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Lecture plan 
• Pathways of glucose metabolism 

• General characteristics of anaerobic and aerobic oxidation of glucose. 

- Sequence of reactions and enzymes of glycolysis. 

- Glycolytic oxidoreduction.  

- Regulation of glycolysis. 

-The reasons and  consequences of hyperlactatemia and hyperpyruvatemia.  

• Stages of aerobic oxidation of glucose.  

- Oxidative decarboxylation of pyruvate.  

-  Multienzymatic pyruvate dehydrogenase complex. 

- The comparative characteristic of  aerobic and anaerobic oxidation of glucose. 

- - Shuttle mechanisms of  glycolytic NADH transportation.   

• Pentose phosphate pathway. 

• Glucuronic acid pathway of  glucose. 

• Metabolism of fructose. 

• Metabolism of galactose. 

 



Pathways of glucose metabolism 

 

• Aerobic glucose oxidation 

• Anaerobic glucose oxidation 

 

• Glycogenesis 

• Lipogenesis 

 

• Aminoacidogenesis 

• Pentose phosphate pathway 

• Glucuronic acid  pathway 





phosphorylation of glucose is catalyzed by hexokinase and glucokinase.  



Glucose phosporylarion 

Hexokinase - the first enzyme of glucose metabolism The presence  of glucose in the cell is 

provided, first of all, by its facilitated diffusion from the blood into the cytosol with the participation  

of special transport proteins - glucose transporters (GluT).  

Glucose activation  

After moving through the membranes, glucose in the cytosol is  immediately phosphorylated by the 

enzyme hexokinase, in connection with which the enzyme is figuratively called the "glucose trap". 

Phosphorylation of glucose is important, because:  

- glucose phosphate ester is unable to leave the cell, since the molecule is negatively charged and 

repels from the phospholipid surface of the membrane,  

- the presence of a charged group ensures the correct orientation of the molecule in the active center of 

the enzyme, 

- the concentration of free (non-phosphorylated) glucose in the cell decreases, which facilitates the 

diffusion of its new molecules from the blood.  



Glucose is phosphorylated in all cells, but there are fundamental differences in the 

 metabolism of glucose in the liver from other tissues and organs.  

This is due to the presence in tissues of various isoenzymes of hexokinase.  

The liver is characterized by a special isoenzyme hexokinase IV, which received 

its  own name - glucokinase.  

The differences between this enzyme and hexokinases of other tissues are:  





Glycolysis 

• Glycolysis is the central pathway for the glucose catabolism in which glucose (6-carbon 

compound) is converted into pyruvate (3-carbon compound) through a sequence of 10 steps. 

• Glycolysis is an oxygen-independent metabolic pathway. 

• The first five steps of Glycolysis are regarded as the preparatory (or investment) phase, since they 

consume energy to convert the glucose into two three-carbon sugar phosphates 

• The second half of glycolysis is known as the pay-off phase, characterized by a net gain of the 

energy-rich molecules ATP and NADH. Since glucose leads to two triose sugars in the preparatory 

phase, each reaction in the pay-off phase occurs twice per glucose molecule. This yields 2 NADH 

molecules and 4 ATP molecules, leading to a net gain of 2 NADH molecules and 2 ATP molecules 

from the glycolytic pathway per glucose. 



https://www.biosciencenotes.com/glycolysis/ 



https://ppt-online.org/438129 



Reactions of substrate-level phosphorylation 

https://www.toppr.com/ask/question/respiratory-formation-of-atp-during-the-reactions-

13diphosphoglyceric-acid3phosphoglyceric-acid/ 



Glycolytic oxidoreduction 

Glycolytic oxidoreduction is a process of cyclic reduction  

of NAD+ and oxidation of NADH under anaerobic conditions. 

 Deficiency of oxygen as the ultimate acceptor of hydrogen  

in tissue respiration, prevents the oxidation of the reduced equivalent  

(NADH), which was formed in 6 reactions, so there is a  

forced reduction of pyruvate to lactate.  

