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                      Figure 1. Schematic summary of the TCA cycle. 

Figure 1 presents a schematic summary of the TCA cycle.  It is important to be able to 
summarize the TCA cycle in regards to the substrates and products remaining after a 
complete cycle of these reactions.  Table 1 provides this summary, showing the 
separate reactions, their enzymes, and the products of the reactions including the 
electron receivers, CO2 and ATP. Table 1 also includes the pyruvate dehydrogenase 
complex reaction. 
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Equation 1 summarizes the net substrates and products of one cycle of the TCA cycle. 
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 Table 1. Summary of the reactions of the TCA cycle. 

Reaction Enzyme CO2 NADH FADH ATP H
+
 

Pyruvate + Co-A + NAD
+
  Acetyl 

CoA + NADH + CO2 

Pyruvate dehydrogenase 1 1    

TCA Cycle 
Acetyl CoA + Oxaloacetate + H2O 

 Citrate + SH-CoA + H
+
 

Citrate synthase     1 

CItrate  Isocitrate Aconitase      

Isocitrate + NAD
+
  -

Ketoglutarate + NADH
+
 + CO2 

Isocitrate dehydrogenase 1 1    

-Ketoglutarate + NAD+ + SH-

CoA  Succinyl-CoA + NADH + 
CO2 

-Ketoglutarate 
dehydrogenase 

1 1    

Succinyl-CoA + GDP + Pi  
Succinate + GTP + SH-CoA 

Succinyl-CoA synthetase    1  

Succinate + FAD
+
  Fumarate + 

FADH2 

Succinate dehydrogenase   1   

Fumarate + H2O  Malate Fumarase      

Malate + NAD
+
  Oxaloacetate + 

NADH + H
+
 

Malate dehydrogenase  1   1 

Single cycle Tally 1 + 2 1 + 3 1 1 2 

Totals 3 4 1 1 2 

ATP Equivalents  12 2 1  

Double cycle Tally 2 + 4 2 + 6 2 2 4 
Totals 6 8 2 2 4 

ATP Equivalents  24 4 2  

Total ATP  30  

 
To account for the carbons of glucose, two cycles of the TCA cycle need to be summed.  
In addition, given that pyruvate is converted to acetyl CoA inside the mitochondria, but 
outside of the TCA cycle, then Equation 1 needs be adjusted for two cycles of the 
pyruvate dehydrogenase reaction and TCA cycle.  Note that combining the pyruvate 
dehydrogenase complex and TCA cycle removes the CoA product from Equation 1, as 
shown in Equation 2. 
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Equations 1 and 2, especially equation 2, are informative as they reveal the true 
products and therefore chemical purpose of the reactions leading to and inclusive of the 
TCA cycle.  The TCA cycle clearly functions to release electrons and H+ which are 
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transferred to the reducing equivalents of NADH and FADH2.  The TCA cycle also 
produces 2 CO2 molecules per cycle, an ATP (GTP) and 2 H+.  As shown in Equation 2, 
when concerned with carbohydrate catabolism, these totals have to be doubled to 
account for the two pyruvate produced from glucose. 
 
Note that Table 1 and Equation 2 show that carbohydrate oxidation involving two cycles 
of the pyruvate dehydrogenase reaction and 2 cycles of the TCA cycle amount to 30 
ATP from mitochondrial respiration.  Such reactions also produce 6 CO2, accounting for 
the 6 carbons of glucose and the complete oxidation of glucose. 
 
After studying the electron transport chain, you will be able to once again look at these 
net products of the pyruvate dehydrogenase complex and TCA cycle and convert the 
NADH and FADH2 tallies to ATP regeneration via the process of oxidative 
phosphorylation.  However, the next step prior to the study of the electron transport 
chain and oxidative phosphorylation, is how the NADH acquired electrons and H+ from 
glycolysis are transferred to the mitochondria for an increased potential ATP yield and 
the regeneration of cytosolic NAD+, which of course is essential for the continued 
function of glycolysis. 


