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Carbohydrate metabolism 

Main pathways of carbohydrate metabolism: 

Glycolysis (Embden Mayerhof pathway): the oxidation of glucose or 

glycogen to pyruvate and lactate. It’s a catabolic reaction carried out in 

absence of oxygen (anaerobic pathway). 

Glucose                     2 pyruvate (pyruvic acid ) 

 

Citric acid cycle: or kerb’s cycle, tricarboxylic acid cycle, aerobic cycle 

(without O2 it will stop) 

Pyruvic acid                     CO2 + H2O + ATP + electron transport pathway 

  

Glycogenesis: The synthesis of glycogen from glucose (anabolic) 

Glycogenolysis: The breakdown of glycogen, glucose is the main product 

in liver (catabolic) 

Gluconeogenesis: The formation of glucose or glycogen from non-

carbohydrates sources (e.g pyruvic acid, lactate, glycerol and amino acid). 

Other pathways: 

a) hexose monophosphate shunt (HMP) 

b)  glucoseamine pathway 

c) Glucouronic acid pathway 

 

Glucose how it’s mechanism occurs? 

When glucose enters the body, it’s free in the blood. Then it’s carried into 

the tissues to be phosphorylated by the aid of certain enzymes to become 

glucose-6-phosphate, for this it need energy released from the conversion of 

ATP        ADP and also Mg2+ or Mn2+. The enzymes that aid this reaction are  

1- Hexokines: acts on hexose 

2- Glucokinase: acts on glucose only 

O2 



Lecture:2                         biochemistry                    Dr. Anwar J Almzaiel 
 

2 
 

These 2 enzymes were regulated and activated by Insulin, while Mg2+ or 

Mn2 are a coenzyme. The main function of insulin is to increase the 

entrance of glucose into the cell by stimulating the reaction of conversion 

Glucose          glucose.6.p (G.6.P) 

In absence of insulin, the glucose not converted to G.6.P, therefore cannot 

enter the cell and remains in the blood causing Diabetes.  

 

Fate of G.6.P 

When G.6.P enters the cell it will: 

a) Change to glycogen 

b) Enter the HMP pathway 

c) Enter glycolysis then Citric acid pathway  

Hexokinase : non-specific, acts on different hexoses. It has a higher affinity 

to aldosugars and very little to ketosugars. Hexokinase is an allosteric 

enzymes (regulate the glycolysis by allosteric regulation). 

  

 Glycolysis  

Glycolysis: is the term applied to the production of lactic acid (lactate) from 

glucose or glycogen. The overall equation for glycolysis from glucose to 

lactate is as follows:  

 

Glucose +2ADP +2Pi                        2lactat + 2ATP + 2H2O 
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Figure (1) Summary of glycolysis: (-) blocked by anaerobic conditions 

or by absence of mitochondria containing key respiratory enzymes as 

in erythrocytes 

 

 It’s the 1st step in glucose breakdown may be carried out (aerobically) 

sufficient amount of O2 is present, the results of anaerobic glycolysis is 

2pyruvate2 + 2 NADH + 2 ATP, if oxygen is not available (not sufficient, 

such as hypoxia, anoxia            complete deficiency of O2). The result of 

anaerobic glycolysis is 2 lactate + 2 ATP. 

 All of the enzymes of glycolysis are found in the cytosol. 

 Under aerobic condition, lactate no longer produced and pyruvate is the 

major product. It will oxidize in citric acid cycle (kreb’s cycle) to give Co2, 

H2O and ATP, while in absence of oxygen (anaerobic) pyruvate was 

reduced to lactate by reoxidation of NADH (this catalysed by lactate 

dehydrogenase). 

 This pathway containing to phases: 

a) The 1st is called the ATP consuming phase 

b) The 2nd phase is called the ATP producing phase 

Each phase includes 5 reaction, therefore the pathway consist of ten 

reactions 

 Glycolysis is not only the principle route for glucose metabolism, but it 

also provides the main pathway for the metabolism of fructose and 
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galactose derived from the diet. The ability of glycolysis to provide energy 

in the absence of oxygen allows muscle contraction in which oxygen 

supply insufficient. However, heart muscle, which is adapted for aerobic 

performance, has relatively poor glycolytic ability and poor survival under 

conditions of ischemia. 

 Erythrocytes even under aerobic condition terminate in lactate because 

the absence of mitochondria and about of 90% of its total energy 

requirements are produced by glycolysis. 

 

The reaction of glycolytic pathway: 

 

Glucose enters into the glycolytic pathway by phosphorylation to glucose-

6-phosphate, using ATP as phosphate donor. This is accomplished by 

the enzymes: 

a-hexokinase 

b-glucokinase 

 

Hexokinase is allosteric enzyme (regulate the glycolysis by allosteric 

regulation). High concentration of g-6-p inhibits the enzyme and glucose will 

accumulate and not change to g-6-p, but if the g-6-p is removed by anyway 

the enzyme will act again and glucose will convert to g-6-p, this is the first 

mechanism of regulation in glycolysis 

hexokinase glucokinase 

 Present in extrahepatic 

tissues 

 Has a high affinity (low Km 

10-8 M) for its substrate, 

glucose 

 Its inhibited by the product 

g-6-p  

 Its function to supply 

glucose for tissues even in 

the presence of low 

concentration of glucose by 

phosphorylation all the 

glucose that enters the cells 

 Present in liver 

 Its specific for glucose (has 

a high Km for glucose 10-2) 

 

 Its function is to remove 

glucose from blood 

following a meal 
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g-6-p is an important compound at the junction of several pathways: 

glycolysis, gluconeogensis, the pentose phosphate pathways, glycogenesis 

and glycogenlysis. 

On glycolysis, it is converted to fructose-6-phosphate (F-6-P) by 

phosphohexo isomerase, it's a reversible reaction     forward reaction 

depends on F-6-P and its continuously utilized or metabolized by tissue, but 

for any reason if F-6-P is in high concentration, the reaction will be reversed 

and F-6-P converted into G-6-P 

 

G-6-P                                          F-6-P 

 

The reaction is followed by another phosphorylation reaction catalysed by 

phosphofructokinase-1 forming fructose 1,6 diphosphate (bis phosphate) 

 

F-6-P                                        F-1,6-P   

In this step ATP is needed and changed to ADP and also (also Mn 2+, Mg2+ , 

the reaction is irreversible). This reaction subjected to allosteric regulation 

and has regulating role in glycolysis 

 When we have a high level of ATP in the cells (during the rest) 

phosphofructokinase-1 is inhibited

 When we have a low level of ATP in the cells (during the exercise) 

phosphofructokinase-1 is activated 

 

 

 Phosphohexo isomerase 

Phosphofructokinase-1
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