That is, the reduction of pyruvate to lactate is a forced in conditions of  

oxygen deficiency, because  

in aerobic conditions NADH, through the shuttle system,  

will enter the mitochondria in the respiratory chain.  



Shuttle systems of glycolytic NADH transportation 

Cytosolic NADH (reaction 6 of glycolysis) cannot  

transfer hydrogen to the respiratory chain,  

because the mitochondrial membrane is not permeable to it.  

The transfer of hydrogen through the membrane occurs  

using special systems called "shuttle" systems.  

Hydrogen is transported across the membrane with the 

 participation of pairs of substrates bound by corresponding dehydrogenases,  

on both sides of the mitochondrial membrane there is a specific 

dehydrogenase.  

2 shuttle systems: 

- malate-aspartate 

- glycerole-3-phosphate. 



https://ppt-online.org/438129 



https://ppt-online.org/438129 



https://ppt-online.org/438129 



https://ppt-online.org/438129 



https://quizlet.com/278765967/biochemistry-chapter-22-flash-cards/ 



https://ppt-online.org/438129 



Causes and consequences of hyperlactatemia 

Normal blood lactate concentration: 0,55-2,22 mmol/L 

• In health, blood lactate concentration is maintained within the approximate range of 0.5-1.5 mmol/L . Exercise represents a physiological process 

in which this balance is temporarily upset due to the rapid increase in lactate production by muscle cells in temporary oxygen debt. In severe 

exercise, blood lactate may rise to levels in excess of 20 mmol/L but due to the capacity for rapid lactate disposal, in health this rise is only 

transitory. 

 

 

Causes of hyperlactatemia:  

- Hypoxia  

- Liver failure (hepatitis, cirrhosis)  

- Prolonged physical activity  

- Decompensated diabetes mellitus 

- Glycogenosis 

- Anemia  

- Leukemia  

- Convulsions (epilepsy, tetanus)  

- Acute blood loss 

- Malignant neoplasms (Warburg effect)  

- Intoxication  

- Chronic alcoholism  

Consequences of hyperlactatemia: 

 Development of metabolic acidosis (lactic acidosis) •  

Ways of utilization of lactate: 

 The liver is the main organ responsible  for the disposal of lactate from the bloodstream.  In hepatocytes, mainly  lactate through 

oxidation to pyruvate under conditions hyperlactatemia is used in gluconeogenesis. Also lactate is utilized by the kidneys.  



https://ppt-online.org/438129 



https://ppt-online.org/438129 



Oxidative decarboxylation of pyruvate 

http://www.biosciencenotes.com/oxidative-decarboxylation-of-pyruvate/ 



https://acutecaretesting.org/en/articles/lactate-and-lactic-acidosis 



Structure of pyruvate dehydrogenese complex 

Enzymes Abbrev. Cofactors 
# subunits 

prokaryotes 

# subunits 

eukaryotes 

pyruvate 

dehydrogenase 

(EC 1.2.4.1) 

E1 
TPP (thiamine pyrop

hosphate) 
24 30 

dihydrolipoyl transac

etylase 

(EC 2.3.1.12) 

E2 
lipoate 

coenzyme A 
24 60 

dihydrolipoyl dehydr

ogenase 

(EC 1.8.1.4) 

E3 
FAD 

NAD+ 
12 12 

https://en.wikipedia.org/wiki/Pyruvate_dehydrogenase_complex#:~:text=Pyruvate%20dehydroge

nase%20complex%20(PDC)%20is,a%20process%20called%20pyruvate%20decarboxylation.&text=

This%20multi-enzyme%20complex%20is,acid%20dehydrogenase%20multi-enzyme%20complexes. 

