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9.4: Citric acid cycle

Understand the citric acid cycle, its reactions, and the yield of energetic molecules.

What is the citric acid cycle? 
The citric acid cycle is the first part of the third stage of food catabolism, including carbohydrates, fats, and proteins. It is called
the citric acid cycle because a  acetyl-  produced in the second stage of catabolism of foods reacts with a 
oxaloacetate and produces -citrate in the first reaction. The citrate is oxidized through a series of eight reactions producing
two carbon dioxide ( ) and re-generates the oxaloacetate to repeat the next round of the cycle, as shown in Figure . It is
also called the tricarboxylic acid cycle because citrate has three carboxylates ( ) groups, i.e., triacid. Another name for it
is the Krebs cycle in honor of Hans Krebs, who discovered this metabolic pathway.

Figure : Citric acid cycle. (Copyright; Theislikerice, CC BY-SA 4.0, via Wikimedia Commons)

The oxidation reactions in the citric acid cycle release energy, which is coupled to the reduction of  to ,  to 
, or conversions of  to high-energy . Guanosine triphosphate ( ) -another high-energy molecule is also

produced from guanosine diphosphate ( ), but this reaction ultimately reverses to transfer its energy to make .

Reactions of the citric acid cycle 

The following equations of the reactions are modified from a public domain at Wikipedia.

1. To understand the first reaction, recall that the  group of acetyl-  has relatively acidic protons as it is  to a carbonyl (
) group. An enzyme, acting as a base, removes a proton from the  group making it a carbanion which, being a strong

nucleophile, attacks the ketone-  of oxaloacetate, which is an electrophile. This nucleophilic addition reaction converts the 
into an  group. It is followed by the hydrolysis of the thioester by  through nucleophilic acyl substitution mechanism
producing citrate and , as shown in the following overall reaction.
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2. To understand the second reaction, recall that tertiary  do not oxidize but are easily eliminated through E2-dehydration
mechanics. The tertiary  of citrate is eliminated, and then  adds to the alkene intermediate, but it installs a secondary 

 group in isocitrate product, as shown below.

3. The third reaction has three steps. In the first step, the secondary  in isocitrate is oxidized to a ketone group at the expense
of reduction of a  into . In this step, one  is picked up by an enzyme ( ) and the second by the nicotinamide
ring (shown in blue color) of the coenzyme . The  group in the intermediate-I, being  to the  group, eliminates
(decarboxylate) easily as . The decarboxylation is facilitated by cofactor  that binds with and draws electrons from the 

. The enzyme  protonates the enole  bond of the intermediate-II that produces -ketoglutarate, as shown below.

4. The fourth reaction resembles the previous link reaction's oxidative decarboxylation of pyruvate to acetyl- . In this reaction, 
 is reduced into  at the expense of oxidative decarboxylation of -ketoglutarate and the resulting acyl-group is

transferred to  resulting in succinyl-  product as shown in the reaction below.

5. The fifth reaction has two steps. In the first step, a phosphate ( ) group substitutes  group from succinyl- . In the
second step, the phosphate group is transferred to  that converts to a  by the same mechanism as in steps #7 and step#10
of glycolysis.  reverts back to  and transfers its phosphate group to  that converts to one . So, production of
one  is equal to production of one . The overall reaction five is shown below.

6. In the sixth reaction, one  is reduced into  at the expense of oxidation of succinate to fumarate by the following
overall reaction.
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7. In the seventh reaction  hydrates the  of fumarate producing malate, as shown below.

Recall that the enzymes are stereospecific. In this case, only fumarate (not its cis-isomer) reacts with the enzyme, and only (S)-
malate (not its enantiomers (R)-malate) is produced.

8. In the eighth step, one more  is reduced into  at the expense of oxidation of malate into oxaloacetate, as shown in
the reaction below.

The oxaloacetate is the reactant of step#1 and begins the cycle again by reacting with another acetyl-. One citric acid cycle has the
following overall reaction with one acetyl- .

Recall that the catabolism of one glucose molecule produces two pyruvates that, intern, produce two acetyl-  in the oxidative
decarboxylation of pyruvate under aerobic conditions. So, the citric acid cycle runs twice for the catabolism of one glucose
molecule. One  ultimately converts into one .

Two citric acids from one glucose molecule yield ten energetic molecules from two turns citric acid cycles: , 
, and 

The information in this note is meant to help predict which energetic molecule will be produced or consumed during food
catabolism reactions. Recall that oxidation generally release energy (exothermic), and reduction consumes energy
(endothermic). The energy released from oxidation reactions in food catabolism is utilized to produce one of the two energetic
coenzymes, i.e., either  from the reduction of  or  from the reduction of . Recall that  is
stronger bond (~800 kJ/mol bond dissociation energy) compared to  bond (~600 kJ/mole bond dissociation energy). 

 is more energetic than . Therefore, any oxidation reaction involving carbonyl ( ) group produces 
and any oxidation involving  bond produces . There is only one reaction described in food catabolism in this
book, i.e., reaction#6 in the citric acid cycle that involved oxidation of  to  bond and produced . All other
oxidation reactions in the citric acid cycle and glycolysis involve  group, i.e., either alcohol ( ) to carbonyl (

) conversion, or ketone (  to thioester ( ) conversions produce . Conversionerisons of
pyruvate to lactate and ethanol under anaerobic conditions are reduction reactions involving  group and consume 
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Reactions that are not redox reactions, e.g., acyl ( ) transfer, hydration (addition of ) , dehydration (elimination of 
), and isomerization, involve a small amount of energy. They are usually not coupled with the formation or consumption

of energetic molecules like , , or .

Exceptions include phosphate ester or thioester group, which are high-energy groups. The addition or removal of phosphate
ester or thioester groups without redox reaction is usually coupled with /  conversion. Two reactions, i.e., reaction#1
and reaction#3 in glycolysis (Figure 9.3.1) add phosphate ester bond and consume , and two reactions, i.e., reaction#&
and reaction#10, remove phosphate ester and produce . One reaction, i.e., reaction#5 in the citric acid cycle (Figure
9.4.1), involves the replacing a thioester group with a carboxylate group without redox. It is coupled with the production of 

, which, in turn, is associated with the output of .

In summary:

redox reactions involving  group relate to ,
redox reactions involving  group relate to , and
all other reactions that involve energetic groups like phosphate esters or thioesters relate to  in food catabolism.

 and  are high-energy molecules that are oxidized by  in part two of the third stage of catabolism of food. The
energy released from the oxidation of  and  is used to produce more , which is described in the next section.

The following video summarizes the citric acid cycle, also called the Krebs cycle.

This page titled 9.4: Citric acid cycle is shared under a Public Domain license and was authored, remixed, and/or curated by Muhammad Arif
Malik.
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