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Citric acid cycle 

Citric acid cycle (Krebs cycle, tricarboxylic acid cycle) is a series of reactions in 

mitochondria that bring about the catabolism of acetyl residues, liberating hydrogen 

equivalents, which upon oxidation lead to the release of most the energy of tissues fuels. The 

major function of cycle is to act as the final common pathway for oxidation of fatty acids, 

carbohydrates and proteins. It includes the electron transport system, the energy is produced 

in large amounts. Several of these processes are carried out in many tissues but the liver is the 

only tissue in which all occur to a significant extent, thus it is lethal when large numbers of 

hepatic cell are damaged or replaced by connective tissue, as in acute hepatitis and cirrhosis 

respectively. 

This cycle is found in the mitochondria. It starts with pyruvic acid which comes from 

cytoplasm to the mitochondria to be converted with coenzymes (NAD) and enzymes into 

acetyl COA  

Pyruvic acid + COA +NAD
+
                               Acetyl CoA +NADH+ CO2  

The enzymes needed are found in the mitochondria close to the enzymes of the respiratory 

chain 

The oxidation of pyruvate to acetyl-CoA 

Before pyruvate can enter the citric acid cycle, it must be transported into the 

mitochondria via a special pyruvate transporter that aids its passage across the 

inner mitochondrial membrane. Within the mitochondria, pyruvate is oxdatively 

decarboxylated into acetyl COA. The conversion of pyruvic acid to acetyl COA 

involves 5 types of reaction and each reaction is catalysed by different enzyme 

system these enzymes act as a multi enzyme system (complex). 

Multi enzyme complex:- is a protein molecule which has 3 types of enzymes 

and three active centre, so the product of the first reaction will be taken by the 

second active centre and the product of second reaction will be taken by third 

active centre. So a group of enzymes in one molecule perform different 

reactions. These multi-enzyme systems are called pyruvate dehydrogenase or 
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also known as decarboxylase, from its name it means that it performs oxidation 

and decarboxylation. So this process is called oxidative–decarboxylation. This 

reaction is irreversible which results in acetyl COA (active acetate molecule) 

 The reaction requires 5 coenzymes 

TPP (thiamine pyrophosphate) 

FAD (Flavin Adenine Dinucleotide) 

NAD (Nicotin Amid Adenine Dinucleotide) 

CO enzyme A  

Lipoic acid which needs Mg
+2 

 

 

 The pyruvate dehydrogenase is inhibited by :-  

 High of ATP – So there is no need for the work of citric acid cycle 

and the cycle stops conversion of pyruvate into acetyl COA. If 

pyruvate not metabolised it forms glucose and other products 

 High level of NADH – it is an inhibited factor because NADH can 

not draw H so the process of dehydrogenation stops. 

 High level of acetyl COA- This mean means that citric acid cycle 

stops conversion of pyruvate to acetyl COA and it will converted 

into lactate 

 

Pyruvate dehydrogenase is activated by 

 Pyruvate dehydrogenase is activated by decrease in level of acetyl COA 

 Increase in level of ADP or AMP so the cell needs energy and in order to 

gain energy citric acid cycle must be activated and this cycle needs acetyl 

COA which it gets from the activation of pyruvate dehydrogenase 

 

 This enzyme is found in the cell in two forms:- 

Inactive (if phosphorylated) 



Lecture: 4                                Biochemistry                    Anwar J Almzaiel 

3 
 

Active (when dephosphorylated) 

Pyruvate dehydrogenase is inactivated by cAMP and in order that citric 

acid cycle precedes pyruvate dehydrogenase must become active by 

losing it phosphor. 

 

The mechanism of conversion of pyruvic acid into acetyl COA (Oxdiative 

Decarboxylation) requires 5 types of reaction and each reaction has its own 

enzyme complex  

Pyruvate                                                Lipoic acid       +      acetyl COA   

                           

The acetyl COA which is formed may be used in different ways 

 

                                                               

 

 

 

 

 

 

 

The energy is stored in acetyl COA in thioester linkage. 

 The body used acetyl COA to form fatty acids, so when a person eats any high 

carbohydrate diet there will be formation of fatty acids which are stored in the form of 

lipid glycerol and triglycerides, while during fasting triglycerides converted into fatty 

acids and acetyl COA that enters citric acid cycle. This process requires energy so the 

person loses weight during the acetyl COA metabolism. 

detoxification 

CO2 +H2O + ATP 

Fatty acids 

Acetyl COA 

Cholesterol 

Acetylation 

Acetylcholine 

Vit-D 

Bile salt 
Steroid 

hormones 

CO2 
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Loss weight                      Fatty acid                  acetyl COA 

  Another fate of Acetyl COA is the formation of cholesterol in liver which is 

converted into bile acids and salts that are of great important in the digestive system 

 

Vit D 

Cholestrol reaches the skin where it will be dehydrogenated and converted to 7- 

dehydrocholestrol               Vit D 

Vit D is important in the absorption of Ca
+2

 and (PO4) for mineralization and in 

absence of sunlight 7-dehydrocholestrol will not be converted to Vit D and this causes 

osteomalacia 

 

 

Acetyl COA can form acetylcholine in the process of acetylation and also acetyl-COA 

is used in detoxification of mucopolysacharcdes by removing of N galactose amine 

 

 

Citric acid cycle pathway 

1- Acetyl COA condense with oxaloacetate which can be obtained either 

from pyruvate or from deamination of aspartate. Citrate is formed by the 

action of citrate synthase this reaction needs energy and this energy 

comes from hydrolysis of thioester linkage of acetyl COA. This enzyme 

can control the citric acid cycle so its inhibited by 

 

 High level of NADH, because this reaction needs drawing of H and when 

there is a high level of NADH, no drawing occur and it will stop  

 High level of succinyl COA  

 High level of ATP 

 Long chain fatty acids 

 

1- As citric acid (citrate) is formed, it will be converted into isocitrate this 

occur by the action of Aconitase enzyme, which draws H2O from citric 

Result from 

sun 
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acid forming Aconitic acid (Cis-aconitate) this compound by the action of 

the same enzyme will take H2O and thus converting into isocitric acid 

(isocitrate). 

