
There are three major biological molecules classified as ketone bodies: 
 

 
 
 
These ketone bodies are water soluble and do not need specific transporters to cross membranes.  
 
Synthesis of acetoacetate 

1. React two acetyl-CoA molecules with each other using thiolase. This is called acetoacetyl-CoA. What is 
the second product? 

2. React a third acetyl-CoA molecule with acetoacetyl-CoA. This step is catalyzed by 
hydroxymethylglutaryl-CoA synthase (HMG-CoA synthase).  

a. Deprotonate C2 of acetyl-CoA. You have created a great nucleophile. 
b. React your newly formed carbanion nucleophile with the electrophilic carbonyl C3 of 

acetoacetyl-CoA. 
c. Protonate the oxyanion. 
d. Use water as a nucleophile to react with the electrophilic carbonyl of the thioester of the newly 

added acetyl-CoA unit. This results in a carboxylate functional group. 
e. Your product should contain a 5-carbon chain, which starts with a thioester to CoA, ends with a 

carboxylate, and has a hydroxyl and a methyl group attached to C3. This is β-hydroxy-β-
methylglutaryl-CoA (HMG-CoA). 

3. An acetyl-CoA group is eliminated. This step is catalyzed by hydroxymethylglutaryl-CoA lyase (HMG-
CoA lyase). 

a. A base deprotonates the hydroxyl group of β-hydroxy-β-methylglutaryl-CoA. 
b. A pair of electrons from the oxyanion moves to form a carbonyl. C2 leaves as a carbanion 

[which delocalizes into the adjacent thioester carbonyl].  
c. The first product is acetoacetate. 
d. The carbanion picks up the proton and leaves as acetyl-CoA. 

 
Formation of acetone from acetoacetate 
This occurs in a non-enzymatic fashion because of the arrangement of the ketone in the β position from the 
carboxylate in acetoacetate and causes problems since acetone builds up. 

1. Move a pair of electrons from the oxyanion of the carboxylate towards C1 to form a second C=O. C2 
leaves as a carbanion [which delocalizes into the adjacent ketone carbonyl]. C1 is CO2. 

2. The carbanion picks up the proton and acetone results. 
 
Formation of β-hydroxybutyrate from acetoacetate 
To prevent the non-enzymatic reaction that resulted in the formation of acetone from acetoacetate, the ketone in 
the β position is converted to a hydroxyl group.  

1. Covert the ketone in the β position of acetoacetate to a hydroxyl group. 
a. What type of enzyme catalyzes this reaction? 
b. What are the additional reactants and products for this reaction? 

 
β-hydroxybutyrate is transported in the blood to other tissues like the brain where it is converted back into 
acetyl-CoA within the mitochondrial matrix.  
 


