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1. Description of the course 

Name of indicators 
Characteristics of the discipline by forms of training 

daily 

Biological and bioorganic chemistry 

Status of discipline required 

Language of teaching, learning and assessment English 

Total: credits / hours 9,5 / 285 

Course 1, 2 

Semester 2, 3, 4 

Number of content modules by distribution 13 

Amount of credits 9,5 

Amount of hours, including 285 

Classroom 170 

Semester control 4 

Individual work 115 

Form of semester control Exam 

 

2. The purpose and objectives of the discipline 

The purpose of the course "Biological and Bioorganic Chemistry" is to study biomolecules and molecular 

organization of cellular structures, general patterns of enzymatic catalysis and biochemical dynamics of 

transformation of major classes of biomolecules (amino acids, carbohydrates, lipids, proteins and nucleic acids), 

that is, molecular mechanisms of heredity and realization of genetic information, hormonal regulation of the 

target pain and biological functions of cells, biochemistry of special physiological functions. 

The main tasks of studying the discipline "Biological and bioorganic chemistry" are mastering the 

knowledge and skills to conduct biochemical studies for the detection of normal and pathological components in 

biological fluids. To analyze the results of biochemical research for the diagnosis of the most common human 

diseases. To analyze the biochemical processes of metabolism and its regulation in ensuring the functioning of 

organs and systems of the human body. 

The ultimate goal is to acquire knowledge about biochemical properties and exchange of basic 

biomolecules in the human body in normal and pathological conditions. Conducting biochemical studies in 

biological fluids and evaluating results with interpretation of clinical and diagnostic significance. 

According to the requirements of the standard, the discipline provides for the students to acquire 

competencies: 

- integral: 

ability to solve typical and complex specialized tasks and practical problems in professional activity or in 

the process of learning, to apply acquired knowledge, skills, personal and personal qualities, abilities, values to 

accomplish the task of any level of difficulty in professional activity or training. 

- common: 

ability to analyze and synthesize, organize and plan; ability to acquire basic general knowledge, as well as 

basic knowledge of the profession; ability to apply knowledge in practical situations; certainty and perseverance 

in terms of tasks and responsibilities; improve the ability to manage information; ability to evaluate and ensure 

the quality of work performed; the ability to act socially responsible and socially conscious. 

- special (specialty, subject): 

ability to analyze the correspondence of the structure of bioorganic substances to physiological functions 

performed in a living organism; ability to interpret the peculiarities of the physiological state of the organism 

and the development of pathological processes according to the results of laboratory studies, the ability to 

explain the biochemical and molecular bases of physiological functions of cells, organs and systems of the 

human body; ability to interpret biochemical mechanisms of pathological processes in the human body and 

principles of their correction; ability to process the results of biochemical studies and changes, the biochemical 

parameters used to diagnose the most common human diseases; ability to analyze biochemical processes of 

metabolism and its regulation in ensuring the functioning of organs and systems of the human body. 

 

 

 



3. Learning outcomes of the discipline 
Having mastered the discipline the student should know: 

The structure of bioorganic compounds and the functions they perform in the human body. 

 The reactivity of the main classes of biomolecules that provides their functional properties and 

metabolic transformations in the body. 

Biochemical mechanisms of pathological processes in the human body. 

Features of diagnostics of physiological state of an organism and development of pathological processes 

on the basis of biochemical researches. 

The connection of the peculiarities of the structure and transformations in the organism of bioorganic 

compounds as the basis of their pharmacological action as drugs. 

Basic mechanisms of biochemical action and principles of direct application of different classes of 

pharmacological agents. 

Biochemical and molecular basis of physiological functions of cells, organs and systems of the human 

body. 

Functioning of enzymatic processes occurring in membranes and organelles for integration of 

metabolism in individual cells. 

Norms and changes in biochemical parameters used to diagnose the most common human diseases. 

The importance of biochemical processes of metabolism and its regulation in ensuring the functioning 

of organs, systems and the whole human body. 

Having mastered the discipline the student should be able to: 

Analyze the correspondence of the structure of bioorganic compounds to the physiological functions they 

perform in the human body. 

Interpret the peculiarities of the physiological state of the organism and the development of pathological 

processes on the basis of laboratory studies. 

Analyze the reactivity of carbohydrates, lipids, amino acids, which provides their functional properties 

and metabolic transformations in the body. 

Interpret the peculiarities of the structure and transformations in the organism of bioorganic compounds 

as the basis of their pharmacological action as drugs. 

Interpret biochemical mechanisms of occurrence of pathological processes in the human body and 

principles of their correction. 

Explain the basic mechanisms of biochemical action and the principles of directed application of different 

classes of pharmacological agents. 

Explain the biochemical and molecular basis of physiological functions of cells, organs and systems of 

the human body. 

Analyze the functioning of enzymatic processes occurring in membranes and organelles to integrate 

metabolism in individual cells. 

Analyze the results of biochemical studies and changes in biochemical and enzymatic parameters used to 

diagnose the most common human diseases. 

Interpret the importance of biochemical processes of metabolism and its regulation in ensuring the 

functioning of organs, systems and the whole human body. 

 



4. Structure of the discipline 
Thematic plan for full-time study 

Name of content modules, topics 
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between types of work 
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 Моdule 1. Biologically important classes of bioorganic compounds. Biopolymers and their structural 
components. 

 Sub-module 1. Theoretical base of the structure and reactivity of bioorganic compounds. 

