
from 

primary eukaryote

Genes inherited 
from secondary 
endosymbionte

sequence comparisons

red algal sub-genome

Plant side ?



Is the apicoplast a target ? 
(in more general term any plant-like process in Plasmodium)

Available
molecular

data
PlasmoDB, etc.
+ comparison

with other
organisms

(in particular
plants)

sequence comparisons
analyses of biological processes



Target 
identification

Structural 
and functional

characterization

Pharmacological
screening

Bioactivity assays
Plasmodium, 
Toxoplasma, 

…Plants

Human cell
cytotoxicity

Molecule
optimization

Is the apicoplast a target ? 
(in more general term any plant-like process in Plasmodium)

Available
molecular

data
PlasmoDB, etc.
+ comparison

with other
organisms

(in particular
plants)

sequence comparisons
analyses of biological processes

Are there more we might have missed ?



CURRENT LIMITS

Available
molecular

data
PlasmoDB, etc.
+ comparison

with other
organisms

(in particular
plants)

sequence comparisons
analyses of biological processes

Blast (+ motifs) searches

Number of genes 
predicted to code 

for proteins (in 
original paper)

hit with 
genes with 
no known 
function

hit with 
genes with 

known 
function

no hit

Human 
(Craig et al., 2001) ~30,000

Arabidopsis 
(A.G.I., 2000) ~25,000

Plasmodium 
(Gardner et al., 2002) ~3200 sequences~5,000



CURRENT LIMITS

Blast (+ motifs) searches

~3200 sequences

>87088036|chr11_s259 
            Length = 17,424 
 
  Plus Strand HSPs: 
 
 Score = 79 (32.9 bits), Expect = 4.1, Sum P(2) = 0.98 
 Identities = 23/76 (30%), Positives = 42/76 (55%), Frame = +2 
 
Query:   441 IAGQEAGNVPYVIENGIG--KYLKSPKEIAKTVSQWFGPKANELQIMSQNALKHARPDAV 498 
             I G+  G++  ++ N +   KY KSP  + KTVS  FG ++ E  ++     +H + +   
Sbjct:  2423 INGKNMGDLQSMLNNLLNSEKYKKSPYTLDKTVSSGFGSRSKESMLLEY---QHNKSEQ- 2590 
 
Query:   499 FKIVHDLDELV-RQKI 513 
              +I+ +L EL+ + KI 
Sbjct:  2591 -EILRELQELINKNKI 2635 
 
 Score = 54 (24.1 bits), Expect = 4.1, Sum P(2) = 0.98 
 Identities = 21/95 (22%), Positives = 45/95 (47%), Frame = +2 
 
Query:    27 NSSLHGNNSNGYSSFSSNSVHFGGLATQNRYKFVNSLSFSKEGSNLKRILSDFNRVIRL- 85 
             N++ + NN+N  SS +++S +    ++ N     N+ + +K  + ++++ + F+ +     
Sbjct:  1745 NNNNNNNNNNNNSSNNNSSSNNNNSSSNNNNSSNNNNNNAKAANPMEQLTNLFSHINNND 1924 
 
Query:    86 HCDRI----PLGFSSIGLNSGESNGVSDNGHGVLE 116 
             H D      PL         G +NG +  G+  LE 
Sbjct:  1925 HHDEKGDGHPLEHIMNLFGQGHNNGDAKGGNNPLE 2029

sequence comparisons
analyses of biological processes

Available
molecular

data
PlasmoDB, etc.
+ comparison

with other
organisms

(in particular
plants)



CURRENT LIMITS

Available
molecular

data
PlasmoDB, etc.
+ comparison

with other
organisms

(in particular
plants)

sequence comparisons
analyses of biological processes

Blast (+ motifs) searches
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Plasmodium falciparum
Arabidopsis thaliana