This reaction is (reversible) so when level of isocitrate increases, it will 

return forming citric acid (but usually proceeds forward because of the 

continuous removal of isocitrate from medium) 

2- Once isocitric acid (isocitrate) formed, it will converted into 

oxalosuccinic acid by the action of isocitrate acid dehydrogenase which 

needs NAD to draw H and converts it to NADH, then by the action of 

same enzyme CO2 is removed from oxalosuccinate which is converted 

into α ketoglutarate. This enzyme can control the cycle and there are two 

types of this enzymes. 

 

1
st
 type : - present in the cytoplasm 

               - nonallosteric enzyme 

               - requires different co-factor which is NAPD 

 

2
nd

 type :-a- found in mitochondria (called mitochondrial enzyme) 

                b- allosteric enzyme 

 c- activated by high level of ADP and inhibited by high level of ATP  and 

NADH 

 

When α-keto glutarate formed, we have a point of junction with amino acids 

catabolism, because if α-keto glutarate takes amino group, it will converted into 

glutamic acid which can loss amino group again and returns to α-keto glutarate 

(so it can be used in the synthesis of some amino acids (non-essential amino 

acids)) when α-keto glutarate decrease   it will formed by deamination of 

glutamic acid 

3- α-keto glutarate undergoes dehydrogenation and decarboxylation to yield 

succinyl COA by action of α-keto glutarate dehydrogenase which needs 

NAD to draw H and form NADH. In this reaction energy is released and 

stored in succinyl COA. This reaction which is oxidative dehydrogenase 

is catalysed by multi enzyme complex (like pyruvate dehydrogenase) and 

needs the same cofactors (TPP, COA, Mg, NAD, FAD). 
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4- Succinyl COA is converted into succinate by the action of succinate 

synthase (thiokinase) this results in releasing energy which taken by ADP 

to give ATP (the 1
st
 ATP formed in the cycle and can be used by the body 

 

5- Now succinate will be undergo molecular arrangement, so it is converted 

into fumeric acid (fumerate) by action of succinate dehydrogenase which 

need a carrier of H called FAD that takes H and converts to FADH2 

 

6- Fumarate will take H2O by fumerase enzyme and converted into malate, 

then malate is converted into oxaloacetate by the action of malate 

dehydrogenase which need NAD to draw H and give NADH 

 

The citric acid cycle starts with oxaloacetate and acetyl COA and ends 

with oxaloacetate and acetyl COA which released in the form of CO2, 

NADH, FAD and ATP 

Small amount of energy released directly in the form of ATP in citric acid 

cycle, but in NADH which is produced can oxidized to H2O and produce 

high energy by respiratory chain through biological oxidation 

 

 

ATP produced from metabolism of one molecule of glucose 

A- Aerobic condition (in presence of O2) 

 

Glycolysis                                                                                 N of ATP 

per molecule 

Energy produced reaction 

 2glyceraldhyde-3-phosphate                                       2NADH          6ATP  

2glyceric acid 1,3 diphosphate     

 

 2glyceric acid 1,3 diphosphate                                                                           2ATP 

2(3 phosphoglycerate) 

 2phospoenol pyruvate    puruvate                                                           2ATP 

                                                                                                               

                                                                                                                            Net 10ATP 
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2ATP used in  

Glucose             glucose-6-phosphate 

Fructose-6- phosphate                     Fructose-1,6-diphosphate  

So that net result will be 8ATP and 2 pyruvate molecules enter citric acid cycle 

In cireic acid cycle: 

Reaction                                                   enzyme                                  N. of ATP 

Pyruvic acid         acetyl COA            pyruvate dehydrogenase           2NADH         6ATP 

Isocitrate          oxalosuccinate           isocitrate dehydrogenase            2NADH         6ATP 

α- ketoglutarate     succinyle COA   α- ketoglutarate dehydrogenase   2NADH        6ATP 

Succinyl COA       Succinate              Succinate synthase (thiokinase)                        2ATP 

Succinate         fumerat                     Succinate dehydrogenase            2FADH          4ATP 

Malate        oxaloacetate                   Malate dehydrogenase                 2NADH         6ATP 

                                                                                                                                  Net 30 ATP 

The net result 30 ATP from oxidation of acetyl COA 

The total ATP molecules from the oxidation of 1 molecule of glucose under 

aerobic condition is 38 ATP 

B- Anaereobic condition (anaerobic glycolysis) 

 

Overall reaction: 

 

Glucose + 2Pi +ADP               2 Lactate + 2ATP + 2H2O     

- Two molecules of ATP are generated for each molecule of glucose 

converted to lactate 

- In anaerobic glycolysis there is no net production or consumption of 

NADH formed of NADH 

- 2 molecules of lactate is produced for each glucose molecule 

metabolized 

- Glycolysis in present of O2 give                                           8ATP 

Glycolysis in absence of O2 give                                          2ATP 
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