Theme 1. Classification, nomenclature and isomerism of 

bioorganic compounds. The nature of the chemical bond. 
5,5 0,5 - 2 

 
3 

Theme 2. Classification of the chemical reactions. Reactivity of 

alkanes, alkenes, arenes. 
5,5 0,5 - 2 

 
3 

Theme 3. The reactivity of alcohols, phenols, amines. 5,5 0,5 - 2  3 

Theme 4. Structure and chemical properties of aldehydes, 

ketones. 
5,5 0,5 - 2 

 
3 

Theme 5. Structure, properties and biological significance of 

carboxylic acids and their functional derivatives. 
6,5 0,5 - 2 

 
4 

Theme 6. Fatty acids. Lipids. Phospholipids. 5,5 0,5 - 2  3 

Theme 7. Structure, reactivity and biological importance of 

heterofunctional compounds (α-, β-, γ-hydroxy acids, keto acids 

and phenolic acids). 

6 1 - 2 

 

3 

Total 40 4 - 14  22 

 Sub-module 2. Structure and biological functions of carbohydrates. 

Theme 8. Carbohydrates. The structure and chemical properties of 

monosaccharides. 
6 1 - 2 

 
3 

Theme 9. Structure and function disaccharides and 

polysaccharides. 
7 1 - 1 

 

1 
4 

Total 13 2 - 4  7 

 Sub-module 3. Biologically active heterocyclic compounds 

Theme 10. Classification, structure and value of biologically 

important heterocyclic compounds. 
8 1 - 3 

 

1 
3 

Theme 11. Structure and biochemical features of nucleosides and 

nucleotides. 
5,5 0,5 - 2 

 
3 

Theme 12. Structure and biological role of nucleic acids. 6,5 0,5 - 2  4 

Total 20 2 - 8  10 

 Sub-module 4. α-Amino acids, peptides, proteins. 

Theme 13. Amino acid composition of proteins and peptides. 

Structural organization of proteins. 
8 1 - 1 

1 
5 

Theme 14. Physico-chemical properties of proteins. Precipitation 

reactions. Denaturation. 
9 1 - 2 

 
6 

Total 24 6 - 4  12 

Total for module 1 90 10 - 30  50 

 Моdule 2. General metabolic patterns. The metabolism of carbohydrates, lipids, proteins, and its 

regulation 

 Sub-module 5. The role of enzymes and vitamins in metabolism 

Theme 15. Subject and tasks of biochemistry. The study of the 

structure and physico-chemical properties of proteins. 

Quantitative protein determination by biuret method. Proof of 

protein nature of enzymes. 

6,5 0,5 - 4 

 

2 



Theme 16. Study of the structure and physicochemical properties 

of enzymes. 
3,5 0,5 - 1 

1 
1 

Theme 17. Determination of enzyme activity, the study of the 

kinetics of enzymatic catalysis and the effect of activators and 

inhibitors. 

4 1 - 1 

1 

1 

Theme 18. Investigation of the role of cofactors and coenzyme 

forms of vitamins in the catalytic activity of enzymes. 
4 1 - 2 

 
1 

Theme 19. Study involved vitamins and coenzyme forms of 

vitamins in different biochemical processes. 
4 1 - 1 

1 
1 

Total 22 4 - 12  6 

 Sub-module 6. Metabolism and energy exchange.  

Sub-module 7. Metabolism of carbohydrates and its regulation 

Theme 20. Investigation of the features of carbohydrate digestion. 

Investigation of the anaerobic oxidation of glucose. Biosynthesis 

of glucose - gluconeogenesis. 

 

5 1 - 2 

 

2 

Theme 21. Metabolism and energy exchange. Research of 

functioning of the citric acid cycle. 
5 1 - 2 

 
2 

Theme 22. Study of oxidative phosphorylation and ATP 

synthesis; inhibitors and separators of oxidative phosphorylation. 
5 1 - 2 

 
2 

Theme 23. Study of aerobic glucose oxidation. Pentose phosphate 

pathway of glucose conversion. 
5 1 - 2 

 
2 

Theme 24. Biosynthesis and catabolism of glycogen. 

Transformation of other monosaccharides into glucose. 
8 2 - 4 

 
2 

Total 28 6 - 12  10 

 Sub-module 8. Lipid metabolism and its regulation 

Theme 25. Structure and function of cell membranes. 4 1 - 2  1 

Theme 26. Investigation of the features of lipid digestion. 

Violation of digestion of lipids and transport exogenous lipids in 

the blood. 

4 1 - 2 

 

1 

Theme 27. Study of exchange of fatty acids and ketone bodies. 

Beta-oxidation of fatty acids. Biosynthesis and biotransformation 

of cholesterol. 

6 1 - 4 

 

1 

Theme 28. Study of the biosynthesis of fatty acids, 

triacylglycerols and phosphoglycerides. Disorders of lipid 

metabolism: obesity and fatty infiltration of liver. 

6 1 - 6 

 

1 

Total 22 4 - 14  4 

 Sub-module 9. Metabolism of amino acids. Enzymopathies of amino acid metabolism. 

Theme 29. Investigation of chemical composition of gastric juice. 

Features of protein digestion. 
5 0,5 - 3 

 
1,5 

Theme 30. Investigation of amino acid transformations 

(transamination, deamination, decarboxylation). 
7,5 0,5 - 5 

 
2 

Theme 31. Investigation of ammonia detoxification and 

biosynthesis of urea. 
5,5 0,5 - 4 

 
1 

Theme 32. Specialized ways of exchange of individual amino 

acids. Biosynthesis of creatine. Violation of amino acid 

metabolism. 

7,5 0,5 - 4 

1 

2 

Total 25,5 2 - 17  6,5 

Total for module 2 97,5 16 - 55  26,5 

 Моdule 3. Molecular biology. Biochemistry of intercellular communication. Biochemistry of tissues and 

physiological functions. 

 Sub-module 10. Basics of molecular biology. 

Theme 33. Study of the biosynthesis and catabolism of purine 

nucleotides. Determination of the end products of their 
8 1 - 4 

 
3 



metabolism. 

