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THEMATIC PLAN OF PRACTICAL CLASSES 

 

№  

theme 

Theme of practical class Date Teach

er  

signat

ure  

General patterns of metabolism 

 1. Introductory class. Subject, biochemistry tasks. Methods of biochemical 

research. Biomolecules.Amino acids (check initial level of knowledge). Safety 

rules 

  

 2. Basic concepts of enzymology. Enzymes: nomenclature and classification, 

chemical nature, structure and mechanism of action 

  

 3. The properties of enzymes. Kinetics and energetics of enzymatic reactions. 

Principles of determination and units enzyme activity 

  

 4. Regulation of enzyme activity. Activators and inhibitors of enzymes   

 5. Cell organization enzyme activity. Isoenzymes, multi enzyme  complexes. 

Basics of medical enzymology 

  

 6. Cofactors: definition, classification mechanism of action and chemical nature. 

Group I cofactors: nonvitamin, vitamin and vitamin like substances 

  

 7. Group Il cofactors. Coenzyme functions of water and fat-soluble vitamins   

 8. Common metabolic pathways. Oxidative decarboxylation of pyruvate. Citric 

acid cycle 

  

 9. Biological oxidation. Tissue respiration   

 10. Oxidative phosphorylation   

11. Concluding session by themes ˉ1-10 

 12. Carbohydrates: definition, classification, biological value. Digestion of 

carbohydrates in the GIT. Metabolism of carbohydrates: anaerobic glycolisis, 

alcoholic fermentation. Determination of pyruvate and lactate 

  

 13. Aerobic oxidation of carbohydrates. Pasteur's effect. Pentose phosphate 

pathway. Quantitative determination of glucose in urine by Althausen. 

  

 14. Gluconeogenesis. Metabolism of fructose and galactose. Quantitative 

determination of fructose-1,6-diphosphate 

  

 15. Glycogen metabolism. Glycogen storage diseases. Glucoconjugates. 

Polarimetry. Glucose tolerance test 

  

 16. Regulation and pathology of carbohydrates metabolism. Quantitative 

determination of glucose by glucose oxidase method. 

  

 17. Lipids: definition, classification, structures, biological value. Biological 

membranes. Peroxidation of lipids, cascade of arachidonic acid. Digestion of 

lipids in GIT. Bile acids. Transport forms of lipids. Influence of bile on lipase 

activity. 

  

 18. Metabolism of lipids. Lipolysis: β-oxidation of fatty acids and glycerol, its 

hormonal regulation. Determination sum of triacylglycerols and phospholipids. 

  

 19. Lipogenesis: synthesis of fatty acids, triglycerides and phosphoglycerides. 

Determination of iodine number. 

  

 20. Metabolism of ketone bodies. Ketogenic and antiketogenic factors. 

Cholesterol: structure, metabolism. Regulation and pathology of lipids 

metabolism. Qualitative and quantitative determination of cholesterol. 

  

 21. Concluding session by themes ˉ12-20   
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Theme 1 çIntroductory class. Subject, biochemistry tasks. Methods of biochemical research. 

Biomolecules.Amino acids (check initial level of knowledge). Safety rulesè 

 

1. Actuality of theme: Biochemistry is a fundamental medical science that studies chemical structure of living 

organisms and chemical transformations which are the basis of organism’s functioning. Biochemical methods 

are very important in diagnostics, controlling of the disease progress and effectiveness of treatment.  

 

2. Educational Aims: explain the general requirements of the department, concerning the educational 

process, show biochemistry place among other biomedical sciences and its importance in higher medical 

education 

 

3. Specific aims: to be able 

ü analyze stages of biochemistry as a fundamental biomedical science and academic discipline 

ü to interpret major sections of Biochemistry task (static, dynamic, functional, medical and clinical 

biochemistry) 

ü explain methodology of biochemical research  

ü explain the classification, structure, physico-chemical properties of amino acids 

 

4.  References: 

 

4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 1010.  

4.4. Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni Das 

Lane, Kolkata 700009. 

4.5. Lecture material. 

5. Control questions:: 

1. The organization of educational process at the department: staffing, textbooks, individual scientific work 

and so on. 

2. Biochemical laboratory – safety rules 

3. Determination of biochemistry as a science. Biochemistry objects and tasks  

4. Biochemistry sections, achievements and perspectives 

5. Role of biochemistry in the study of molecular genetics mechanisms of diseases 

6. Amino acids - classification, structure, physico-chemical properties 

7. Features of the chemical composition of living organisms 

8. Simple and complex proteins: structure, classification, biological significance 

9. Physico-chemical properties of proteins. Protein denaturation 

10. Levels of structural organization of the protein molecule 

 

6. Students Independent Study Program/ Home work. 

1. Biochemistry achievements in the XXI century 

2. Biochemistry in the system of basic biomedical sciences 

7. Tasks for self-control and consolidate the material: 

 

1. Fill in the chart ―Composition, structure and functions of biomolecules‖:   

Biomolecules Monomers (components) Type of bonds       Functions 

Carbohydrates: 

 - monosaccharides 

 

 - disaccharides 

 

 - oligosaccharides 
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 - polysaccharides 

 

Lipids: 

-triacylglycerols 

 

-phospholipids 

 

-sphingomyelins 

 

-glycolipids 

 

-steroids 

 

Peptides 

 

Proteins  

 

Nucleotides 

 

Nucleic acids 

 

   

   

   

   

   

   

   

   

   

   

   

 

 

 

7.1. Tests initial level  
1. Ukrainian biochemist is: 

A. Watson 

B. Sumner 

C. Knoop 

D. Palladin 

E. Krebs 

2. Functional biochemistry essentially close to: 

A. Physiology 

B. Pathology 

C. Histology 

D. Microbiology 

E. physics 

3. Qualitative reaction for peptide bond are: 

A. Fohl reaction 

B. Xanthoproteic reaction 

C. Nitroprusside reaction 

D. Ninhydrin reaction  

E. Biuret reaction 

4. How many kinds of amino acids is part of the 

protein molecules? 

А. 10 

В. 20 

С. 30 

D. 40 

Е. 50 

5. Amino acids amphotery caused by the presence of functional 

groups: 

А. –СООН і –NH2 

B. –COOH і –ОН 

С. –СООН і –SН 

D. – NH2 і –ОН 

Е. - NH2 і –SН 

 

6. Diamino dicarboxylic amino acid amino 

acid are: 

A. Methionine 

B. Lysine 

C. Aspartate 

D. Serine 

E. glycine 

7.Purely biochemical methods are: 

A. Colorimetric 

B. Nephelometric 

C. Potentiometric 

D. Enzymatic 

E. refractometric 

8. Monoamino dicarboxylic acid amino 

acid are: 

A. methionine 

B. lysine 

C. aspartate 

D. serine 

E. glycine 

9.  Select sulfur-containing amino acids: 

A. histidine 

B. serine 

C. methionine 

D. arginine 

E. asparagine 

 

10. Nonpolar amino acids are, except: 

A. methionine 

B. alanine 

C. valine 

D. cysteine 

E. leucine 

 

11. Structural monomers for   proteins is: 

A. monosaccharide’s 

B. Nucleotides 

12. The peptide bonds in proteins are formed 

between groups: 

А. –СООН і –NH2 
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C. Glycerin 

D. amino acids 

E. nucleosides 

B. –COOH і –ОН 

С. –СООН і –SН 

D. –NH2 і –ОН 

 Е. -NH2 і –SН 

13. Denaturation - is the destruction of the protein molecule 

structures: 

A. quaternary and primary 

B. tertiary and primary 

C. secondary and primary 

D. only primary 

E. secondary, tertiary, quaternary 

14. The isoelectric point for lysine is in to the 

medium: 

A. neutral 

B. highly acidic 

C. slightly alkaline 

D. weakly acidic 

E. All answers are correct 

15. The simple proteins include all named, except: 

A. Albumin 

B. Protamine 

C. Protamine 

D. Proteoglycans 

E. Globulins 

16. The formation of the tertiary structure of 

proteins involved all bonds except: 

A. Amide 

B. Disulfide 

C. Hydrophobic 

D. Ion 

E. Hydrogen 

17. Primary  structure of the protein molecule is: 

A. Disulfide bond 

B. Peptide bond 

C. Hydrogen bond 

D. Hydrophobic bond 

E. Ion bond 

18. The complex proteins include all , 

except: A. Nucleoproteins  

B. Chromoproteins  

C. Albumin  

D. Metalloproteins  

E. Lipoproteins 

 

19. Isoelectric point for glutamic acid is in the medium: 

A. Neutral 

B. Highly acidic 

C. Slightly alkaline 

D. Highly alkaline 

E. All answers are correct 

20. Amphoteric functional properties of 

proteins caused by group: 

А. –NH2 і –ОН 

B. –COOH і –ОН 

С. -NH2 і –SН  

D. –СООН і –NH2 

Е. –СООН і –SН 

7.2. The task for checking final level of knowledge 

а) write a formula called amino acids: 

 

Alanine                                                                                  Histidine 

 

 

Valine                                                                                     Cysteine 

 

 

 

 

Tryptophan                                                                            Leucine 

 

 

 

б) specify the name represented amino acids 

                                            
 

________________                                                                      _____________________ 

 

                                   
____________________                                                               _____________________ 
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_____________________                                                           ______________________ 
 

8. Lab: Qualitative reactions on proteins and amino acids 

1. Biuret reaction: 

Principle of reaction. If a strongly alkaline solution of biuret is heated with very dilute copper sulphate a purple-violet 

colour is obtained. The colour depends upon the presence of 2 or more peptide linkages.   

Procedure:  

№ Reactants, the sequence of addition Tube 

  

1 1% protein sol. 1ml 

2 10%  NaOH  5 drops 

3 1% CuSO4  1-2 drops 

indicate color  

Conclusion: 

____________________________________________________________________________________________________

___________________________________________________________ 

 2. Ninhydrin reaction: 

Principle of reaction. Ninhydrin is a powerful oxidising gent and causes oxidative decarboxylation of α-amino acids 

producing an aldehyde with one carbon less than the parent amino acid. The reduced Ninhydrin Hydrindantin then reacts with 

ammonia which has been liberated and one molecule of ninhydrin forming a blue-coloured  compound. A molecule of CO2 is 

evolved indicating the presence of α-amino acid.  

Procedure: 

№ Reactants, the sequence of addition Filtering paper 

 

1 1% protein sol. 1 drop 

Dried over electric hot 

2 0,1% Ninhydrin sol. 1 drop 

Dried over electric hot 

indicate color  

Conclusion:________________________________________________________________________________________________

_______________________________________________________________ 

3. Fohl reaction. 

Principle of reaction.  Lead acetate test (unoxidised sulphur test): This test isspecific for sulfur containing amino acid. The 

proteincontaining S-containing amino acids is boiled with strong alkali to split out sulphur as sodium sulphide which reactswith 

Lead acetate to give black precipitate of Pb S.  

Procedure: 

  

№ Reactants, the sequence of addition tube 

1 5% lead (II) acetate 2 drops 

2 30%  NaOH dropwise until complete dissolution of the precipitate 

3 1% protein sol. рівний об`єм 

Boiling in a water bath (100 
о
С) 

indicate color  

Conclusion: 

____________________________________________________________________________________________________

____________________________________________________________ 

4. Xanthoproteic reaction:  

Principle of reaction. The aromatic aminoacids such as phenylalanine, tyrosine and tryptophan present in the protein give 

yellow precipitate when heated with conc. HNO3. On addition of alkali, the precipitate turns orange due to nitration of the aromatic 

ring. Collagen and gelatin do not give a positive reaction.  

Procedure: 

 

№ Reactants, the sequence of addition tube 

1 1% protein sol 1 ml 

2 concentrated HNO3 5 drops 

Gently heat the in a water bath to the appearance of color, then cool the tube 

3 concentrated  sol. NH3 10 drops 

indicate color  

Conclusion: 

______________________________________________________________________________________________________ 
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5. Precipitation of proteins during heating 

Principle. Almost all proteins are denatured by heating to 56 ° C and above. The mechanism of heat denaturation associated 

with changes in the structure of protein molecules, causing the protein loses its native properties, reduces its solubility and 

destroying of it hydration shell. The most complete and rapid precipitation takes place in the isoelectric point of the protein, ie at pH 

where protein are electrically neutral and least resilient. Most protein have isoelectric point in a slightly acidic medium. In strongly 

acidic solutions by heating the protein does not precipitate because protein particles can recharge, which increases their stability in 

solution. But proteins can precipitate in highly acidic solutions during heating when you add a sufficient amount of any neutral salt - 

electrolyte. Salt ions adsorbed on particles of protein and neutralize the charge and protein precipitates. 

Procedure: 

№ Reactants, the sequence of 

addition 

tube 

№ 1 № 2 № 3 № 4 № 5 

1 1% protein sol., ml     1,0 1,0 1,0 1,0 1,0 

2 3% acetic acid sol., drops       - 2 - - - 

3 10% acetic acid sol., drops       - - 3  3  - 

4 NaCl, crystals        - - - some - 

5 10% NaОН sol., drops       - - - - 3  

Boiling in a water bath (100 
о
С) 

Registration of sediment presence 

(+ or -) 

     

Conclusion: 

___________________________________________________________________________________ 

 

6. Precipitation of proteins by salts of heavy metals 

Principle. Under the action of heavy metals in the protein solution denaturation of the protein molecule occurs. Adsorption of 

heavy metal on the surface of the protein molecules leads to formation of insoluble complexes. 

Procedure: 

№ Reactants, the sequence of  

addition 

tube 

№ 1  № 2 № 3 

1 1% protein sol., ml               1 1 1 

2 10%  silver (I) nitrate sol., drops               2 - - 

3 5% Lead (II) acetate sol., drops                - 2 -  

4 5% copper (II) sulphate sol., drops                - - 2 

Registration of sediment presence    

Conclusion: 

___________________________________________________________________________________ 

 

 7. Precipitation of protein with alkaloids reagents 

Principle. Precipitation of protein with alkaloids reagents caused by the presence of heterocyclic groups in the protein 

molecule similar to those found in the alkaloids molecule (pyrrole, indole, imidazole, etc.).  Complete precipitation observed when 

the protein molecule recharge in a positive charge (acidification), which facilitates the interaction of protein with negatively-charged 

ions of precipitant.  

Procedure: 

 

№ Reactants, the sequence of  

addition 

tube 

№ 1  № 2 № 3 

 

1 1% protein sol., ml              1,0 1,0 1,0 

2 2%  acetic acid sol., drops               2 2 2 

3 5% tannin sol., drops               3 - -  

4 10%  picric acid sol., drops               - 5 - 

5 5% K3[Fe(CN)6] sol., drops               - - 3 

Registration of sediment presence    

 

Conclusion: 

__________________________________________________________________________________________________________ 

 8. Precipitation of proteins by concentrated mineral acids solutions 

Principle. Precipitation of proteins with concentrated mineral acids (other than phosphoric acid) occurs as a result of 

dehydration of protein particles and neutralize of their charges. This reaction is the basis of determination of proteins in urine by 

Stolnikov 

Procedure: 

№ Reactants, the sequence of  addition tube 

1. concentrated HNO3, drops 16  

2. 1% protein sol., (layer on the wall of the tube at an angle of 45 )̄, drops 8-10 

Registration of sediment presence  

Conclusion: 

____________________________________________________________________________________________________ 

 9. Precipitation of proteins by organic acids 
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Principle. Proteins can be precipitated from a solution by organic acids, but various organic acids act differently. The 

mechanism of protein precipitation with organic acids is explained by dehydration and neutralization of charge in the protein 

molecule. 

Procedure: 

 

№ Reactants, the sequence of  addition tube 

№ 1  № 2 

1 1% protein sol., ml   1,0 1,0 

2 10% trichloroacetic acid sol., drops    3 - 

3 10% sulfosalicylic acid sol., drops                - 3  

Registration of sediment presence   

Conclusion: 

____________________________________________________________________________________________________  

10. Protein denaturation by saling precipitation 

Principle. Salting process is called precipitation of proteins from their aqueous solutions by concentrated salt solutions of 

neutral alkali and alkaline earth metals, sodium sulfate, ammonium sulfate, magnesium sulfate, sodium chloride and others. By 

adding sufficiently large quantities of salt to a solution of the protein happens a protein molecule dehydration and neutralization of 

charge. Salting protein is the reverse process: after removing salts by dialysis or dilution water protein stay soluble again and 

restores native properties. This method is used to separate proteins of biological fluids. 

 

 

№ Reactants, the sequence of  addition tube 

1 1% protein sol., ml 1,0 

2 80% ammonium sulfate sol., drops 3 

Sediment presence Registration  

3 Н2О, ml 4,0  

Sediment disappearance registration  

 

Conclusion:______________________________________________________________________________  

 

Date 

«_______»__________________20__р. 

Teacher  signature : 

 

 

 

Theme 2: ñBasic concepts of enzymology. Enzymes: nomenclature and classification, chemical nature, 

structure and mechanism of actionò 

 

 

1. Actuality of theme: Enzymes are biological catalysts of reactions of a metabolism. Protein nature of  

enzymes causes their high lability depending on many factors. So, depending on a body temperature of the 

person, and also on  рН  of  the internal environment of an organism, the activity of enzymes can change that 

results in the development of pathological processes. 

2. Educational Aims: the structure, properties and classification of enzymes. 

3. Specific aims: to be able 

ü Chemical nature of enzymes. 

ü Structure of enzymes. Simple and conjugated enzymes.  

ü Description of cofactors, coenzymes, prosthetic groups. 
ü Classification of enzymes. 

ü Nomenclature of enzymes: the names and E.C. number. 

4.  References: 
4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 

1010.4.4.  

4.5 Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni Das 

Lane, Kolkata 700009. 

4.6 Lecture material. 

5. Control questions:: 

1. Chemical nature of enzymes. 
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2. Structure of enzymes. Simple and conjugated enzymes.  

3. Description of cofactors, coenzymes, prosthetic groups. 

4. Classification of enzymes. 

5. Nomenclature of enzymes: the names and E.C. number. 

6. Allosteric centers: definition, structure, spatial location and function. The concept of allosteric effect 

and regulatory enzymes 

7.The active center of enzymes: definition, structure, structural areas and their functions 

6. Students Independent Study Program/ Home work. 

1. History of enzymology. 

2. The mechanism of action of trypsin and cholinesterase. 

7. Tasks for self-control and consolidate the material: 

 

1. Define the following terms: a) enzyme            

b) catalyst  

c) coenzyme 

d) prosthetic group  

e) cofactor 

f) holoenzyme 

 g) apoenzyme  

h) active site 

 

2. What components of active sites into simple and conjugated enzymes?  

 

How are active sites formed? 

 

 

3. Describe the following types of enzyme specificity. Give the examples. 

   A. Substrate specificity:  

1) absolute 

 

2) relative (group)  

 

3) broad 

 

   B. Stereochemical specificity. 

 

 

   C. Reaction specificity. 

 

4. Draw the figure ‖Influence of enzymes on the activation energy of chemical reaction». 

 

 

 

5. Describe the stages of enzyme-catalyzed reaction according the common equation: 

                    E  +  S  ↔  ES
* 
→ EP → E  +  P 

a) Which stage is reversible?  

b) Which ones are irreversible?  

c) Which stage is slow?  

d) Which ones are quick?  

e) What bonds are formed between enzyme and substrates? 

 

 

6. Enzyme-substrate binding. Draw the figures that illustrate enzyme-substrate binding according to:  

a) lock and key model,      b) induced fit model.   
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7. Fill in the chart ―Classification of enzymes‖: 

№ Class Type of reactions with examples Subclasses 

1. 

 

 

2. 

 

 

3. 

 

 

4. 

 

 

5. 

 

 

6. 

 

 

 

 

 

  

 

 

 

  

 

 

 

 

  

 

 

 

  

 

 

 

  

 

 

 

  

7.1. Tests initial level  

1. How many classes of enzymes? 

А. 4 

В. 6 

С. 12 

D. 2 

Е. 8 

2. What reactions catalyzed by 

oxidoreductase? 

A. Transfer of certain chemical groups 

B. Synthesis 

C. Redox 

D. isomerization 

 E. hydrolysis 

3. Modern systematic nomenclature is built as: 

A. Substrate name + suffix "ase" 

B. Substrate name + chemical reaction + suffix "ase" 

C. Substrate name + type substrate connections in the 

substrate 

D. Substrate name: the name of the co-substrate - the type 

of chemical. reactions IEC + suffix "ase" 

E. Name of the substrate name + active groups that 

interact with substrates 

4. What reactions catalyzed by hydrolases? 

A. substrates dehydration  

B. hydrolytic cleavage substrate 

C. Nonhydrolytic cleavage substrate 

D. Disintegration of compounds using the 

energy of ATP 

E. Burst double bonds in the substrates 

5. As called the site of the enzyme molecule that is responsible 

for joining the substrate and its transformation into a 

product of the reaction? 

A. Active Center 

B. allosteric center 

C. adsorption center 

D. The hydrophobic center 

E. Contact Center 

6. The evidence of protein nature of 

enzymes is physical and chemical 

properties, except: 

A. Amphotery 

B. Termolability 

C. The dependence of activity on pH 

D. Denaturation by the action of acids and 

alkalis 

E. Ability to dialysis 

7. What are the relationships involved in the formation of 

enzyme-substrate complex? 

A. Ester 

B. Disulfide 

C. Glycoside 

D. Peptide 

  E. Hydrogen, electrostatic, hydrophobic 

8. What substances can act as allosteric 

effectors? 

A. Low molecular weight metabolites and 

hormones 

B. Macromolecular compounds 

C. Glycoprotein 

D. Macroergic compounds 

E. Lipoproteins 

9. What promotes the formation of enzyme-substrate 

complex? 

A. Spatial compliance active site to the substrate 

B. Compliance allosteric center to the substrate 

C. The presence of metal ions in the substrate 

D. The presence of metal ions in the allosteric center 

E. The chemical composition of the substrate 

10. The enzyme having the code  1.1.1.27, 

belongs to a class 

A. Transferase 

B. Hydrolase 

C. Isomerase 

D. Oxidoreductases 

 E. Lyase 
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1.2. Tests from database "Krok 1" 

 
1. The enzyme leads to transfer of structural fragment from one substrate to another with the formation of two products. What this 

enzyme class: 

A. isomerase 

B. oxidoreductases 

C. ligase 

D. transferase 

E. hydrolase 

2. The enzyme ammonia ligase that catalyzes the formation of glutamine, belongs to the class: 

A. isomerase 

B. oxidoreductases 

C. ligase 

D. transferase 

E. hydrolase  

3. The enzymes involved in the synthesis of substances using energy belong to the class: 

A. isomerase 

B. oxidoreductases 

C. ligase 

D. transferase 

E. hydrolase 

 4. Histidine decarboxylase catalyzes the conversion of histidine to vasoactive mediator histamine, belongs to the class: 

A. isomerase 

B. oxidoreductases 

C. ligase 

D. transferase 

E. hydrolase 

 

1.3. Situational tasks 

 

1. In patients with hypoacidity gastritis found reduce pepsin activity in gastric juice. 

 

To what class of enzymes belongs pepsin? 

What kind of reactions catalyzed by this enzyme? 

The structure of this enzyme is a simple or complex?    

________________________________________________________________________________________

________________________________________________________________________________________ 

2. In a patient with myocardial infarction found increased activity of lactate dehydrogenase in blood serum 

To what class of enzymes belongs pepsin? 

What kind of reactions catalyzed by this enzyme? 

The structure of this enzyme is a simple or complex?    

________________________________________________________________________________________

________________________________________________________________________________________ 

 

2. Lab: Discovery the action of enzymes pepsin and lipase 
 1. Discovery the action of enzyme pepsin. 

Principle. Pepsin is a protease that hydrolyzes proteins to peptides. Proteolityc activity of the pepsin determined by its ability 

to cleave peptide bonds in fibrin in an acidic medium. It is insoluble in water fibrin is hydrolyzed to soluble peptides that detected 

by biuret reaction. 

Procedure: 

 

№ Reactants, the sequence of addition Tube 

№ 1 (kontrol) № 2 (experiment) 

1 stage. Proteolysis of fibrin under the pepsin action  

1 Fibrin  add add 

2 0.2% pepsin solution in 0.2% HCl - 1 ml 

3 Distilled water 1 ml - 

Test tubes incubation in a thermostat at 38-40 ° C for 30 min 

Stage 2. Identification of soluble peptides by biuret reaction 

4  10% NaOH sol. 5 drops 5 drops 

5  1% CuSO4 sol. 1-2 drops 1-2 drops 

Indicate color   

Conclusion:__________________________________________________________________________________________

_ 
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 2. Discovery the action of enzyme lipase 

Principle. Lipase is a hydrolase that cleaves ester bonds of triglycerides to glycerol and free fatty acids in an alkaline medium.  

lipase activity can be detected by the accumulation  hydrolysis products of milk fats - fatty acids, which shift the pH to the acid side. 

This pale pink color phenolphthalein indicator (alkaline) gradually disappears (acidic). 

Procedure: 

 

№ Reactants, the sequence of addition Tube 

№ 1 (kontrol) № 2 (experiment) 

Hydrolysis fat milk under the action of lipase 

1 Milk 10 drops 10 drops 

2 3% pankeratyni sol. (lipase)  - 5 drops 

3 Distilled water 5 drops - 

4 Solution of 1% phenolphthalein 1 drop 1 drop 

5 Na2CO3 1% sol. 

Caution. Do not add excess Na2CO3 

dropwise to the 

appearance of a pale pink 

color 

dropwise to the 

appearance of a pale pink 

color 

Test tubes incubation in a thermostat at 38-40 ° C for 30 min 

Indicate color   

Conclusion:__________________________________________________________________________________________

__________________________________________________ 

 

Date 

«_______»__________________20__р. 

Teacher  signature : 
 

 

Theme 3: "The properties of enzymes. Kinetics and energetic of enzyme reactions. Principles of 

determination and units of the enzymatic activity» 

1. Actuality of theme: The complex structure and the functional organization of enzymes in part  

is a key to understanding of characteristic properties of enzymes – high specificity and velocity of  catalysis. 

Classical works of Michaelis and Menten who have developed regulations about enzyme - substrate 

complexes have played the great role in development of representations about the mechanism of enzymes 

action. 

2. Educational Aims:  be able to explain the basic properties of enzymes, kinetics of enzymatic reactions to 

apply this knowledge to explain the role of enzymes in providing functioning of the body and biomedical 

practice. 

3. Specific aims: to be able 
V  differences enzymes from non-biological catalysts 

V  properties of enzymes as biocatalysts, conditions of their actions 

V  features of kinetics and eenergetic of enzymatic reactions  

V  principles of determination and units of enzymatic activity 

4.  References: 
4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 

1010.4.4.  

4.5 Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni Das 

Lane, Kolkata 700009. 

4.6 Lecture material. 

5. Control questions: 

1. Properties of enzymes as biocatalysts: specificity of its types; termolability, the dependence of activity 

on pH. 

2. The kinetics concept of the enzymatic reactions (dependence on concentration of substrate, enzyme, 

Michaelis constant value). 

3. The energetic concept of enzymatic reactions (energy barrier and activation energy). 

4. Principles of determination and units of enzymatic activity 

6. Students Independent Study Program/ Home work. 

1. Common features for enzymes and non-biological catalysts 

2. Methods for determining the Michaelis constant. 

7. Tasks for self-control and consolidate the material: 
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1. Draw and explain the curves:  

a) effect of temperature on enzyme activity 

 

 

b) effect of pH on enzyme activity. 

 

 

 

 

 

2. Draw the graph ―Dependence of the rate of enzyme-catalyzed reaction from the substrate concentration‖. 

Explain this dependence. Indicate Vmax and Km and give their definitions. Write the Michaelis-Menten 

equation. 

 

 

 

 

 

 

 

 

 

3. There are a few methods for determination of enzyme activity: 1) by determining the quantity of 

transformed substrate per unit time; 2) by determining the quantity of products of the reaction per unit time; 3) 

by determining the quantity of reduced coenzymes per unit time (in oxidation-reduction reactions). 

Indicate and explain optimal conditions for determination of enzyme activity: a) temperature, b) pH, c) 

concentration of substrate, d) time of enzyme-catalyzed reaction. 

 

 

 

Give the definitions of international unit (IU), katal (kat), and the turnover number. 

 

 

 

 

 

 

 

 

7.1. Tests initial level  
1. Which of the enzymes have relative specificity? 

A. Pepsin, lipase 

B. Urease, xanthine oxidase 

C. Arginase, sucrase 

D. Amylase, carbonic anhydrase 

E. Lactase, maltase 

2. What is the optimum pH of most 

enzymes? 

А. 1,5 – 3,5 

В. 3,5 – 6,5 

С. 6,0 – 8,0 

D. 8,5 – 9,0 

Е. 9,0 – 10,0 

 

3. At what temperature denaturation of most of enzymes? 

А. -10-0°С. 

В. 10-20°С 

С. 20-30°С 

D. 30-40°С 

Е. 50-60°С 

4. The optimal pH medium for the action 

of arginase is: 

А. 1,5 – 2,5  

В. 6,8 – 7,0 

С. 6,8 – 7,8 

D. 7,0 – 8,5 

Е. 10,0 – 11,0 

5. Stereo chemical specificity of this enzyme is: 

A. Catalyze the transformation of one type of chemical 

bonds 

B. Catalyze the transformation of one into another structural 

isomer 

C. Catalyze the conversion of only one substrate 

D. Catalyze the conversion of compounds D- or L-row 

E. All answers are correct 

6. Trypsin catalyzes the cleavage of 

peptide bonds in proteins. What type of 

enzyme specificity inherent in this? 

A. Stereo 

B. Relative 

C. Absolute 

D. Chemical 

E. All answers are correct 

7. Does the substrate and enzyme concentration on the rate of 8. What is the Michaelis constant? 
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enzyme reactions? 