https://en.wikipedia.org/wiki/Cofactor_(biochemistry)
https://en.wikipedia.org/wiki/Pyruvate_dehydrogenase
https://en.wikipedia.org/wiki/Pyruvate_dehydrogenase
https://en.wikipedia.org/wiki/Enzyme_Commission_number
https://enzyme.expasy.org/EC/1.2.4.1
https://en.wikipedia.org/wiki/Thiamine_diphosphate
https://en.wikipedia.org/wiki/Thiamine_diphosphate
https://en.wikipedia.org/wiki/Thiamine_diphosphate
https://en.wikipedia.org/wiki/Thiamine_diphosphate
https://en.wikipedia.org/wiki/Thiamine_diphosphate
https://en.wikipedia.org/wiki/Thiamine_diphosphate
https://en.wikipedia.org/wiki/Dihydrolipoyl_transacetylase
https://en.wikipedia.org/wiki/Dihydrolipoyl_transacetylase
https://en.wikipedia.org/wiki/Dihydrolipoyl_transacetylase
https://en.wikipedia.org/wiki/Dihydrolipoyl_transacetylase
https://en.wikipedia.org/wiki/Enzyme_Commission_number
https://enzyme.expasy.org/EC/2.3.1.12
https://en.wikipedia.org/wiki/Lipoic_acid
https://en.wikipedia.org/wiki/Coenzyme_A
https://en.wikipedia.org/wiki/Coenzyme_A
https://en.wikipedia.org/wiki/Coenzyme_A
https://en.wikipedia.org/wiki/Dihydrolipoyl_dehydrogenase
https://en.wikipedia.org/wiki/Dihydrolipoyl_dehydrogenase
https://en.wikipedia.org/wiki/Dihydrolipoyl_dehydrogenase
https://en.wikipedia.org/wiki/Dihydrolipoyl_dehydrogenase
https://en.wikipedia.org/wiki/Enzyme_Commission_number
https://enzyme.expasy.org/EC/1.8.1.4
https://en.wikipedia.org/wiki/Flavin_adenine_dinucleotide
https://en.wikipedia.org/wiki/Nicotinamide_adenine_dinucleotide


Causes  of hyperpyruvatemia 

Normal blood pyruvate concentration:  0,03-0,1 mmol/L 

Causes  of hyperpyruvatemia: 

• Primary:          

-  Mitochondrial diseases 

- Pyruvate dehydrogenase deficiency 

- Pyruvate carboxylase deficiency 

- Congenital lactic acidosis 

• Secondary: 

- Decompensated diabetes mellitus 

- Hypo – and avitaminosis of thiamine, riboflavin, pantothenate, lipoate, niacin. 

- Hepatic failure 

- Hypoxia 

 



https://ppt-online.org/438129 



Pentose phosphate pathway 

- Production of reduced NADPH2 for reductive biosynthesis (fatty acids, cholesterol, etc.).  

- Synthesis of pentose phosphates for the formation of nucleotides, nucleic acids and some coenzymes.  

- Synthesis of monosaccharides with the number of carbon atoms from 3 to 8.  

- Detoxification of xenobiotics - NADPH2 is required.  

- NADPH2 is a coenzyme of glutathione reductase, which is part of the glutathione antioxidant  

system of cells to protect against reactive oxygen species, which prevents the peroxidation  

of membrane lipids. A deficiency of glucose-6-phosphate dehydrogenase increases hemolysis,  

which leads to the development of hemolytic jaundice.  
 

 



Pentose phosphate pathway 



https://ppt-online.org/484453 



Glucuronic acid pathway 
       Biological role of glucuronic acid 

 

- UDP-glucuronate participates in the 

detoxification of xenobiotics (phase II) 

 by conjugation with the formation of 

glucuronides (detoxificative function of liver);  

 

- UDP-glucuronate is used for the biosynthesis 

of glycosaminoglycans  

(GAG) which are part of the glycoconjugates 

of the intercellular matrix of connective tissue  



L-ascorbate is not synthesized in the human body!!!!! 

https://www.slideshare.net/DiwakarSharma71/ppp-glucuronate-pathway-lactose-synthesis 





https://ppt-online.org/484453 

https://quizlet.com/pl/303050811/fructose-and-galactose-metabolism-disorders-flash-cards/ 



https://microbenotes.com/galactose-metabolism/ 



Disorders of  galactose metabolism 

https://ppt-online.org/484453 
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