Theme 34. Study of pyrimidine nucleotide metabolism. Study of 

nucleic acids composition. 
6 1 - 2 

 
3 

Theme 35. Study of DNA replication. Analysis of DNA 

mutations and repair mechanisms. 
5 1 - 1 

 
3 

Theme 36. RNA transcription. Protein biosynthesis in ribosomes. 

Stages and mechanism of translation, the regulation of translation. 

Antibiotics are inhibitors of transcription and translation. 

5 1 - 1 

 

3 

Total 24 4 - 8  12 

 Sub-module 11. Molecular mechanisms of action of hormones on target cells and the biochemistry of 

hormone regulation. 

Theme 37. Study of molecular-cellular mechanisms of action of 

hormones on the target cell. The hormones of the pituitary and 

hypothalamus. 

5 1 - 3 

 

1 

Theme 38. Investigation of the effects of pancreatic hormones and 

hormones of gastrointestinal tract. The mechanism of metabolic 

disorders in diabetes mellitus. 

5 1 - 3 

 

1 

Theme 39. Hormonal regulation of blood glucose levels. 

Construction of sugar curves. Adrenal hormones. 
5 1 - 2 

 
2 

Theme 40. Hormonal regulation of calcium metabolism. 

Investigation of iodine in the thyroid gland. Physiologically active 

eicosanoids. 

4 1 - 1 

 

2 

Theme 41. Steroid hormones of sex glands. Hormonal regulation 

of biochemical transformations of substances during nutrition. 

Regulation of the metabolism during starvation. 

5 1 - 2 

 

2 

Theme 42. Relationship of all types of metabolism and its 

regulation. 
5 1 - 2 

 
2 

Total 29 6 - 13  10 

 Sub-module 12. Biochemistry and pathobiochemistry of blood. 

Theme 43. Investigation of the chemical composition and acid-

base state of the blood. Determination of blood residual nitrogen. 
6,5 0,5 - 3 

 
3 

Theme 44. Investigation of coagulation, anticoagulant and 

fibrinolytic blood systems. 
5,5 0,5 - 2 

 
3 

Theme 45. Investigation of the chemical composition of 

erythrocytes. Normal and abnormal forms of hemoglobin. 

Investigation of end products of heme catabolism. 

Pathobiochemistry of jaundice. 

7 1 - 3 

 

3 

Total 19 2 - 8  9 

 Sub-module 13. Biochemistry of tissues and organs. 

Theme 46. Biochemistry of liver. Microsomal oxidation, 

cytochrome P-450. 
3,5 0,5 - 2 

 
1 

Theme 47. Investigation of types of biological oxidation. The role 

of fat-soluble vitamins in the functioning of tissues and organs. 
3,5 0,5 - 1 

1 
1 

Theme 48. Investigation of normal and abnormal urine 

components.  
4 0,5 - 1 

1 
1,5 

Theme 49. Biochemistry of connective tissue. 6,25 0,25 - 4  2 

Theme 50. Biochemistry of nervous tissue. 4,25 0,25 - 2  2 

Total 21,5 2 - 12  7,5 

Semester control 4 - - 4  - 

Total for module 3 93,5 14 - 41  38,5 

Total 285 40  130  115 

 

 

 



5. The discipline program 
 

Module 1. Biologically important classes of bioorganic compounds. Biopolymers and their structural 

components. 

Theme 1. Classification, nomenclature and isomerism of bioorganic compounds. The nature of the 

chemical bond. 

Types of science-based classifications and nomenclature, taking into account both the structure of the 

carbon chain, and the presence of certain functional groups in the molecule. Prefixes, suffixes used in the names 

of bioorganic compounds having functional groups on the international replacement nomenclature (IUPAC). 

The theory of the structure of bioorganic compounds. O.M. Butlerov’s contribution to the development of the 
main positions of isomerism.  

Schematic image of the distribution of electrons on atomic orbitals (AO) carbon atom in the normal and 

excited states. The valence state of carbon atoms corresponding sp3, sp2, and sp-hybridization. The mutual 

influence of atoms. Electronegativity. 

 

Theme 2. Classification of the chemical reactions. Reactivity of alkanes, alkenes, arenes.  

General characteristics of the chemical reactions of bioorganic compounds. Classification of the reactions 

according to direction and results. Classification of reaction mechanism. 

Characteristics of nucleophiles and electrophiles. 

Radical substitution at saturated carbon atom (SR). Electrophilic addition to unsaturated compounds (AE). 

Electrophilic substitution in aromatic compounds. Effect of the substituents on the reactivity of arenes (SE). 

Nucleophilic substitution at saturated carbon atom (SN). 

 

Theme 3. The reactivity of alcohols, phenols, amines. 

Reaction types. Hydroxyl compounds: alcohols, phenols. The structure, properties and conversion of 

mono- or polyhydric alcohols. Biomedical characteristic monohydric and polyhydric alcohols (methanol, 

ethanol, glycerol, xylitol, sorbitol). Ethers: structure, properties. Phenols, thiols: structure, properties. Amines in 

bioorganic chemistry: nomenclature, chemical properties, biomedical significance. Aliphatic amines. Biogenic 

amines: adrenaline, noradrenaline, dopamine, tryptamine, serotonin, histamine. Aromatic amines. Aniline - a 

precursor of pharmaceuticals: sulfonamides, anaesthesin, novocaine. The amino alcohols. Biomedical 

importance of ethanolamine. 

 

Theme 4. Structure and chemical properties of aldehydes, ketones.  

Carbonyl compounds. Aldehydes, ketones. The structure and reactivity of the carbonyl group. 

Nucleophilic addition reactions (AN) to the oxocompound. Effect of a nucleophile on formation of new C-C, C-

O, C-H, C-N bonds with aldehydes and ketones. Aldol condensation and its significance for elongation of the 

carbon chain. 