A. No effect 

B. Affects under optimal conditions  

C. Affects only the initial phase  

D. Affects the terminal phase reaction 

E. Affects only at t = 25C 

A. The concentration of the enzyme at 

which the reaction rate is maximum 

B. enzyme concentration at which the 

reaction rate is half of the maximum 

C. The concentration of the reaction 

product at which the reaction rate is half 

of the maximum 

D. substrate concentration at which the 

reaction rate is half the maximum 

E. The ratio of the concentrations of 

enzyme and substrate 

9. What are the mechanisms to reduce the energy barrier during 

enzymatic reactions? 

A. The formation of additional covalent bonds between 

apo and coenzyme 

B. The formation of an intermediate enzyme-substrate 

(ES) complex 

C. Participation of macroergic compounds (ATP) in 

enzymatic catalysis 

D. Reducing the area of the contact area between the 

enzyme and substrate 

E. Conformation change of enzyme by action of allosteric 

effectors. 

10. In what units express the specific 

activity of the enzyme in medical 

enzymology (in CI)? 

A. Units of activity (U) per 1 liter of 

biological fluids 

B. Units of activity (U) per 100 ml of 

biological liquid 

C. Units of activity (U) per 10 ml of 

biological liquid 

D. Units of activity (U) per 1 ml of 

biological liquid 

E. Units of activity (U) per 0.1 ml of 

biological liquid 

7.2. Tests from database çKrok 1è 
1. Optimum pH for pepsin action: 

A. 2-3 

B. 3-4 

C. 1-2 

D. 4-5 

E. 6-8 

2. Absolute inherent specificity of the enzyme: 

A. amylase 

B. pepsin 

C. urease 

D. alcohol dehydrogenase 

E. phosphatase 

3. From the statements are true: 

A. Km independent of pH, temperature and ionic force of enzymatic reactions 

B. Vmax not depend on the concentration of enzyme 

C. Km depends on the concentration of enzyme 

D. Km equal to the substrate concentration at which the enzyme reaction rate is half of Vmax 

E. Km equal to the substrate concentration at which the enzyme reaction speed is maximum 

7.3. Situational tasks 

1. In patients with chronic gastritis observed decrease in activity of pepsin, gastric juice pH is 5.0. 

Explain the reason for decreased activity of pepsin. 

Reason for such patients previously administered to take weak solution of hydrochloric acid before 

meals? 

What type specificity typical for this enzyme? 

________________________________________________________________________________________

________________________________________________________________________________________

_______________________________________________________________________________________ 

 

2. At acute pancreatitis activation of proteolytic enzymes (trypsin, chymotrypsin) in pancreas taking place. To 

prevent autolysis of the pancreas at the preclinical stage recommended starvation and cooling of the 

abdominal wall in the pancreas region.  

What can explain necessity of use these measures? 

What kind of specificity typical for pancreatic enzymes? 

In what units activity of trypsin measured in the serum in CI? 

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

_______________________________________________ 
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8. Lab: Properties of enzymes (specificity of action, the dependence of enzyme activity on pH and temperature) 

 

8.1. The specificity of enzymes 

Principle. Amylase (3.2.1.1.), only saliva accelerates hydrolysis of polysaccharides (starch), does not affect disaccharides. 

Sucrase (3.2.1.26.), contained in the yeast extract, splits sucrose only. Hydrolysis products of poly- and disaccharides are 

monosaccharide’s, including glucose, which can be revealed by Trommer reaction. Positive Trommer reaction indicates complete 

hydrolysis of starch and sucrose under the influence of the enzymes. Positive reaction with iodine indicates the absence of 

hydrolysis of starch. 

Procedure: 

 

Reactants, the sequence of addition  Tubes 

№1 №2 №3 №4 

1% starch sol., ml 5,0 5,0 - - 

2% sucrose sol., ml - - 5,0 5,0 

Saliva, ml 1,0 - 1,0 - 

yeast extract, ml - 1,0 - 1,0 

Incubation of tubes in a thermostat at 38-40C for 20 min 

The contents of each tube is divided into two parts 

 №1 №1а №2 №2а №3 №3а №4 №4а 

Iodine sol., drops 1  1  1  1  

The reaction with iodine ("+" or "-")         

10% NaOH, drops  10  10  10  10 

1%  CuSO4, drops  3  3  3  3 

Trommer reaction("+" or "-")         

Conclusion:__________________________________________________________________________________________ 

8.2. The temperature dependence of enzyme activity  

Principle. The temperature at which the maximum velocity of the enzymatic reaction observed, often called the optimum is 

equal to 37-40 C̄. With increasing temperature velocity of enzymatic processes begins to decrease. 

 Procedure: 

 

Reactants, the sequence of addition Tubes 

№1 №2 

 Saliva, ml 0,2 ml 0,2 ml 

Boiling in a water bath for 5 minutes. - + 

1% starch sol., ml 1ml 1 ml 

Incubation of tubes in the thermostat at 37 ° C for 10 min 

Iodine sol., drops 1 1 

Indicate color   

Conclusion:__________________________________________________________________________________________

.3. Effect of pH on the activity of the enzymes 
Principle. The rate of enzymatic reaction also depends on pH of the medium. The enzymatic activity is maximum at a 

particular pH which is called its optimum pH. The optimum pH of most enzymes lies in the range of 4–9. Hydrogen ions in the 

medium may alter the ionization of active site or substrates. Ionisation is a requirement for ES complex formation and 

 pH may influence the separation of coenzyme from holoenzyme complex. At a very low or high pH the H-bonds may be 

inactivated in the protein structure, destroying its 3D structure. The optimum pH may vary from substrate to substrate for an enzyme 

acting on a number of substrates because of the ES complex formation and ionisation will vary from substrate to substrate. 

 Procedure: 

Reactants, the sequence of addition Tubes 

№1 №2 №3 

 0,5% starch sol., ml 5,0 5,0 5,0 

Phosphate buffer, рН 5,6, ml 1,0   

Phosphate buffer, рН 6,8, ml  1,0  

Phosphate buffer, рН 8,1, ml   1,0 

Saliva (amylase) ml 1,0 1,0 1,0 

Incubation of tubes in the thermostat at 37 ° C for 10 min 

Iodine sol., drops 1 1 1 

Indicate color  

 
   

Conclusion:__________________________________________________________________________________________ 

 

Date 

«_______»__________________20__р. 

Teacher  signature: 
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Theme 4: çRegulation of enzyme activity. Activators and inhibitors of enzymesè 

 

1. Actuality of theme: The activity of certain enzymes is greatly dependent of metal ion activators and 

coenzymes. The role of metal ions and coenzymes is already discussed. Whenever the active site is not 

available for the binding of the substrate the enzyme activity may be reduced. The substances which stop or 

modify the enzymatic reaction are called  inhibitors or modulators. Presence of these substances in reaction 

medium can adversely affect the rate of enzymatic reaction. 

2. Educational Aims:  learn the patterns of influence activators, inhibitors and other factors on the rate of 

enzymatic reactions 

3. Specific aims: to be able 
V classification and principles of action activators of enzymes 

V types of inhibition of enzymatic reactions 

V classification and principles of action enzyme inhibitors 

V enzyme inhibitors in clinical practice 

V types of regulation of enzyme activity 

4.  References: 
4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 1010.  

4.4. Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni Das 

Lane, Kolkata 700009. 

4.5 Lecture material. 

5. Control questions: 

1. Enzyme activators: determination, representatives, mechanism of action. 

2. Types of inhibition. Inhibitors of enzymes: determination, representatives, mechanism of action. 

3. Enzyme inhibitors in clinical practice. 

4. types of regulation of enzyme activity. 

 

6. Students Independent Study Program/ Home work. 

1. Living things must regulate the rate of catalytic processes. Explain how the cell regulates enzymatic 

reactions.  

2. Fill in the chart ―Activation of proenzyme‖:  

Active 

 enzyme 

Proenzyme  

(zymogen) 

Activator(s) Mechanism  

of activation 

Role of active 

enzyme 

Pepsin     

Chymotrypsin     

Trypsin 

 

    

Thrombin 

 

    

Plasmin     

3. Write the reactions of enzyme molecule phosphorylation and dephosphorylation. 

 

 

 

 

 

 

 

 

 
a) What enzymes catalyze these reactions? 
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b) What amino acids residues of enzymes are phosphorylated? 

 

 c) How do phosphorylation or dephosphorylation influence on enzyme activity? 

 

 

 d) Is this way of enzyme activity regulation reversible or irreversible? Explain the answer. 

 

 

 e) Give examples of enzymes which activity is regulated by phosphorylation and dephosphorylation.  

 

 

 

 

 4. Fill in the chart ―Allosteric regulation of enzyme activity‖. 

Question Answer 

Where is placed allosteric site of enzyme? 

 

 

Effect of allosteric modulator binding 

 on enzyme activity 

 

 

Mechanism of allosteric regulation 

 

 

 

What substances can serve as allosteric 

modulators (effectors)? 

 

 

 

  

 

5. Regulation of enzyme quantity (genetic control). 

  a) Define the following terms:  

constitutive enzymes 

 

 

 adaptive enzymes 

 

 

 enzyme induction 

 

 

 enzyme repression 

 

6. Fill in the chart ―Distribution of certain enzymes and metabolic pathways in cellular organells‖. 

Organelle Metabolic pathways and enzymes 

Cytoplasm 

 

 

Mitochondria 

 

 

Nucleus 

 

 

Endoplasmic 

reticulum 

 

Lysosomes 

 

 

Peroxisomes  
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7. Effect of competitive and noncompetitive inhibitors on the kinetics of enzymatic reactions. 
 
 
 
 
 
 
 
 
 
 
 
 
8. Describe different inhibitors:  

Inhibitor

(s) 

Enzyme 

(group of enzymes) 

Substrate(s) Type of 

inhibition 

Significance/usage of inhibitor(s) 

Malonic acid     

Sulfa drugs 

 

Dihydropteroate 

synthase 

PABA   

Methotrexate, 

aminopterin 

Dihydrofolate 

reductase 

Dihydrofolic 

acid 

  

Allopurinol Xanthine oxidase Xanthine   

Lovastatin HMG-CoA  

reductase 

HMG-CoA   

Captopril, 

enalapril 

Angiotensin-

converting enzyme  

Angiotensin I   

1) Succinyl- 

choline 

2) Organo-

phosphates  

DFP etc.) 

Acetylcholine 

esterase 

Acetyl- 

choline 

  

Iodoacetate, 

heavy 

metal 

ions 

Enzymes with 

HS-groups in active 

site 

Different   

Cyanides Cytochrome 

oxidase 

O2   

Disulfiram  

(antabuse) 

Aldehyde 

dehydrogenase 

Acetaldehyde   

Penicillin 

 

Transpeptidase Glycopeptide   

Aspirin 

 

 

Cyclooxygenase Arachidonic 

acid 

  

Allosteric 

Inhibitors 

 

Allosteric enzymes Different   
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9. Fill in the chart ―Enzyme inhibitors‖:  

 Competitive 

inhibitors 

Noncompetitive 

inhibitors 

Irreversible 

inhibitors 

Examples of inhibitors 

 

   

Structural similarity  of substrate  

and inhibitor (yes/no) 

   

Competition with substrate (yes/no)    

Binding site on the enzyme 

  molecule (where?) 

 

   

Type of bonds between 

  enzyme and inhibitor 

 

   

Reversibility of action (yes/no) 

 

   

 

7. Tasks for self-control and consolidate the material: 

7.1. Tests initial level  
1. Name the enzyme for which proserin  is a competitive 

inhibitor: 

A. Acetylcholinesterase 

B. Succinate dehydrogenase 

C. Lactate dehydrogenase 

D. Aspartate transaminase 

E. Creatine phosphokinase 

2. Bacteriostatic effect of sulfanilamides 

consists in the fact that they compete with 

PABA  the stage of formation: 

A. cobalamin 

B. Folate 

S. biotin 

D. Niacin 

E. Thiamine 

3. How inhibitors acting during competitive inhibition? 

A. Inhibitor connected to the contact area of the active 

center of the enzyme 

B. Inhibitor joins the enzyme-substrate complex 

C. Inhibitor binds coenzyme 

D. Inhibitor connects with the enzyme in the allosteric 

center 

E. Inhibitor connected to the substrate 

4. Which substrate competes with malonic 

acid for the active site of succinate 

dehydrogenase? 

A. Fumaric acid 

B. Succinic acid 

C. Pyruvate 

D. Lactate 

E. Oxaloacetate 

5. In medical practice for the treatment of alcoholism widely 

used teturam, which is an inhibitor aldehyde 

dehydrogenase. Increased blood metabolite which causes 

aversion to alcohol? 

A. methanol 

B. Ethanol 

C. Acetic acid 

D. Acetaldehyde 

E. Pyruvate 

6. What enzyme activated by bile acids: 

A. Pancreatic lipase 

B. Trypsinogen 

C. Chymotrypsinogen 

D. Carboxy Peptidases 

E. Proelastase 

7. A patient with acute pancreatitis to prevent autolysis of the 

pancreas should be: 

A. Protease inhibitors 

B. Insulin 

C. Complex pancreatic enzymes 

D. Antibiotics 

E. Sulfanilamides 

8. Trypsinogen activators are: 

A. Hydrochloric acid 

B. Enterokinase 

C. Chymotrypsinogen 

D. Carboxypeptidase  

E. Amylase 

9. Which vitamin is an activator of enzymes oxidoreductases? 

A. Vitamin C 

B. Vitamin PP 

C. Vitamin B1 

D. Vitamin B6 

E. Vitamin B2 

 

10. By limited proteolysis converts: 

A. Pepsinogen to pepsin 

B. Trypsinogen to chymotrypsin 

C. Trypsinogen to trypsin 

D. Chymotrypsinogen to trypsin 

E. Elastase in proelastazu 

7.2. Tests from database çKrok 1è 
1. Cyanides block the action of cytochrome oxidase, being combined with iron ions, which are the active center of the enzyme. 

What type of inhibition (inhibition) occurs? 
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конкурентне 

A. Allosteric 

B. non- competitive 

C. Reversible 

D.  Competitive 

2. In an environment that contains succinate and enzyme succinate dehydrogenase (SDG), added inhibitor malonate. Enzyme 

activity resumed with increasing substrate concentration. What type of inhibition: 

A. Allosteric 

B. Irreversible 

C. Reversible non-competitive 

D. Reversible 

E. Reversible competitive 

3. One way of regulating the activity of enzymes in the human body is their covalent modification. Which option covalent 

modification occurs in regulating the activity of glycogen phosphorylase and glycogen synthetase enzymes? 

A. ADP-ribosylation 

B. Methylation 

C. phosphorylation-dephosphorylation 

D. Hydrolysis 

E. Sulphonation 

4. Preparations mercury, arsenic, bismuth are inhibitors of enzymes with thiol group (SH-groups) in the active centers. Which amino 

acid is used to reactivate these enzymes? 

A. glycine 

B. valine 

C. cysteine 

D. glutamate 

E. Serine 

5. To reduce blood pressure for patient appointed captopril - angiotensin-converting enzyme that converts anhitensin I to 

angiotensin II (proenzyme to enzyme) by: 

A. Metylation 

B. Phosphorylation 

C. Deamination 

D. Limited proteolysis 

E. Decarboxylation 

 

7.3. Situational tasks 

1. The patient after stroke appointed proserin among other drugs to restore muscle mobility. 

 

Which inhibits enzyme activity proserin? 

What type inhibitors it belongs? 

Concentration of which metabolite (neurotransmitters) in the muscles will grow under the action 

proserin? 

________________________________________________________________________________________

________________________________________________________________________________________ 

 

2. After receiving sulfanilamides patient appeared abdominal distension and diarrhea due to violation of 

intestinal microflora (dysbiosis). 

What is the mechanism underlying the bactericidal action of sulphanilamides? 

What type inhibitors belong sulfanilamide drugs? 

What vitamin expedient to assign patient? 

________________________________________________________________________________________

________________________________________________________________________________________ 

 

8. Lab: Effect of activators and inhibitors in saliva amylase  
Principle. Effect of sodium chloride (NaCl) and copper (II) sulphate (CuSO4) in salivary amylase activity was determined by 

the change rate of starch hydrolysis under the action of the enzyme. The degree of starch disappearance from the medium assessed 

by reaction with iodine. 

Procedure: 

Reactants, the sequence of addition Tubes 

№1 №2 №3 

Water , ml 1,0 - - 

1%NaCl sol., ml - 1,0 - 

1%CuSO4 sol., ml - - 1,0 

Cлина, мл 1,0 1,0 1,0 
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 1% starch sol., ml 1,0 1,0 1,0 

Iodine sol., drops 1 1 1 

Indicate color 

  

   

Conclusion:__________________________________________________________________________________________ 

 

Date 

«_______»__________________20__р. 

Teacher  signature: 

 

 

 

Theme 5: çIntracellular organization of enzyme activity. Isoenzymes, multyenzymes complexes. Basics 

of medical enzymology» 

 

1. Actuality of theme: the main feature of living organisms is a constant exchange of substances occurs with 

the participation of enzymes. Hereditary metabolic defects is a result of defects in the genes responsible for 

the synthesis of certain enzymes. Metabolic disorders manifested in some cases of severe enzymopathies. 

Determination of enzyme activity in the body bioliquids allows diagnosing various diseases. Enzymes are 

widely used as medicines. This underscores the need for knowledge of enzymology by medical doctor.  

2. Educational Aims:  to use information about the enzymes for diagnostics diseases, enzyme therapy and 

disclosure mechanisms of enzymopathies development. 

3. Specific aims: to be able 
V Intracellular organization of enzyme activity  

V Structure of isoenzymes, multyenzymes complexes , and their role in metabolism 

V diagnostic value in determining the spectrum of isoenzymes in differentiation of diseases 

V causes of molecular (genetic) diseases - enzymopathies 

V normal levels of activity of certain enzymes and their changes in diseases (enzymodiagnostics) 

V principles of the use of enzymes, coenzymes and inhibitors as drugs (enzymotherapy) 

4.  References: 

 

4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 

1010.4.4.  

4.5 Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni Das 

Lane, Kolkata 700009. 

4.6 Lecture material. 

5. Control questions: 

1. Intracellular organization of enzymes, depending on the function of organelles 

2. Isoenzymes, definition, structure, examples.  

3. Enzymotherapy. The using of enzymes, coenzymes, immobilized enzymes, inhibitors for therapeutic 

purpose. 

4. Enzymodiagnostics. The using of enzyme and isoenzyme tests  for diagnostic purpose. 

5. Enzymopathology: enzymopathies. 

6. Students Independent Study Program/ Home work. 

1. Prepare a abstract on the theme: "The main directions of medical enzymology." 

2. Describe the therapeutic applications of the following enzymes:  

a) streptokinase 

 

b) asparaginase 

 

c) nucleases 

 

d) pepsin, amylase, lipase, trypsin, chymotrypsin, pancreatin and analogs. 

 

3.  Enzymodiagnostics. 
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  a) List specific (functional) plasma enzymes. What possible reasons can lead to a fall in the activities of these 

enzymes? 

1. 

 

2. 

 

3. 

 

4. 

 

5. 

 

 

  b) Nonfunctional (nonspecific) plasma enzymes are present at a low concentration in blood plasma. What 

their sources in plasma at normal condition? Why are their activities in plasma elevated during different 

diseases?     

 

 

 

 

  c) Fill in the chart ―Enzyme and isozyme assays‖. 

Diseases What enzymes and isozymes have elevated activity in the plasma? 

Heart (myocardial infarction) 

 

 

 

Liver (hepatitis, cirrhosis) 

 

 

 

Skeletal muscle (dystrophy) 

 

 

 

Pancreas (acute pancreatitis) 

 

 

 

Prostate gland (cancer) 

 

 

 

Bone diseases 

 

 

 

Kidney diseases 

 

 

 

5. Enzymopathies are divided into primary and secondary. Primary enzymopathies are inherited metabolic 

diseases. Secondary enzymopathies are acquired diseases which are developed secondary during pathological 

process. 

 a) Indicate the possible causes of primary and secondary enzymopathies. 

 

 

 

 

 

 b) Give the examples of primary and secondary enzymopathies. 
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Isozyme Combination  

of subunits 

Tissue specificity % of normal blood 

serum in humans 

LDH1 

 

LDH2  

 

LDH3  

 

LDH4  

 

LDH5 

 

CPK 1 

 

CPK 2 

 

CPK 3 

 

   

 
7. Tasks for self-control and consolidate the material: 

7.1. Tests initial level  
1. Cyanides are extremely powerful cell’s poison which can 

cause death of the human body. Which enzyme blocking in 

tissue respiration is basic in this action? 

А. Catalase 

В.Superoxide dismutase 

С. Cytochrome oxidase 

D.Hemoglobin reductase 

      Е.Glucose-6-phosphatdehydrogenase 

2. Lipoic acid was excluded from diet of the 

experimental animals, and during this process 

the inhibition of their pyruvate dehydrogenase 

complex was observed. What is lipoic acid for 

this enzyme? 

A. Allosteric regulator 

B. Substrate 

C. Inhibitor 

D. Coenzyme 

E. Product 

3. Part of the proteins catabolism in the cell conducted with the 

participation enzymes - acid hydrolases (cathepsin) located at: 

A. lysosomes 

B. endoplasmic reticulum 

C. cytosol 

D. mitochondria 

E. golgi complex  

4. For the diagnosis of acute pancreatitis in urine 

determine enzyme activity: 

A. amylase (diastase) 

B. lactate dehydrogenase 

C. creatine kinase 

D. aldolase 

E. alanine aminotransferase 

 

5. Activity of which  enzyme in the blood  the most increases 

during the first hours of myocardial infarction: 

A. glutamate dehydrogenase 

B. aspartate dehydrogenase 

C. alaninaminotransferase 

D. lactate dehydrogenase 

E. creatine phosphokinase 

6. The patient 12 hours after an acute attack of 

retrosternal pain found increased activity of AST 

in serum. For what pathology these changes is 

characterized: 

A. myocardial infarction 

B. hepatitis  

C. collagenosis 

D. diabetes 

E. diabetes insipidus 

7. The doctor did not give a proper assessment to amylase urine 

analysis that showed an increase its activity in 10 times. The 

patient may be in danger by  autolysis of pancreas caused by 

enzymes: 

A. trypsin 

B. amylase 

C. aldolase 

D. pepsin 

E. phosphorylase 

8. In the patient's blood found increased activity 

of creatine kinase MB form, LDH and AST. 

Damage of what organ indicates these changes? 

A. cardiac muscle 

B. liver 

C. striated muscles 

D. kidney 

E. brain 
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9. In a patient with acute viral hepatitis A (Botkin's 

disease). Growing activity of which enzyme in the blood 

confirms the destruction of hepatocytes? 

A. alanine aminotransferase 

B. amylase 

C. creatine kinase 

D. trypsin 

E. hexokinase 

10. Which enzyme can be used to 

accelerate the absorption of some drugs 

that are administered parenterally (eg, 

electrophoresis)? 

A. hyaluronidase 

B. amylase 

C. Lysozyme 

D. RNA'ase 

E. fibrinolysin 

7.2. Tests from database çKrok 1è 
1. A man of 50 years who abused alcohol for a long time arose pain in the abdomen. The doctor suspected acute pancreatitis. The 

increased activity of which enzyme in the blood confirms  this diagnosis? 

A. transaminase 

B. amylase 

C. lipase 

D. lactate dehydrogenase 

E. creatine phosphokinase 

2. When newborn baby eating mother's milk vomiting, flatulence, and diarrhea appeared. On a hereditary deficiency of which 

enzyme should be thinking about? 

A. lactase 

B. maltase 

C. isomerase 

D. oligo-1,6-glucosidase 

E. pepsin 

3. Isoenzymes widely used in the diagnosis of diseases. Thus, in case of myocardial infarction analyze isozyme composition: 

A. alanine aminotransferase 

B. aspartate aminotransferase 

C. lactate dehydrogenase 

D. malate dehydrogenase 

E. protein kinase 

4. In tissue homogenates allocated enzymes that catalyze the mutual conversion of lactate and pyruvate. The proteins differ in 

electrophoretic mobility and molecular weight. These enzymes are called: 

A. cofactors 

B. holoenzymes 

C. coenzymes 

D. isoenzymes 

E. proenzyme 

5. What of the following enzyme, referring to multyenzyme complexes: 

A. malate dehydrogenase 

B. pyruvate decarboxylase 

C.lactate dehydrogenase  

D. pyruvate dehydrogenase 

E. alcohol dehydrogenase 

7.3. Situational tasks 

1. In urgent clinic brought a patient suspected of having acute pancreatitis. 

Growing activity of which enzymes in the blood and urine will confirm the diagnosis? 

 What pancreatic enzyme determined by the Volgemut method in urine? 

Specify the normal values of this enzyme in Volgemut units. 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________ 

2. Patient 58 yars old was hospitalized with complaints on pain in the retrosternal area, sudden weakness, 

sweating, fear, dizziness. The preliminary diagnosis - myocardial infarction. 

Activity of which three enzymes is necessary to determine in patient's blood? 

Which ones have isoenzyme form? 

Which Isoenzyme is most informative in the early hours of myocardial infarction? 

________________________________________________________________________________________

________________________________________________________________________________________ 
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8. Lab: Determination of the amylase activity in urine by Volgemut’s method 
Principle. The Volgemut's method is based on the minimal quantity of the enzyme determination, which is capable to split 

completely 1 ml of 1% starch solution. This quantity of enzyme is accepted for a unit of the amylase activity. Normal values of the 

amylase activity in the urine (by Volgemut) are 16-64 units. At acute pancreatitis the activity of amylase in the urine and blood 

serum arises 10-30 times. At kidney insufficiency amylase in urine is absent. 

Procedure: pour 1 ml of 0,85 % sodium chloride solution into each test tube (7 test tubes). Add 1 ml of patient's urine into the 

1-st test tube and mix thoroughly. Then transfer 1 ml of the mixture into the 2-d test tube and repeat all the operations with the rest 

tubes: from the 2nd one into the 3rd one, etc. Pour 1 ml of liquid out of the 7-th test tube. Add 2 ml of 0,1 % starch solution into 

each test tube, mix and put them into the thermostat at 38° C for 30 minutes. At the end of the incubation take the test tubes out, 

cool them and add 2 drops of the iodine solution into each one. Mix the content of the tubes and mark the latest test tube with no 

colored solution (where there was full starch splitting). 

№ пробірки 1 2 3 4 5 6 7 

urine dilution  1:2 1:4 1:8 1:16 1:32 1:64 1:128 

Colouring after the 

addition of iodine 

       

The calculation is made according to the formula: 

X (units) = 1 x 2 x dilution; 

1 - urine volume in ml;  

2 - volume of 0,1 % starch solution in ml;  

X - amylase activity in saliva in standard units. 

Conclusion:__________________________________________________________________________________________

______________________________________________________________________ 

 

Date 

«_______»__________________20__р. 

Teacher  signature: 

 

 

Theme 6: ñCofactors: definition, classification mechanism of action and chemical nature. Group I 

cofactors: nonvitamin, vitamin and vitamin like substensisò 

 

1. Actuality of theme: by the mechanism of action of cofactors divided into 2 groups: l) carriers of electrons, 

protons and hydrogen atoms; II) carriers of certain chemical groups of atoms. Group l cofactors provide 

oxidoreductases activity and are widely used in medical practice as drugs to improve respiration and other 

redox processes. 

2. Educational Aims:  to know the structure of complex enzymes and cofactors role in their functioning; learn 

the structure of cofactors and their participation in redox processes in the body and directions of biomedical 

applications. 

3. Specific aims: to be able  

V  structure of  complex enzymes, role of apoenzyme and cofactor   in their functioning 

V classification of cofactors by the chemical nature and mechanism of action 

V structure and mechanism of actions of the group I cofactors - carriers of electrons, protons and hydrogen 

atoms. 

4. References: 
4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 

1010.4.4.  

4.5 Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni Das 

Lane, Kolkata 700009. 

4.6 Lecture material. 

5. Control questions: 

1. Structure of complex enzymes.  

2. Classification cofactors: the mechanism of action; chemical nature 

3. Structure and biological significance nonvitamin cofactors: heme, glutathione 

4. Structure and biological significance of group l vitamin cofactors: ubiquinone, lipoic acid, 

tetrahydrobiopterin, quinone nucleotides 

5. Structure and biological significance of group l vitamin cofactors: nicotinamide (NAD, NADP), flavin 

(FMN, FAD), ascorbic acid and tocopherol 

6. Students Independent Study Program/ Home work. 
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Application of group I coenzymes in medical practice 

 

Coenzyme Oxidized form Reduced form Trans- 

ferred 

1. NAD(P)  

 

 

 

 

 

 

 

 

 

2. Flavin 

mononucleotide 

(FMN) 

 

 

 

 

 

 

 

 

 

3.Flavin 

adenine 

dinucleoti 

(FAD) 

 

 

 

 

 

 

 

 

4. Ubiquinone 

(coenzym Q) 

 

 

 

 

 

 

5. Ascorbic 

acid 

 

 

 

 

 

 

 

 

6. Lipoamide  

 

 

 

 

 

 

8. Heme 

 

 

 

 

 

 

 

 

 

 

  



27 
 

 

7. Tasks for self-control and consolidate the material: 

7.1. Tests initial level  
1. From the given vitamin-like substance component of 

the respiratory chain is: 

A. Lipoic Acid 

B. Ubiquinone 

C. Para-aminobenzoic acid 

D. Choline 

E. Carnitine 

2. What vitamin-like substens  participates 

in the process of oxidative 

decarboxylation of pyruvate: 

A. Ascorbic acid 

B. Folate 

C. Ubiquinone 

D. Lipoic acid 

E. para-aminobenzoic acid 

3. What vitamin-like substance containing polyizoprene 

long "tail" and is a component of the respiratory chain: 

A. Vitamin B15 

B. para-aminobenzoic acid 

C. Lipoic acid 

D. Vitamin U 

E. Ubiquinone 

4. Tetrahydrobiopterin is involved in: 

A. hydroxylation 

B. decarboxylation 

C. deamination 

D. Transamination 

E. demethylation 

5. Nicotinamide coenzyme form: 

A. TDP, TPP 

B. FAD, FMN 

C.NAD +, NADP + 

D. ATP, ADP 

E. CoA-SH, acetyl CoA 

6.  Coenzyme form vit B2: 

A. TDP, TPP 

B. FAD, FMN 

C.NAD +, NADP + 

D. ATP, ADP 

E. CoA-SH, acetyl CoA 

7. Vitamin E is involved in the formation of double 

bonds in the molecules of fatty acids in the enzyme: 

A. isomerase 

B. lyase 

C. dehydratase 

D. Desaturase 

E. methyltransferase 

8. Heme (cofactor  of the mitochondrial 

cytochrome chain) transports: 

A. The hydrogen atoms 

B. Protons 

C. Electrons 

D. Methyl groups 

E. Hydroxyl groups 

9. Adenyl cobamide catalyzes the reaction of 

intramolecular transport: 

A. hydrogen atoms 

B. protons 

C. electron 

D.methyl groups 

E. hydroxyl groups 

10. Vitamin PP is part of the respiratory 

chain in the form of coenzyme: 

A. NAD + 

B. FAD 

C. FMN 

D. PALP 

E. CoA-SH 

7.2. Tests from database çKrok 1è 
1. Hypovitaminosis C leads to a decrease in the formation of organic matrix, delay remineralization processes, impaired collagen 

synthesis, because this vitamin as a cofactor in the process of: 

A. Transamination of alanine and aspartate 

B. Carboxylation of proline and lysine 

C. Deamination of glutamate and aspartate 

D. Hydroxylation of proline and lysine 

E. Amination of lysine and proline 

2. In experimental animals lipoic acid was excluded from the food, while they observed inhibition pyruvate dehydrogenase 

multyenzyme complex. Lipoic acid for this enzyme are: 

A. The product 

B. The substrate 

C. The inhibitor 

D. The allosteric regulator 

E. The coenzyme 

3. Structural analogs of vitamin B2 (riboflavin) prescribed for patients with malaria. Violation of the synthesis of which plasmodium 

enzymes cause  these drug? 

