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Outline
The Grand Challenge for Pharma-Informatics

• Create a path from the promise of 
genomics to the fruits of personalized 
medicine (population segmentation).

• Current setbacks in R&D pipelines.
• The two branches of computational biology.
• On new directions for fundamental research 

in computational biology in the petascale
and exascale cyberinfrastructure eras.
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Economics: Valuation of a Molecule

Value
(log scale)

$

$1 per mg.

$100 per kg.

104

X-Informatics

Phase II clinical trials

Current focus of
academic informatics

Informatics’ new frontier

Pharma/Biotech R&D Timeline
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Valuation of a Molecule – Part 2

Value
(log scale)

$

104

Informatics’ new frontier

Tysabri (Natalizumab) for MS and Crohn’s disease
- Adverse event: rare incidence of viral infection of the brain
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Protein Kinases:
Major Targets of
21st century

Constituents of cell signaling pathways
Phosphorylation of other proteins
• Cancer, Inflammation, Diabetes, …
• e.g. MAPK, CDK2, EGFR, PKA, etc.

Largest enzyme family in 
the genome: 518 members 
with 7 sub-families.

5



IT

Protein Kinase Inhibitors: Selectivity
Kinases are cross reactive because of structure, fold conservation.
Inhibitory impact across sub-families!

Gleevec®, a Cancer drug, also effective 
against Diabetes !!
Targeted against ABL kinase but inhibits 
PDGF also.
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Some inhibitors (poisons) 
bind through non-conserved
features.

Pattern is not aligned with 
evolution and thus not a low 
hanging fruit for simpler 
informatics tools.
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Protein Kinase Inhibitors: Selectivity
Kinases are cross reactive because of structure, fold conservation.
Inhibitory impact across sub-families!

Recent (2006) advance in aligning the 
pattern of reactivity across sub-families:
A. Fernandez & S. Maddipati, J. Med. Chem.
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Partially wrapped hydrogen bonds (dehydrons) attract 
hydrophobic groups to get completely wrapped by the 
dehydronic force
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gromacs simulation package
NVT Ensemble

TIP3p water model
PME electrostatics

Nose Hoover thermostat
100 equilibrium runs

Computation details :



ITPacking differences vs. Pharmacological differences
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Experiments
Fabian et al.

Nat. Biotech 2005

Theory
Fernandez & Maddipati

J. Med. Chem. 2006
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Previous Example: in principle, a hand-off

“results”
“hand-off”

Simulation runs

Database of results

Implication: progress via collaborationImplication: progress via collaboration



IT

Research & Education Implications 

• From the evolution of two distinct branches of 
computational biology
– Molecule wrigglers (solvers of differential equations of 

biochemical physics)
– Data miners (informatics)

• To a new generation trained to do both
– Limitations of each branch
– Example from current frontiers of pharma informatics
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When Hand-Offs are Not Possible

“results”

Implication: education and trainingImplication: education and training

Simulation runs

Informatics on the characteristics of the entire run
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Objects (Vectors)  in 

Pharmaceutical Informatics

Molecules, Drug binding profiles,
MD simulation results, Structures, 
Combinatorial Proteins etc.,

Vectorizing by appropriate
descriptors
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1.  Kernelized versions of algorithms which 
can now take metric space directly as input

2.  Algorithms to indirectly and efficiently compute 
the metrics without computing the vectors

Objects may be non-vectorizable OR 
of huge (even Infinite) dimension
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Closing Thoughts

This talk is dedicated to my 2,000+ former colleagues in the Pfizer
Ann Arbor Laboratories (then Parke-Davis Research Division of the
Warner Lambert Company) where the greatest blockbuster of
all time was discovered.

Personalized Medicine: P+ vs. P-
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• Donald W. Feddersen Endowment
• Warner Lambert, Eli Lilly experiences
• Prof. Ariel Fernandez (Rice Univ.)
• Sridhar Maddipati, Ravi Nandigam

“Curvature from the Network of Things”
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