Oxidation of aldehydes and ketones. Qualitative reactions for the identification of the aldehyde group 

(Tollens and Trommer). Disproportionation reaction (dismutation, Cannizzaro). Haloform reaction. Iodoform 

test, its use for analytical purposes. 

Properties and biomedical value of the most common representatives. 

 

Theme 5. Structure, properties and biological significance of carboxylic acids and their functional 

derivatives. 

Classification of carboxylic acids, individual members of monocarboxylic acids. Nucleophilic 

substitution (SN) at sp2- hybridized carbon atom of oxo-group. The structure and properties of dicarboxylic 

acids: oxalic, malonic, succinic, glutaric, fumaric. Reactions of decarboxylation.   Functional derivatives of 

carboxylic acids: salts, anhydrides, amides, esters. Carbonic acid and its derivatives. 

Theme 6. Fatty acids. Lipids. Phospholipids. 

Fatty acids (FA) as the components of neutral lipids: palmitic, stearic, oleic, linoleic, linolenic, 

arachidonic. Lipids, simple lipids. Triglycerides, neutral fats: structure, chemical properties, physiological 

significance. The hydrolysis of fats (acid, alkali, enzyme). Soaps: structure, physico-chemical and biological 

properties of a surface-active compounds. The complex lipids. Classification, structure of phospholipids: 

phosphatidic acid, phosphatidylethanolamine, phosphatidylserine. The role of complex lipids in construction of 

biomembranes. The concept of patience, steroids. Cholesterol, vitamin D, bile acids, the concept of sex 



hormones. 

 

Theme 7. Structure, reactivity and biological importance of heterofunctional compounds (α-, β-, γ-

hydroxy acids, keto acids and phenolic acids). 

Classification and isomerism of hydroxy acids. The asymmetric carbon atom, chirality, optical activity. 

Enantiomers. Diastereoisomers. 

Properties and specific chemical reactions of aliphatic α-, β-, γ-hydroxy acids. Monocarboxylic acids 

(lactic acid, β-hydroxybutyric acid), dicarboxylic acids (malic acid, tartaric acid). Optical activity. Reactions of 

deamination, transamination, decarboxylation. 

Oxo acids. Pyruvic, acetoacetic, oxaloacetic, α-ketoglutaric. The biological significance of keto acids and 

their derivatives. Ketone bodies, diagnostic value of their determination in diabetes. Keto-enol tautomerism of 

keto acids and their derivatives.  Phenolic acids and their derivatives. The use of salicylic acid and its 

derivatives in medicine (methyl salicylate, salol, aspirin, sodium salicylate) in the form of pharmaceutical 

preparations. 

 

Theme 8. Carbohydrates. The structure and chemical properties of monosaccharides. 

Carbohydrates. Definition, classification (aldoses and ketoses, trioses, tetroses, pentoses, hexoses), 

biomedical importance. Pentoses: ribose, α-deoxyribose. Hexoses: glucose, galactose, fructose. Isomers. The 

tautomeric forms of monosaccharides (D- and L-forms), open and cyclic forms (Fischer, Colli Tholens, 

Haworth). Furanose and pyranose rings of α- and β-anomers. Mutarotation. 

Chemical reactions of monosaccharides with the participation of the carbonyl groups: redox reactions 

(qualitative detection of the aldehyde group). 

The formation of glycosides, their role in the construction of oligo- and polysaccharides, nucleosides, 

nucleotides and nucleic acids. Phosphate esters of glucose and fructose, and their importance in the metabolic 

conversion of carbohydrates. Ascorbic acid is a derivative of hexose, biological role of vitamin C. Reduction of 

monosaccharides, sorbitol formation. 

 

Theme 9. Structure and function disaccharides and polysaccharides. 

Oligosaccharides. Classification of disaccharides according to the ability of redox reactions. Two types of 

bonds between the residues of monosaccharides and their influence on the reactivity of the disaccharide.  The 

structure, properties and role in the structure formation and disaccharides maltose and cellobiose, their 

tautomeric forms. The structure of sucrose and lactose, their properties. The inversion of sucrose resulting from 

hydrolysis. 

Polysaccharides. Homopolysaccharides: starch, glycogen, cellulose, dextrin. The structure, biological role 

and application of starch and its components. The scheme of structure of amylose and amylopectin. The 

conformational structure (secondary structure) of amylose. Hydrolysis of starch and its high-quality response 

detection. Structure and biological role of glycogen; fiber and its role in the body’s vital processes. 

Heteropolysaccharides. Determining the structure. Role of glucuronic acid, glucosamine and galactosamine in 

formation of heteropolysaccharides. Structure and biomedical importance of hyaluronic acid, chondroitin sulfate 

and heparin. 

 

Theme 10. Classification, structure and value of biologically important heterocyclic compounds. 

Classification of heterocycles according to cycle size, the quantity and quality of the heteroatoms. Five-

membered heterocycles with one or two heteroatoms and their derivatives. Five-membered heterocycles with 

one heteroatom. Pyrrole, furan, thiophene - structure, properties. Biomedical importance of porphyrin, heme. 

Benzopyrrole (indole) as a component of tryptophan and its transformation products - biologically active 

compounds (tryptamine, serotonin) and toxic substances (skatole, indole) and products of their neutralization. 

Five-membered heterocycles with two heteroatoms. Imidazole and its derivatives histidine, histamine. 

Formation of pyrazole derivatives as the medicine. 

Six-membered heterocycles with one or two heteroatoms are the basis of biologically important 

compounds and nitrogenous bases. Pyridine, its aromaticity and chemical properties of derivatives. Nicotinic 

acid and its amide (vitamin PP) as a part of the co-enzymes. Six-membered heterocycles having two nitrogen 

atoms. Pyrimidine and its derivatives (uracil, cytosine, thymine). Drugs: potassium orotate, barbiturates. Fused 

heterocycles system. Purine and its derivatives adenine, guanine, their tautomeric forms, biochemical 

significance. Uric acid, xanthine, derivatives: caffeine, theophylline. 