A. Peptidase 

B. Cytochromeoxydase 

C. FAD-dependent dehydrogenases 

D. NAD-dependent dehydrogenase 

E. Aminotransferase 
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7.3. Situational tasks 

1. In hypoxia cases toxic product - hydrogen peroxide (H2O2) accumulate in the tissues, which causes 

oxidative damage of cell membranes. 

Which enzymes neutralize H2O2 in the cells? 

Which cofactors involved in H2O2 neutralization?  

Write down the mechanism of action of one of these cofactors. 

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________ 

2. To improve the redox processes in clinical practice, patients prescribed vitamin E and B2. 

Which coenzyme form of these vitamins do you know? 

Give examples of redox processes in which they participate. 

Write down the mechanism of action of one of them 

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________ 

 

8. Lab: Quantitative determination of catalase activity. Qualitative reaction to vitamin C. 
1. Quantitative determination of catalase activity was (1.11.1.6) for of blood by Bach i Zubkova 

Principle. The enzyme catalase is contained in the high concentration in erythrocytes and other tissues of the organism. 

Biological role of catalase is removal of hydrogen peroxide (H2O2) by splitting it into molecular oxygen and water: 

2ʅ2ʆ2                                ʆ2 + 2ʅ2ʆ 

Activity of the enzyme catalase expressing the catalase index and catalase number. 

Catalase number - is the number of mg H2O2, which decomposes 1 mkl of blood over a certain interval of time. Number of H2O2, 

which disintegrated, determined by a difference between the volumes of potassium permanganate spent on titration control and 

experimental samples. 

Catalase index - a ratio of catalase numbers among the millions of erythrocytes in 1 mkl of blood that was investigate.  

Procedure. 
1 step: in volumetric flask of 100 ml pour 10 ml of distilled water, bring mikrodropper 0.1 ml of of blood. Dropper washed 

with the same solution several times. Water topped up to 100 ml and got fixed blood solution (1: 1000), which is used to determine 

the catalase number.  

 

2 step: 

№ Reactants, the sequence of addition Flasks 

№ 1 (control) № 2 (experiment) 

1 distilled water, ml 7,0 7,0 

2 fixed blood solution, ml 1,0 1,0 

3 1% H2O2 sol. , ml 2,0 2,0 

4 10% H2SO4 sol., ml 3,0 - 

Incubation at a room temperature during 30 minutes. 

5 10% H2SO4 sol., ml - 3,0 

Titrate the contents of both flasks with 0.1 M potassium permanganate solution to the appearance of a pink color. 

6 Check volume of potassium permanganate 

solution, which used  on titration, ml 

V1 = V2 = 

 

Calculation: CN = 1,7∙( V1 - V2), where 1.7 - number H2O2 in mg that is contained in 1 ml of 0.1 M solution. In normi CN is 

10 - 15 units. 

 

CN= 1,7∙( V1 - V2) =  

 

Conclusion: 

________________________________________________________________________________________ 

 

 

2. The reaction to vitamin C. 

 Principle. Ascorbic acid in alkaline medium recovers К3[Fe(CN)6] (red blood salt) to К4[Fe(CN)6] (yellow blood salt); last reveal 

by of iron (III) chloride solution.  
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4FeCI3 + 3ʂ4[Fe(CN)6]             Fe4[Fe(CN)6]3 + 12KCI    
Procedure: 

№ Reactants, the sequence of addition Tube  

1 1% vit. С sol. 5 drops 

2 10% NaOH sol. 1 drop 

3 5% К3[Fe(CN)6] sol. 1 drop 

4 10%  HCl sol. 3 drops 

5 1%  FeCl3 sol. 1 drop 

6 Mix, appears sediment, watching the color change 

Conclusion: 

__________________________________________________________________________________________________________ 

 

 

Date 

«_______»__________________20__р. 

Teacher  signature: 

  

 
Theme 7 ñ Group II cofactors. Coenzyme functions of water and fat-soluble vitamins ò 

1. Actuality of theme: Group II cofactors are carriers of certain chemical groups.. Vitamins take part in 

regulation of life-important processes, in particular, they are necessary for functioning a citric acid cycle, 

bioenergetic processes and other. Vitamins find wide application in clinical practice for correction of different 

infringements of a metabolism. 

2. Educational Aims: To know the structure of bioorganic compounds which are a part of some vitamins. 

3. Specific aims: to be able 

V group II cofactors: structure and mechanism of actions of the  

V group II cofactors: metabolic role  

 

4. References: 

 

4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 1010. 

4.4 Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni Das 

Lane, Kolkata 700009. 

4.5 Lecture material. 

 

5. Control questions: 

1. Structure, mechanism of action, biological importance nonvitamin Group II cofactors: carbohydrates 

phosphates and nucleosides phosphates.  

2. Structure, mechanism of action and biological importance of vitamin and vitamin like substances Group II 

cofactors: carnitine, thiamindiphosphate (TDP), coenzyme A, pyridoxal phosphate (PALP), biotin, 

tetrahydrofolate (F.H4), metylcobalamine, vitamins A and K. 

 

6. Students Independent Study Program/ Home work. 

1. Hematopoiesis - role of coenzymes  

 

 

 

 

2. The use of carnitine in clinical practice and sports medicine 
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Coenzyme Free form                               Charged form Group(s) 

trans- 

ferred 

Important 

enzymes 

1. Nucleoside 

 phosphates 

 

 

 

 

 

 

 

 

  

2. Coenzyme A  

 

 

 

 

 

  

3. Thiamine 

 diphosphate 

 

 

 

 

 

 

 

  

4. Pyridoxal 

phosphate 

 

 

 

 

 

 

 

 

 

  

5. Biotin  

 

 

 

 

  

6. 

Tetrahydrofolate 

 

 

 

 

 

 

 

 

 

  

8. Cobalamins 
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7. Tasks for self-control and consolidate the material: 

7.1. Tests initial level  
1. Group ll vitamin coenzymes includes: 

A. Ubiquinone, heme 

B. ATP, GTP 

C.TDP, PALP 

D. Phosphates of carbohydrates and nucleosides 

E. Glutathione, carnitine 

2. TDP is involved in the process of: 

A. Decarboxylation of amino acids 

B. Deamination of amino acids 

C. Decarboxylation α-keto acids 

D. Transamination of amino acids 

E. Hydroxylation of amino acids 

3. Coenzyme forms of pantothenic acid (vitamin B3) are: 

A. FAD, FMN 

B. TDF, TTF 

C. NAD +, NADP + 

D. CoA-SH 

E. PALP 

4. Coenzymes that contain vitamin B6: 

A. Cobamine 

B. Pyridoxal 

C. Flavin 

D. Nicotinamide 

E. Folate 

5. Biotsytin carries next group :  

A. Acetyl  

B. Methyl  

C. carboxyl  

D. Hydroxyl  

E. Phosphate 

 

6. Coenzyme for  γ-glutamylcarboxylase are vitamin: 

A. A 

B. K 

C. D 

D. E 

E. PP 

7. Vitamin B1 is a component of coenzyme: 

A. F.H4 

B. KoA 

C. PALP 

D. TDP 

E. NAD 

8. What vitamin transfers oligosaccharide residues through 

the cell membrane for glycoprotein synthesis: 

A. K 

B. E 

C. PP 

D. A 

E. C 

9. Coenzyme for amino acid decarboxylation is: 

A. F.H4 

B. KoA 

C. PALP 

D. TDP 

E. NAD  

10. Megaloblastic anemia is the result of violation of the 

processes methylation of uracil, leading to disruption 

synthesis of deoxythymine nucleotides. This is due to 

deficiency of vitamin and coenzyme: 

A. B9 and F.H4 

B. B3 and CoA 

C. B6 and PALP 

D. B1 and TDP 

E. PP and NAD 

 

7.2. Tests from database çKrok 1è 
1. In the clinic got 1-year-old child with signs of damage limbs and torso. After the examination deficiency of muscles carnitine is 

detected. Biochemical basis of this disease is a violation of the process: 

A. Regulation of Ca2 + in mitochondria 

B. transport of fatty acids into the mitochondria 

C. substrate phosphorylation 

D. Utilization of lactic acid 

E. Oxidative phosphorylation 

2. Pyridoxal phosphate assigned to the patient to correction of processes: 

A. Synthesis of purine and pyrimidine bases 

B. Oxidative decarboxylation of ketoacids 

C. Deamination purine nucleotides 

D. Transamination and amino acid decarboxylation 

E. protein synthesis 

 

3.  The newborn child had signs of hemorrhagic disease due to hypovitaminosis K. Development of disease due to the fact that 

vitamin K is: 

A. inhibits the synthesis of heparin 

B.  Cofactor for  prothrombin synthesis 

C. specific inhibitor of antithrombin 

D. affects the proteolytic activity of thrombin 

E. Is cofactor for γ- glutamylcarboxylase  

4. In the treatment of many diseases  cocarboxylase (thiamine pyrophosphate) is used to provide cells with energy. This will start the 

process: 

A. decarboxylation of amino acids 

B. Deamination glutamate 

C. Oxidative decarboxylation of pyruvate 

D. Deamination biogenes amines 

E. Oxidative phosphorylation 



32 
 

5. The 37-year-old patient with a background of long-term use of antibiotics appeared increased bleeding after minor injuries. Is 

marked reduced activity of clotting factors II, VII, X, lengthening of blood clotting time. These changes are caused by vitamin 

deficiency: 

А. А 

В. К 

С. Д 

D. С 

Е. Е 

 

7.3. Situational tasks 

1. After surgical removal of part of stomach, in patients often arises malignant macrocytic Addison-Biermer 

anemia, due to malabsorption vitamin B12.  

Name the coenzyme form of vitamin B12. 

Explain the metabolic role of vitamin B12 of Group II coenzyme form.  

 Which biochemical process violation leads to Addison-Biermer anemia? 

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________ 

 

2. The 6-month-old baby who is on artificial feeding has epileptiform convulsions. After the appointment 

GABA (gamma-aminobutyric acid) indicated symptoms disappeared. 

 

Deficiency of which coenzyme takes place in the child? 

Explain the cause of convulsion in children. 

In which biochemical processes involved this coenzyme? 

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

_______________________________________________________ 

8. Lab: Qualitative reaction to vitamins B2, B6, A and E. 
1. Reaction to vitamin B2 
Principle. The reaction is based on the properties of vitamin B2 easy to recover in the presence of zinc and chloridic acid. It formed 

its leukoform. 

Procedure: 
 

№ Reactants, the sequence of addition Tube  

1 Vitamin В2  sol. 10 drops 

2 HCl (conc.) 5 drops 

3 Zn  grain 

4 Released hydrogen, which recovers riboflavin. Notes color change 

Conclusion: 

__________________________________________________________________________________________________________

_____________________________________________________ 

2. Reaction to vitamin B6 

Principle. Vitamin B6 with iron (III) chloride forms a type of iron phenolate. 

Procedure: 
 

№ Reactants, the sequence of addition Tube  

1 1% Vitamin В6 sol. 5 drops 

2 1% FeCl3 sol. 1 drop 

3 Mix, watching the color change 

Conclusion: 

__________________________________________________________________________________________________________

______________________________________________________ 

3. Reaction to vitamin A 

Principle: The reaction is based on the oxidation of vitamin A with concentrated sulfatic acid 

Procedure: 

 

№ Reactants, the sequence of addition Tube  

1 Vitamin А sol. 2 drops 

2 H2SO4 (conc.) 1 drop 

3 Mix, watching the color change 
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Conclusion: 

__________________________________________________________________________________________________________

______________________________________________________ 

4. Detection of of vitamin E by reaction with iron (III) chloride 

Principle: alpha-tocopherol oxidizes iron chloride to tokoferil quinone. 

Procedure: 
 

№ Reactants, the sequence of addition Tube (must be dry !!!) 

1 0,1% Vitamin E sol. 5 drops 

2 1%  FeCl3 8 drops  

3 Mix, heat, watching the color change 

Conclusion: 

__________________________________________________________________________________________________________

______________________________________________________ 

5. Detection of vitamin K (vikasol) in reaction with aniline 

Principle. Interaction of 2-methyl-1,4-naphthoquinone with aniline leads to the formation of 2-methyl-3-phenilamino-1,4-

naphthoquinone. 

Procedure: 
 

№ Reactants, the sequence of addition Tube (must be dry !!!) 

1 0,05% Vitamin K alcohol sol. 16 drops 

2 0,05% aniline sol. 2 drops 

3 Shake, watching the color change 

Conclusion: 

__________________________________________________________________________________________________________

______________________________________________________ 
 

Date 

«_______»__________________20__р. 

Teacher  signature: 

  

 

 

 

 

Theme 8 çCommon metabolic pathways. Oxidative decarboxylation of pyruvate. Citric acid cycleè 

 

1. Actuality of theme: the process of energy transduction takes place through a highly integrated sequence of 

chemical reactions called metabolism. The metabolism disturbances are the molecular basis of all diseases. 

An understanding of the underlying abnormalities opens the door to the effective therapies. 

2. Educational Aims:  learn general ways of catabolism of biomolecules in living cells, as well as sequence of 

reactions and biological significance of citric acid cycle as a universal way of oxidative catabolism of 

biomolecules. 

 

3. Specific aims: to be able 

ü interpret patterns of biochemical metabolic features of catabolic, anabolic and amphibolic metabolic 

pathways  

ü analyze patterns of functioning citric acid cycle and its regulation mechanism  

ü explain the structure and significance of  pyruvate- and α-ketoglutarate dehydrogenase complex  

ü disclose the nature and significance of anaplerotic reactions in CAC. 

 

4. References: 
4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 1010.  

4.4. Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni Das 

Lane, Kolkata 700009. 

4.5. Lecture material. 

5. Control questions: 

1. Characteristics of autotrophic and heterotrophic organisms. Metabolism of  heterotrophes and its main 

stages 
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2. Concept of intracellular metabolic pathways. Catabolism: the main stages. Common metabolites. 

3. Oxidative decarboxylation of pyruvate: identification, localization in the cell, structure of multyenzyme 

complex, scheme of reactions, biological significance and regulation. 

4. Krebs cycle: citric acid cycle (CAC): identification, localization, mechanism, sequence of reactions, 

biological significance, energy balance and regulation. 

5. Anaplerotic reactions: their biological role.  

6. Students Independent Study Program/ Home work. 

1. Define the following terms:  

a) bioenergetics  

 

b) free energy 

 

c) enthalpy 

 

d) entropy  

 

e) exergonic reaction 

 

f) endergonic reaction 

 

g) standard free energy change (ΔG
0
) 

 

2. Compare endergonic and exergonic reactions (processes): 

 Endergonic Exergonic 

Change of free energy (ΔG) 

 

  

How do they proceed 

(spontaneously or no)? 

  

Do they proceed in anabolic 

or catabolic pathways? 

  

3.  High-energy bonds and compounds. 

   a) What is meant by the term high-energy bond and compound? 

 

 

 

   b) Write the structure of ATP and indicate the high-energy bonds 

 

 

 

 

 

 

 

   c) Write a reaction showing the hydrolysis of the terminal phosphoanhydride bond of ATP 

 

 

 

 

 

4. Define the following terms:  

a) metabolism and metabolic pathway  

 

 

b) catabolism and catabolic pathway 

 

 c) anabolism and anabolic pathway 
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d) amphibolic pathway 

 

 

e) metabolite. 

 
 
Standard ΔG

0
 of hydrolysis of some biomolecules: 

Biomolecule Cal/mol (kcal/mol) kJ/mol 

Glucose-6-phosphate -3.3 -13.8 

Fructose-6-phosphate -3.8 -15.9 

Glucose-1-phosphate -5 -20.9 

ATP → ADP + Pi -7.3 -30.5 

ATP → AMP + PPi -7.7 -32.2 

Pyrophosphate PPi -8 -33.5 

Phosphocreatine -10.3 -43.1 

Glycerate-1,3-bisphosphate -11.8 -49.4 

Phosphoenolpyruvate -14.8 -61.9 
a) Which of the following biomolecules are high-energy compounds, which are not? 

 

 

 

b) Explaine why ATP is the most important high-energy biomolecule (universal energy currency for living 

systems). 

 
6. Conversion of pyruvate to acetyl-CoA (oxidative decarboxylation). 

   a) Write the net equation of oxidative decarboxylation of pyruvate.  

   b) Describe the composition of pyruvate dehydrogenase complex. 

   c) Describe the mechanism of action of pyruvate dehydrogenase complex. 

   d) Describe the regulation of pyruvate dehydrogenase activity. 

 and oxidative decarboxylation of pyruvate 
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7. The tricarboxylic acid (TCA) cycle or the Krebs cycle or citric acid cycle (CAC). 

  a)Fill in the chart ―Characteristic of the CAC reactions‖. 

№ Substrates Products Enzyme, 

coenzymes 

Type of reaction,  

its significance 

1  

 

 

   

2  

 

 

   

3  

 

 

   

4  

 

 

   

5  

 

 

   

6  

 

 

   

7  

 

 

   

8  

 

 

   

b) Write the equations of CAC reactions (write the chemical formulae of metabolites). 
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c) Which components of α-ketoglutarate dehydrogenase complex and pyruvate dehydrogenase complex are 

different and which ones are the same? 

 

 

 

 
d) Write the net equation of the CAC. 

 

 

 

 

 
e) Molecular oxygen does not used in CAC reactions. Why than does the CAC function only in aerobic 

conditions? 

 

 

 

 

  g) Which of the reactions in CAC involves a substrate-level phosphorylation? What is the significance 

of this process? 

 

 

 

 

 

 

 

8. Regulation of CAC. 

  a) Fill in the chart: 

Regulated 

enzymes 

Activators and mechanism 

of activation 

Inhibitors and mechanism 

of inhibition 

Citrate synthase 

 

 

 

 

 

Isocitrate 

Dehydrogenase 

 

  

α-Ketoglutarate 

dehydrogenase 

 

  

   

 

9. CAC is an amphibolic pathway. What is meant? 

  a) Explain the function of CAC in anabolic processes.  

 

 

 

 

 

  b) What anaplerotic reactions replenish the intermediates of CAC? 
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7. Tasks for self-control and consolidate the material: 

 

7.1. Tests initial level  
1. Activity of Krebs cycle increases at the increase in 

concentration of: 

A. creatine 

B. phosphatidylcholine 

C. cholesterol 

D. ADP 

E. ATP 

2. Complete oxidation of 1 molecule of pyruvate to CO2 and 

H2O - ATP produced in quantity: 

A. 2 

B. 6 

C. 8 

D. 12 

E. 15 

3. Oxidative decarboxylation of pyruvate occurs 

involving nucleotides: 

A. glutathione, TDP, KoQ, heme 

B. ADP, c-AMP, lipoic acid, GMP 

C. NAD, FAD, lipoic acid amide, TDF, CoA 

D. CDP, KoQ, ascorbic acid, 

E. KoQ, retinol, UTP, c-GMP 

 

4. What coenzyme involved in transformation of succinic 

acid (succinate) in fumaric acid (fumarate) : 

A. Coenzyme Q 

B. FAD 

C.NAD  

D. Glutathione 

E. Lipoic acid 

 

5. hydration reaction in the CAC is: 

A. oxaloacetate to citrate 

B. succinyl-CoA to succinate 

C.succinate to fumarate  

D. fumarate to malate 

E. malate to oksaloacetate 

6. The substrate phosphorylation reaction in the Krebs cycle 

is: 

A. acetyl-CoA to citrate 

B. citrate to isocitrate 

C. isocitrate to a-ketoglutarate 

D. a-ketoglutarate to succinyl-CoA 

E. succinyl-CoA to succinate 

7. The function of anaplerotic reactions in CAC is: 

A. FAD synthesis  

B. increased concentrations of intermediate 

metabolites of the cycle 

C. NAD formation  

D. inhibition of oxaloacatate synthesis  

E. inhibition of ATP synthesis 

 

8. Select the correct sequence according to the metabolites 

formation in the  CAC: 

 A. citrate, α-ketoglutarate, malate  

B. isocitrate, α-ketoglutarate, oxaloatsetate  

C. isocitrate, malate, fumarate  

D. isocitrate, citrate, α-ketoglutarate  

E. succinyl-CoA, succinate, fumarate 

9. In CAC produced reducing equivalents in the amount:  

A. 1 NADH + 1 FADH2  

B. 2 NADH + 2 FADH2  

C. 2 NADH + 1 FADH2  

D. 3NADH + 2 FADH2  

E. 3NADH + 1 FADH2, 

10. How many ATP molecules synthesized from oxidation 

of 1 molecule of acetyl-CoA in the CAC by substrate level  

phosphorylation reactions: 

А. 1 

В. 11 

С. 12 

D. 15 

Е. 24 

 

7.2 Tests from database "Krok 1" 
1. The central intermediate product of exchange of all (proteins, lipids, carbohydrates) are: 

A. Lactate 

B. Succinyl-CoA 

C. Oxaloacetate 

D. Acetyl-CoA 

E Citrate 

2. How many ATP molecules can be synthesized with the full oxidation of acetyl-CoA in the CAC? 

A. 1 

B. 3 

C. 5 

D. 8 

E. 12 

3. Chemical enterprise worker has got to the hospital with signs of poisoning. In women hair found increased concentration of 

arsenate, which blocks lipoic acid. Indicate the violation of which process is occur 

A. Oxidative decarboxylation of pyruvate 

B. Microsomal oxidation  

C. Recovery of  methemoglobin 

D. Recovery of organic peroxides  

E. Neutralization of superoxide ions 

4. The activity of which of the following enzymes is directly affected by citrate? 

  A. Phosphofructokinase I 

  B.Isocitrate dehydrogenase 

  C.Fructose-2,6-bisphosphatase 
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  D.Pyruvate carboxylase 

5. For patients with heart disease to improve energy biosynthesis cocarboxylase (TPP) used for.  

A. Oxidative phosphorylation 

B. Substrate phosphorylation 

C. Oxidative decarboxylation of pyruvate 

D. Succinate dehydrogenation 

E. Phosphorylation of fructose-6-phosphate 

7.3. Situational tasks 

1. The patient entered to hospital with a diagnosis of diabetes mellitus. Among the metabolic disorders is 

a reduction of oxalacetate, citrate and α-ketoglutarate. 

Activity metabolic process which decreases in these conditions? 

 What are the consequences for the organism have decreased activity of this metabolic process?  

Write the  anaplerotic reaction which replenishes reserves of oxaloacetate. 

 

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________ 

2. In patients with chronic alcoholism observed increase of pyruvate content in blood serum and increase 

its excretion in the urine due to thiamine deficiency. 

The activity of what metabolic process is reduced in these patients?  

Write the scheme of the process, indicate enzymes and coenzymes.  

Using of wich coenzyme enhance the metabolic activity of this pathway? 

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________ 

 

8. Lab: Determination of succinate dehydrogenase activity 
Principle of reaction. Succinate dehydrogenase catalyzes dehydrogenation of succinate (succinic acid) to form fumarate 

(fumaric acid). FAD is Enzyme cofactors that during the reaction are converted into FADH2. Last methylene blue recovers and 

transforms it into a colorless leuco substance. 

Procedure: 

 In a porcelain mortar grind 1 gram of rat liver with 20 ml of distilled water to get homogenate. Then in two test tubes 

(control and experimental) submit reagents as described in the table below: 

Reactants, the sequence of addition Tubes 

control experimental а 

The homogenate, ml 2,0 2,0 

Phosphate buffer, рН = 7,4, ml 1,0 1,0 

 Succinic acid solution (Сн=0,01М), ml 1,0 1,0 

Methylene blue, drops 2,0 2,0 

Concentrated hydrochloric acid drops 5,0  - 

The contents of both tubes mixed and poured with heated agar-agar to a height of about 1 cm. Tubes put  in glasses 

with ice for freezing agar-agar. 

Incubation in the thermostat at 37 ° C for 30-45 minutes 

Registration of coloring   

Conclusion: 

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________ 

Date 

«_______»__________________20__р. 

 

Teacher  signature : 
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Theme 9 çBiological oxidation. Tissue respirationè 

 

1. Actuality of theme: Biological oxidation is a final stage of disintegration of carbohydrates, lipids  and 

proteins in alive organisms. It is realized by multienzyme complexes of internal membranes of 

mitochondria, accompanied by absorption of oxygen and allocation of CO2, water and  energy that is 

partially accumulated in bonds of АТP that is synthesized.  

 

2. Educational Aims: learn the basic principles of mitochondrial respiratory chain, the role of redox enzymes 

in tissue respiration and the impact on the process of biologically active and toxic substances. 

3. Specific aims: to be able 

ü  interpret the types of reactions of biological oxidation 

ü explain the structure of the respiratory chain and the appointment of its main components (enzymes, 

coenzymes)  

ü to analyze the structure and biological role of respiratory chain  

ü explain the mechanism of formation  and biological of role redox potential in the respiratory chain  

ü to analyze mechanisms of action of drugs, biologically active and toxic substances in the processes of 

tissue respiration 

4.  References: 
4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 1010.  

4.4. Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni Das 

Lane, Kolkata 700009. 

4.5.  Lecture material. 

5. Control questions: 

1. Aerobic metabolism in the mitochondrion. 

2. Oxidation of organic substrates by NAD
+
-containing and flavin-containing dehydrogenases.  

3. The components of electron-transport (respiratory) chain (ETC): flavoproteins, iron-sulfur proteins, 

ubiquinone (coenzyme Q) and cytochromes. 

4. Complexes I, II, III and IV of ETC. 

5. Inhibitors of ETC. 

6. Students Independent Study Program/ Home work. 

1. Write the equation of reactions that catalyze:  

a) dehydrogenases,  

 

 

b) oxidases,  

 

 

c) peroxidases,                         

 

 

d) dioxygenases, 

 

 

 e) monooxygenases (hydroxylases). 

 

 

2. Draw a scheme of a mitochondrion, label the parts of this organelle and indicate biochemical 

processes that occur in:  

a) the matrix space;  
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b) the inner mitochondrial membrane. 

 

 

 

 

 

3. NAD
+
-linked dehydrogenases. 

  a) What components of nicotinamide adenine dinucleotide (NAD)? 

 

4. Description of components of mitochondrial ETC. 

Prosthetic group (redox-

centre) :  

 

Flavoprotei

ns 

Iron-

sulfur proteins 

Ubiquino

ne (coenzyme 

Q) 

Cytochr

omes 

а) oxidized form; 

 
c) reduced form; 

d) How many electrons and 

protons are transferred? 

    

    

    

a) What component of ETC is not associated with protein? 

 

b) Write the equation of reduction of FMN (FAD) to FMN2 (FADH2) (to simplify the equation, only the flavin 

ring write). 

 

 
c) Write the equation of reduction of CoQ to CoQH2. 

 

 

4. Description of complexes of mitochondrial ETC: 

 І ІІ ІІІ ІV 
1. Complex name  

 

2.Composition of prosthetic  

groups  (redox-centres) 

 

 

3. Reducing agent    (electron 

donor) 

 

 

4. Oxidizing agent 

 (electron acceptor) 

 

 

5. Ability to the translocation  

of protons (has or no) 

    

    

    

    

    

  

5. Give example of short ETC 
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INHIBITORS OF ELECTRON TRANSPORT CHAIN 

 

Complex Ingibitor Mechanism of action 

І  

 

 

 

 

 

 

 

 

 

 

 

ІІ  

 

 

 

 

 

 

 

 

ІІІ  

 

 

 

 

 

 

 

 

ІV  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. Tasks for self-control and consolidate the material: 

7.1. Tests initial level  
1. The final acceptor of electrons and protons in the 

respiratory chain are: 

A. NAD 

B. FMN 

C. cytochromes 

D. cytochrome oxidase 

E. oxygen 

2. Pyridine dependent dehydrogenase in the respiratory 

chain are: 

A. NAD 

B. FAD 

C. FMN 

D. heme 

E. CoA 

3. Respiratory chain enzymes belonging to the class: 

A. oxidoreductases 

B. transferases 

C. hydrolases 

D. synthetases 

E. lyase 

4. Reorder of components of the respiratory chain is 

determined by: 

A. similarity of structure 

B. solubility in lipids 

C. affinity for oxygen 

D. redox potential 

E. ability to dissipate energy 

5. During movement of two hydrogen atoms on a full 

respiratory chain ATP produced in quantity: 

A. 1 

B. 2 

C. 3 

D. 4 

 E. 5 

6. In the mitochondrial electron transport chain is not 

involved: 

A. cytochrome a 

B. KoQ 

C. FMN 

D. CoA 

E. FeS-complex 

7. Inhibitors of electron transport in the respiratory chain are 

substances, other than: 

8. Cofactor of cytochromes are: 

A. NAD 
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A. sulfonamides 

B. cyanides 

C. barbiturates 

D. monoxide 

E. antymitsyn A 

B. glutathione 

C. FAD 

D. heme 

E. ascorbic acid 

9. Activity of tissue respiration decreases with lack of vitamins 

and trace elements: 

A. В1, Ca, K 

B. В3, Na, P 

C. РР, Cu, Fe 

D. В6, Ca, N 

 E. В8, Mg, S  

10. The experimental animal was given a cytochrome 

oxidase blocker, which led to its instant death. 