> 50% protein content
~3200 sequences



CURRENT LIMITS

Blast (+ motifs) searches

~3200 sequences

A  R  N  D  C  Q  E  G  H  I  L  K  M  F  P  S  T  W  Y  V

A  5 -3 -2 -3  0 -1 –3  0 -2 -2 -2 -4 -2 -3 -1  0  0 -1 -3  0

R -1  6 -4 -1 -2  0 -2 -3  0 -3 -5  1  0 -7 -1 -1  0 -3 -5 -3

N -1  0  4  1 -1  0  0  0  0 -3 –2  0 -2 -3  0  0  0 -2 -2 -2

D -2 -3  0  5 -4  0  1 -1  0 -3 -5  0 -1 -5  0  0 -1 -6 -5 -3

C  1 -3 -2 -4  8 -3 -5  0 -2 -1  0 -5 -1 -2 –2  0  0  0  0  0

Q  0  0  0 -1  0  5  0 –2  0 -5 –1  0  0 –6  0  0 –2  0  0 –3

E  0  0  0  1 –3  1  4 -1 -1 -4 –3  0 -2 -5  0  0  0  0 -4 -2

G  0 -3  0 -6 -2 -4 –4  7 -1 -3 -5 -4 -4 -5 -3 -2 -2 -5 -4 -5

H -2  1  0 -1 -4  1  0 -2  7 -4 -2 -3 -2 -1 -1  0 -1  0  1 –2

I -1 -3 -3 -4  0 -2 -2 -4 –3  4  1 –2  0  0 -1 -2  0  0 –2  2

L -1 -2 -4 -4  0 -2 -3 -4 -2  1  4 -3  2  0 -5 -2 -1  0 -1  0

K  0  1  0  0 -4  0  0 -2  0 -3 -2  4  0 -5  0  0  0 -5 -2 -2

M  0 -1 -2 -2  0 -2 -4 -3  0  0  2 -2  6  0 -1 -1 -1 -4 -3  0

F -1 -1 -3 -2 -1 -3 -3 -3 -1  0  0 -4  0  6 -3 -3 -4  1  2  0

P -1 -2 -1 -1 -2 -1 -1 -5 -1 -7 -3 -1 -4 -1  7 -1 -1 -4 -2 -3

S  1 -2  0 -1  0  0  0  0 -1 -3 -5  0 -2 –2  0  4  0 -3 -3 -3

T  0  0 -1 -1 -1  0  0 -1 -1 -1 -1 -1  0 -2 -1  1  5 -4 -5  0

W -6 -1 -5 -3  0 -4 -4 -3 -1 -2  0 –3  0  3 -5 -3 -3 11  2 -4

Y -1  0 -2 -2 -1 -1 -1 -2  1 -2  0 –2  0  3 -2 -1 -1  3  6 -1

V  0 -3 -5 -7  0 -3 -2 -2 -4  2  0 -2  0  0 -2 -3  0 -2 -2  4

A  R  N  D  C  Q  E  G  H  I  L  K  M  F  P  S  T  W  Y  V

A  5 -3 -2 -3  0 -1 –3  0 -2 -2 -2 -4 -2 -3 -1  0  0 -1 -3  0

R -1  6 -4 -1 -2  0 -2 -3  0 -3 -5  1  0 -7 -1 -1  0 -3 -5 -3

N -1  0  4  1 -1  0  0  0  0 -3 –2  0 -2 -3  0  0  0 -2 -2 -2

D -2 -3  0  5 -4  0  1 -1  0 -3 -5  0 -1 -5  0  0 -1 -6 -5 -3

C  1 -3 -2 -4  8 -3 -5  0 -2 -1  0 -5 -1 -2 –2  0  0  0  0  0

Q  0  0  0 -1  0  5  0 –2  0 -5 –1  0  0 –6  0  0 –2  0  0 –3

E  0  0  0  1 –3  1  4 -1 -1 -4 –3  0 -2 -5  0  0  0  0 -4 -2

G  0 -3  0 -6 -2 -4 –4  7 -1 -3 -5 -4 -4 -5 -3 -2 -2 -5 -4 -5

H -2  1  0 -1 -4  1  0 -2  7 -4 -2 -3 -2 -1 -1  0 -1  0  1 –2

I -1 -3 -3 -4  0 -2 -2 -4 –3  4  1 –2  0  0 -1 -2  0  0 –2  2

L -1 -2 -4 -4  0 -2 -3 -4 -2  1  4 -3  2  0 -5 -2 -1  0 -1  0

K  0  1  0  0 -4  0  0 -2  0 -3 -2  4  0 -5  0  0  0 -5 -2 -2

M  0 -1 -2 -2  0 -2 -4 -3  0  0  2 -2  6  0 -1 -1 -1 -4 -3  0

F -1 -1 -3 -2 -1 -3 -3 -3 -1  0  0 -4  0  6 -3 -3 -4  1  2  0

P -1 -2 -1 -1 -2 -1 -1 -5 -1 -7 -3 -1 -4 -1  7 -1 -1 -4 -2 -3

S  1 -2  0 -1  0  0  0  0 -1 -3 -5  0 -2 –2  0  4  0 -3 -3 -3

T  0  0 -1 -1 -1  0  0 -1 -1 -1 -1 -1  0 -2 -1  1  5 -4 -5  0

W -6 -1 -5 -3  0 -4 -4 -3 -1 -2  0 –3  0  3 -5 -3 -3 11  2 -4

Y -1  0 -2 -2 -1 -1 -1 -2  1 -2  0 –2  0  3 -2 -1 -1  3  6 -1

V  0 -3 -5 -7  0 -3 -2 -2 -4  2  0 -2  0  0 -2 -3  0 -2 -2  4

Organisme sujet
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Arabidopsis thaliana

sequence comparisons
analyses of biological processes