 

Theme 11. Structure and biochemical features of nucleosides and nucleotides. 

Nucleosides and nucleotides are products of incomplete hydrolysis of nucleic acids. 

Structure of nucleotides - the constituents of nucleic acids: AMP, GMP, UMP, CMP, d-TMP. Structure 

and importance of 3',5'-c-AMP and its role in the action of hormones on the cells. 

Phosphorylated derivatives of nucleotides, importance of ADP and ATP. Participation in the structure of 

the nucleotide coenzymes. The mechanism of action of coenzyme NAD+. 

 

Theme 12. Structure and biological role of nucleic acids. 

Nucleic acid are polynucleotides, biopolymers, that store, transmit genetic information and are involved 

in protein biosynthesis. Types of RNA: mRNA, rRNA, tRNA; their structural organization and biological role. 

The structure and biochemical functions of DNA. Differences in the structure, location and function of RNA 

and DNA. 

 

Theme 13. Amino acid composition of proteins and peptides. Structural organization of proteins. 

Amino acids. Properties. Classification according to structure of the carbon chain, according to the ability 

to synthesize in the body, according to the polarity of radical. 

General properties of amino acids. Formation of bipolar ions. Acid-base properties of amino acids. 

Chemical reactions of α-amino acid in vivo and in vitro. Reactions of the carboxylic and amino groups. 

Decarboxylation, deamination, formation of Schiff bases. Reactions for quantify of alpha-amino acids (Van 

Slyke and Sorensen). A polycondensation reaction to form the peptides. Qualitative reaction for α-amino acids, 

peptides, proteins. 

 

Theme 14. Physico-chemical properties of proteins. Precipitation reactions. Denaturation. 

Proteins as biopolymers. Ways of α-amino acids connection in the protein molecules. Bonds, forming a 

primary, secondary, tertiary and quaternary structures.  Globular and fibrillar proteins. Study of levels of 

structural organization of the protein molecules. Chemical synthesis of peptides and proteins.  Stability factors 

of the existence of proteins in colloidal solutions. Protein precipitation mechanism. Forms of precipitation. 

Reagents which cause salting. Irreversible precipitation. Factors causing irreversible precipitation. Denaturation, 

its signs. Factors causing denaturation of proteins. Renaturation. 

 

Module 2. General metabolic patterns. The metabolism of carbohydrates, lipids, proteins, and its 

regulation. 

Theme 15. Subject and tasks of biochemistry. The study of the structure and physico-chemical properties 

of proteins. Quantitative protein determination by biuret method. Proof of protein nature of enzymes. 

Definition of biochemistry as a science. Place of biochemistry among other medical and biological 

disciplines. The objects of study and objectives of biochemistry. History of biochemistry; development of 

biochemical studies in Ukraine, biochemical research schools. The value of biological chemistry in the system 

of higher medical education. 

Biochemistry sections: static (connection to bioorganic chemistry, molecular biology); dynamic; 

functional (connection to the molecular physiology). Medical biochemistry (biochemistry of human). Clinical 

chemistry as a branch of medical biochemistry. 

Achievements and prospects of development of biochemistry, theoretical and molecular biology, 

biotechnology, genetic engineering and their importance for the diagnosis and treatment of major human 

diseases - cardiovascular, cancer, infections, etc. The role of biochemistry in determining the molecular and 

genetic mechanisms of the pathogenesis of disease, clarifying values inherited and environmental factors in the 

occurrence of pathological conditions and their impact on life expectancy. 

The aim of biochemical laboratory tests is to provide new information that can be used for understanding 

the new phenomena, the explanation of mechanisms of function of organs and tissues in health and disease, for 

the diagnosis, monitoring of disease progression and the effectiveness of the applied treatment. Criteria for 

evaluating the used method of laboratory tests include the reliability, accuracy, specificity, sensitivity and error 

method. The material for diagnostic tests: blood, urine, cerebrospinal fluid, gastric and duodenal contents, filter 

fluid (exudates and transudates), sweat, amniotic fluid. Principles of collection of material for the study: the 

standard preparation of the patient, blood samples for laboratory tests (venous, arterial, capillary blood), urine 

sampling for laboratory tests (once, daily). Errors that occur during laboratory tests: preparation error, sampling 



and storage of material for research, analytical (laboratory) error, the result of an error of interpretation.  The 

biochemical components of the cell (biomolecules), their biochemical functions. The main classes of 

biomolecules: proteins, peptides, amino acids and their derivatives; nucleic acids and nucleotides. 

 

Theme 16. Study of the structure and physicochemical properties of enzymes. 

Enzymes are biological catalysts of metabolic reactions. Properties of the proteins-enzymes. Units of 

activity and the number of enzymes: international units, katal, the specific activity of the enzyme. The 

nomenclature and classification of enzymes according to reaction type: oxidoreductases, transferases, 

hydrolases, lyases, isomerases, ligases. The structure of enzyme protein; oligomeric proteins-enzymes; multi-

enzyme complexes, membrane-associated enzymes. Isoenzymes are multiple molecular forms of protein 

expression, results of expression of different genetic loci. Physico-chemical properties of proteins-enzymes: 

electrochemical properties, solubility. The thermodynamic stability of the protein molecules of enzymes, 

denaturation. Chemical interaction with various ligands, its mechanisms and functional significance. Complex 

proteins-enzyme; prosthetic groups of complex enzymes. Methods of isolation of enzymes from biological 

objects, their fractionation (ultracentrifugation, gel and ion exchange chromatography, affinity chromatography, 

electrophoresis) and analysis of enzyme activity. 

 

Theme 17. Determination of enzyme activity, the study of the kinetics of enzymatic catalysis and the effect 

of activators and inhibitors. 