Which of the given substances can cause these 

changes? 

A. Potassium nitrite 

B.  Potassium sulfate 

C. Potassium cyanide 

D. Potassium oxalate 

E. Potassium phosphat 

7.2. Tests from database "Krok 1" 
1. The man '30 have hypo energy state, involving a violation of the functional state of the respiratory chain cytochromes, which by 

the chemical nature are:  

A. Lipoproteins 

B. Hemproteins 

C. Flavoproteins 

D Glycoproteins. 

E. Retynolproteins 

2. The patient, who suffers from insomnia, appointed sleeping pills (class of barbiturates). Name the mitochondrial enzyme for 

which this drug is an inhibitor. 

A. Succinate dehydrogenase 

B. Cytochrome oxidase 

C. NADH-dehydrogenase 

D. Isocitrate dehydrogenase 

E. α-ketoglutarate dehydrogenase 

3. When carbon monoxide poisoning in human tissue respiration is inhibited. Name the respiratory chain enzyme which activity 

sharply reduced under these conditions. 

A. Cytochrome c 

B. succinate dehydrogenase 

C. NADH-dehydrogenase 

D. Cytochrome b1 

E. Cytochrome aa3 

4. Patient taken to the hospital with poisoning insecticide - rotenone. Which section of the mitochondrial electron transport chain is 

blocked by this substance? 

A. NADH - coenzyme Q reductase 

B. succinate - coenzyme Q reductase 

C. Coenzyme Q - cytochrome c reductase 

D. Cytochrome c oxidase. 

E. ATP- synthetase 

5. In pathological processes that are accompanied by hypoxia, taking place the full restoration of oxygen molecules in the 

respiratory chain and the accumulation of hydrogen peroxide. Specify enzyme that ensures its destruction. 

A. Akonitase 

B. cytochrome oxidase 

C. succinate dehydrogenase 

D. α-ketoglutarate dehydrogenase 

E. Catalase 

6. Studies in recent decades have shown that direct "performers" in cell apoptosis are special enzymes - caspase. In the formation of 

one of them participates cytochrome C Specify its function in normal cells 

A. The enzyme of the respiratory chain  

B. Enzyme of CAC 

C. The enzyme of β-oxidation of fatty acids 

D. Component of ATP synthetase system  

E. Component pyruvate dehydrogenase system 

7. Potassium cyanide, which is the poison got into the patient and caused death in a few minutes. The most likely reason for its toxic 

effect is: 

A. ATP synthase 

B. catalase 

C.cytochrome oxidase  

D. NADPH dehydrogenase 

E. Violation of the synthesis of hemoglobin 

8. Forensic expert at necropsy 20-year-old girl found that the death resulted from cyanide poisoning.      Violations of what process 

is most likely the cause of death was a girl? 

A. the tissue respiration 

B. Hemoglobin synthesis 
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C. Oxygen transport by hemoglobin 

D. Synthesis of urea 

E. Violation of the synthesis of hemoglobin 

 7.3. Situational tasks 

1. X gas poisoning that has the smell of rotten eggs, is accompanied by tissue respiration disorders, 

consciousness and can cause instant death.  

Name the substance X 

Explain the mechanism of toxic action of a substance X in tissue respiration. 

What substances have similar mechanism of action to the X on the respiratory chain? 

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________ 

2. During poisoning antimycin A patient observed signs of tissue hypoxia due to violation of the 

mitochondrial respiratory chain.  

Explain the mechanism of toxic action antymycin A in tissue respiration? 

Should this patient designate ubiquinone for therapeutic purposes? 

Introduction of which vitamin can improve tissue respiration under these conditions? 

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________ 

 

8. Lab: Determination of blood peroxidase activity.  
8.1. Determination of peroxidase (1.11.1.7.) activity in blood 

Principle. Peroxidase activity is determined by the speed of oxidation indigokarmin dye by oxygen, which is formed by the 

decomposition of hydrogen peroxide. 

                         Peroxidase 

2ʅ2ʆ2                                                    2ʆ + 2ʅ2ʆ 

Procedure: 

In a test tube 2 ml acetate buffer, 3 ml blood sample studied (dilution 1: 1000), 2 ml of distilled water i 8 drops of 

indigokarmin (0.001 M).  Then add 2 ml of hydrogen peroxide (0.2 M) and mixed. Next record time (in seconds) for which the blue 

indigokarmin color switches to yellow. In norm activity of the peroxidase in the blood is 30-50 sec.  

Conclusion: (specify peroxidase activity in test blood sample and compare it with standard rates): 

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________ 

 

Date 

«_______»__________________20__р. 

 

Teacher  signature : 

 

 

 

Theme 10 çOxidative phosphorylationè 

 

1. Actuality of theme: oxidative phosphorylation - the basic process in the cells of higher animals, which 

provides the body with universal source of energy in the ATP form. Studying of this themes by medical 

students need to understand the molecular mechanisms of exposure to toxic substances, some drugs 

(dicumarol, salicylates), endogenous metabolites (fatty acids, bilirubin) and hormones (progesterone, 

thyroxine) on the formation of ATP. 

2. Educational Aims:  the mechanism of oxidative phosphorylation, its regulation and disorders. 

 

3. Specific aims: to be able 

ü explain the structure and principles of functioning of H + -ATP synthase  

ü interpret molecular mechanism of ATP formation  

ü interpret the conditions of effective coupling of oxidation and phosphorylation 

ü explain the mechanisms of action of inhibitors of oxidative phosphorylation and uncouplers of tissue 

respiration and oxidative phosphorylation 

 

4.  References: 
4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 
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4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 1010.  

4.4. Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni Das 

Lane, Kolkata 700009. 

4.5. Lecture material. 

 

5. Control questions: 

1. Coupling of electron transport and oxidative phosphorylation (OP). Mitchell’s chemiosmotic theory of 

coupling. 

2. Translocation of protons and the establishment of a electrochemical gradient (proton-motive force). 

3. ATP-synthase, the structure and mechanism of catalytic action. 

4. Regulation of cellular respiration and OP. 

5. Uncoupling of electron transport and OP. Uncoupling agents. 

6. Mitochondrial disorders. Hypoenergy states. 

6. Students Independent Study Program/ Home work. 

1. Give the definitions of the terms:  

―Substrate-level phosphorylation (SP)‖  

 

 

―Oxidative phosphorylation (OP)‖ 

 

 

 

 
2. Draw the arrangement of the electron-transport chain complexes (I, II, III, IV) and ATP synthase (complex V) 

in inner mitochondrial membrane. 

 

 

 

 

 

 

 

 

 

 

3. Chemiosmotic coupling theory. 

  a) Who is the author? 

 

  b) What intermediate couples electron transport through ETC and ATP synthesis? 

 
d) What are the two components of proton-motive force Δp (electrochemical potential difference or gradient) 

and how are they formed? 

 

 

 

4. Synthesis of ATP. 

  a) The structure of the ATP-synthase. Name the components of this enzyme, describe their location in 

the membrane and indicate their functions. 
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  b) Write the reaction equation of ATP synthesis. 

 

 

 

 
d) Explain the mechanism of ATP-synthase catalytic action (binding-change or rotational mechanism). 

 

 

 

 

 

5. The degree of coupling of electron transfer with OP: 

  a) What is meant by the P/O ratio? 

 

 

 

 

  b) How many is P/O ratio when the pair of electrons are transferred to O2 from 1) NADH, 2) FADH2? 

Explain the reason of different values. 

 

 

 

 

  c) How many protons must move through the F0 of the ATP-synthase for the synthesis of one ATP 

molecule? 

 

 

6. The regulation of cellular respiration and OP. What is the respiratory control? 

 

 

 

 

 

7. Mitochondrial diseases (MD).  

   a) What are the causes and consequences of hereditary MD? 

 

 

   b) MD are inherited mainly from mothers. Why? 

 

 

    c) Symptoms of mitochondrial defects would appear in nervous tissue, heart, skeletal muscle. Explain 

why phenotypic expression still will be most apparent in these tissues. 

 

 

 

8. Uncoupling of electron transport and OP. 

   a) Explain mechanism of uncoupling effect of 2,4-dinitrophenol, pentachlorophenol and similar 

uncouplers. 

 

 

b) What possible function of uncoupling proteins (UCP) from brown adipose tissue and another tissues? (In 

humans, brown adipose tissue is abundant in infants, but it gradually diminishes and is barely detectable in 
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adults). What mechanism of UCP effect? 

 

 

c) What possible mechanisms of thermogenic effects of thyroid hormones? 

 

 

 

 

7. Tasks for self-control and consolidate the material: 

7.1. Tests initial level  
1. Chemical elements that can form macroergic bonds include: 

A. Ca i F 

B. К i Na 

C. Hg i Mg 

D. P i S 

E. Se i Mn 

 

2. During oxidation of one molecule of FADH2 ATP 

molecules synthesized in number: 

A. 1 

B. 2 

C. 3 

D. 4 

E. 5 

3. The full respiratory chain are coupling points of tissue 

respiration and oxidative phosphorylation in number: 

A. 1 

B. 2 

C. 3 

D. 4 

E. 5 

4. The driving force of ATP synthesis during oxidative 

phosphorylation are: 

A. redox potential 

B. electrochemical potential 

C. electrokinetic potential 

D. thermodynamic potential 

E. electrodynamic potential 

5. Uncouples of tissue respiration and oxidative 

phosphorylation are: 

A. sulfonamides, penicillin 

B. thyroxine, dinitrophenol 

C. interferon amanityn 

D. tetracycline, heparin 

  E. monoxide, calcitonin 

6. Macroergic compounds are: 

A. AMP, creatine 

B. lactate, GMP 

C. phosphoenolpyruvate, acetyl-CoA 

D. acetate, citrate 

E. c-AMP, malate 

7. In the oxidation of succinic acid (succinate) to fumaric ratio 

P / O is: 

A. 1 

B. 2 

C. 3 

D. 4 

E. 5 

8. Ionophores reduce electrochemical potential by: 

A. decrease Δφ 

B. decrease ΔpH 

C. increase Δφ 

D. increase ΔpH 

E. decrease Δφ and ΔpH 

9. The antibiotic that blocks Fo subunit of H +ATP synthase: 

A. tetracycline 

B. actinomycin 

C. amicetin 

D. oligomycin 

E. oksolin 

10. Protonophores reduce electrochemical potential by: 

A. decrease Δφ 

B. decrease ΔpH 

C. increase Δφ 

D. increase ΔpH 

E. decrease Δφ and ΔpH 

7.2. Tests from database çKrok 1è 
1. Under the influence of certain substances oxidative phosphorylation in the mitochondria is blocking, but the the oxygen 

consumption occurs and the substrate is oxidized. Specify compound which separates the process. 

A. Vasopressin 

B.Oxytocin  

C.Thyroxine  

D. Estradiol 

E. Somatostatin 

2. It is known that some chemical compounds uncouple tissue respiration and oxidative phosphorylation. Name this compound. 

A. CO 

B. 2,4Dinitrophenol - 

C. Antimycin A 

D. Lactic acid 

E. Acetyl-CoA 

3. The patient has high body temperature after administration to him high doses of thyroxine. Hyperthermia in this case caused by 

separation of processes of tissue respiration and: 

A. β-oxidation of fatty acids 

B. Oxidative deamination of amino acids 

C. Peroxidation of lipids  

D. Oxidative decarboxylation of pyruvate 

E. Oxidative phosphorylation 

4. What mitochondrial enzyme is affected by oligomycin?  
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A. ATP-synthase (complex IV) 

B. Flavine enzymes (complex II) 

C. Cytochrome b (complex III)  

D. NAD-dependent dehydrogenases (complex I) 

E. Cytochrome oxidase (cytochrome aa3).  

5. High resistance of "winter-swimmers" (so-called "walruses") to low temperatures is explained by the increased production of 

certain hormones that stimulate the processes of biological oxidation and heat formation in the cells through the uncoupling of 

mitochondrial electron transfer and the oxidative phosphorylation. Choose the name of these hormones from the following list: 

A. Glucagon. 

B. Adrenaline and noradrenaline. 

C. Thyroid hormones. 

D. Insulin. 

E. Corticosteroids. 

6. The production of thyroid hormones T3 and T4 is stimulated under thyrotoxicosis. It leads to body weight loss, tachycardia, rise of 

psychic irritability etc. Choose the biochemical mechanism by which thyroid hormones affect the tissue bioenergetics from the listed 

below. 

A. Blockage of mitochondrial respiratory chain. 

B. Activation of substrate level phosphorylation. 

C. Blockage of substrate level phosphorylation. 

D. Uncoupling of oxidation and oxidative phosphorylation. 

E. Activation of oxidative phosphorylation. 

 7.3. Situational tasks 

1. High resistance of "winter-swimmers" (so-called "walruses") to low temperatures is explained by the 

increased production of certain hormones that stimulate the processes of biological oxidation and heat 

formation in the cells through the uncoupling of mitochondrial electron transfer and the oxidative 

phosphorylation.  

 

Name the hormon? 

How the electrochemical potential does change as a whole and its parts (Δφ and ΔрН) in the 

mitochondria at high concentrations of thyroxine?  

 What is the name of substances with such effects on the electrochemical potential? 

____________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________ 

2. One of the side effects of prolonged use of antibiotic gramicidin is fever. 

Explain the mechanism of pyrogenic action of this antibiotic?  

How the electrochemical potential does change as a whole and its parts (Δφ and ΔрН) in the 

mitochondria at gramicidin presens? 

How gramicidin influence the activity of tissue respiration. 

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________ 

8. Lab: Assay of ATP in biological fluids 
Principle. ATP content in the filtrate of erythrocytes is determined after acid hydrolysis by growth of inorganic phosphate 

(phosphate level measured at a color reaction with ammonium molybdate in the presence of a reducing agent ascorbic acid). 

Procedure: 

Reactants, the sequence of addition Test tubes 

№1  №2 

filtrate of erythrocytes, ml 0,5 0,5 

Distilled water, ml 1,0 1,0 

Boiling in a water bath (7 min.) -  + 

Ammonium molybdate (2,5% sol.), ml 0,25 0,25 

Ascorbic acid (1% fresh sol.) 0,25 0,25 

Incubation during 5 min. 

Samples eximane by photocolorimeter at a wavelength of 590 nm in 0.3 cm cuvette against distilled water 

extinction Е1= Е2= 

Number of ATP in mmol (available by calibration graph) С1= С2= 

Calculation.  

(С2 – С1)Ö0,5Ö2000 

Х =                                           mmol / L 

                                              2Ö10Ö1000  
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С2 - ATP amount (in mmol) in the filtrate of red blood cells after hydrolysis; 

С1 - ATP amount (in mmol) in the filtrate of red blood cells befor hydrolysis; 

2 - conversion factor of inorganic phosphate in ATP; 

10, 1000, 2000 - conversion factors in mmol / L; 

0,5 - filtrate volume of red blood cells, ml. 

In norm in the erythrocyte filtrate ATP content is 0,9-1,5 mmol / l. 

 

 

Х =                                              =             mmol / L 

 

 

Conclusion: 
 

 

Date 

«_______»__________________20__р. 

 

Teacher  signature : 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Theme 11: Concluding session by themes ˉ1-10 

 

Averige score __________________________ 

 

MCQ_________________________________ 

 

Modul mark___________________________ 

 

Date 

«_______»__________________20__р. 

 

Teacher  signature : 
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Metabolism of carbohydrates, lipids and their regulation 

 

Theme 12 çCarbohydrates: definition, classification, biological value. Digestion of carbohydrates in the GIT. 

Metabolism of carbohydrates: anaerobic glycolisis, alcoholic fermentation. Determination of pyruvate and 

lactate The intermediate carbohydrate metabolism: anaerobic glycolysis, alcoholic fermentationè 

 

1. Actuality of theme: Carbohydrates are defined chemically as aldehyde or ketone derivatives of the higher 

polyhydric alcohols, or compounds which yield these derivatives on hydrolysis. The daily requirement for 

carbohydrates is 450-500 g. The most nutritional value has poly (starch, glycogen) and disaccharides 

(sucrose, lactose and maltose). Digestion of carbohydrates provides enzymes - glycosidase, lack of which 

causes the disease. 

2. Educational Aims:  structure and classification of carbohydrates, mechanisms of their digestion and 

absorption in GIT. Sequence of reactions, enzymes, summary equation, energetic balance of glycolysis. 

3. Specific aims: to be able 

ü mechanisms of carbohydrates digestion and absorption. 

ü to detect the carbohydrates in solution using the colour reactions  

ü sequence of reactions, enzymes, summary equation, energetic balance of glycolysis  

ü determine the amount of lactic acid in blood serum and interprete the received results  

4.  References: 
4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 1010.  

4.4. Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni Das 

Lane, Kolkata 700009. 

4.5. Lecture material. 

5. Control questions: 
1.  The structure, chemical properties and biological role of the main groups of carbohydrates: monosaccarides, 

disaccharides, oligosaccharides and polysaccharides. 

2.  Digestion of carbohydrates.  

3.  Absorption of carbohydrates.  

4.  Disturbances of carbohydrate digestion. Lactose intolerance. 

5.  Entry of glucose into cells. 

6.  Glycolysis: sequence of reactions, enzymes, summary equation, energetic balance. 

7.  Physiological significance of an anaerobic glycolysis. 

8.  Regulation of glycolysis. 

9.  Different kinds of fermentation. 

6. Students Independent Study Program/ Home work. 

 

 

1. Write structural formula (Haworth structures) of:  

a) α-D-glucose,        β-D-glucose 

,  
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α-D-galactose,       D-fructose      D-ribose 

   

 

 

 

 

 

 

 

 

 

 

 

 

b) maltose,     lactose,      sucrose 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Fill in the chart ―Complex carbohydrates‖:  

Carbohydrates Composition 
Type of 

bond 
Functions 

Disaccharides:    

  Maltose 

 

   

  Lactose 

 

   

Sucrose    

Polysaccharides: 

 

   

1) Homopolysaccharides    

Starch 

 

 

   

Glycogen 

 

 

   

Cellulose 

 

 

   

2)  Heteropolysaccharides 

 

(glycosaminoglycanes) 
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3. What structural differences characterize starch (amylose and amylopectin), glycogen and cellulose? 

 

 

 

 

 
4. Fill in the chart ―Digestion of carbohydrates‖. 

Part of GIT 
Enzymes and place 

of their production 
Substrates → Products 

Mouth 1)  

 

 

Small  

intestine 

1) 

 

 

 

2) 

 

 

3) 

 

 

4) 

 

 

5)  

5.Absorption of monosaccharide’s. 

a) Glucose is transported into the absorptive epithelial cells of the small intestine by secondary active 

transport. What difference between primary and secondary active transport?  

 

 

 
b) Explain the mechanism of glucose absorption by sodium-dependent glucose transporters. 

 

 

 
c) What function of Na

+
,K

+
-ATPase for glucose absorption in small intestine? 

 

 

 

 

 
d) Glucose is transported from epithelial cells of the small intestine into the blood by facilitative diffusion 

(passive transport). What difference between passive and active transport? 

 

  

 

 

 
5. Describe glucose transporters GLUT1-GLUT5 responsible for glucose uptake by different cells. 
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6.  Reactions of glycolysis. 

  a) Write the equations of glycolysis reactions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  b) What stages (phases) of glycolysis? Describe the differences between them. 

 

 

 

  c) Define substrate-level phosphorylation. What reactions in glycolysis are in this category? 

 

 

 

 

 

Fermentation is a general term for anaerobic metabolism of glucose. 
a) During fermentation in yeast, the pathway of glycolysis is identical with that in the RBC, except that 

pyruvate is converted into ethanol. Write the reactions of pyruvate conversion into ethanol and the net 

equation in the conversion of glucose into ethanol (alcoholic fermentation). 
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7.1. Tests initial level  

 
1. To dietary fiber belong all of the substances 

except for: 

A. lignin 

B. cellulose 

C. pectin 

D. gum 

E. starch 

2. In the digestive tract of human are not formed 

enzymes able to hydrolyze glycosidic bond: 

A. β (1 → 2) fructosidase 

B. α (1 → 4) glucosidase 

C. α (1 → 6) glucosidase 

D. β (1 → 4) galactosidase 

E. β (1 → 4) glycosidase 

3. In lactose intolerance is observed low activity 

of digestive enzyme: 

A. α-amylase 

B. sucrose 

C. α (1 → 6) Glycosidase 

D. maltase 

E. lactase 

4. Among the products of starch hydrolysis by α-

amylase is: 

A. galactose 

B. maltose 

C. fructose 

D. cellobiose 

E. lactose 

5. Water retention in the colon and stool formation 

contribute by: 

A. proteins 

B. dietary fiber 

C. meat products 

D. fats 

E. sucrose 

6. What components of the human diet is not digested in 

the gastrointestinal tract? 

A. protein 

B. starch 

C. sucrose 

D. cellulose 

E. sphingolipids 

7. Linear branched homo polysaccharide 

consisting of β-D-glucose residues is: 

A. cellobiose 

B. cellulose 

C. muramin 

D. inulin 

E. starch 

8. Structural components of hyaluronic acid are: 

A. two molecules of maltose 

B. two glucose molecule  

C. N-acetylglucosamine, glucuronic acid 

D. acetyl galactosamine sulfate, glucuronate 

E. glucosamine sulphate, glucuronate 

9.  Which 

substance 

corresponds to this 

formula? 

А. maltose 

В. lactose 

С. sucrose 

D. isomaltose 

Е. cellobiose 

 

10. The use of glucose occurs by its transport from the 

extracellular space through the cell membrane. This process is 

stimulated by hormone: 

A. epinephrine 

B. thyroxine 

C. aldosterone 

D. glucagon 

E. insulin 

 

 

7.3. Tests from database çKrok 1è 
1. A newborn child had dyspepsia phenomena (diarrhea, vomiting) detected after feeding with milk. After additional feeding with 

glucose the morbid symptoms disappeared. The insufficient activity of what enzyme that takes part in the carbohydrates 

breakdown causes the indicated disorders? 

A. Saccharase. 

B. Amylase. 

C. Lactase. 

D. Isomaltase. 

E. Maltase. 

2. A newborn develops dyspepsia after the milk feeding. When the milk is substituted by the glucose solution the dyspepsia 

symptoms disappear. The newborn has the subnormal activity of the following enzyme:  

A. Amylase  

B. Maltase  

C. Invertase  

D. Isomaltase  

E. Lactase  

3. A 30-year-old woman was diagnosed with insufficiency of exocrinous function of pancreas. Hydrolisis of what nutrients will be 

disturbed? 

A. Proteins 

B. Fats, carbohydrates 

C Proteins, carbohydrates 

D. Proteins, fats 

E. Proteins, fats, carbohydrates. 
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4. How many molecules of ATP can be synthesized in case of the complete oxidation of acetyl-CoA in the tricarboxylic acid cycle? 

A. 1. 

B. 12. 

C. 5. 

D. 5 

E. 8. 

5. During starvation muscle proteins break up into free amino acids. These compounds will be the most probably involved into the 

following process:  

A. Glycogenolysis  

B. Synthesis of higher fatty acids  

C. Gluconeogenesis in muscles  

D. Decarboxylation  

E. Gluconeogenesis in liver  

6. A patient ill with neurodermatitis has been taking prednisolone for a long time. Examination revealed high rate of sugar in his 

blood. This complication is caused by the drug influence upon the following link of carbohydrate metabolism:  

A. Activation of insulin decomposition  

B. Intensification of glucose absorption in the bowels  

C. Glycogenogenesis activation  

D. Gluconeogenesis activation  

E. Inhibition of glycogen synthesis. 

7. Untrained people often have muscle pain after sprints as a result of lactate accumulation. This might be caused by intensification 

of the following biochemical process:  

A. Lipogenesis  

B. Glycogenesis  

C. Pentose phosphate pathway  

D. Glycolysis  

E. Gluconeogenesis. 

8. A patient has an increased pyruvate concentration in blood, most of it is excreted with the urine. What kind of avitaminosis has 

this patient?  

A. B6  

B. B3  

C. E  

D. B2  

E. B1  

9. After taking sulfonamides and aspirin by a 38-year-old patient, hemolysis of erhytrocytes caused by the insufficiency of glucose-

6-phosphate dehydrogenase developed. The disturbance of what coenzyme formation does this pathology result from? 

A. Ubiquinone 

B. FADH2 

C. Pyridoxal phosphate 

D. FMNH2 

E. NADPH2. 

10. The intake of aspirin by a 3-year-old child with a fever caused marked erythrocytes hemolysis. The inherited deficiency of what 

enzyme could be the cause of the hemolytic anemia development? 

A. Glycerophosphate dehydrogenase. 

B. Glucose-6-phosphatase. 

C. Glycogen phosphorylase. 

D. Glucose-6-phosphate dehydrogenase. 

E. y-Glutaminyl transferase. 

7.4.Situational tasks 

1. The patient, who has long suffers from chronic enterocolitis, after drinking milk appeared flatulence, 

diarrhea, colic. 

 Lack of which intestine enzyme is the reason? 

on what substance and bond this enzyme acts? Write the the reaction 

Can a patient take cultured milk foods and as so, why? 

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________ 
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2. Clinical examination of the patient M. revealed presumptive diagnosis: stomach cancer. Lactic acid was 

found in gastric juice. 

        What type of glucose catabolism occurs in cancer cells? 

        Which enzyme involved in the formation of lactate? 

        Write the the reaction that catalyses by this enzyme. 

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________ 

 

8. Lab: Qualitative reactions on monosaccharides. 
8.1. Fehling test 

Principle. This reducing action of sugars in alkaline solution is utilised for both qualitative and quantitative 

determinations of sugars. Reagents containing Cu++ (ic) ions are most commonly used. These are generally alkaline solution of 

cupric sulphate containing. Sodium citrate/Rochelle salt in the reagents prevent precipitation of cupric hydroxide or cupric 

carbonate by forming soluble, slightly dissociable complexes which dissociate sufficiently to provide supply ofreadily available 

Cu++ (cupric) ions for oxidation. The Cu+ (ous) ions combine with –OH– ions to form yellow cuprous hydroxide, which upon 

heating is converted to  red cuprous oxide. 

Procedure:  

№ Reactants, the sequence of addition Tube 

№ 1 № 2 

 

1 7%  Cu2SO4, sol. drops 5 5 

2 Sodium citrate/Rochelle salt 5 5 

Detection of glucose in the urine 

3 The urine of a healthy person, ml 1  - 

3 patient urine, ml - 1 

Gently heat the water bath (100
о
С) to the appearance of the sediment 

indicate color   

Conclusion:__________________________________________________________________________________________

_______________________________________________________________ 

8.2. Quantitative determination of pyruvic acid in biological fluids 

Principle. Pyruvic acid (PA) is one of the central metabolites. To quantify the PA used color reaction with 2,4-dinitrofenil 

hydrazine. In result of the reaction red product formed. The color intensity is proportional to the content of PA in the test sample and 

is determined using photocolorimeter. 

 Clinical and diagnostic value. In healthy human blood contains 45-115 mmol / l PA, with urine excreted - 15-25 mg per 

day. Lactate and pyruvate are in equilibrium in the cell, and the ratio of lactate to pyruvate reflects the NADH/NAD
+
 ratio. Both 

acids are released into blood, and the normal ratio of lactate to pyruvate in blood is approximately 25:1. This ratio can provide a 

useful clinical diagnostic tool. Both lactate and pyruvate contribute to the acidity of biological fluid, however, lactate is usually 

present at higher concentrations and is more easily measured. Lactic acidemia can be the result of a number of problems, such as 

hypoxia, thiamine deficiency, defects in energy-producing pathways. 

Procedure:  

 

№ Reactants, the sequence of 

addition 

Tube 

№ 1 (research) № 2 (control) 

1 Blood serum, ml 0,2 - 

2 Distilled water, ml - 0,2 

3 0,2% 2,4-dinitrofenil 

hydrazine sol., ml 
0,1 0,1 

Incubation 20 minutes at room temperature 

4 5%  NaOH sol., ml 0,5 0,5 

Incubation 15 minutes at room temperature 

5 Distilled water, ml 1,8 1,8 

PCM, λ=490 nm 

6 Value of extinction   

Calculation: С = 46 ¶ DD = __________ mmol / l 

DD – extinction; 46 – conversion factor. 

Conclusion:________________________________________________________________________________________________

_________________________________________________________ 

8.3 Lastic acid test. Reaction of Uffelman 

Principle. Take tube, pour in 10-15 drops of Uffelman’s reagent / mix solution FeCL 3 5 drops and 5 drops phenol /add 10-
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15 drops dis.H2O and add 5 drops gastric juice. If gastric juice contains lactate, purple colour of reagent of Uffelman is changed and 

is formed green-yellow color, in normal the gastric juice not contain lactic acid, only in pathology , it is cancer of stomach. 

Procedure:  

 

№ 
Reactants, the sequence of addition 

Tubes 

№ 1 № 2  

1 1% phenol sol., ml 1,0 1,0 

2 1% FeCL (ІІІ), drops 2 2 

3 gastric juice, drops 5 - 

4 pathologic gastric juice, drops - 5 

indicate color   

Conclusion:________________________________________________________________________________________________

________________________________________________________________ 
Date 

«_______»__________________20__р. 

