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As you know from prior study, there are often key facts to remember for any given topic.  
These key facts are fundamentally important for your grasp of a concept, understanding 
of a concept, and more importantly, ability to improve your learning of additional 
features of the topic and/or other topics connected to the topic at question.  This is true 
for pyruvate oxidation, as it is a topic that spans the study of glycolysis, mitochondrial 

respiration, indirect calorimetry, energy expenditure, lactate production, metabolic 
acidosis and metabolic thresholds.  Most students forget about this reaction when 
summing carbon dioxide production from carbohydrate catabolism, and most students 
also overlook this reaction when summing NADH production and the net tally of ATP 
yield.  Do not make these mistakes! 

 
As you now know, oxidation of glucose-6-phosphate (G6P) through glycolysis converts 
the 6 carbon hexose phosphate into two three carbon (triose) pyruvate molecules, in 
addition to reducing two NAD+ to two NADH molecules and regenerating a net 2 or 3 
ATP depending on the source of the G6P.  As glucose is the original source of G6P at 
rest, chemical equations are correct to summarize glycolysis starting with glucose.  
Nevertheless, I think I have already adequately explained how this view must be 
changed when concerned with carbohydrate catabolism during exercise, which 
predominantly derives G6P from glycogenolysis. 
 
The oxidation of glucose from glycolysis is summarized in Equation 1.  Complete 
oxidation of glucose requires mitochondrial respiration so that the chemistry of Equation 
2 can be complete. 
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Figure 1. The chemical structure of coenzyme A. 
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Of course, the energy of Equation 2 is expressed in forms of chemical free energy 
(ATP), heat and entropy.  However, by convention, the heat and entropy components of 
energy transfer are not expressed in chemical equations, as is revealed in Equation 1.  
The differences between Equations 1 and 2 must be accounted for by the biochemistry 
of mitochondrial respiration.  This means learning mitochondrial respiration will reveal 
how the 2 pyruvate molecules are further oxidized, how the cytosolic NADH is used and 
NAD+ regenerated, how much more ATP is regenerated, where the added water 
molecules come from, how the 2 H+ are used, and how and where the O2 is consumed 
and the CO2 produced. 
 
Pyruvate Dehydrogenase Complex 
In the presence of adequate oxygen, and when the rate of pyruvate production from 
glycolysis does not exceed the capacity of the muscle fiber’s mitochondria to receive 
pyruvate, the pyruvate enters the mitochondria where it is then oxidized by a series of 
three enzyme catalyzed reactions.  The three enzymes are interconnected in a multi-
enzyme complex known as the pyruvate dehydrogenase complex.  The overall 
reaction of Equation 1 represents the sum of the three reactions.  As these three 
enzymes are grouped together into a definite complex, where there presence together 
is required to support the conversion of pyruvate to acetyl CoA, the multiple reactions 
are simply summarized into the one overall reaction of Equation 1, and often referred to 
simply as the pyruvate dehydrogenase reaction.  This is how we will refer to this 
complex reaction in this text. 
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Figure 2. The chemical 
structure of the acetate 
group. 

 

 
Figure 3. The chemical structure of acetyl CoA. 

 
Figure 4. The substrates and products of the pyruvate 

dehydrogenase reaction. 

A new molecule of interest and importance to mitochondrial 
respiration is coenzyme A (Figure 1) (an enzyme cofactor = 
molecule that gives certain enzymes enhanced catalytic 
effectiveness without being involved in the reaction).  When 
coenzyme A is combined with acetate (Figure 2), the molecule 
acetyl Co-A is formed (Figure 3).  Coenzyme A forms the 
majority of the structure of acetyl Co-A as shown in Figure 3. 
 

As shown in Equation 1, the 
products of pyruvate 
dehydrogenase reaction are 
carbon dioxide (CO2), NADH 
and acetyl CoA (Figure 4).  
The reaction complex is highly 
exergonic, and due to the 
combination of three enzymes, 
CO2 production and the two 
mitochondrial membranes, this 
reaction has been proven to 
be irreversible.  Thus, 
pyruvate cannot be re-formed 
in the mitochondria and 
transported back into the 
cytosol of the muscle fiber.  
However, the added 
biochemistry of this concept is 
presented in the Topic on Gluconeogenesis. 
 
It is very easy for students of biochemistry to forget about the CO2 produced and NADH 
regenerated in the pyruvate dehydrogenase reaction.  Please employ effort to make 
sure this does not happen to you.  The CO2 produced means that the 3 carbons of 
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pyruvate have now been decreased to 2, an acetate group (Figure 2), which combines 
with coenzyme A (Figure 1) to form acetyl-CoA (Figure 3).  The carbon to sulfur bond 
(C-S) of acetyl CoA has a high acetate transfer potential, and therefore readily releases 
the two carbon acetate group in the first reaction of the TCA cycle catalyzed by citrate 
synthase. 
 

Glossary Words 
 
pyruvate dehydrogenase is the enzyme that catayzes the conversion of pyruvate, CoA 
and NADH to acetyl CoA and NADH and the first CO2 produced from carbohydrate 
oxidation. 
 
coenzyme A (CoA) is a coenzyme that assists in the transfer of an acetyl group during 
select reactions of energy catabolism.  
 
acetate is a chemical functional group consisting of CH3-COO-. 
 
acetyl CoA is the product resulting from an aceyl group addition to coenzyme A (CoA). 
 
citrate synthase is the enzyme that catalyzes the first reaction of the TCA cycle, 
converting oxaloacetate and acetyl CoA to citrate and CoA. 
 

 
 