The mechanisms of action of enzymes: thermodynamic laws of enzyme catalysis; active enzyme centers. 

The enzymatic conversion of the substrates under the catalytic action of the enzyme on the example of the 

action of chymotrypsin and acetylcholinesterase. The sequence of the catalytic process stages. Methods of 

determination of the activity of enzymes using product quantity, which is generated by the enzyme per unit 

time, using the number of spent substrate per unit time. Spectrophotometric methods for the determination of 

enzyme activity and visualization of the results of the enzymatic reaction. The kinetics of enzymatic reactions, 

the dependence of the reaction rate on enzyme concentration, substrate temperature and pH. Michaelis-Menten 

constant, its meaning. Processing of Michaelis-Menten equation by the method of double reciprocal values of 

Lineweaver-Burk equation. 

Inhibitors, activators of enzymes. Reversible (competitive and non-competitive) and irreversible 

inhibition of enzymes. The physiologically active compounds and xenobiotics as reversible (competitive, non-

competitive) and irreversible inhibitors of enzymes. 

The regulation of enzymatic processes. Ways and mechanisms of regulation: allosteric interaction of 

enzymes; covalent modification of the enzyme; action of regulatory proteins-effectors (calmodulin, proteases, 

protease inhibitors). Cyclic nucleotides as regulators of enzymatic reactions and biological functions of cell. 

Key aspects of modern enzymatic diagnostics. Cell, secretory and excretory enzymes. Isoenzyme in 

enzymatic diagnostics, tissue specificity of isoenzymes distribution. Changes in plasma and serum enzymes as 

diagnostic indicators of the development of pathological processes in organs and tissues. Application of 

enzymatic diagnostics in cardiology, hepatology, nephrology, urology, oncology, pulmonology, orthopedics. 

Violation of current of fermentation processes: congenital (hereditary) and acquired enzymopathies, birth 

defect of metabolism, their clinical and laboratory diagnostics. 

Enzyme therapy is the use of enzymes as drugs. Pharmacological use of enzymes of the gastrointestinal 

tract, clotting blood system, fibrinolytic blood system, kallikrein-kinin and renin-angiotensin systems. Enzyme 

inhibitors as drugs. 

 

Theme 18. Investigation of the role of cofactors and coenzyme forms of vitamins in the catalytic activity of 

enzymes. 

Cofactors and coenzymes. Structure and properties of coenzymes; vitamins as precursors in the 

biosynthesis of coenzyme. Classification of coenzymes according to chemical nature, type of reaction that they 

catalyze: coenzyme-transporters of electrons and a hydrogen atom; coenzyme-transporters of chemical groups; 

coenzymes of synthesis, isomerization and cleavage of carbon-carbon bonds. 

The most common coenzymes: derivatives of vitamin PP (nicotinamide); derivatives of vitamin B2 

(riboflavin); derivatives of vitamin B6 (pyridoxine); derivatives of vitamin B12; metalloporphyrins - coenzymes 

of cytochrome; acylation coenzyme - a derivative of pantothenic acid; folic acid derivatives; lipoic acid; 

thiamine diphosphate - a derivative of vitamin B1; carboxybiotin coenzyme. 

 



Theme 19. Study involved vitamins and coenzyme forms of vitamins in different biochemical processes. 

Structure of vitamin C. Its biological role, symptoms of avitaminosis. Vitamin P. Its biological role, 

symptoms of avitaminosis. Folic acid. Its biological role, symptoms of avitaminosis. Vitamin B12. Its biological 

role, symptoms of avitaminosis. Principles of quantitative determination of vitamins C and E in foods. 

 

Theme 20. Investigation of the features of carbohydrate digestion. Investigation of the anaerobic 

oxidation of glucose. Biosynthesis of glucose - gluconeogenesis. 

General characteristics of carbohydrates as a component of human nutrition. General characteristics of 

carbohydrate digestion. Enzymes, biochemical mechanisms of dietary carbohydrate digestion in the individual 

parts of the digestive tract.  

Ways of intracellular catabolism of carbohydrates. Anaerobic oxidation of glucose - glycolysis: enzyme 

reactions of glycolysis, energy, regulation. Glycolytic oxyreduction, substrate phosphorylation in glycolysis. 

The contribution of Embden and Meyerhof works to establish the sequence of enzymatic reactions of glycolysis 

(lactic fermentation). Alcoholic fermentation. Biosynthesis of glucose (gluconeogenesis): physiological 

significance, enzymatic reactions, regulatory enzymes. Substrates of gluconeogenesis. Glucose-lactate cycle 

(Cori cycle). 

 

 

Theme 21. Metabolism and energy exchange. Research of functioning of the citric acid cycle. 

General regularities of metabolism. Catabolic, anabolic and amphibolic pathways. 

Exergonic and endergonic biochemical reactions; the role of ATP and other macroergic phosphates in 

conjugation processes in which the energy storages and releases. Stages of catabolism of biomolecules in the 

body. 

 

Theme 22. Study of oxidative phosphorylation and ATP synthesis; inhibitors and separators of oxidative 

phosphorylation. 

ATP synthesis pathways in cells: substrate and oxidative phosphorylation. The formation of ATP in cells 

under anaerobic and aerobic conditions. Advantages of aerobic oxidation of nutrient compounds. Autotrophic 

and heterotrophic organisms. Oxidative phosphorylation is the process by which chemical energy is released in 

the electron trasport through mitochondrial respiratory chain, used for ATP synthesis from ADP and inorganic 

phosphate. 

The release of energy in the respiratory chain and sites of ATP formation. Energy of hydrolysis and 

synthesis of ATP. The amount of free chemical energy generated in the electron transport chain. Coefficient of 

oxidative phosphorylation, conjugation points. 