 

Teacher  signature : 

  

 

 

 

 

Theme 13: çAerobic oxidation of carbohydrates. Pasteur's effect. Pentose phosphate pathway. 

Quantitative determination of glucose in urine by Althausenè 

 

1. Actuality of theme: Oxidation of glucose or glycogen to pyruvate and lactate is called glycolysis. The 

phenomenon of inhibition of glycolysis by O2 is termed the Pasteur effect. An alternative way of glucose 

oxidation pentose phosphate pathway (PPP- provides NADPH which is required for various reductive 

synthesis in metabolic pathways, provides pentoses required for nucleic acid synthesis). 

2. Educational Aims:  know the mechanisms, biological significance and role in the pathology of the pentose 

phosphate pathway and aerobic oxidation of glucose. 

3. Specific aims: to be able: 

ü know the main stages of aerobic oxidation of glucose, their localization in the cell, to be able to calculate 

the energy  

ü interpret bioenergetics differences of aerobic and anaerobic oxidation of carbohydrates, the effect Pasteur, 

shuttle transport mechanisms  

ü know the main stages, mechanism, enzymes and coenzymes PPP 

ü interpreted uses of PPP metabolites  

ü explain the regulation and pathology of aerobic and pentose phosphate pathway of glucose oxidation  

4.  References: 
4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 1010.  

4.4. Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni Das 

Lane, Kolkata 700009. 

4.5. Lecture material. 

5. Control questions:  
1. Aerobic oxidation of carbohydrates: definition, stages and their localization in the cell, enzymes, 

coenzymes, energy balance 

2. Differences in stages and bioenergetics of aerobic and anaerobic ways of glucose catabolism. Pasteur effect 

as a mechanism of competition between them. 

3. Regulation of aerobic glycolysis 

4. Shuttle transport system : glycerophosphate and malate  

5. PPP: definition, stages, mechanism, enzymes, coenzymes, food and biological value 

6. Regulation and pathology PPP. Glucose-6-phosphate dehydrogenase enzymopathie as a cause haemolysis 

of red blood cells 

6. Students Independent Study Program/ Home work. 

 

 



58 
 

Stage Substrate-level 

phosphorylation 

Oxidative 

phosphorylation 

Total 

number 

Glycolysis (in the cytosol) 

 

 

 

 

 

   

Conversion of pyruvate to 

acetyl-CoA 

(inside mitochondria) 

 

 

 

   

CAC (inside mitochondria) 

 

 

 

 

   

Total ATP number (net yield) per molecule of glucose -  

 

Regulation of glycolysis. 
a) Describe allosteric regulation of phosphofructokinase activity. 

 

 

 

 

  b) Describe regulation of pyruvate kinase activity:  

1) by allosteric effectors 

 

   

 

 

 

2) by covalent modification 

 

 

 

 
b) Explaine feed-back and feed-forward regulation of glycolysis. 

 

 

 

 

 

 

 
c) Explaine the regulatory role of fructose-2,6-bisphosphate in glycolysis. 
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2.Characteristic of reactions of PPP oxidative phase 

№ Enzymes Substrates Products Type of reaction 

1 

Glucose-6-

phosphate 

dehydrogenase 

   

2 Lactonase  
 

 
 

3 

6-

phosphogluconate 

dehydrogenase 

   

3. Explain the differences between NAD and NADP:   

 NAD/NADH NADP/NADPH 

Structure   

Metabolic pathways that 

produced NADH or NADPH 

 

  

Main cell localization 

 

 

  

Functions of 

reduced forms 

 

 

 

 

 

 

 

 

 

 

 

4. The direction of the PPP reactions: 

Cellular need Direction of pathway, predominant phase 

NADPH only  

NADPH and 

ribose-5-P 
 

Ribose-5-P only  

NADPH and 

pyruvate 
 

 

 

7. Tasks for self-control and consolidate the material: 

7.1. Tests initial level  
1. What is the relationship between glycolysis and tissue 

respiration? 

A. tissue respiration begins on the transformation of the 

product of glycolysis - lactic acid 

B. they are two independent parallel processes 

C. glycolysis is the source of phosphotrioses that further 

oxidized in tissue respiration 

D. the two names of the same process 

E. glycolysis supplies  NADH for tissue respiration 

2. In cell aerobic oxidation occurs:  

A. in the cytoplasm  

B. in the cytoplasm - to pyruvate, and then - in the matrix of 

mitochondria in TCA  

C. all reactions occur in the matrix of mitochondria  

D. in the matrix of mitochondria - to pyruvate, and then - in the 

intermembrane space  

E. all reactions occur on the membranes of mitochondria 

1. The shuttle transport system of NADN2 from 

the cytoplasm to the mitochondria is: 

A.pyruvate kinase  

B. glycerolphosphate 

C. ATP synthetase 

B. lactate dehidrogenase 

E. succinate dehidrogenase  

4. Erythrocytes require energy of ATP for their vital functions. 

What process provides these cells with the necessary amount of 

ATP? 

A. Anaerobic glycolysis. 

B. Aerobic oxidation of glucose. 

C. Pentose phosphate pathway. 

D. β-Oxidation of fatty acids. 

E. Citric acid cycle. 
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5.Name the coenzyme of glucose-6-phosphate 

dehydrogenase: 

A. TPP 

B. PALP 

C. АТP 

D. NADP
+
 

E. FAD 

6.Lack of which vitamin significantly affects the reaction in non-

oxidation Phase of PPP 

A. С 

B. В1 

C. В2 

D. В5 

Е. В8 

A.  A.  

7.  Select the function that does not perform PPP: 

A. supplies acetyl-CoA on the biosynthesis of steroids 

and fatty acids 

B. provides reduced forms NADPH2 for synthesis of 

fatty acids and steroids 

C. provides pentose synthesis of nucleic acids 

D. alternative way of glucose oxidation 

E. prevents lipid peroxidation of erythrocyte 

membranes 

8. Pentose phosphate pathway of glucose oxidation also called: 

A. anaerobic oxidation of glucose, oxidative phosphorylation, 

glucose-lactate shunt 

B. hexose mono phosphate shunt, apotomous way, direct 

oxidation of glucose 

C. glycogenolysis cycle dicarboxylic acids, indirect oxidation of 

glucose 

D. peroxidation, citric acid cycle 

E. dichotomous way aerobic oxidation of glucose 

 

7.3. Tests from database çKrok 1è 
1. Anaerobic oxidation of glucose to lactate is regulated by appropriate enzymes. What enzyme is the main regulator of this 

process? 

A. Lactate dehydrogenase. 

B. Glucose-6-phosphate isomerase. 

C. Aldolase. 

D. Enolase. 

E. Phosphofructokinase. 

2. Biosynthesis of the purine ring occurs owing to ribose-5-phosphate by gradual joining of nitrogen and carbon atoms inside 

the heterocycle structure and closing of the rings. The metabolic source of ribose-5-phosphate is: 

A. Pentose phosphate pathway. 

B. Glycolysis. 

C. Glycogenesis. 

D. Gluconeogenesis. 

E. Glycogenosis. 

3. Because of prolonged starvation, the tissue carbohydrate stores are quickly exhausted and hypoglycemia ensues in a 

human body. Which of the following metabolic pathways can restore the level of glucose in blood? 

A. Aerobic glycolysis. 

B. Anaerobic glycolysis. 

C. Gluconeogenesis. 

D. Glycogenolysis. 

E. Pentose phosphate pathway. 

4. Krebs cycle plays an essential role in the realization of gluconeogenic effect of certain amino acids. It is caused by the 

obligatory transformation of their anazotic carbon skeletons into: 

A. Malate. 

B. Oxaloacetate. 

C. Succinate. 

D. Fumarate. 

E. Citrate. 

5. Some students developed myodynia after continuous physical activity during physical education. The reason for such 

condition was accumulation of lactic acid in the skeletal muscles. It was generated in the students' bodies after activation of the 

following process:  

A. Gluconeogenesis  

B. Glycolysis  

C. Glycogenesis  

D. Pentose-phosphate cycle 

E. Lipolysis  

6. When blood circulation in the damaged tissue is restored, then lactate accumulation comes to a stop and glucose 

consumption axelerates. These metabolic changes are caused by activation of the following process:  

A. Gluconeogenesis  

B. Aerobic glycolysis  

C. Glycogen biosynthesis  

D. Lipolysis  

E. Anaerobic glycolysis 
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7.4. Situational tasks 

1. Scientist and anthropologist who was going in an expedition to South Africa to prevent malaria appointed 

quinacrine. On the background quinacrine intake hemolytic jaundice appeared of the patient. 

What is the reason haemolysis of red blood cells while taking the drug against malaria? 

The formation of which reducing agent violated in a red blood cells? 

Which way in carbohydrate metabolism provides it? 

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________ 

 

2. After the restoration of blood flow in damaged tissue the accumulation of lactate stops and glucose 

consumption rate decreases. 

Activation of which processes are caused by these metabolic shifts? 

What are the biochemical mechanisms underlying the Pasteur effect? 

What allosteric enzymes (in glycolysis) are inhibited by ATP. 

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

_________________________________ 

 

8.Lab: Determination of glucose in urine by Althausen 
Principle. Boiling weakly alkaline solution of glucose occurs its destruction with the formation of various substances: 

methyl glyoxal, lactic acid, formic acid, acetic acid, oxybutyrolactone and catechol. The last determines coloring of a solution. 

Intensity is proportional to glucose.  

Procedure:  

 

№ 
Reactants, the sequence of addition 

Tubes 

№ 1 № 2  

1 The urine of a healthy person, ml 4,0 - 

2 The urine of a sick person, ml - 4,0 

3 10% NaOH sol., drops 16 16 

Boil 2-3 minutes in a water bath (100 ° C). 

Leave the 10 minutes at room temperature. 

Visually compare with color scale of sugar meter 

The concentration of glucose in urine (%) 

 
  

Conclusion: 

________________________________________________________________________________________

__________________________________________________________________ 

 

Date 

«_______»__________________20__р. 

Teacher  signature: 

 

 

 

 

Theme 14: çGluconeogenesis. Metabolism of fructose and galactoseè 

 

1. Actuality of theme: Formation of new glucose from noncarbohydrate precursors are vary important for 

maintaining sugar level in blood, especially during starvation and hard physical work. The knowledge of 

the mechanisms of gluconeogenesis, fructose and galactose in an organism is necessary for future doctors 

to understand the pathogenesis of some diseases, possible ways of treatment and prevention. 

 

2. Educational Aims:  know the mechanisms, biological importance, regulation, signs of violations of 

gluconeogenesis and metabolism of fructose and galactose. 
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3. Specific aims: to be able: 

ü to know the definition, mechanism, regulation and biological importance of gluconeogenesis 

ü to know substrates of gluconeogenesis and ways of their receipt  

ü know the characteristics of the metabolism of fructose and galactose in an organism, clinical and 

biochemical manifestations of enzymopathies  

4.  References: 
4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 1010.  

4.4. Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni Das 

Lane, Kolkata 700009. 

4.5. Lecture material. 

 

5. Control questions: 
1. Gluconeogenesis. Give the definition of this pathway. Explain the importance of this pathway. 

2. Compose the scheme of gluconeogenesis (write the names of metabolites). Compare gluconeogenesis 

and glycolysis. How many reactions of both pathways are catalyzed by the same enzymes? Indicate 

the unique reactions that bypass the glycolysis reactions. Why are they catalyzed by another enzymes? 

3. Write the equations of unique reactions of gluconeogenesis (write the chemical formulae of 

metabolites): 1) pyruvate to posphoenolpyruvate, 2) fructose-1,6-diphosphate to fructose-6-phosphate,              

3) glucose-6-phosphate to glucose. Name the enzymes. 

4. Write the net equation of gluconeogenesis. How many ATP molecules are used for the synthesis of 

one glucose molecule? 

5. Show on the scheme the entry points for noncarbohydrate precursors of glucose (gluconeogenesis 

substrates). What precursors are used: 1) during starvation, 2) during strenuous exercixe? 

6. Compose the scheme of cyclic process between the liver and skeletal muscles (the Cori cycle). 

Describe the significance of Cori cycle. 

7. Gluconeogenesis regulation. 

8. Introduction of fructose and galactose metabolism with glycolysis. Hereditary disorders. 

 6. Students Independent Study Program/ Home work. 

 

Gluconeogenesis. Give the definition of this pathway. 

 

 Explain the importance of this pathway. 
a) Compose the scheme of gluconeogenesis (write the names of metabolites). Compare gluconeogenesis 

and glycolysis. How many reactions of both pathways are catalyzed by the same enzymes? Indicate 

the unique reactions that bypass the glycolysis reactions. Why are they catalyzed by another 

enzymes?  
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b) Write the equations of unique reactions of gluconeogenesis (write the chemical formulae of 

metabolites). Name the enzymes. 

1) pyruvate to posphoenolpyruvate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2) fructose-1,6-diphosphate to fructose-6-phosphate 

 

 

 

 

 

 

 
3) glucose-6-phosphate to glucose 

 

 

 

 

 

 
c) Write the net equation of gluconeogenesis. How many ATP molecules are used for the synthesis of 

one glucose molecule? 

 

 

 

 
d) Show on the scheme the entry points for noncarbohydrate precursors of glucose (gluconeogenesis 

substrates). What precursors are used: 1) during starvation, 2) during strenuous exercixe?  
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2. Compose the scheme of cyclic process between the liver and skeletal muscles (the Cori cycle). Describe the 

significance of Cori cycle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Gluconeogenesis regulation. 

  a) Fill in the chart: 

Regulated 

enzymes 

Activators and mechanism 

of activation 

Inhibitors and mechanism 

of inhibition 

Pyruvate 

carboxylase 
  

Phosphoenol- 

pyruvate 

carboxykinase 

  

Fructose-1,6- 

bisphosphatase 
  

  b) Describe influence on gluconeogenesis of: 1) insulin, 2) glucagon, 3) cortisol. 

 

 
3. Draw the scheme of fructose and galactose metabolism 
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7.2. Tests initial level : 
1. What biochemical process is stimulated in the liver 

and kidneys of a patient exhausted by starvation? 

a. Synthesis of bilirubin. 

b. Synthesis of urea. 

c. Gluconeogenesis. 

d. Formation of hippuric acid.  

e. Synthesis of uric acid.  

2. Erythrocytes require energy of ATP for their vital 

functions. What process provides these cells with 

the necessary amount of ATP? 

a. Anaerobic glycolysis. 

b. Aerobic oxidation of glucose. 

c. Pentose phosphate pathway. 

d. β-Oxidation of fatty acids. 

e. Citric acid cycle. 

3. Anaerobic oxidation of glucose to lactate is 

regulated by appropriate enzymes. What enzyme is 

the main regulator of this process? 

a. Lactate dehydrogenase. 

b. Glucose-6-phosphate isomerase. 

c. Aldolase. 

d. Enolase. 

e. Phosphofructokinase. 

4. Biosynthesis of the purine ring occurs owing to 

ribose-5-phosphate by gradual joining of nitrogen 

and carbon atoms inside the heterocycle structure 

and closing of the rings. The metabolic source of 

ribose-5-phosphate is: 

a. Pentose phosphate pathway. 

b. Glycolysis. 

c. Glycogenesis. 

d. Gluconeogenesis. 

e. Glycogenosis. 

5. Because of prolonged starvation, the tissue 

carbohydrate stores are quickly exhausted and 

hypoglycemia ensues in a human body. Which of 

the following metabolic pathways can restore the 

level of glucose in blood? 

a. Aerobic glycolysis. 

b. Anaerobic glycolysis. 

c. Gluconeogenesis. 

d. Glycogenolysis. 

e. Pentose phosphate pathway. 

 

6. Krebs cycle plays an essential role in the realization 

of gluconeogenic effect of certain amino acids. It is 

caused by the obligatory transformation of their 

anazotic carbon skeletons into: 

a. Malate. 

b. Oxaloacetate. 

c. Succinate. 

d. Fumarate. 

e. Citrate. 

7. Some students developed myodynia after continuous 

physical activity during physical education. The 

reason for such condition was accumulation of lactic 

acid in the skeletal muscles. It was generated in the 

students' bodies after activation of the following 

process:  

a. Gluconeogenesis  

b. Glycolysis  

c. Glycogenesis  

d. Pentose-phosphate cycle 

e. Lipolysis  

8. When blood circulation in the damaged tissue is 

restored, then lactate accumulation comes to a stop 

and glucose consumption axelerates. These 

metabolic changes are caused by activation of the 

following process:  

a. Gluconeogenesis  

b. Aerobic glycolysis  

c. Glycogen biosynthesis  

d. Lipolysis  

e. Anaerobic glycolysis 

9. Myocyte cytoplasm contains a big number of 

dissolved metabolites of glucose oxidation. Name 

one of them that turns directly into a lactate:  

A. Glucose 6-phosphate  

B. Oxaloacetate  

C. Pyruvate  

D. Fructose 6-phosphate  

E. Glycerophosphate 

 

7.3. Tests from database çKrok 1è 
1. A non trained man has usually muscular hypoxy after a sprint. What metabolite accumulates in the muscles as a result of 

it?   

A. Lactate 

B. Ketone bodies   

C. Glucose 6-phosphate   

D. Oxaloacetate   

E. -  

2. Chronic overdosage of glucocorticoids leads to the development of hyperglycemia. What process of carbohydrate 

metabolism is responsible for this effect?    

A. Gluconeogenesis 

B. Glycogenolysis   

C. Aerobic glycolisis   

D. Pentose-phosphate cycle   

E. Glycogenesis   

3. A 38 year old patient takes aspirin and sulfanilamides. After their intake intensified erythrocyte haemolysis is observed 

which is caused by deficiency of glucose 6-phosphate dehydrogenase. This pathology is caused by failure of the 

following coenzyme:    

A. NADP-H 
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B. FAD-H2 

C. Pyridoxal phosphate 

D. FMN-H2 

E. Ubiquinone 

4. During starvation normal rate of glucose is maintained by means of gluconeogenesis activation. What substance can be 

used as a substrate for this process?     

A. Alanine 

B. Ammonia   

C. Adenine   

D. Urea     

E. Guanine    

5. Clinical examination enabled to make a provisional diagnosis: stomach cancer. Gastric juice contained lactic acid. What 

type of glucose catabolism turns up in the cancerous cells?    

A. Anaerobic glycolysis 

B. Pentose-phosphate cycle   

C. Gluconeogenesis   

D. Aerobic glycolysis   

E. Glucose-alanine cycle   

7.4. Situational tasks 

1. Chronic overdose of glucocorticoids in patients developing hypoglycaemia. 

Name the carbohydrate metabolism process by which glucose is increased. 

The activity of which enzyme increases under the influence of glucocorticoids? 

Which hormone, conversely, inhibits this process? 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________ 

2. The 10-month-old child was found mental retardation, liver enlargement, blurred vision. The physician 

connects these symptoms with congenital enzymopathies and recommends to exclude all dairy products 

from the diet. 

which enzyme deficiency occurs in a child? 

Write the reaction that it catalyzes. 

High concentration of what substance in the blood can confirm the diagnosis? 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________ 

 

8. Lab: Quantitative determination of fructose-1,6-diphosphate in biological liquids 
Principle. Fructose-1,6-diphosphate - a key metabolites of carbohydrate metabolism. The product of acid hydrolysis of 

fructose-1,6-diphosphate is fructose. Fructose-1,6-diphosphate in biological fluids assessed by fructose, which gives color reaction 

with resorcinol. 

Procedure:  

№ Reactants, the sequence of addition Tube 

1 Test liquid, ml 1,0 

2 0,1% resorcinol, ml 1,0 

3 30% HCL, ml 3,0 

Boil 8 minutes in a water bath (100 ° C). Cool 

Samples eximane by photocolorimeter at a wavelength of 590 nm in 1 cm cuvette against distilled water 

extinction 
 

 

Number of fructose in the sample, micromoles / ml (see. 

calibration graph) 

 

Conclusion: 
Calculate the amount of fructose-1,6-diphosphate in biological liquids 

(the amount of fructose in the sample × 1,9 mmol / ml) 

________________________________________________________________________________________________________

________________________________________________________ 
 

Date 

«_______»__________________20__р. 

Teacher signature: 
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Theme 15: çGlycogen metabolism. Glycogen storage diseases. Glucoconjugates. Polarimetry. 

Glucose tolerance test)è 

 

1. Actuality of theme: The knowledge of the mechanisms of glycogen metabolism is necessary for future 

doctors to understand the pathogenesis of some diseases. 

2. Educational Aims: sequence of reactions, enzymes, summary equation, significance of glycogenolysis 

and glycogenesis 

 

3. Specific aims: to be able: 

ü to know the main stages, enzymes, coenzymes and the regulation of glyco genesis  

ü to know the main stages, enzymes, coenzymes and the regulation of glycogenolysis  

ü interpret the role of hormones in regulation of glycogen metabolism 

ü to know the causes and manifestations of congenital enzymopathies in glycogen metabolism  

ü to know the causes and manifestations of genetic metabolic disorders glycoconjugate components - 

hetero polysaccharides 

4.  References: 
4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 

1010.  

4.4. Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni 

Das Lane, Kolkata 700009. 

4.5. Lecture material. 

5. Control questions: 

1. Structure and functions of glycogen.  

2. Glycogenesis. 

3. Glycogenolysis. 

4. Regulation of synthesis and degradation of glycogen. 

5. Glycogen storage diseases: causes and clinical symptoms. 

 

6. Students Independent Study Program/ Home work. 

1. Biochemistry of blood groups 

 

 

 

 

 

 

7. Tasks for self-control and consolidate the material: 

1. Structure and functions of glycogen. 

  a) Write structural formula of glycogen fragment with branch point. Indicate the types of bonds. 
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b) What functions of glycogen in different tissues? 

 

 

2. Glycogenesis. 

   a) Fill in the chart ―Characteristic of glycogenesis reactions‖. 

№ Enzymes Substrates Products Type of reaction 

1

. 

Glucokinase/ 

Hexokinase 

 

   

2

. 

Phospho-

glucomutase 

 

 

   

3

. 

UDP-glucose 

pyrophosphorylase 
   

4

. 

Glycogen 

Synthase 

 

   

5

. 

Branching 

enzyme 
   

c) Glycogen synthesis requires a primer. What compounds serve as primer?  

 

 
d) Explain the mechanism of glycogen branching reaction. 

 

 

 

   d) How many ATP molecules are used for the addition of one mole of glucose to glycogen? 

 

 

3. Glycogenolysis. 

    a) Fill in the chart ―Characteristic of glycogenolysis reactions‖. 

№ Enzymes Substrates Products Type of reaction 

1

. 

Glycogen 

Phosphorylase 

 

 

   

2

. 

Debranching enzyme 

(α-1,6-glucosidase) 

 

 

   

3

. 

Phosphoglucomutase 

 

 

 

   

4

. 

Glucose-6- 

Phosphatase 

 

 

   

  b) Explain the mechanism of glycogen debranching reaction. 
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d) Combined action of glycogen phosphorylase and debranching enzyme leads to production of glucose-1-

phosphate and free glucose in a ratio 8:1. Explain why. 

 

 
e) Degradation of glycogen occurs in cell cytoplasm. Small amount of glycogen is degraded in lysosomes. By 

what enzyme? 

 

 
f) Compare glycogenolysis and functions of glycogen in: 1) liver, 2) muscles. Explain the difference. 

 

 

  f) Explain why glycogen stored in muscle is not available for maintenance of blood glucose level.  

 

 

 

4. Regulation of glycogen metabolism. 

  a) Fill in the chart: 

Regulated 

Enzymes 

 

Activators and mechanism 

of activation 

Inhibitors and mechanism 

of inhibition 

Glycogen 

Synthase 

 

 

  

Glycogen 

Phosphorylase 

 

 

  

Phosphorylase 

Kinase 

 

 

  

  b) Glycogen synthesis is activated when glycogen degradation is inhibited, and vice versa. Explain 

how and why. 

 

 

 

 

 

 

 

 

Hormone 
Endocrine 

gland 

Initiating 

factor 

Effect on 

glycogenolys

is 

Effect on 

glycogenesis 

Glucagon 

 
    

Epinephrin 

 

 

    

Insulin 
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Glycogen storage diseases: causes and clinical symptoms. 

 

Type 

Name of 

disease 

Defective 

enzyme 

Organ 

affected 

Clinical features 

I  

 

   

II  

 

   

III  

 

   

IV  

 

   

V  

 

   

VI  

 

   

 

7.2. Tests initial level : 
1. Girke's disease is an inherited pathology due to which 

the superfluous accumulation of glycogen occurs in 

liver and kidneys. The deficiency of which enzyme is 

the cause of this disease? 

A. Glycogen phosphorylase. 

B. Glucose-6-phosphatase. 

C. Phosphorylase kinase. 

D. Phosphoglucomutase. 

E. Glucokinase. 

2.  Skeletal muscle pain during physical work is a 

characteristic sign of glycogenosis. The inherited 

deficiency of what enzyme does this pathology result 

from? 

A. Glycogen phosphorylase. 

B. Glucose-6-phosphatase. 

C. Glycogen synthetase. 

D. Amylo-1,6-glicosidase. 

E. Lysosomal glycosidase. 

3.  Characteristic sign of glycogenosis is muscle pain 

during physical work. Blood examination reveals 

usually hypoglycemia. This pathology is caused by 

congenital deficiency of the following enzyme:  

A. Glycogen phosphorylase  

B. Lysosomal glycosidase  

C. Gamma amylase  

D. Glucose 6-phosphate dehydrogenase  

E. Alpha amylase.  

4.  A patient with chronic hypoglycemia had adrenaline 

introduction. After introduction blood test hasn't 

changed essentially. Doctor assumed liver pathology. 

What liver function may have been changed?    

A. Function of glycogen depositing    

B. Function of cholesterin production    

C. Ketogenic function    

D. Glycolytic function    

E. Excretory function    

5.  Medical ambulance delivered a 2 year old girl to the 

children's department. Objectively: the child  is inert, 

apathetic. Liver is enlarged, study of biopsy material 

revealed glycogen excess. Blood glucose rate is below 

normal. The most probable cause of hypoglycemia is:    

A. Low activity of glycogen phosphorylase 

B. High activity of glucokinase   

C. Low activity of glucose 6-phosphatase   

D. Low activity of glucose 1-phosphate uridine transferase   

E. Low activity of glycogen synthase   

6. A child has Essential fructosuria. Total concentration of 

sugar in blood is higher than norm but glucose level is 

not considerably changed. Deficiencies of what enzyme 

cause this condition?  

A. Galactose-1-phosphate uridyltransferase 

B. Hexokinase 

C. Amylo-l,6-glucosidase 

D. Phosphoglucomutase 

E. Fructokinase. 

7.  A 1-year-old boy has severe hypoglycemia, vomiting, 

hepatic failure and jaundice. Biochemical investigation 

shows decreased activity of fructose 1-phosphate 

aldolase (Aldolase B). What disease do these symptoms 

testify to?  

A. Diabetes mellitus 

B. Galactosemia 

C. Lactose intolerance 

D. Essential fructosuria 

E. Hereditary fructose intolerance. 

8.  On the empty stomach in the patients blood glucose 

level was 5,65 mmol/L, in an hour after usage of sugar 

it was 8,55 mmol/L, in a 2 hours - 4,95 mmol/L. Such 

indicators are typical for: 

A. Healthy person 

B. Patient with hidden diabetes mellitus 

C. Patient with insulin-dependent diabetes mellitus  

D. Patient with non-insulin dependent diabetes mellitus  

E. Patient with tireotoxicosis 

9.  A child has galactosemia. Concentration of glucose in 

blood has not considerably changed. Deficiency of what 

enzyme caused this illness? 

A. Galactose-1-phosphate uridyltransferase 

B. Hexokinase 

C. Amylo-l,6-glucosidase 

D. Phosphoglucomutase 

E. Galactokinase 

10.   A 46-year-old woman complains of dryness in the oral 

cavity, thirst, frequent urination, general weakness. 

Biochemical research of the patient's blood showed 

hyperglycemia and hyperketonemia. Sugar and ketone 

bodies are revealed in the urine. Diffuse changes in 

myocardium are marked on the electrocardiogram. 

Make an assumptive diagnosis of the illness. 

A. Diabetes mellitus. 

B. Alimentary hyperglycemia. 

C. Acute pancreatitis. 

D. Diabetes insipidus. 

E. Ischemic cardiomyopathy. 



 

7.3.Tests from database çKrok 1è 

1. Post-translational covalent modification is an important factor in the regulation of the enzymes' activity. Choose the 

mechanism of regulation of glycogen phosphorylase and glycogen synthetase activities from the following: 

A. ADP-ribosylation. 

B. Methylation. 

C. Adenylation. 

D. Restricted proteolysis. 

E. Phosphorylation-dephosphorylation. 

2. A 34-year-old patient's resistance to heavy physical load is reduced while the skeletal muscles glycogen level is increased. By 

decreasing of the activity of what enzyme can this phenomenon be explained? 

A. Phosphofructokinase. 

B. Glucose-6-phosphate dehydrogenase. 

C. Glycogen phosphorylase. 

D. Glycogen synthetase. 

E. Glucose-6-phosphatase. 

3. A child with point mutation has the absence of glucose 6-phosphatase in body tissues, hypoglycemia and 

hepatomegaly detected. Define the type of pathology which these symptoms are characteristic of. 

A. Girke's disease. 

B. Measles. 

C. Addison's disease. 

D. Parkinson's disease. 

E. McArdle's disease. 

4. Under Girke's glycogenosis the conversion of glucosc-6-phosphate into glucose is disturbed, which results in excessive 

glycogen accumulation in liver and kidneys. The deficiency of what enzyme is the cause of the disease? 

A. Glycogen phosphorylase. 

B. Glycogen synthase. 

C. Glucose-6-phosphatase. 

D. Hexokinase. 

E. Aldolase. 

5. A child is sluggish and inert. His liver is enlarged. The liver biopsy showed the excess of glycogen. The concentration of 

glucose in blood plasma is below the normal range. What is the cause of the glucose level decrease in blood? 

