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Defining the Problem 

2.5 million years 50 years 



www.cdc.gov/diabetes/statistics and www.cdc.gov/mmwr 

2010 – Obesity 

2010 – Diabetes 2010 – Heart Disease 

2010 – Physical Inactivity 

≤19%         20%–23%        24%–27%        28%-30%         ≥31% 



Peterson and Gropler 2010 Circ Cardiovasc Imaging 3:211 

Cardiac Metabolic Substrate Utilization 



Ungar … Bing 1955 Am J Med 18(3):385 

Cardiac Metabolic Substrate Utilization 

UAB founded in 1969 
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Defining the Mechanism 
 

Barallobre-Barreiro … Mayr 2013 Rev Esp Cardiol 66:657 



Model Development 
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GLUT4 Induction Increases Glycolysis and 
Rescues Diabetic Cardiac Glycolytic Defects 
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GLUT4 Induction Increases GLOX but 
Accelerates Diabetic Cardiac GLOX Defects 

n = 6 – 10 
§ P < 0.01 vs. Con 
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Oxidative Phosphorylation 

www.genome.jp/kegg/pathway.html 



GLUT4 Induction Accelerates  
Development of Mitochondrial Dysfunction 
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n = 3 – 4 
*  P < 0.05 

Oleh Khalimonchuk 
Wende … Abel in prep 



Systems Biology of the Diabetic Heart 

Adapted from Lewis and Abdel-Haleem 2013 Front Physiol 4:237 

Genome	  /
Epigenome	  

Phenome	  

Proteome	   Metabolome	  

Transcriptome	   Phenome 
Obesity, diabetes, heart failure, 
BHI, etc. 
 

Transcriptome 
Northerns, qPCR, microarray 
RNA-seq, miR, lncRNA, etc. 

 
Proteome 

Mass spec, western blot, Co-IP, 
IHC, PTMs, etc. 
 

Metabolome 
Glucometer, ELISA, GC-MS, 
HPLC, NMR, fluxomics, etc. 
 

Genome / Epigenome 
Southerns, sequencing, 
GenBank, ENCODE,  
ChIP-seq, bsDNA-seq, etc. 



Metabolism, Bringing the System Together 

Hart … Lagerlof 2011 Annu Rev Biochem 80:825 



Metabolite Modification of the Proteome 
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Metabolite Modification of the Transcriptome 

181.9 MB 

mG4H-Veh 



           pathway analysis of Microarray 

Microarray 
2-way 

ANOVA 



From Human to Mouse and Back Again… 

Broad Institute Communications 



Epigenetics - Memory 
EDIC: Epidemiology of Diabetes Interventions Trial 

Pirola … El-Osta 2010 Nat Rev Endocrinol 6(12):665 



Metabolite Signaling to Epigenetics 

Gut and Verdin 2013 Nature 502:489 



How does GlcNAc fit in? 

Mariappa … Aalten 2013 EMBO J 32:612 



Metabolite Modification of the Methylome 
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Human/Mouse Comparisons 

Irvin … Arnett 2014 Circulation 130:565 

d	  



Human/Mouse Comparisons 

Wende, unpublished 
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Metabolite Modification of the Metabolome 
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Metabolite Modification of the Metabolome 
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James Cox – Metabolomics 

Brett Milash – Genomics/Informatics 
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