 

Theme 23. Study of aerobic glucose oxidation. Pentose phosphate pathway of glucose conversion.  

Stages of aerobic oxidation of glucose, oxidative decarboxylation of pyruvate. Multienzyme pyruvate 

dehydrogenase complex – features of functioning with the participation of three enzymes and five co-enzymes. 

Comparative characteristics of bio-energy of aerobic and anaerobic oxidation of glucose. Effects of Pasteur and 

Crabtree. Features of regulation of glycolysis. Shuttle glycolytic NADH oxidation mechanisms. Malate-

aspartate and glycerol phosphate shunts of transport of reducing equivalents of glycolytic NADH in 

mitochondria under aerobic conditions. 

Pentose phosphate pathway (PFP) of glucose oxidation: scheme, biological significance, features of 

functioning in various tissues. The sequence of enzymatic reactions of PFP, oxidation stage and the stage of 

isomeric transformations of pentose-, hexose- and heptose phosphates. PFP significance as NADPH donor in 

reductive synthesis of fatty acids and steroids, as a supplier of ribose-5-phosphate to form the nucleotide in the 

synthesis of nucleic acids. Violation of the pentose phosphate pathway in erythrocytes: enzymopathies of 

glucose-6-phosphate dehydrogenase. 

 

Theme 24. Biosynthesis and catabolism of glycogen. Transformation of other monosaccharides into 

glucose. 

Indigestion of certain carbohydrates in the intestine. Hereditary enzymopathies of failure of intestine 

disaccharidases. Clinical and biochemical diagnosis of lactose, sucrose intolerance. 

Cleavage and biosynthesis of glycogen: enzymatic reactions of glycogenesis and glycogenolysis; 

cascading mechanisms of cAMP-dependent regulation of activity of glycogen phosphorylase and glycogen 



synthase. Hormonal regulation of glycogen metabolism in muscle and liver. The concept of glycogen diseases: 

glycogenoses and aglycogenoses. 

Metabolic pathway and enzymatic conversion reaction of fructose in the human body. Hereditary 

enzymopathies associated with genetic defects in the synthesis of enzymes of metabolism of fructose: fructose 

intolerance, fructosemia. Metabolic pathway and enzymatic reactions of conversion of galactose in humans. 

Hereditary enzymopathies associated with genetic defects in the synthesis of enzymes of galactose metabolism: 

galactosemia. 

 

Theme 25. Structure and function of cell membranes. 

Functions of biological membranes. Lipids, proteins and carbohydrates of biological membranes. The 

molecular organization of biological membranes. The fluidity and viscosity of the lipid phase of biological 

membranes, mobility of proteins and lipids of biological membranes. The asymmetry of the membrane 

structure. The mechanism of active transport of substances through the membrane. 

 

Theme 26. Investigation of the features of lipid digestion. Violation of digestion of lipids and transport 

exogenous lipids in the blood. 

Total lipid characteristics as components of human nutrition and their energy value. The needs of the 

organism in lipids. Features of lipid digestion. Enzymes, biochemical mechanisms of digestion of dietary lipids 

in individual parts of the digestive tract. Digestion mechanism of triacylglycerols, phospholipids and 

cholesterol. Mechanisms of suction of hydrolysis products of triacylglycerols, phospholipids and cholesterol. 

Structure, characteristics and role of bile acids in digestion of lipids and absorption of their hydrolysis products. 

Enterohepatic circulation of bile acids. The mechanism of re-synthesis of triacylglycerols and cholesterol in the 

intestine. Transport of exogenous lipids in the blood. The concept of chylomicrons and very low density 

lipoproteins. Violation of digestion of lipids and transport of exogenous lipids in the blood: steatorrhea, 

hyperchylomicronemia. 

 

Theme 27. Study of exchange of fatty acids and ketone bodies. Beta-oxidation of fatty acids. Biosynthesis 

and biotransformation of cholesterol. 

Ways of lipid metabolism. Adipocytes of adipose tissue and their roles in lipid metabolism and 

bioenergetic processes in the body. Catabolism of triacylglycerols: reaction; mechanisms of regulation of 

triglyceride lipase activity. Neurohumoral regulation of lipolysis with epinephrine, norepinephrine, glucagon, 

insulin. Oxidation of fatty acids (beta-oxidation): activation of fatty acids, the role of carnitine in fatty acid 

transport in mitochondria, a sequence of enzymatic reactions. Energy of fatty acid beta-oxidation. Oxidation of 

glycerol. Ketone bodies. The reactions of biosynthesis and utilization of ketone bodies and their physiological 

significance. Metabolism of ketone bodies under pathology. Mechanisms of overgrowth of content of ketone 

bodies in case of diabetes mellitus and starvation. Biosynthesis of cholesterol: metabolic precursors; scheme of 

sequence of reactions. The regulation of cholesterol synthesis. Transport of cholesterol in the blood. Ways of 

cholesterol biotransformation: etherification; formation of bile acids, steroid hormones, vitamin D3; excretion of 

cholesterol from the body. Cholelithiasis. Atherosclerosis: mechanisms of development, the role of high and low 

density lipoproteins in atherosclerosis. 

 

Theme 28. Study of the biosynthesis of fatty acids, triacylglycerols and phosphoglycerides. Disorders of 

lipid metabolism: obesity and fatty infiltration of liver. 

Biosynthesis of higher fatty acid, metabolic sources. Biosynthesis of saturated fatty acids (palmitate): 

synthesis of malonyl-CoA, acyl conveying protein, sources of NADPH required for the biosynthesis of fatty 

acids, enzymatic reactions. Regulation of biosynthesis at the level of acetyl-CoA carboxylase and at the level of 

fatty acid synthase. Elongation of saturated fatty acids. The formation of mono and polyunsaturated fatty acids 

in human organism. Biosynthesis of triacylglycerols. Biosynthesis of phosphoglycerides. Disorders of lipid 

metabolism: obesity and fatty infiltration of liver. 