A. High activity of glycogen phosphorylase in the liver. 

B. Reduced (or absent) activity of hexokinase. 

C. High activity of glycogen synthase. 

D. Reduced (or absent) activity of glucose-6-phosphatase. 

E. Deficiency of the gene, which is responsible for the synthesis of glucose-1-phosphate uridine transferase. 

7.4.Situational tasks 

1. To determine the cause of hypoglycemia newborn held glucagon test, that caused no increase in blood 

glucose. 

Which way glucagon raises blood glucose level? 

Name the the possible reasons for the lack hyperglycemic effect of glucagon. 

What other biochemical tests allow establish the diagnosis of a child? 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________ 

2. The child has been delayed physical and mental development, deep disorders of the connective tissue of 

internal organs, keratan sulfate found in the urine. 

Exchange of which substances violated a child? 

Enter the name of these diseases and the cause of development. 

What is this class of compounds excreted in urine? 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________ 

8. Lab 1: Quantitative reaction for glucose determination in the urine 
8.1. Trommers’ reaction: 

The principle of the method: Reaction is based on renewing copper salts to copper (I) oxide. The course of the work: Pour 

1-2ml of urine in a test tube and add equal volume of NaOH. Than add solution of CuSO4 to the appearance of Cu (OH)2. Heat 

contents of a test tube. It is a positive reaction if you see yellow colour that transforms to red colour. 
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Conclusion: 

________________________________________________________________________________________________________

________________________________________________________________________________________________________

____________________________________________________________________________________________________ 

8.2. Universal method of determination of glucose in urine with the help of indicator papers ―glucotest‖. 

The principle of the method: This method is bases on specific oxidation of glucose with the help of glucooxidase to a 

gluconic acid at the presents of molecular oxygen. Change of a colour means that there is a glucose in urine. The course of the 

work: Dip ―Glucotest‖ into experimental urine. After that take it out and leave for 2 minutes on plastic plate. Than compare a 

colour of a ―Glucotest‖ on a paper with a coloured scale. 

Conclusion: 

________________________________________________________________________________________________________

__________________________________________________ 
 

Date 

«_______»__________________20__р. 

Teacher signature: 

 

 

 

 

Theme 16: çRegulation and pathology of carbohydrates metabolism. Quantitative determination of 

glucose by glucose oxidase methodè 

 

1. Actuality of theme: Blood glucose level is maintained within physiological limits 60 to 100 mg% (3,33-

5,55 mmol/l) (―true‖ glucose) in fasting state and 100 to 140 mg%(3,33-6,6 mmol/l) following ingestion 

of a carbohydrate containing meal, by  a balance between two sets of factors:(A) Rate of glucose 

entrance into the blood stream, and (B) Rate of its removal from the blood stream. The knowledge of the 

disturbancies of carbohydrate metabolism in an organism is necessary for future doctors to understand 

the pathogenesis of some diseases. 

2. Educational Aims:  measure the glucose concentration in blood and urine, use these parameters for 

diagnostic of carbohydrate metabolism disturbancies. 

3. Specific aims: to be able: 

ü Know the normal content, sources and uses of glucose  

ü interpret the concept normo-, hypo- and hyperglycemia, glycosuria, renal threshold for glucose 

ü know and be able to reproduce the methods for determining blood glucose  

ü know the mechanisms of regulation of blood glucose level by CNS, hormones and metabolites  

ü interpret molecular mechanisms and clinical and biochemical signs of diabetes 

4.  References: 
4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 

1010.  

4.4. Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni 

Das Lane, Kolkata 700009. 

4.5. Lecture material. 

5. Control questions: 

1. Normal content, sources and uses of glucose. 

2. Biochemical processes that ensure the constancy blood glucose level. 

3. The role of liver and CNS in the regulation of carbohydrate metabolism. 

4. Hormonal regulation of carbohydrate metabolism: insulin, adrenaline, glucagon, glucocorticoids, growth 

hormone, ACTH, thyroxine. 

5. Methods of quantitative determination of glucose in blood and urine. 

6. Violation an exchange of carbohydrates: causes and types of hyper- and hypoglycemia, glycosuria. 

7. Diabetes mellitus: definition, clinical and biochemical characteristics. The concept of infringement of 

tolerance to carbohydrates and sugar curves. 

6. Students Independent Study Program/ Home work. 

1. Modern methods of evaluation an exchange of carbohydrates, indicators prolonged hyperglycemia 

2. Clinical and biochemical aspects of diabetes type 1 and 2 
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7. Tasks for self-control and consolidate the material: 

1. Specify normal blood glucose (mmol / l), defined by methods: 

Hagedorn-Jensen ____________________ mmol / l 

ortho toluidine ____________________ mmol / l 

glucose oxidase ____________________ mmol / l 

2. Glucosuria. 

  a) At normal plasma concentration, all the glucose  filtered through the renal glomeruli is reabsorbed 

in the proximal tubule, and none appears in the urine. At higher glucose concentrations, the capacity of the 

renal tubular transport system is exceeded, and glucose  filters into the urine (glucosuria). Indicate the renal 

threshold for glucose. 

  b) Rarely glucosuria can be detected at normal blood glucose levels. Explain why. 

 

  c) Patient’s urine was negative for glucose when measured with the glucose oxidase assay. However, 

glucose  measured by a colorimetric test that determined total reducing sugar indicated that the 

concentration of sugar was quite high in both blood and urine. What reducing sugars could be identified? 

What possible diagnoses? 

 

3.Regulation of glucose level in blood‖. 

Pathway Insulin Glucagon Epinephrin Glucocorticoids 

Glucose transport from blood into 

cells 

 

    

Gluconeogenesis 

 

 

    

Glycogenesis 

 

 

    

Glycogenolysis 

 

 

    

Glycolysis  

 

 

    

Glucose level in blood     

4. Genetic disorders of fructose and galactose metabolism. 

  a) Fill in the chart: 

 
Essential 

fructosuria 

Hereditary fructose 

intolerance (HFI) 

Classical 

galactosemia 

Nonclassical 

galactosemia 

Defective 

Enzyme 

 

    

What substances are 

accumulated in blood 

and urine? 

 

 

    

What substances are 

accumulated in cells? 

 

 

    

Clinical symptoms 
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b) Describe the influence of accumulation of fructose-1-phosphate or galactose-1-phosphate in the 

liver cells on:  

1) glycogenolysis and gluconeogenesis 

 

 

         2) level of inorganic phosphate,  

 

 

3) level of ATP, 

 

 

 c) Describe the influence of accumulation of sugars and sugar alcohols (sorbitol, galactotitol) in the 

lens of patients. 

 

5. The symptoms of hypoglycemia can be divided into two categories. Adrenergic symptoms (anxiety, 

palpitation, tremor, and sweating) are mediated by epinephrine release regulated by the hypothalamus in 

response to hypoglycemia. Usually adrenergic symptoms (that is, symptoms mediated by elevated 

epinephrine) occur when blood glucose levels fall abruptly. The second category of hypoglycemic symptoms 

is neuroglycopenic. Neuroglycopenia (the impaired delivery of glucose to the brain) results in impairment of 

brain function, causing headache, confusion, slurred speech, seizures, coma, and death. Neuroglycopenic 

symptoms often result from a gradual decline in blood glucose, often to levels below 40 mg/dl. 

Describe the different types of hypoglycemia: 
a) in healthy individuals that may occur during exercise after a period of fasting; 

 
b) postprandial (sometimes called reactive hypoglycemia);  

 

 
c) due to alcohol drinking; 

 

 

 
d) due to excess of exogenous or endogenous insulin; 

 

 
e) a feature of endocrine disorders (what glands and hormons?); 

 

 

 

4. Hyperglycemia. 

  a) Hyperglycemia may cause a constellation of symptoms such as polyuria, dehydration and 

subsequent polydipsia (increased thirst). Explain why the kidney produces more urine in this case. 

 

 

 

 

 

  b) If dehydration becomes severe, further cerebral dysfunction occurs and the patient may become 

comatose. Explain why. 
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  c) Chronic hyperglycemia also produces pathologic effects through the nonenzymatic glycosylation 

of a variety of proteins. This process distorts protein structure and slows protein degradation, which leads to 

an accumulation of these products in various organs, thereby adversely affecting organ function. These 

events contribute to the long-term microvascular and macrovascular complications of diabetes mellitus, 

which include diabetic retinopathy, nephropathy, and neuropathy (microvascular), in addition to coronary 

artery, cerebral artery, and peripheral artery insufficiency (macrovascular). Which assay can be used to 

control chronic hyperglycemia and protein glycosylation? 

 

 

 

 
7.2. Tests initial level : 

1. A 57-year-old patient, suffering from insulin 

dependent diabetes mellitus, showed the development 

of ketoacidosis. The biochemical mechanism of the 

development of this pathology is decreasing of 

acetyl-CoA utilization due to the deficiency of: 

A. 2-Oxoglutarate. 

B. Oxaloacetate. 

C. Glutamate. 

D. Aspartate. 

E. Succinate. 

2.  Due to the lack of thiamine (vitamin B1) vitamin 

deficiency a disease called "beri-beri" develops and 

carbohydrate metabolism becomes disturbed. What 

metabolite accumulates in blood under beri-beri? 

A. Lactate. 

B. Pyruvate. 

C. Succinate. 

D. Citrate. 

E. Malate. 

3.  A cataract and fatty degeneration of the liver 

develop in the conditions of high galactose and low 

glucose level in blood. What disease do these 

symptoms testify to? 

A. Diabetes mellitus. 

B. Galactosemia. 

C. Lactosemia. 

D. Steroid diabetes. 

E. Fructosemia. 

4. Appearance of sugar and ketone bodies is revealed in 

the patient's urine. Blood glucose concentration is 

12.0 mM/1. What is a presumptive diagnosis of the 

patient? 

A. Atherosclerosis. 

B. Diabetes mellitus. 

C. Toxic hepatitis. 

D. Pancreatitis. 

E. Myocardial infarction. 

5.  A woman in the unconscious state was brought to an 

emergency clinic. Laboratory research revealed that the 

blood glucose level makes 1.98 mM/1, the level of 

hemoglobin is 82 g/1, the amount of erythrocytes is 2.1 • 

10
12

/l, SSE (speed of erythrocytes settling) is 18 mm/hour 

and the amount of leucocytes is 4.3-10
9
/l. Make a possible 

diagnosis. 

A. Hypoglycemia. 

B. Diabetes mellitus. 

C. Galactosemia. 

D. Somatotropin deficiency. 

E. Diabetes insipidus. 

6. Under diabetes mellitus, the level of ketone bodies in 

blood dramatically rises, which results in the 

development of metabolic acidosis. What substance 

is the precursor of the ketone bodies synthesis? 

A. Methylmalonyl-CoA. 

B. Succinyl-CoA. 

C. Propionyl-CoA. 

D. Malonyl-CoA. 

E. Acetyl-CoA. 

7.  A patient manifests ketonuria. What disease is 

recognized by the augmented concentration of ketone 

bodies in the urine? 

A. Tuberculosis of the kidney. 

B. Acute glomerular inflammation. 

C. Urolithiasis. 

D. Diabetes mellitus. 

E. Myocardial infarction. 

8.  A patient suffering from diabetes mellitus fainted 

after the introduction of insulin, then cramps 

appeared. What level of sugar was determined in the 

patient's blood by means of biochemical analysis? 

A. 10.0 mM/1. 

B. 3.3 mM/1. 

C. 8.0 mM/1. 

D. 1.5 mM/1. 

E. 5.5 mM/1. 

9. A 40-year-old woman diagnosed with diabetes 

mellitus is admitted to a department of 

endocrinology. The patient complains of thirst and 

increased hunger. What pathological components are 

exposed at laboratory research of the patient's urine? 

A. Glucose, ketone bodies. 

B. Proteins, amino acids.  

C. Proteins, creatine. 

D. Bilirubin, urobilin. 

E. Blood.  

10. 18. Patients who suffer from severe diabetes and 

don't receive insulin have metabolic acidosis. This is 

caused by increased concentration of the following 

metabolites:    

A. Ketone bodies    

B. Fatty acids    

C. Unsaturated fatty acids    

D. Triacylglycerols   

E. Cholesterol    

 

7.3.Tests from database çKrok 1è 
A child has Essential fructosuria. Total concentration of sugar in blood is higher then norm but glucose level is not 

considerably changed. Deficiencies of what enzyme cause this condition?  

A. Galactose-1-phosphate uridyltransferase 

B. Hexokinase 

C. Amylo-l,6-glucosidase 
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D. Phosphoglucomutase 

E. Fructokinase. 

2. A 1-year-old boy has severe hypoglycemia, vomiting, hepatic failure and jaundice. Biochemical investigation shows 

decreased activity of fructose 1-phosphate aldolase (Aldolase B). What disease do these symptoms testify to?  

A. Diabetes mellitus 

B. Galactosemia 

C. Lactose intolerance 

D. Essential fructosuria 

E. Hereditary fructose intolerance. 

3. On the empty stomach in the patients blood glucose level was 5,65 mmol/L, in an hour after usage of sugar it was 8,55 

mmol/L, in a 2 hours - 4,95 mmol/L. Such indicators are typical for: 

A. Healthy person 

B. Patient with hidden diabetes mellitus 

C. Patient with insulin-dependent diabetes mellitus  

D. Patient with non-insulin dependent diabetes mellitus  

E. Patient with tireotoxicosis 

4. A child has galactosemia. Concentration of glucose in blood has not considerably changed. Deficiency of what enzyme 

caused this illness? 

A. Galactose-1-phosphate uridyltransferase 

B. Hexokinase 

C. Amylo-l,6-glucosidase 

D. Phosphoglucomutase 

E. Galactokinase 

5. A 46-year-old woman complains of dryness in the oral cavity, thirst, frequent urination, general weakness. Biochemical 

research of the patient's blood showed hyperglycemia and hyperketonemia. Sugar and ketone bodies are revealed in the urine. 

Diffuse changes in myocardium are marked on the electrocardiogram. Make an assumptive diagnosis of the illness. 

A. Diabetes mellitus. 

B. Alimentary hyperglycemia. 

C. Acute pancreatitis. 

D. Diabetes insipidus. 

E. Ischemic cardiomyopathy. 

7.4. Situational tasks 

1. In the patient's blood content of glucose in 

fasting - 5.65 mmol / L, 1 hour after sugar load 

- 8.55 mmol / L 2 hours - 4.95 mmol / L. 

These indicators correspond to: 

____________________________________ 

2. In the patient's blood content of glucose in 

fasting 5.6 mmol / L, 1 hour after sugar load - 

11.0 mmol / L 2 hours - 9.2 mmol / L. These 

indicators correspond to: 

__________________________________ 

3. In the patient's blood content of glucose 

fasting 6.4 mmol / L, 1 hour after breakfast 

carbohydrate - 14.2 mmol / l, and after 2 

hours - 12.6 mmol / L. These indicators 

correspond to: 

____________________________________ 

Draw described sugar curves 

 

8. Lab: Determination of blood glucose glucose oxidase method 
Principale. Glucose oxidase is an enzyme extracted from the growth medium of Aspergillus niger. Glucose oxidase 

catalyse the oxidation of Beta D- glucose present in the plasma to D glucono -1 ,5 - lactone with the formation of hydrogen 

peroxide; the lactone is then slowly hydrolysed to D-gluconic acid. The hydrogen peroxide produced is then broken down to 

oxygen and water by a peroxidase enzyme. hydrogen peroxide together with 4 amino-antipyrene (4-AAP) and phenol in the 

presence of peroxidase yield a red quinoeimine dye that can be measured at 540 nm. The absorbance at 540 nm is proportional to 

concentration of glucose in the sample.  

 

Procedure:  

Reactants, the sequence of addition Tube 

№ 1 № 2 

1 The normal serum, ml 0,02 - 

2 Serum sick person, ml - 0,02 

0

1

30 min 60 min 90 min 120 min

g
lu

co
se

 m
m

o
l/

l

time, min
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3 Enzyme reagent, ml 2,0 2,0 

Incubation 20 minutes at room temperature 

Samples eximane by photocolorimeter at a wavelength of 540 nm in 1 cm cuvette against distilled water 

extinction Е1 = Е2 = 

Blood glucose, mmol / L   

 

 

The calculation of the concentration of glucose in the blood is carried out by the formula: 

С = Е х 33,3 = _____________ mmol / L; 

 33,3 Coefficient obtained by determining standard solution extinction with a concentration of glucose 10 mmol / L (Е. = 0,3, 

:10/0,3 = 33,3). 

Conclusion: 

________________________________________________________________________________________________________

________________________________________________________ 

8.2 Quantitative determination of glucose in plasma by o-toluidine method. 

The principle of method. The blue-green colouring appears during heating the glucose with o-toluidine in a solution of 

trichloracetic acid. This colouring correlates with the concentration of glucose. 

The course of the work: Pour 0,9 ml of 3% solution of trichloracetic acid into each of two rotary test tubes, then add 0,1 ml of 

plasma to one of them and to another one 0,1 ml of glucose standard solution. Mix the content of test tubes and centrifuge at 1000 

g for 10 minutes. For next step take 0,5 ml of supernatant liquid from each test tube, put it in usual dry test tubes, add 4,5 ml o-

toluidine reagent in every test tube. Then place the test tubes into a boiling water bath for 8 min (water in a bath should be boiling 

uninterruptedly!). Take out test tubes and cool them up to indoor temperature. Then measure the optical density of two tests in 

ditches (10 mm thick layer) with red colour filter (620 nm). The water is used as a control test 

The calculation of glucose in plasma will carry out under the formula: 

Cst. x Eexp 

                 Cexp =                     x 0,0555, where 

Est 

Cexp - concentration of glucose in the patient's plasma, mmol/1; Cst - concentration of glucose in standard test 100 mg%; Eexp - 

optical density of experimental test tube; Est - optical density of the glucose standard solution; Factor of recalculation in SI = 

0,0555. 

Healthy people have the glucose content in blood plasma about 3.33-5.55 mmol/1. 

Conclusion: 

 

 

 

Date 

«_______»__________________20__р. 

Teacher signature: 

 

 

 

 

 

 

 

Theme 17: çLipids: definition, classification, structures, biological value. Biological membranes. 

Peroxidation of lipids, cascade of arachidonic acid. Digestion of lipids in GIT. Bile acids. Transport forms of 

lipids. Influence of bile on lipase activity.è 

 

1. Actuality of theme: lipids - a large group of different chemical nature organic substances insoluble in 

water and soluble in nonpolar solvents (chloroform, acetone, ethanol, etc.). The biological function of lipids 

are determined by their structure and physicochemical properties. The biological function of lipids are 

determined by their structure and physicochemical properties. For example, triacylglycerols perform spare 

energy function, protect the body from hypothermia and mechanical damage, a source of endogenous water, 

solvent for vitamins A, D, E, K and others. Lipids and their exchange products form a large group of 

biologically active compounds, sex hormones, hormones adrenal cortex, bile acids, fat-soluble vitamins, 

prostaglandins and others. 

2. Educational Aims:  classification, structure, function, digestion and absorption of lipids 

3. Specific aims: to be able: to determine the lipase activity and explain received results 

4.  References: 
4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 
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4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 

1010.  

4.4. Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni 

Das Lane, Kolkata 700009. 

4.5. Lecture material. 

5. Control questions: 

1. The general characteristic and classification of the lipids. 

2. The structure, physical and chemical properties, biological role of some group of lipids: fatty acids, 

neutral fats, steroids, glycerolphospholipids, sphingolipids, glycolipids. 

3. Digestion of the lipids in the gastrointestinal tract. 

4. The structure, properties and the role of the bile acids (salts). 

5. Absorption of the products of the lipid digestion.  

6. The disorders of the digestion and absorption of the lipids: causes and consequences. 

7. Resynthesis of lipids in the intestinal cells and their transport to the tissues. Disorders of lipid transport. 

8. Types of membrane transport (passive, active, endo- and exocytosis). 

9. Lipid peroxidation: enzymatic and non-enzymatic. 

10. Arachidonic acid cascade. Biological and medical importance products of metabolism 

6. Students Independent Study Program/ Home work. 

1. The biological significance of tissue hormones: prostaglandins, leukotrienes, thromboxane, prostacyclin 

2. Role of transport forms of lipids in atherosclerosis. 

7. Tasks for self-control and consolidate the material: 

7.1. Tests initial level  

1. Write the structural formula of:  

 a) saturated fatty acids: palmitic ___________ 

 stearic _____________ 

 b) unsaturated fatty acids: oleic___________ 

 linoleic_____________________ 

 linolenic ___________________ 

 arachidonic__________________ 

 c) triacylglycerol (neutral fat): 1-stearyl-2-oleyl-3-linoleylglycerol; 

 

 

 

 

 

 d) glycerophospholipids: phosphatidyl choline, phosphatidyl ethanolamine, phosphatidyl serine; 

 

 

 

 

 

 

 

 e) cholesterol, f) cholic acid. 

 

 

 

 

 

 

 

 

Write reaction: 

a) hydrolysis of triacylglycerol by lipase; 
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b) scheme of hydrolysis of phospholipids under various phospholipase (A1, A2, C, D). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Chylomicrons VLDL IDL LDL HDL 

Place of 

formation 

 

     

Density      

Apoprotein and 

its function 

 

 

     

Free 

cholesterol 

 

     

Phospholipid 

 

     

Cholesterol 

ester 

 

     

Triacylglycerols      

2. Additional groups of lipids and their derivatives.  

Indicate the structure and functions of:  

a) plasmalogens,  

 

 

 

b) cardiolipin,  

 

 

 

c) sulfatides,  

 

 

d) eicosanoids,  

 

 

 

 

e) bile salts,  
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f) steroid hormones.  

 

 

 

 

 

3.Bile salts, free fatty acids and monoacylglycerols have detergent properties and emulsify dietary fat 

and oil. Describe the mechanism of this action.  

 

 

 

 

 

4. Two patients experience nausea and gastrointestinal pain after consumption of a diet rich in fats. 

Their feces contain drops of fat. 

  a) How is this pathologic condition called? List the causes of this state. 

 

 

 

 

 

  b) The feces of first patient have the characteristic brown colour. What cause of abnormal lipid 

digestion in this case? 

 

 

 

  c) The feces of second patient have the light colour. What cause of abnormal lipid digestion in this 

case? 

 

 

 

 

5. Fate of chylomicrons. 

  a) The enzyme lipoprotein lipase (LPL), which is located on the inner surface of the capillary 

endothelial cells of muscle and adipose tissue, digests TAG in the chylomicrons. What products are formed? 

 

 

 

 

 

  b) What major fate of the fatty acids in muscles? 

 

 

 

 

  c) What major fate of the fatty acids in adipose tissue? 

 

 

 

  d) As the chylomicron loses TAG, its density increases and it becomes a chylomicron remnant, which 

is taken up by the liver by receptors that recognize apolipoprotein E. In the liver, the chylomicron remnant is 

degraded by lysosomal enzymes. What products of lysosomal digestion of chylomicron remnants? How are 

they used in the liver? 
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6. Prolonged obstruction of the duct that carries exocrine secretions from the pancreas and the 

gallbladder into the intestine (via the common duct) could lead to a deficiency of the fat-soluble vitamins (A, 

D, E, and K). Explain why.  

 

 

 

 

 

 

7. Obesity is a major problem in many parts of the world. One manner in which obese individuals can 

lose weight is to reduce fat and by this way caloric yield from the diet. Describe the action of antiobesity 

drugs Orlistat and Olestra. 

 

 

 

 

 

 

 

7.2. Tests initial level   
1. A patient complains of frequent diarrheas, 

especially after consumption of rich food, weight loss. 

Laboratory examination revealed steatorrhea, his feces 

were hypocholic. What might have caused such 

condition?  

A. Unbalanced diet  

B. Obturation of biliary tracts  

C. Lack of pancreatic lipase  

D. Lack of pancreatic phospholipase  

E. Inflammation of mucous membrane of small 

intestine  

 

2. The treatment of a child, who suffers from rachitis, with 

vitamin D3 proved to be unsuccessful. Which is the most likely 

cause of treatment inefficiency? 

A. Insufficiency of lipids in food.  

B. Disturbance of hydroxylation of vitamin D. 

C. Disturbance of insertion of vitamin D3 into the 

molecule of enzyme. 

D. Increased consumption of vitamin D by 

microorganisms of intestines. 

E. Disturbance of vitamin D transport by the proteins of 

blood.  

 

3. After the consumption of animal food rich in 

fats, a patient feels discomfort, and droplets of fats are 

found during laboratory investigation of his feces. Bile 

acids are revealed in the urine. The cause of such state is 

the deficiency of ... in the digestive tract. 

A. Phospholipids. 

B. Fatty acids. 

C. Chylomicrons. 

D. Triacylglycerols. 

E. Bile acids. 

 

4. After the consumption of a diet rich in fats, a patient 

complains of languor and nausea. Later signs of steatorrea appear. 

The level of blood cholesterol makes 9.2 mM/1. The shortage of 

what substances causes this state of a patient? 

A. Fatty acids. 

B. Triacylglycerols. 

C. Bile acids. 

D. Phospholipids. 

E. Chylomicrons. 

 

5. Arachidonic acid, an essential component of a 

human diet, acts as a precursor of the vitally important 

physiologically active biomolecules. Which substances 

are synthesized from arachidonic acid? 

A. Ethanolamine. 

B. Choline. 

C. Noradrenaline. 

D. Prostaglandin E1 

E. Triiodothyronine. 

 

6. Laboratory investigation of the patient's blood plasma, 

which was performed 4 hours after a consumption of a fat diet, 

displayed a marked increase of plasma turbidity. The most 

credible cause of this phenomenon is the increase of ... in the 

plasma. 

A. HDL. 

B. Chylomicrons. 

C. LDL. 

D. Cholesterol. 

E. Phospholipids. 

 

7. The insufficient secretion of what enzyme is 

the cause of incomplete fats degradation in the digestive 

tract and appearance of great quantity of neutral fats in 

feces? 

A. Pepsin. 

B. Phospholipase. 

C. Enterokinase. 

D. Amylase. 

E. Pancreatic lipase. 

8. A coprological survey revealed light-colored feces 

containing drops of neutral fat. The most likely reason for this 

condition is the disorder of:  

A. Bile inflow into the bowel  

B. Pancreatic juice secretion  

C. Intestinal juice secretion  

D. Intestinal absorption  

E. Gastric juice acidity  
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9. Examination of a patient suffering from chronic 

hepatitis revealed a significant decrease in the synthesis 

and secretion of bile acids. What process will be mainly 

disturbed in the patient’s bowels?  

A. Glycerin absorption  

B. Fat emulsification  

C. Protein digestion  

D. Carbohydrate digestion  

E. Amino acid absorption  

 

10. After consumption of rich food a patient has nausea and 

heartburn, steatorrhea. This condition might be caused by:  

A. Disturbed phospholipase synthesis  

B. Increased lipase secretion  

C. Amylase deficiency  

D. Bile acid deficiency  

E. Disturbed tripsin synthesis  

 

7.3. Tests from database çKrok 1è 
1. Point out the saturated fatty acid:  

A. Palmitic 

B. Linolenic 

C. Oleic 

D. Linolic 

E. Arachidonic. 

2. Point out the monounsaturated fatty acid:  

A. Palmitic acid 

B. Stearic acid 

C. Linoleic acid 

D. Oleic acid 

E. Linolinic acid. 

3. Lipids are natural organic compounds, which are:  

A. Good soluble in water 

B. Insoluble in organic solvents 

C. Insoluble in benzene 

D. Soluble in organic solvents 

E. Soluble in buffer solutions. 

4. Choose the substances, which are precursors of 

prostaglandins:  

A. Carbohydrates; 

B. Proteins 

C. Saturated fatty acids 

D. Monounsaturated fatty acids 

E. Polyunsaturated fatty acids. 

5. Point out the place of lipids' products' absorption in 

gastrointestinal tract: 

A. Duodenum 

B. Small intestine 

C. Stomach 

D. Esophagus 

E. Bottom parts of intestine. 

6. Point out the end product of lipids' digestion, 

which can absorb more intensively than others:  

A. Bile acids 

B. Long chain fatty acids 

C. Cholesterol 

D. Monoglyceride 

E. Triacylglycerides. 

7. Where is the digestion of fats started?  

A. In mouth 

B. In stomach 

C. In duodenum 

D. In small intestine 

E. In liver. 

8. Triacylglycerols are digested by:  

А. Lipase 

В. Proteinase 

С. Amilase 

D. Phospholipase 

E. Trypsin. 

9. Which is the optimal pH for lipase activity? 

А. 7-8 

В. 1,2-2 

С. 6-7 

D. 9-10. 

10. The form in which dietary lipids are packaged 

and exported from the intestinal mucosal cells is:  

A. Free fatty acids 

B. Free triacylglycerol 

C. Monoacylglycerol 

D. Chylomicrons 

E. High-dencitiy lipoproteins (HDL). 

11. Arachidonic acid, an essential component of a 

human diet, acts as a precursor of the vitally important 

physiologically active biomolecules. Which substances are 

synthesized from arachidonic acid? 

A. Ethanolamine 

B. Choline 

C. Noradrenaline 

D. Prostacyclines 

E.Triiodothyronine.

 

 

7.4. Situational tasks: 

1. In obstetric practice for the induction of labor and termination of pregnancy using drugs - derivatives of 

prostaglandin E2 and F2 (dynoprost etc.). 

From what substances are formed prostaglandins? 

What  enzymes involved in this? 

Which other eicosanoids do you know? 

_______________________________________________________________________________________

_______________________________________________________________________________________

__________________________________________________________________ 
 

2. The patient, who was in the area of radiation injury, increased blood concentrations of malondialdehyde, 

hydroperoxides. 

What is the probable reason for these changes? 

What are reactive oxygen species and ways of their neutralization you know? 

Write the formula malondialdehyde 

_______________________________________________________________________________________



83 
 

_______________________________________________________________________________________

_______________________________________________________________________________________

___________________________________________________________ 

3. The patient detected hereditary lipoprotein lipase deficiency. 

What role in lipid metabolism lipoprotein lipase play? 

