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1H NMR 
spectroscopy 
of hypoxic fly 

muscle
• 0.5% O2
• 240 minutes

MAMMALIAN TISSUE:





– 162 genes, 143 proteins and 158 reactions
– Includes glycolysis, TCA cycle, oxidative phosphorylation, 

Beta –oxidation, amino acids
– Elementally- and charge-

balanced
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Substrates and products during hypoxia

- h: proton production



The fly heart
heart organ
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Fruit Fly Heart

QuickTime™ and a
 decompressor

are needed to see this picture.



High-throughput measurements 
of heart function in Drosophila

heart position 

fly axis

1

start

Scan

slide image reconstruction fly image reconstruction

Trace2



Candidate genes

Genetic perturbation

Model

Experiment

NMR metabolomics

Perturbation Analysis of Energy 
Metabolism in Hypoxic Myocardium 

cardiac phenotype



Molecular Algorithms
for 
Pharmacological Interventions
on Cardiac Aging

Andrew Viterbi
Jen Schofield



Interventions on hubs are 
sufficient to restore function

Bioinformatics, 21:338-48;2005



Automated detection of fly heart 
wall displacement
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Human and fly cardiac changes 
with age

Lakatta, Circ Res, 88:984-6; 2001



2-day-old fly

30-day-old fly

30-day-old fly
+ doxycycline



Climbing Velocity at  30 days of age Resveratrol
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Multivariate Analysis
Reduction of Dimensionality 



Molecular Algorithms for combining therapeutic 
interventions on aging

Multi-objective optimization - list of interventions

Fully factorial datasets

Robustness (reproducibility) between species

Integrating -omics data

Information theory - spread network pharmacology

www.paternostrolab.org
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