Available
molecular

data
PlasmoDB, etc.
+ comparison

with other
organisms

(in particular
plants)
A  R  N  D  C 

A  5 -3 -2 -3  0 

R -1  6 -4 -1 -2 

N -1  0  4  1 -1 

D -2 -3  0  5 -4 

C  1 -3 -2 -4  8 

A  R  N  D  C 

A  5 -3 -2 -3  0 

R -1  6 -4 -1 -2 

N -1  0  4  1 -1 

D -2 -3  0  5 -4 

C  1 -3 -2 -4  8 



CURRENT LIMITS

Available
molecular

data
PlasmoDB, etc.
+ comparison

with other
organisms

(in particular
plants)

sequence comparisons
analyses of biological processes

Blast (+ motifs) searches

⇒ Sequence alignement methods ?

Substitution matrices ?
• Non-symetric matrices ⇒ in progress

Score statistics?
• E-value vs Z-score ⇒ Z-score

⇒ Use at massive scale in progress

~3200 sequences



CURRENT LIMITS

sequence comparisons
analyses of biological processes

Available
molecular

data
PlasmoDB, etc.
+ comparison

with other
organisms

(in particular
plants)



FUTURE CHALLENGES

?Potential of 
in silico

approaches
for target

discovery ?

⇒ more integration of genomic/post-genomic molecular and functional data
⇒ from user-friendly, but rigid, web portals to flexible & creativity-oriented
knowledge accesses (with user-designed workflows, implying a strong
interoperability)
⇒ improved and new analyzing and mining tools

⇒ integration of biological and chemical information (chemogenomic
knowledge) and models for biological and chemical space intersects

• what biological space ? what chemical space ?
• bridging biological targets → ligand 

• bridge #1: recorded effect of drugs/small molecules on known
targets
• bridge # 2: protein structure –small molecule structure (docking)

• bridging small molecule → biological responses
• OMIC functional responses

• implementing new predictions (i.e. druggability)
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Functional chemogenomics CEA Grenoble 
L Lafanechère
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E Nicolaï, F Revah 
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V Kasam, V Breton

Diversity oriented chemistry CEA Saclay
M Deligny, AL Bonneau, R Lasselin, 
B Rousseau, R Lopez
Faculté de Pharmacie Meylan
YS Wong



Chemogénomique, 
des petites molécules pour explorer le 
vivant
(Eds. Maréchal, Roy, Lafanechère)
EDP Sciences, Collection Grenoble Science

An introductory manual for biologists, 
chemists and computer scientits
(Master Level ⇒ engineers, researchers)

•Part I: Automated pharmacological
screening
•Part II: High content screening and 
chemical genetic strategies
•Part III: toward an in silico exploration of 
the chemical and biological spaces
•Glossary to help biologists, chemists and 
computer scientists sharing a vocabulary

16 authors (biologists, chemists, chemo-
and bioinformaticians).

Chemogenomics,
Exploring the living world with small
molecules
In progress



Reconstructing evolution
(Eds. Gascuel, Steel)
Oxford University Press