Content which lipoproteins in these conditions will be elevated in the blood? 

Representatives of which classes of lipids are the main components of lipoproteins? 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

___________________________________________________________ 
 

 

8. Lab: 
8.1 Determination of malondialdehyde in blood 

Principle. In the acidic environment of malondialdehyde (MDA) is reacted with thio barbituric acid to form a colored complex, 

which has a maximum absorption at l = 532 nm. The increase of MDA indicates POL intensification that could initiate the 

development and progression of radiation, burn disease, inflammatory and other processes. 

Procedure:  

№ Reactants, the sequence of addition Tube 

№ 1 (experiment) № 2 (control) 

1 Serum, ml 0,5 - 

2 0,9% NaCl sol., ml - 0,5 

3  20% trichloroacetic acid sol., ml 1 1 

4 2 М  НCl, ml 1 1 

5 0,5% thio barbituric acid sol., ml 1 1 

6 Distilled water, ml 1 1 

Boil in a water bath (100 ° C) for 15 minutes. Cool and filter. Take away the filtrate. at l = 540 nm in a cuvette 

l = 1 cm against water 

Extinction (units. Opt. Density) Е1 = Е2 = 

The content of MDA in serum units opt.. density (normal 

<0.05 u. o. d.) 

Е1-Е2 =           units opt.. density 

 

Conclusion: 

________________________________________________________________________________________________________

________________________________________________________________________________________________________

_______________________ 

 

 

8.2The effect of bile on the lipase activity. 

The principle of the method: Lipase is an enzyme with the group specify, which has an influence on the different lipids at pH 

9,0. Lipase degrades food fats. The lipase’s activity is determined by the creation of fatty acids as a result of the lipid’s degrading, 

which is determined by the titration by NaOH solution in presence of phenolphthalein. The degrading of fats is observed in the 

portion of lipase and milk as a substrate. Milk fat is in the emulgated state and breakdowns to the glycerol and fatty acids. If the 

bile is added to the portion, that lipase will activate and the degrading of the fat takes place more quickly. 

The course of the work: Put 10 ml of milk and 1 ml of 5% solution of the portion from the pancreas into two tubes. Add 1 ml 

of water to the first tube, and – 1 ml of bile to the second one. Mix the content. Take 1 ml of solution from every tube, and put into 

another tubes. Then add 1-2 drops of 0,5% solution of phenolphthalein into every test tube and titrate immediately by 0,05 N 

solution of NaOH until the light-pink color appears, which doesn’t disappear in 30 seconds. Then heat both tubes in water bath 

(38
о
C). Take 1 ml of solution from every tube each 10–15 min, and titrate as at the previous time. Do this procedure 4 or 5 times. 

The results should be expressed in ml of 0.05 N solution of NaOH that has been used for titration, and build up the graph: amount 

of NaOH – time in minutes. On the graph we get two curves, reflecting process of hydrolysis of fat under action of enzymes in 

time and in dependence of presence or absence of the bile. 

Conclusions: 

 

Date 

«_______»__________________20__р.  

Teacher signature: 
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Theme 18 çMetabolism of lipids. Lipolysis: β-oxidation of fatty acids and glycerol, its hormonal regulation. 

Determination sum of triacylglycerols and phospholipidsè 

 

1. Actuality of theme: The bulk of the human body constitute the lipid triacylglycerols (neutral fats) 

that are stocking in most tissues, especially adipose. Since fats perform energy function, then the renovation 

of lipids and their use as an energy source requires prior their intracellular hydrolysis. In the oxidation of 

fatty acids released much more chemical energy than carbohydrates and protein catabolism. This energy is 

used by the body during fasting and execution of hard physical work. 

 

2. Educational Aims:the structure and catabolism of triacylglycerols, fatty acids and glycerol. 

3. Specific aims: to be able: 
ü interpret major uses of fats in the body  

ü know the mechanism, enzymes and products of lipolysis, the role of hormones in its  

ü interpret the role of fatty acids carnitine transport system from the cytoplasm to the mitochondria 

ü know the mechanism, enzymes and coenzymes b-oxidation of fatty acids (saturated and unsaturated) and 

glycerol 

be able to calculate the energy balance of the full oxidation of fatty acids, glycerol and neutral fat molecules 

 

4.  References: 
4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 

1010.  

4.4. Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni 

Das Lane, Kolkata 700009. 

4.5. Lecture material. 

5. Control questions: 

1. The mechanism of lipolysis in adipose tissue, enzymes and products. 

2. Hormonal regulation of lipolysis in adipose tissue. 

3. Metabolism of glycerol in liver. 

4. β-Oxidation of saturated fatty acids: sequence of reactions, enzymes and coenzymes. 

5. β-Oxidation of: a) unsaturated fatty acids; b) fatty acids with odd carbon chain; c) fatty acids in 

peroxisomes.  

6. Alternate ways of fatty acid oxidation: α-oxidation and ω-oxidation. 

7. Relation of oxidation of fatty acids with citric acid cycle and oxidative phosphorylation. Energetics of 

fatty acids oxidation. 

8. The disorders of the oxidation of fatty acids: causes and consequences.  

6. ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʧʦʟʘʘʫʜʠʪʦʨʥʦʾ ʨʦʙʦʪʠ: 

1. Hormonal regulation of lipolysis 

2. The role of insulin in the regulation of lipolysis 

7. Tasks for self-control and consolidate the material: 
1. β-Oxidation of saturated fatty acids. 

  a) Write the reaction and name the enzyme of fatty acid activation (use palmitic acid C15H31COOH). 
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  b) Compose the scheme of acyl-CoA transport into mitochondria. 

 

 

 

 

 

 

 

 

 

 

 

  c) Write the reactions of the first cycle of β-oxidation of palmitoyl-CoA. Name the types of reactions, 

enzymes and coenzymes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
e) Write the overall equation that summarizes the oxidation of palmitoyl-CoA. Calculate ATP yield.  

 

 

 

 
f) In the absence of oxygen, cells can produce small amounts of ATP from the anaerobic oxidation of 

glucose. This is not true for fatty acid oxidation. Explain why  
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2. β-Oxidation of unsaturated fatty acids. What additional enzymes and reactions are needed? Calculate ATP yield of 

oleic acid (C17H33COOH) oxidation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
3. β-Oxidation of fatty acids with odd carbon chain. What additional enzymes and reactions are needed? Write these 

reactions. Calculate ATP yield of C16H33COOH oxidation. 

 

 

 

 

 

 

 

 

 

4. Metabolism of glycerol in liver.  

  a) Write the reaction of glycerol activation. 

 

 

 

 

 

 

 

 

 

 

 

  b) Compose the scheme of glycerol-3-phosphate: 1) oxidation to CO2 and H2O, 2) conversion into 

glucose (gluconeogenesis). 

 

 

 

 

 

 

 

 

 

5. A number of inherited diseases in the metabolism of carnitine or acylcarnitines have been described. 

These include defects in the following enzymes or systems: the transporter for carnitine uptake into muscle; 

carnitine acyltransferase I (CATI or CPTI); carnitine-acylcarnitine translocase; and carnitine acyltransferase 
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II (CATII or CPTII). Classical CATII deficiency, the most common of these diseases, is characterized by 

adolescent to adult onset of recurrent episodes of acute myoglobinuria precipitated by prolonged exercise or 

fasting. During these episodes, the patient is weak, and may be somewhat hypoglycemic with diminished 

ketosis (hypoketosis). Lipid deposits are found in skeletal muscles. CPK levels, and long-chain 

acylcarnitines are elevated in the blood. In contrast, when CATII deficiency has presented in infants, CAT II 

levels are below 10% of normal, the hypoglycemia and hypoketosis are severe, hepatomegaly occurs from 

the triacylglycerol deposits, and cardiomyopathy is also present. 

 a) What is the function of carnitine? 

 

 

 

  b) What is the structure of carnitine? 

 

 

 

 

 

 

  c) What metabolic pathway is impaired in patients with these defects? 

 

 

 
e) Explain why these disorders lead to hypoglycemia. 

 

 

 
f) Explain why these disorders lead to hypoketosis (low production of ketone bodies). 

 

 

 

 

6. Impaired oxidation of fatty acids. 

  a) Acyl-CoA dehydrogenase is not a single enzyme, but a family of enzymes with chain-length 

specificity for oxidation of short-, medium- and long-chain fatty acids. Medium-chain acyl-CoA 

dehydrogenase (MCAD) deficiency is one of the most common of the inborn errors of metabolism, with a 

carrier frequency ranging from 1 in 40 in northern European populations to less than 1 in 100 in Asians. In 

this disease, long-chain fatty acids are metabolized by β-oxidation to a medium-chain-length acyl CoA, such 

as  octanoyl - CoA. Because further oxidation of this compound is blocked in MCAD deficiency, the 

medium chain acyl group is transferred back to carnitine. These acylcarnitines are water soluble and appear 

in blood and urine. The most frequent manifestation of MCAD deficiency is intermittent hypoketotic 

hypoglycemia during fasting (low levels of ketone bodies and low levels of glucose in the blood). Explain 

why MCAD deficiency causes hypoglycemia and hypoketosis.  

 

 

 

  b) MCAD deficiency is treated by frequent feeding, avoidance of prolonged fasting, and carnitine 

supplementation. Explain why.  

 

 

 

 

  c) Deficiencies in short- and long-chain fatty acid dehydrogenases have also been described, and have 

similar clinical features. Indicate short-, medium- and long-chain fatty acids. 
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7. Very long-chain fatty acids (C22, C24, C26) are shortened in peroxisomes. Peroxisomal в-oxidation 

generates hydrogen peroxide (H2O2), acetyl- CoA and a short- to medium-chain-length acyl-CoA. The acyl-

CoA products are transferred to mitochondria to complete their oxidation. 

  a) Explaine why peroxisomal oxidation of fatty acids result in formation of H2O2. 

 

 

 

  b) What enzyme catalyzes conversion of H2O2 to H2O in peroxisomes? 

 

 

  c) A number of inherited deficiencies of peroxisomal enzymes have been described. Zellweger 

syndrome, resulting from the absence of peroxisomes, is characterized by accumulation of long-chain fatty 

acids in blood and leads to complex developmental and metabolic phenotypes affecting principally the liver 

and the brain. What groups of lipids contain very-long-chain fatty acid, especially in cells of the brain and 

nervous system? 

 

 

 

 

  d) Refsum’s disease is caused by a deficiency in a single peroxisomal enzyme, the phytanoyl CoA 

hydroxylase that carries out б-oxidation of phytanic acid (branched fatty acid). Symptoms include retinitis 

pigmentosa, cerebellar ataxia, and chronic polyneuropathy. What dietary source of phytanic acid and what 

treatment of this disease? 

 

 

 

 
8. The unripe fruit of the akee tree produces a toxin, hypoglycin, which causes a condition known as Jamaican 

vomiting sickness. The victims of the toxin are usually unwary children who eat this unripe fruit and develop a 

severe hypoglycemia, which is often fatal. Although hypoglycin causes hypoglycemia, it acts by inhibiting an acyl 

CoA dehydrogenase involved in в-oxidation that has specificity for short- and medium-chain fatty acids. Explain 

why this disorder leads to severe hypoglycemia. 

 

 

 

 

7.4. Tests initial level  
1. A patient with high rate of obesity was advised to 

use carnitine as a food additive in order to enhance "fat 

burning". What is the role of carnitine in the process of fat 

oxidation?  

A. FFA activation (free fatty acids) 

B. Activation of intracellular lipolysis 

C. Transport of FFA from cytosol to the 

mitochondria 

D. Transport of FFA from fat depots to the tissues 

E. It takes part in one of reactions of FFA beta-

oxidation. 

2. Point out the regulatory enzyme of tissue lipolysis:  

A. Diglyceride lipase 

B. Monoglyceride lipase 

C. Triglyceride lipase 

D. Phospholipase A1 

E. Phospholipase D. 

3. Point out the biological role of carnitine in cells:  

A. Antioxidant 

B. Allosteric activator of enzymes 

C. Transporter of acyl ~ SCoA through the 

mitochondria membranes 

D. The participant of a respiratory chain 

E. The enzyme inhibitor. 

4. Point out, how fatty acids are activated in catabolic 

process:  

A. Are phosphorylated by ATP 

B. Don't change the structure 

C. Form acyl-SCoA due to ATP energy 

D. Condense with HS-CoA without any 

energy 

E. Interact with carnitine. 

5. Choose the enzyme, which takes part only in the β-

oxidation of unsaturated fatty acids:  

A. Acyl-CoA dehydrogenase 

B. Enoyl-CoA hydratase 

C. 3,4-cis-2,3-trans-acyl-CoA-isomerase 

D. 3-oxyacyl-CoA dehydrogenase 

E. Thiolase. 

6. Choose the lipolytic enzyme, whose activity 

depends upon the adrenalin level in the blood: 

A. Protein kinase 

B. Adenylate cyclase 

C. Triglyceride lipase 
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D. Diglyceride lipase 

E. Monoglyceride lipase. 

7. What is the number of ATP produced during each 

turn of β-oxidation of fatty acids:  

A. 2 

B. 3 

C. 5 

D. 8 

E. 10. 

8. What is the number of ATP produced by the 

oxidation of palmitic acid to CO2  and H2O?  

A. 40 

B. 70 

C. 100 

D. 130 

E. 160. 

9. What is the number of ATP produced by the 

oxidation of glycerol to CO2  and H2O? 

A. 10 

B. 12 

C. 16 

D. 21 

E. 36. 

 

10. Point the energy effect (in ATP quantity) after 

oleic acid β-oxidation (up to CO2 and H2O):  

A. 145 

B. 148 

C. 20 

D. 220 

E. 120. 

11. Point out the end product of β-oxidation of fatty 

acids with odd number of carbon atoms:  

A. Acetoacetyl ~ SСoA 

B. Malonyl – SСoA 

C. Butiryl – SСoA 

D. Propionyl ~ SСoA 

E. Succynil ~ SCoA. 

12. What tissue can convert glycerol to glucose:  

A. Adipose tissue 

B. Liver 

C. Muscle 

D. Connective tissue 

E. Nerve tissue. 

13. How does adrenalin influence the activity of 

triglyceride lipase under the emotional stress?  

A) Doesn't influence the lipase activity 

B) Activates lipase directly 

C) Activates protein kinase (thanks to 

сAMP), which phosphorylates the lipase 

D) Inhibits lipase due to cAMP 

E) Inhibits lipase directly. 

  
7.5. Tests from database çKrok 1è 

1. Emotional stress causes activation of hormon-sensitive triglyceride lipase in the adipocytes. What secondary mediator 

takes part in this process?  

A. Diacylglycerol  

B. Ions of Са
2+

 

C. Cyclic guanosine monophosphate  

D. Cyclic adenosine monophosphate  

E. Adenosine monophosphate  

2. A sportsman needs to improve his sporting results. He was recommended to take a preparation that contains carnitine. 

What process is activated the most by this compound?  

A. Vitamin K transporting  

B. Glucose transporting  

C. Fatty acids transporting  

D. Amino acids transporting  

E. Calcium ions transporting  

3. The essence of lipolysis, that is the mobilization of fatty acids from neutral fats depots, is an enzymatic process of 

hydrolysis of triacylglycerols to fatty acids and glycerol. Fatty acids that released during this process enter blood circulation and 

are transported as the components with: 

A. LDL 

B. Globulins 

C. HDL 

D. Serum albumins 

E. Chylomicrons. 

4. A 35-year-old man with pheochromocytoma has high levels of epinephrine and norepinephrine registered in the blood. 

The concentration of free fatty acids is increased by a factor of eleven. Which of the following enzymes accelerates the lipolysis 

under the action of epinephrine? 

A. Triacylglycerol lipase 

B. Lypoprotein lipase 

C. Phospholipase A1 

D. Phospholipase C 

E. Cholesterol esterase. 

5. Aerobic oxidation of substrates is typical for cardiac muscle. Which of the following is the major substrate for oxidation 

in a cardiac muscle? 

A. Fatty acids 

B. Triacylglycerols 

C. Glycerol 

D. Glucose 

E. Amino acids. 

6. Carnitine is recommended to a sportsman as a preparation that increases physical activity and improves achievements. 

What biochemical process is mostly activated under the action of carnitine? 

A. Transport of fatty acids into mitochondria 
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B. Ketone bodies synthesis 

C. Lipids synthesis 

D. Tissue respiration 

E. Steroid hormones synthesis. 

7. A 1-year-old baby has been hospitalised for body and limbs lesions. Examination revealed carnitine deficiency in the 

child's muscles. A biochemical reason for this pathology is the disorder of:  

A. Substrate-linked phosphorylation 

B. Transport of fatty acids to mitochondria 

C. Utilization of lactic acid 

D. Oxidative phosphorylation 

E. Regulation of Ca
2+

 rate in mitochondria 

7.4. Situational tasksʜʣʷ ʧʝʨʝʚʽʨʢʠ ʢʽʥʮʝʚʦʛʦ ʨʽʚʥʷ ʟʥʘʥʴ 
1. The man '35 pheochromocytoma. Blood test revealed elevated levels of catecholamines - adrenalin and 

noradrenalin, the concentration of free fatty acids increases by 11 times. 

Why these conditions increases the concentration of fatty acids in the blood? 

What lipolysis enzyme is hormone dependent  activated and by catecholamine? 

As these conditions change in blood glucose levels? 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________ 
2. In patients with diabetes glucose revenues in adipocytes reduced. In accordance glucose-dependent 

inhibition of fatty acid mobilization decreases. Last come into the bloodstream and other tissues used them 

as an energy source. 

Deficiency of which hormone causes this condition? 

Explain the mechanism of action of this hormone on intracellular lipolysis. 

How this hormone dependent enzyme of lipolysis goes from inactive to active form? 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________ 
8. Lab: Determining the amount of triglycerides and phospholipids 

Principle. Lipids extracted with organic solvents (mixture of ethanol and diethyl ether). Lipids with ester bond react with 

hydroxylamine in an alkaline medium to form a hydroxamate which are painted by iron (III) chloride solution in acidic medium. 

Normally the number of ester bonds not more than 4 mmol / L. 

Procedure:  

№ Reactants, the sequence of addition Tube 

№ 1 (test) № 2 (control) 

1 Lipid extract, ml 0,2  - 

2 H2O, ml - 0,2  

3 13,9% hydroxylamine sol., ml  0,5  0,5  

4 3,5 М NaOH sol., ml 0,5  0,5  

 Incubate 15 minutes at room temperature 

5 12% НСl sol., ml 1  1  

6 10% FeCl3 sol., ml 0,5  0,5  

Samples eximane by photocolorimeter at a wavelength of 540 nm in 0.5 cm cuvette against control 

Extinction (units. opt. density)  - 

The content of the amounts of triglycerides and 

phospholipids mmol / l 

 

 

Calculation of lipid content carried by the formula: 

C = Esample x 5.71= _____________  mmol / l; 

where 5,71 - coefficient obtained by determining extinction of standard lipid solution with a concentration of 2 mg / dL (Est. = 

0.35 coefficient: 2/0,35 = 5,71). 

Conclusion: 

________________________________________________________________________________________________________

________________________________________________________________________________________________________

____________________________________________________________________________________________________ 
 

Date 

«_______»__________________20__р.  

Teacher signature: 
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Theme 19. çLipogenesis: synthesis of fatty acids, triglycerides and phosphoglycerides. Determination of 

iodine numberè 

 

1. Actuality of theme: biosynthesis of fatty acids from glucose and their subsequent use for the synthesis of 

triacylglycerols - is the main way of accumulation of energy because of most cells the ability to form 

glycogen is limited. Food glucose, the amount of which exceeds the energy needs of the body, easily 

converted into fatty acids in adipocytes of adipose tissue, hepatocytes, epithelial cells of the mammary gland 

during lactation. Triacylglycerols (triglycerides, neutral fats) accumulate mainly in adipocytes of adipose 

tissue and act as metabolic fuel. The mass of fats in the body of a healthy adult is about 12 kg, enough to 

support life in 40 days starvation . Intensive biosynthesis of fat also occurs in hepatocytes, intestines, and 

mammary gland during lactation. 

Phosphoglycerolipid perform mainly plastic function - are part of biological membranes. They have 

common with triglycerides intermediate for their synthesis - phosphatidic acid, so the ways of their synthesis 

are considered together. 

 

2. Educational Aims: sequence of reactions, enzymes, summary equation, significance of biosynthesis of 

fatty acids and triacylglycerols 

 

3. Specific aims: to be able: 

ü know metabolic sources of fatty acid synthesis, acetyl-CoA shuttle transport mechanism from 

mitochondria into the cytosol, the formation of malonyl-CoA and biotinrole in this process  

ü Know enzymes, coenzymes, mechanism and regulation of biosynthesis of saturated fatty acids and 

unsaturated fatty acids 

ü interpreted metabolic source and mechanism of the synthesis of neutral fats and phospho glycerolipid  

ü know examples and mechanism of action of lipotropic and lipogenic factors  

 

4.  References: 
4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 

1010.  

4.4. Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni 

Das Lane, Kolkata 700009. 

4.5. Lecture material. 

 

5. Control questions: 

1. Biosynthesis of saturated fatty acids. 

2. Regulation of fatty acid synthesis and degradation. 

3. Biosynthesis of unsaturated fatty acids. 

4. Biosynthesis of glycerol-3-phosphate and triacylglycerols. 

5. Biochemical mechanisms of the obesity development. 

6. Synthesis phospho glycerolipid (phosphatidylcholine, phosphatidylserine, phosphatidylethanolamine): 

the role of phosphatidic acid, methionine and CTP. 

7. Lipotropic and lipogenic factors: definition, representatives, mechanism of action, medical and 

biological significance 

8.Structure, classification and biological role of phospholipids and glycolipids 

9. Biosynthesis of phosphatidic acid (phosphatidate) as a first step in phospholipids synthesis. 

10. Biosynthesis and degradation of glycerophospholipids. 

11. Biosynthesis and degradation of sphingomyelins. 

12. Biosynthesis and degradation of glycosphingolipids (glycolipids). 

13. Lipid storage diseases - sphingolipidoses 

6. Students Independent Study Program/ Home work: 

1. The biological significance of polyunsaturated fatty acids and their synthesis in the body  

2. The role of vitamins in the biosynthesis of phosphoglycerolipids  

7. Tasks for self-control and consolidate the material: 

1. Biosynthesis of saturated fatty acids. 
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  a) How does acetyl-CoA transfer from mitochondria to cytoplasm for fatty acid synthesis? Name the 

enzymes that are required. 

 

 

 

  b) Write the reaction, name enzyme and coenzyme of malonyl CoA synthesis. 

 

 

 

 

 

 

 

 

 

  c) Describe fatty acid synthase multienzyme complex. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
e) Write the reactions of the first cycle of fatty acid synthesis. Name the types of reactions. 
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f) Write the overall reaction of the synthesis of palmitic acid (palmitate). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
g) What sources of NADPH for fatty acid synthesis? 

 

2. Regulation of fatty acids metabolism. 

  a) Fill in the chart: 

Pathway Regulatory enzyme Activators Inhibitors 

Fatty acid 

synthesis 

 

 

Acetyl-CoA carboxylase   

в-Oxidation 

 

 

Carnitine acyltransferase I   

  b) Describe the regulation of acetyl-CoA carboxylase activity by:  

1) allosteric effectors,                                   2) phosphorylation/dephosphorylation. 

 

 

 

 

 

  c) Describe dietary regulation of fatty acids metabolism. Indicate the influence of:  

1) high-carbohydrate diet, 

 

 

 

 2) high-fat or low-fat diet,  

 

 

 

 

3) starvation. 

 

 

4. Elongation and desaturation of fatty acids. 

  a) Where in the cell do these processes go? 
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  b) Indicate reactions and enzymes for elongation of fatty acids. 

 

 

 

 

  c) What unsaturated fatty acids can synthesize in mammals? 

 

 

 

 

  d) Indicate the components of the desaturase system. 

 

 

 

 

  e) Write the reaction of desaturation of Stearic acid. 

 

 

 

 

 

 

 

  f) What fatty acids are essential? Why? 

 

 

 

 

 

 

 

 

3. Triacylglycerol synthesis (lipogenesis). 

  a) Write the reactions for the synthesis of a triacylglycerol, starting from glycerol and fatty acids. 

Name intermediates and enzymes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  b) How many ATP molecules are used?  
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  c) What sources of glycerol-3-phosphate in liver? 

 

 

 

  d) What source of glycerol-3-phosphate in adipose tissue? 

 

4. Phospholipids and of sphingolipids are major components of cellular membranes. 

Glycerophospholipids are also components of blood lipoproteins, bile, and lung surfactant. Explain why they 

can fulfill these functions.  

 

 

 

5. Glycerophospholipids are the source of the polyunsaturated fatty acids, particularly arachidonic 

acid. What enzyme removes arachidonic acid from phospholipid molecule? What significance of this fatty 

acid? 

 

 

 
6. Describe the structure, function and synthesis of: a) cardiolipin, b) plasmalogens, c) platelet-activating factor 

(PAF). 
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Fill in the chart: 

Disease 

 

Enzyme 

deficiency 

Accumulating 

sphingolipid 
Clinical symptoms 

Niemann-Pick 

 

   

Farber’s 

 

   

Gaucher’s 

 

   

Krabbe’s 

 

   

Tay-Sachs 

 

   

Fabry’s 

 

   

Generalized 

gangliosidosis 

   

 

7.2. Tests initial level  
1. In a human body the adipose tissue is the basic 

location of triacylglycerols (TAG) deposit. At the same time 

their synthesis takes place in hepatocytes. In the form of 

what molecular complexes TAG transported from the liver 

into the adipose tissue? 

A. Chylomicrons. 

B. VLDL. 

C. LDL. 

D. HDL. 

E. Complexes with albumin. 

2. An experimental animal has been given excessive 

amount of carbon-labeled glucose for a week. What 

compound can the label-carbon be found in?   

A. Palmitic acid 

B. Methionine 

C. Vitamin A 

D. Choline 

E. Arachidonic acid. 

3. Which of the following effect of insulin is correct?  

А. Activates the oxidation of fatty acids 

В. Activates the lipolysis 

С. Inhibits the synthesis of lipids 

D. Enhances the synthesis of lipids. 

E. Activates transport of FFA from fat 

depots to the tissues. 

4. Where in the cell the process of fatty acids 

synthesis take place?  

А. In mitochondria 

В. In cytoplasm 

С. In lysosomes 

D. In endoplasmatic reticulum 

E. In the nucleus. 

5. In most organisms the end product of the fatty-acid 

synthetic system is:  

А. Palmitic acid 

В. Arachidonic acid 

С. Linoic acid 

D. Linolenic acid 

E. Stearic acid. 

6. Choose the bodies and tissues where lipogenesis 

occurs most intensively: 

A. Muscle 

B. Brain 

C. Liver, mammary glands 

D. Kidneys 

E. Myocardium. 

7. Point out the process, which is the supplier of 

NADPH in the fatty acids synthesis:  

A. Gluconeogenesis 

B. Pentose phosphate pathway 

C. β-Oxidation of fatty acids 

D. Glycolysis 

E. Glycogenolysis. 

8. Which one of the following fatty acids is not 

synthesized in humans?  

A. Oleic 

B. Linoleic 

C. Palmitic 

D. Stearic 

E. Butyric. 

9. Some individuals with active brown adipose tissue 

do not become obese despite overeating, since whatever they 

eat is not stored as fats. What biochemical basis of that?  

A. Inactive lipoprotein lipase 

B. Deficiency of chylomicrons 

C. Low activity of carnitine acyltransferase 

1(CAT1) 

D; Inhibition of oxidative phosphorylation in the 

mitochondria 

E. Uncoupling of oxidation and phosphorylation in 

the mitochondria. 

 

10. A protein, produced by the adipose tissue in mice 

has been identified. Injection of this protein to obese mice 

caused reduction in body fat, increased metabolic rate and 

increased insulin concentration, besides reduced food intake. 

It has also been detected in humans. What protein it is?  

A. Leptin 

B. Troponine 

C. Actin 

D. Titine 

E. Dystrophine. 
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7.3. Tests from database çKrok 1è 
1. Synthesis of phospholipids is disturbed as a result 

fatty infiltration of liver. Indicate which of the following 

substances can enhance the process of methylation during 

phospholipids synthesis? 

A. Glycerin 

B. Citrate 

C. Ascorbic acid 

D. Methionine 

E. Glucose. 

2. Under fatty infiltration of the liver the synthesis of 

phospholipids is disturbed. Which substance from the listed 

below can stimulate processes of methylation in the 

synthesis of phospholipids? 

A. Methionine 

B. Ascorbic acid 

C. Glucose 

D. Glycerol 

E. Citrate. 

3. A diet enriched with lipotropic substances is 

recommended to a 65-year-old patient with signs of total 

obesity and fatty dystrophy of the liver. Which substances 

from the listed below are lipotropic? 

A. Vitamin C 

B. Cholesterol 

C. Glucose 

D. Methionine 

E. Glycine. 

4. In a human body the adipose tissue is the basic 

location of triacylglycerols (TAG) deposit. At the same time 

their synthesis takes place in hepatocytes. In the form of 

what molecular complexes TAG transported from the liver 

into the adipose tissue? 

A. Chylomicrons 

B. VLDL 

C. LDL 

D. HDL 

E. Complexes with albumin. 

5. A 6 year old child was delivered to a hospital. 

Examination revealed that the child couldn't fix his eyes, 

didn't keep his eyes on toys, eye ground had the cherry-red 

spot sign. Laboratory analyses showed that brain, liver and 

spleen had high rate of ganglioside glycometide. What 

congenital disease is the child ill with?  

