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ABSTRACT 

Heather Nicole Ringham 

CHARACTERIZATION OF THE MITOCHONDRIAL PROTEOME IN PYRUVATE 
DEHYDROGENASE KINASE 4 WILD-TYPE AND KNOCKOUT MICE 

 
 

The goal of this study was to determine the effect of a PDK4 (pyruvate 

dehydrogenase kinase isoenzyme 4) knock-out on mitochondrial protein 

expression.  A 2-D gel based mass spectrometry approach was used to analyze 

the mitochondrial proteomes of PDK4 wild-type and knockout mice.  

Mitochondria were isolated from the kidneys of mice in both well-fed and starved 

states.  Previous studies show PDK4 increases greatly in the kidney in response 

to starvation and diabetes suggesting its significance in glucose homeostasis.  

The mitochondrial fractions of the four experimental groups (PDK4+/+ fed, 

PDK4+/+ starved, PDK4-/- fed, and PDK4-/- starved) were separated via large- 

format, high resolution two-dimensional gel electrophoresis.  Gels were scanned, 

image analyzed, and ANOVA performed followed by a pair-wise multiple 

comparison procedure (Holm-Sidak method) for statistical analysis.  The 

abundance of a total of 87 unique protein spots was deemed significantly 

different (p<0.05).  22 spots were up- or down-regulated in the fed knockout vs. 

fed wild-type; 26 spots in the starved knockout vs. starved wild-type; 61 spots in 

the fed vs. starved wild-types; and 44 in the fed vs. starved knockouts; 63 spots 

in the PDK4+/+ fed vs. PDK4-/- starved; and 42 spots in the PDK4-/- fed vs. PDK4+/+ 

starved.  Altered protein spots were excised from the gel, trypsinized, and 

identified via tandem mass spectrometry (LC-MS/MS).  Differentially expressed 

proteins identified with high confidence include ATP synthase proteins, fatty acid 
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metabolism proteins, and components of the citric acid cycle and electron 

transport chain.  Proteins of interest were analyzed with Ingenuity Pathway 

Analysis (IPA) to examine relationships among the proteins and analyze 

biological pathways, as well as ontological analysis with Generic Gene Ontology 

(GO) Term Mapper.  IPA found a number of canonical pathways, biological 

functions, and functional networks associated with the 87 proteins.  Oxidative 

phosphorylation was the pathway associated with a majority of the proteins, while 

the largest network of proteins involved carbohydrate metabolism and energy 

production.  Overall, the effects of starvation were more extensive on 

mitochondrial protein expression than the PDK4 knockout.   

 

      Frank A. Witzmann, Ph.D., Chair 
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