A. Tay-Sachs disease 

B. Turner's syndrome 

C. Wilson's syndrome 

D. Niemann-Pick disease 

E. MacArdle disease. 

6. An experimantal animal that was kept on protein-

free diet developed fatty liver infiltration, in particular as a 

result of deficiency of methylating agents. This is caused by 

disturbed generation of the following metabolite:  

A. Acetoacetate 

B. Cholesterol 

C. DOPA 

D. Choline 

7. Atherogenic factors that have a lot of cholesterol 

are:  

A. HDL 

B. VLDL 

C. LDL 

D. IDL 

E. Chylomicrons. 

8. A fatty degeneration in liver is prevented by the 

lipotropic substances. Which of the folloving behaves like 

them:  

A. Choline 

B. Glucose 

C. Glycerol 

D. Cholesterol 

E. Glycine. 

9. Some phospholipids have specialized functions in 

human body. Which of them is a major component of lung 

surfactant?  

A. Dipalmitoyl lecithin 

B. Phosphatidylserin 

C. Phosphatidylinositol 

D. Lysophosphatidate 

E. Phosphatidate. 

10. Deficiency of lung surfactant in the lungs of 

many preterm newborns gives rise to respiratory distress 

syndrome. Surfactant activity is largely attributed to the 

presence of some phospholipids in it structure:  

A. Lysophosphatidate 

B. Phosphatidylserin 

C. Phosphatidylinositol 

D. Dipalmitoyl lecithin 

E. Phosphatidate. 

11. An infant, born at 28 weeks of gestation, rapidly 

gave evidence of respiratory distress. Lab and x-ray results 

supported the diagnosis of infant respiratory distress 

syndrome (RDS). Which of the following statements about 

this syndrome is true?  

A. Is unrelated to the baby's premature birth 

B. Is a consequence of too few type II pneumocytes 

C. The L/S ratio (the ratio of Lecithin to 

Sphingomyelin) in the amniotic fluid is likely to be greater 

than two 

D. The concentration of 

dipalmitoylphosphatidyl-choline in the amniotic fluid would 

be expected to be lower than that of a full-term baby 

E. RDS is an easily treated with low mortality. 

12. A 25-year-old woman with a history that included 

hepatosplenomegaly with eventual removal of the spleen, 

bone and joint pain with several fractures of the femur, and a 

liver biopsy that showed wrinkled-looking cells with 

accumulations of glucosylceramides. The likely diagnosis 

for this patient is?  

A. Fabry disease 

B. Farber disease 

C. Gaucher disease 

D. Krabbe disease 

E. Niemann-Pick disease. 

 

7.4. Situational tasks: 

1. Excessive intake of carbohydrates (600 g / day) in excess of energy needs, a woman in '28 has led to 

obesity. 

Which process activation occurs in these conditions? 

What products of carbohydrate catabolism is the metabolic precursors of the biosynthesis of fat? 

Write them formula. 

Which hormone activates lipogenesis? 

_______________________________________________________________________________________
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_______________________________________________________________________________________

_______________________________________________________________________________________ 

2. In a cleaner found fatty liver. 

The synthesis of what class of lipids in the liver is suppressed and which increases under these 

conditions,? 

How does vitamin like substanes choline acts in lipid metabolism in the liver? Write the structure.  

Give examples of substances that prevent fatty liver 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

___________________________________________________________ 

3. Respiratory distress syndrome (RDS) accounts for 15-20% of neonatal mortality in Western countries. 

The disease affects only premature infants and its incidence is directly related to the degree of prematurity. 

RDS, in part, related to a deficiency in the synthesis of a substance known as lung surfactant. The major 

constituents of surfactant are dipalmitoylphosphatidyl choline, phosphatidyl glycerol, apoproteins (surfactant 

proteins: Sp-A, B, C), and cholesterol. These components of lung surfactant normally contribute to a 

reduction in the surface tension within the air spaces (alveoli) of the lung, preventing their collapse. The 

premature infant has not yet begun to produce adequate amounts of lung surfactant 

Write the formula of dipalmitoylphosphatidyl choline, the major component of lung surfactant. 

 What clinical symptoms of RDS 

 

_______________________________________________________________________________________ 

 

8. Lab: Determination of iodine number 
Principle. Determination of iodine number is based on the ability of unsaturated fatty acids attach iodine on the location 

cleavage of double bonds. Iodine number - is the number of grams of iodine in the acceding 100 grams of fat. By iodine number is 

possible determine the type of fat. 

Procedure:  

№ Reactants, the sequence of addition Flask (for 500ml) 

№ 1 (test) № 2 (control) 

1 A sample of fat, grams 0,1  - 

2 Ethanol ml 5  5  

3 iodine Alcohol sol. (CN = 0.1 mol) ml 10  10  

4 H2O, ml till 200 ml till 200 ml 

Intensively mix. Incubate 5 minutes at room temperature 

Titrate the excess of  0,1N iodine by sodium thiosulphate in the presence of starch 

5 Starch, drops 1-2 1-2 

6 0,1 N  Na2S2O3 sol. Titrate to a complete disappearance of blue 

color in mixtures 

 Result (volume thiosulfate) ml   

Calculation iodine number (x) by the formula: 

(А – В) ¶ 12,692 ¶ 100 

Х =            , where: 

0,1 ¶ 1000 

A - the volume of thiosulphate, which went on titration of control; V - volume thiosulfate, which went on titration of test tube; 

12.692 - iodine (mg), which used for titration 1 ml of 0,1 N Na2S2O3 sol.; 100 – recalculation for 100 grams of fat; 0.1 - a sample 

of fat in grams; 1000 - conversion factor mg of iodine in grams  

Physical and chemical constants of some lipids 

Fat The refractive index Iodine number 

Fat of human 1,452—1,457 62,5—73,3 

Butter 1,475—1,476 26—38 

Sunflower oil 1,475—1,476 118—120 

Fish Oil 1,475—1,485 150—175 

Castor oil 1,447—1,478 31—91 

Conclusion: 

_____________________________________________________________________________ 

 

Date 

«_______»__________________20__р.  

Teacher signature: 
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Theme 20. çMetabolism of ketone bodies. Ketogenic and antiketogenic factors. Cholesterol: structure, 

metabolism. Regulation and pathology of lipids metabolism. Qualitative and quantitative determination of 

cholesterolè 

 

1. Actuality of theme: Under certain metabolic conditions associated with a high rate of fatty acid oxidation, 

liver produces considerable quantities of compounds like  acetoacetate  and  β-OH butyric acid, which pass 

by diffusion into the blood. Acetoacetate continually undergoes spontaneous decarboxylation to produce  

acetone. These three substances are collectively known as ―ketone bodies‖ (or ―acetone bodies‖). Sometimes 

also called as ―ketones‖, which is rather a misnomer. The knowledge of the mechanisms of cholesterol 

metabolism is necessary for future doctors to understand the pathogenesis of some diseases. 

 

2. Educational Aims:, pathways of ketogenesis and ketolysis, the mechanisms of cholesterol biosynthesis 

and transport, pathologies of the lipid metabolism 

 

3. Specific aims: to be able: 

ü know the structure and physiological role of ketone bodies, mechanisms of biosynthesis (ketogenesis) 

and utilization (ketolisys), tissue and cellular localization of the processes;  

ü interpreted pathology of ketone bodies metabolism, and know examples of  ketogenic and antiketogenic 

factors; 

ü know the structure, the main sources and biological significance of cholesterol; 

ü know substrates, enzymes, coenzymes, mechanism of cholesterol synthesis; 

ü interpreted the regulation of cholesterol metabolism, the role of HMG-CoA reductase; 

ü know the ways of removing cholesterol from the body; 

ü know examples and clinicobiochemical signs of pathology in lipid metabolism 

 

4.  References: 
4.1. Mardashko O.O.,Yasinenko N.Y. Biochemistry. – Odessa, 2003. 

4.2. Harper’s Illustrated Biochemistry, Twenty-Sixth Edition. Previous editions copyright © 2000, 1996, 

1993, 1990 by Appleton & Lange; copyright © 1988 by Lange Medical Publications. 

4.3. Lehninger A. Princiles of Biochemistry. – New York. – W. H. Freeman and Company. – 2005. – P. 

1010.  

4.4. Dr.U, Satyanarayana - Biochemistry; Arunabha Sen BOOKS AND ALLIED (P) Lro.8/1 Chintamoni 

Das Lane, Kolkata 700009. 

4.5. Lecture material. 

5. Control questions: 

1. ketones (acetone) body: definition, structure, biological significance. Norm content of ketone bodies in 

the blood; 

2. biosynthesis of ketone bodies (ketogenesis): substrates, cell and tissue localization, mechanism, 

enzymes, coenzymes; 

3. degradation of ketone bodies (ketogenolysis): cell and tissue localization, mechanism, enzymes, 

coenzymes  

4. Pathology of ketone bodies metabolism: causes and major clinical and biochemical manifestations (the 

concept of ketonaemia and ketosis, ketonuria).  

5. Structure, properties and biological role of the cholesterol and cholesterol esters. 

6. Biosynthesis of the cholesterol, the stages of the pathway. 

7. The regulation of the cholesterol synthesis. 

8. The concentration of cholesterol in the blood plasma. Hypercholesterolemia. 

9. Determination of cholesterol level in blood plasma. 

10. Pathology lipid metabolism, atherosclerosis, obesity, cholelithiasis. 

6. Students Independent Study Program/ Home work: 

1. Pathology of glycolipid metabolism 

2. The role of adipose tissue hormones - adipokines in the regulation of lipid metabolism 
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7. Tasks for self-control and consolidate the material: 

7.1.  

1. Metabolism of ketone bodies (KB). 

  a) Write the reactions of biosynthesis of KB (ketogenesis).  

 

 

 

 

 

 

 

 

 

 

 

  b) Compose a scheme for the catabolism of KB (acetoacetate and  β-hydroxybutyrate) to CO2  and 

H2O. Calculate ATP yield from complete oxidation of acetoacetate. 

 

 

 

 

 

 

 

 

 

 

 

 

  c) Indicate the tissues where occurs: 1) ketogenesis, 2) ketolysis. 

 

 

 

 

  d) Normal serum KB concentration = 0.1-0.2 mmol/L  for a person on a normal diet. What KB are the 

normal components? What one is anormal? Why?  

 

 

 

 

 

 

 

 

 

 
a. Primary and secondary hyperlipoproteinemias (hyperlipidemias).  

   In the western populations approximately 30% of people have undesirably high plasma cholesterol 

concentration. The most frequent dyslipidemia (common hypercholesterolemia) is polygenic and is a result 

of combined genetic and environmental factors such as diet. There are rarer lipoprotein disorders with 

defined genetic background.  
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 a) Fill in the chart: 

Name and type 

of 

hyperlipoprotei

nemia 

Defect 

Chang

es of 

plasma 

lipopr

oteins 

Changes 

of 

plasma 

lipid 

(most) 

Risk of 

atherosclerosis 

and coronary 

disease 

Familial 

lipoprotein 

lipase 

deficiency 

(type I) 

Deficiency of 

LPL 

Abnormal LPL 

Deficiency of 

apoEII 

   

Familial hyper- 

cholesterolemia 

(type IIa) 

Defect of 

LDL receptor 
   

Familial 

combined 

hyperlipidemia 

(type IIb) 

Overproduction 

of apoB100 
   

Familiar 

dysbeta- 

lipoproteinemia 

(type III) 

Abnormal 

apolipoprotein E 
   

Familial hyper- 

triacylglycerole

mia 

(type IV) 

Overproduction 

of VLDL 
   

 

3. Cholesterol biosynthesis. 

    a) Fill in the chart ―Reactions of initial stage of cholesterol synthesis‖. 

№ Enzymes Substrates Products Type of reaction 

 

1 Thiolase    

2 HMG-CoA 

synthase 

   

3 HMG-CoA 

reductase 

   

   b) Write the reactions of mevalonate synthesis (write the chemical formulae of metabolites). 

   c) Compose the the general scheme of cholesterol synthesis: 

     1) Acetyl-CoA → Mevalonate 

 

 

 

     2) Mevalonate → Isoprenoid units (isopentenyl pyrophosphate and dimethylallyl pyrophosphate) 

 

 

 

 

     3) Isoprenoid unit (C5) → C10 → C15 → C30 (squalene) 

 

 

     4) Squalene → Lanosterol → Cholesterol 
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d) Write the overall equation for the synthesis of cholesterol starting from acetyl CoA. How many 

molecules of acetyl-CoA, ATP and NADPH are used for synthesis of 1 molecule of cholesterol? What 

pathways are the sources of NADPH and ATP? 

 

 

 

 

e) What tissues synthesize cholesterol? 

f) What amount of cholesterol is synthesized per day in adults? 

 

 

 

7.2. Tests initial level  
1. The normal content of cholesterol in blood is:  

А. 5-10 mmol/l 

В. 10-15 mmol/l 

С. 3-9 mmol/l 

D. 1-4 mmol/l 

E. 3-5.5 mmol/l. 

2. Point out the most aterogenic lipoprotein of the 

blood:  

A. HDL 

B. VLDL 

C. LDL 

D. IDL 

E. Chylomicrons. 

3. On the initial stages of cholesterol synthesis from 

acetyl-CoA arises:  

A. Malonic acid 

B. Stearic acid 

C. Mevalonic acid 

D. Oleic acid 

E. Lactic acid. 

4. Cholesterol executes in the organism all of the 

folloving functions, except:  

A) Component of cell membrane 

B) Substrate for the synthesis of bile acids 

C) Substrate for the synthesis of vit. D3 

D) Substrate for the synthesis of steroid 

hormones 

E) An energy source. 

5. Cholesterol has the folloving functional chemical 

group: 

A) Carboxylic;  

B) Amino;  

C) Hydroxyl;  

D) Carbonyl;  

E) Ester. 

6. A patient suffers from arterial hypertension due to 

atherosclerotic injury of blood vessels. The consumption of 

what dietary lipid needs to be limited?  

A. Lecithine 

B. Oleic acid 

C. Cholesterol 

D. Monooleateglycerol 

E. Phosphatidylserine. 

7. Laboratory investigation of a patient revealed a 

high level of plasma LDL. What disease can be diagnosed?  

A. Gastritis 

B. Nephropathy 

C. Acute pancreatitis 

D. Atherosclerosis 

E. Pneumonia. 

8. Clinical signs and laboratory testing of a patient 

allow to make the assumption of gall-bladder inflammation, 

colloid properties of bile disorder, the occurrence of gall-

stones. Which substances can underlie the formation of gall-

stones?  

A. Oxalates 

B. Urates 

C. Cholesterol 

D. Chlorides 

E. Phosphates. 

9. A 58-year-old patient suffers from the cerebral 

atherosclerosis. Examination revealed hyperlipoidemia. 

What class of lipoproteins will most probably show increase 

in concentration in this patient’s blood serum? 

A. Fatty acid complexes with albumins 

B. Very low density lipoproteins 

C. Chylomicrons 

D. Low density lipoproteins 

E. High density lipoproteins. 

10. A young girl with a history of severe abdominal 

pain was taken to her local hospital at 5 a.m. in severe 

distress. Blood was drawn, and the plasma appeared milky, 

with the triacylglycerol level in excess of 2000 (normal = 4-

150 mg/dl). The patient was placed on a diet severely 

limited in fat, but supplemented with medium-chain length 

fatty acids. Which of the following lipoprotein particles are 

most likely responsible for the milky appearance of the 

patient's plasma?  

A. Chylomicrons 

B. Very-low-density lipoproteins 

C. Intermediate-density lipoproteins 

D. Low density-lipoproteins 

E. High density-lipoproteins. 

11. A 70 year old man is ill with vascular 

atherosclerosis of lower extremities and coronary heart 

disease. Examination revealed disturbance of lipid blood 

composition. The main pathogenic factor of atherosclerosis 

development is the excess of the following lipoproteins:  

A. Low-density lipoproteins 

B. Intermediate density lipoproteins 

C. Cholesterol 

D. High-density lipoproteins 

E. Chylomicrons. 

12. A young girl with a history of severe abdominal 

pain was taken to her local hospital at 5 a.m. in severe 

distress. Blood was drawn, and the plasma appeared milky, 

with the triacylglycerol level in excess of 2000 (normal = 4-

150 mg/dl). The patient was placed on a diet severely 

limited in fat, but supplemented with medium-chain length 

fatty acids. Medium-chain length fatty acids are given 

because they:  

A. Are more calorically dense than long-chain fatty 

acids 

B. Enter directly into the portal blood, and can be 
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metabolized by the liver 

C. Are activators of lipoprotein lipase 

D. Are more efficiently packed into serum 

lipoproteins 

E. Can be converted into a variety of gluconeogenic 

precursors. 

13. A 35-year-old woman was seen in the emergency room 

because of recurrent abdominal pain. The history revealed a 

two-year pattern of pain in the upper right quadrant, 

beginning several hours after the ingestion of a meal rich in 

fried/fatty food. Ultrasonographic examination demonstrated 

the presence of numerous stones in the gallbladder. The 

patient initially elected treatment consisting of exogenously 

supplied chenodeoxycholic. The rationale for the treatment 

of this patient with chenodeoxycholic acid is that this 

compound:  

A. Interferes with the enterohepatic circulation 

B. Inhibits cholesterol synthesis 

C. Increases de novo bile acid production 

D. Increases cholesterol solubility in bile 

E. Stimulates VLDL production by the liver.  

14. Elevation in one or more of the lipoprotein 

fractions constitutes hyperlipoproteinemias. What enzyme 

defect causes hyperlipoproteinemia Type-I and increase in 

plasma chylomicrons and triacylglycerol levels? 

A. Lipoprotein lipase 

B. TAG - lipase 

C. Cholesterol esterase 

D. Acyl-CoA dehydrogenase 

E. Methylmalonyl -CoA-mutase.  

 

7.3. Tests from database çKrok 1è 
1. The living organisms that did not develop the 

system of defence against the unfavorable action of H2O2 

during the evolution can exist only in anaerobic conditions. 

Which of the enzymes can destroy hydrogen peroxide? 

A. Oxygenases and hydroxylases 

B. Peroxidase and catalase 

C. Cytochrome oxidase, cytochrome b 

D. Oxygenase and catalase 

E. Flavin-linked oxidases. 

*2. A 6 year old child was delivered to a hospital. 

Examination revealed that the child couldn't fix his eyes, 

didn't keep his eyes on toys, eye ground had the cherry-red 

spot sign. Laboratory analyses showed that brain, liver and 

spleen had high rate of ganglioside glycometide. What 

congenital disease is the child ill with?  

A. Tay-Sachs disease 

B. Turner's syndrome 

C. Wilson's syndrome 

D. Niemann-Pick disease 

E. MacArdle disease. 

3. Which of the listed hormones reduces the rate of 

lipolylis in fatty tissue? 

A. Adrenaline 

B. Insulin 

C. Hydrocortisone 

D. Somatotropin 

E. Noradrenaline. 

4. Activation of membrane lipids peroxidation is one 

of the basic mechanisms of membrane structure and 

functions damage as well as the death of a cell. The cause of 

this pathology is: 

A. B12-hypervitaminosis 

B. B1 -deficiency 

C. B3-hypervitaminosis 

D. B12-deficiency 

E. Vitamin E deficiency. 

5. A patient suffers from arterial hypertension due to 

atherosclerotic injury of blood vessels. The consumption of 

what dietary lipid needs to be limited? 

A. Lecithine 

B. Oleic acid 

C. Cholesterol 

D. Monooleateglycerol 

E. Phosphatidylserine. 

6. Laboratory investigation of a patient revealed a 

high level of plasma LDL. What disease can be diagnosed? 

A. Gastritis 

B. Nephropathy 

C. Acute pancreatitis 

D. Atherosclerosis 

E. Pneumonia. 

7. Clinical signs and laboratory testing of a patient 

allow to make the assumption of gall-bladder inflammation, 

colloid properties of bile disorder, the occurrence of gall-

stones. Which substances can underlie the formation of gall-

stones? 

A. Oxalates 

B. Urates 

C. Cholesterol 

D. Chlorides 

E. Phosphates. 

8. A 1-year-old child was brought to a clinic with 

signs of muscle weakness. Through the inspection, the 

deficiency of carnitine in the muscles was determined. The 

biochemical mechanism of the development of this 

pathology consists in the disorder of the process of: 

A. Transport of fatty acids into mitochondria 

B. Regulation of the level of Ca
2+

 in mitochondria 

C. Substrate level of phosphorylation 

D. Utilization of lactate 

E. Synthesis of actin and myosin. 

9. An experimantal animal that was kept on protein-

free diet developed fatty liver infiltration, in particular as a 

result of deficiency of methylating agents. This is caused by 

disturbed generation of the following metabolite:  

A. Acetoacetate 

B. Cholesterol 

C. DOPA 

D. Choline 

E. Linoleic acid. 

10. A 58-year-old patient suffers from the cerebral 

atherosclerosis. Examination revealed hyperlipoidemia. 

What class of lipoproteins will most probably show increase 

in concentration in this patient’s blood serum? 

A. Fatty acid complexes with albumins 

B. Very low density lipoproteins 

C. Chylomicrons 

D. Low density lipoproteins 

E. High density lipoproteins. 

11. In course of metabolic process active forms of 

oxygen including superoxide anion radical are formed in the 

human body. By means of what enzyme is this anion 

inactivated? 

A. Super oxide dismutase 

B. Glutathionereductase 

C. Peroxidase 

D. Catalase 

E. Glutathioneperoxidase. 

12. Under diabetes mellitus, the level of ketone 

bodies in blood dramatically rises, which results in the 

development of metabolic acidosis. What substance is the 

precursor of the ketone bodies synthesis? 



104 
 

A. Methylmalonyl-CoA 

B. Succinyl-CoA 

C. Propionyl-CoA 

D. Malonyl-CoA 

E. Acetyl-CoA. 

13. Point out how acetone is formed in human 

organism:  

A. In β-oxidation of fatty acids 

B. At decarboxylation of acetoacetic acid 

C. By condensation of two acetyl-CoA 

molecules 

D. During the synthesis of fatty acids 

E. At decarboxylation of β-hydroxybutyric 

acid. 

14. Which substrate is used for the activation of 

acetoacetate in peripheral tissues?  

А. Succinyl-CoA 

В. Acetyl-CoA 

С. Acetoacetyl-CoA 

D. CoA-SH 

E. Stearyl-CoA. 

15. Normal concentration of ketone bodies in blood 

is:  

А. 2-3 mg/l 

В. 5-10 mg/l 

С. 50-70 mg/l 

D. 100-200 mg/l 

Е. 20-30 mg/l. 

16. Which of the following effect of insulin is 

correct?  

А. Activates the oxidation of fatty acids 

В. Activates the lipolysis 

С. Inhibit the synthesis of lipids 

D. Enhances the synthesis of lipids 

E. Stimulate production of ketone bodies. 

17. Point out the hormone, which decreases the rate 

of lipolysis:  

A. Adrenalin 

B. Thyroxin 

C. Insulin 

D. Somatotropin 

E. Glucagon. 

18. How does adrenalin influence the activity of 

triglyceride lipase under the emotional stress?  

A) Doesn't influence the lipase activity 

B) Activates lipase directly 

C) Activates protein kinase (thanks to 

сAMP), which phosphorylates the lipase 

D) Inhibits lipase due to cAMP 

E) Inhibits lipase directly. 

19. Atherogenic factors that have a lot of cholesterol 

are:  

A. HDL 

B. VLDL 

C. LDL 

D. IDL 

E. Chylomicrons. 

20. A fatty degeneration in liver is prevented by the 

lipotropic substances. Which of the folloving behaves like 

them:  

A. Choline 

B. Glucose 

C. Glycerol 

D. Cholesterol 

E. Glycine. 

7.4. Situational tasks: 

1. Cholesterol gallstone disease (cholelithiasis). Cholesterol cannot be broken down by mammalian 

cells into carbon dioxide and water. Removal from the body is thus dependent on transfer into the gut prior 

to excretion via the feces. There is a considerable flux of cholesterol from the liver into bile and then into the 

duodenum via the common bile duct. Bile supersaturated with cholesterol facilitates formation of cholesterol 

gallstones within the gall bladder. Gall stones occur in up to 20% of the population of Western countries. 

  a) Cholesterol is present in high concentrations in bile, being solubilized in micelles. What 

components of bile keep cholesterol in micelles and prevent formation of cholesterol stones? Why can be 

their deficiency in the bile? 

  b) Describe the ways of cholelithiasis treatment. Administration of what drugs results in a gradual 

dissolution of cholesterol gallstones and excretion via the gut?  

  c) The elevated activity of blood alkaline phosphatase is a marker of partial blockage of the bile duct 

or cholestasis. Explain why? 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_____________________________________ 
2. Atherosclerosis. 

   Atherosclerosis is a complex process. Its main components are endothelial dysfunction, lipid 

deposition, and inflammatory reaction in the vascular wall. The key early event in atherosclerosis is the 

damage to the endothelium. This may be caused by excess of lipoproteins, hypertension, diabetes, or the 

components of cigarette smoke. The endothelium becomes more permeable to lipoproteins which move 

beneath the endothelial layer, in the underlying intima. Atherogenesis results in a gross disruption of the 

structure of the arterial wall and the formation of atherosclerotic plaque, which narrows the lumen of the 

affected artery. Clinically this may cause myocardial infarction (resulting from a complete blockage of 

coronary artery supplying the heart), stroke (a blockage of an artery supplying the brain), or peripheral 

vascular disease (a condition where narrowing of leg arteries leads to a characteristic pain on walking, 

known as intermittent claudication). Cardiovascular disease is presently the most frequent cause of death in 
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the industrialized world. 
i. What blood lipoproteins are the most atherogenic? Why?  

 

ii. List non-lipid cardiovascular risk factors. Explain their effects. 

 

 

iii. Excessive smoking elevates the risk of cardiovascular disease. Explain why. 

 

  d) Since arteriosclerosis is a multifactorial process, the effective cardiovascular prevention involves a 

comprehensive approach which combines lifestyle modification (smoking cessation, diet and exercise) with 

appropriate treatment of dyslipidemia, hypertension and diabetes.  Indicate the dietary factors that can lower 

the plasma cholesterol and atherogenic lipoprotein levels. Explain their influence. 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_____________________________________ 

 

8. Lab: Determination of ketone bodies in urine 
8.1. Quantitative determination of ketone bodies in urine 

Principle. Ketone bodies react with sodium nitroprusside to form a colored compound. When stratification of ammonia in 

urine mixture containing the ketone bodies, with acetic acid and sodium nitroprusside on the border of two phases formed purple 

ring. Empirically found that the minimum concentration of ketone bodies in which purple ring visualized in 3-4 minutes, amounts 

to 146.2 mmol / L. Normally ketone bodies in urine excreted in the number 344,3-860,8 mg / day (20-50 mg / day). 

Procedure:  

ˉ Reactants, the sequence of 

addition 

Tubes 

1 2 3 4 5 6 7 8 

Dilution urine: 1 1:2 1:4 1:8 1:16 1:32 1:64 1:128 

1 Н2О, мл - 1 1 1 1 1 1 1 

2 Urine, ml 1 1 Consistently transfer 1 ml of a mixture from 2 tube in the 3rd, 

3-th to 4 th and t. E. From the last test tubes 1 ml pour  

3 50% ammonium sulfate sol. (to 

increase density), drops 
8 8 8 8 8 8 8 8 

4 10% sodium nitroprusside sol., 

drops 
8 8 8 8 8 8 8 8 

5 concentrated acetic acid drops 8 8 8 8 8 8 8 8 

6 ammonia drops 

(carefully layer!) 
16 16 16 16 16 16 16 16 

Registering presence ring         

Calculation of ketone bodies in 1 ml 

of urine 

 

С1 = А∙ 146,2 u mol / l =__________________ u mol / l 

А - breeding urine in a last test tube, where the registered ring 

The excretion of ketone bodies per 

day, mmol / day 

 

С1 ∙ 1,5 (daily diuresis in l) = ___________ mmol / day 

Conclusion: 

________________________________________________________________________________________________________

________________________________________________________________________________________________________

_______________________ 

8.2 Cholesterol test in serum by Stankeviciene. 

Principle. Defining individual cholesterol fractions based on the reactions of their interaction with color reagent (3 parts of 0.1% 

solution of iron chloride (III) in ice acetic acid and 2 parts of concentrated sulfuric acid) under different temperature conditions. 

Free cholesterol reacts at room temperature and cholesterol esters - 100 ° C. The normal total cholesterol contained 3 - 5 mmol / l, 

and free - 1.4 - 3.0 mmol / L. Clinical and diagnostic value: hypercholesterolemia (increased blood cholesterol) - a risk factor for 

coronary atherosclerosis, coronary heart disease, myocardial infarction. The highest levels of cholesterol observed in genetic 

disorders of lipoprotein metabolism - family cholesterolemia. Secondary hypercholesterolemia occurs in liver disease, kidney 

disease, malignant pancreatic tumors, gout, hypertensive disease, obesity, diabetes. It is believed that hypocholesterolemia 

prevents atherosclerotic coronary vessels, but increases the risk of cancer pathology. 

Procedure:  

№ Reactants, the sequence of addition Tube 

1 stage. Determination of free cholesterol: 
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1 The color reagent 2 ml 

2 Serum 0,04 ml 

Mix, incubate 1 hour at room temperature.  

 Samples eximane by photocolorimeter at a wavelength of 540 nm in 0.5 cm cuvette against control 

Stage 2. Determination of total cholesterol: 

The liquid of the cuvette, which define free cholesterol, pour into the tube. 

Boil 3 minutes (100 ° C). Cool. 

Samples eximane by photocolorimeter at a wavelength of 540 nm in 0.5 cm cuvette against control 

Result 1 measurement (free cholesterol),  u. opt. dens. Е1= 

Result 2 measurements (total cholesterol), u. opt. dens. Е2= 

Number of cholesterol in  mcg for calibration graph: 

Calculation of cholesterol in the blood serum in mmol / L by the formula: 

а ¶ 100 ¶ 0,0259 

Х =              

0,04 ¶ 1000 

а – the amount of cholesterol in mg (found by calibration graph); 

100 – recalculation on 100 ml of blood; 1000 - recalculation on micrograms per mg; 0.0259 - conversion factor mg% in mmol / L; 

0.04 - the amount of serum ml. 

cholesterol esters is defined as the difference between total and free cholesterol. 
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