 

Theme 29. Investigation of chemical composition of gastric juice. Features of protein digestion. 

The role of proteins in human nutrition. The usefulness of the protein supply. Kwashiorkor syndrome as a 

symptom of protein deficiency. The concept of nitrogen balance and its variants. Features of protein digestion in 

the stomach and intestines. Proteolytic enzymes (pepsin, trypsin, chymotrypsin, elastase, carboxypeptidase, 

dipeptidase), their mechanism of activation and action. The concept of exopeptidase and endopeptidase. The 



chemical composition of gastric juice. Normal and abnormal components of gastric juice. Types of gastric 

acidity and their definitions. Rot of proteins in colon: formation of phenol, cresol, and indole. 

 

Theme 30. Investigation of amino acids transformations (transamination, deamination, decarboxylation). 

Ways of formation and maintenance of a pool of free amino acids in the human body. Common ways of 

transformation of free amino acids. deamination of amino acids. The mechanism of indirect deamination of L-

amino acids. Transamination of amino acids: reactions; biochemical significance; aminotransferase mechanism 

of action. Glucose-alanine cycle. Amino acid decarboxylation: enzymes, physiological significance. The 

formation of physiologically active compounds - biogenic amines (gamma-aminobutyric acid, histamine, 

serotonin, dopamine, norepinephrine, epinephrine) in tissues. Oxidation of biogenic amines. 

 

Theme 31. Investigation of ammonia detoxification and biosynthesis of urea. 

Ways of formation of ammonia. Toxicity mechanisms of ammonia and its disposal. 

Features of neutralization of ammonia in the nervous tissue. Transport of ammonia (glutamine, 

asparagine, alanine). Biosynthesis of urea: enzymatic reactions, genetic defects of urea synthesis enzymes. 

 

Theme 32. Specialized ways of exchange of individual amino acids. Biosynthesis of creatine. Violation of 

amino acid metabolism. 

Common pathways of metabolism of nitrogen-free skeleton of amino acids in the human body. 

Glucogenic and ketogenic amino acids. Specialized pathways of acyclic amino acid metabolism. Exchange of 

glycine and serine; the role of tetrahydrofolate (H4-folate) in the transfer of one-carbon fragments; dihydrofolate 

reductase inhibitors as anticancer agents. Exchange of sulfur amino acids; methylation reactions. 

Homocystinuria as an inherited disorder of sulfur-containing amino acids metabolism. Formation of creatine and 

creatinine, clinical and biochemical value of disorders of creatine and creatinine metabolism. Glutathione and its 

role in the transport of amino acids and detoxication of organic peroxides. Features of the exchange of amino 

acids with branched chains; participation of coenzyme forms of vitamin B12 in the metabolism of amino acids. 

The exchange of arginine; biological role of nitric oxide, NO-synthase. Specialized pathways of metabolism of 

cyclic amino acids phenylalanine and tyrosine, sequence of enzymatic reactions. Hereditary enzymopathies of 

exchange of cyclic, acyclic amino acids phenylalanine and tyrosine - phenylketonuria, homogentisuria, 

albinism. Exchange of tryptophan: kynurenine and serotonin ways. 

 

Module 3. Molecular biology. Biochemistry of intercellular communication. Biochemistry of tissues and 

physiological functions. 

Theme 33. Study of the biosynthesis and catabolism of purine nucleotides. Determination of the end 

products of their metabolism. 

Biochemical functions of nucleotides. Components of nucleotides and nucleosides. Minor nitrogenous 

bases and nucleotides. Free nucleotides and their biochemical functions: involving in metabolic reactions (ATP, 

NAD, NADP, FAD, FMN, CTP, UTP) and its regulation (cyclic nucleotides - 3',5'-AMP, 3', 5'-GMP). 

Biosynthesis of purine nucleotides. Scheme of synthesis reactions of IMP; formation of AMP, GMP, ATP, 

GTP. Regulation of biosynthesis of purine nucleotides on the principle of negative feedback (feedback 

inhibition). Biosynthesis of deoxyribonucleotides. Formation of thymidylic nucleotide, inhibitors of dTMP 

biosynthesis as anticancer agents (dTMP structural analogs, pterins derivatives). Catabolism of purine 

nucleotides, hereditary metabolic disorders of uric acid. Clinical and biochemical characteristics of 

hyperuricemia, gout, Lesch-Nyhan syndrome. 

 

Theme 34. Study of pyrimidine nucleotide metabolism. Study of nucleic acids composition.  

Biosynthesis of pyrimidine nucleotides: reactions; regulation. Orotic aciduria as a violation of the 

biosynthesis of pyrimidine nucleotides. Nucleic acids: structure, properties, historical stages of the study. 

Structure and expression of the eukaryotic genome. The molecular organization of eukaryotic DNA (exons, 

introns, repetitive sequences). Nuclear chromatin and chromosomes of eukaryotes; human karyotype. The 

primary structure of nucleic acids, polynucleotides polarity, features of primary structure of DNA and RNA. 

The structure, properties and biological function of DNA. Experimental evidence for a genetic role of DNA (the 

phenomenon of transformation). The molecular weight, size and nucleotide composition of DNA molecules of 

viruses, prokaryotes and eukaryotes. The secondary structure of DNA, role of hydrogen bonds in its formation 

(Chargaf rules, Watson-Crick model), antiparallel strands. Tertiary structure of DNA. Physico-chemical 



properties of DNA: interaction with cationic ligands; hypochromic effect; denaturation and renaturation of 

DNA. 

The structure, properties, and biological functions of RNA. The types of RNA: mRNA, tRNA, rRNA; 

structural organization features (secondary and tertiary) of different types of RNA. Molecular organization of 

nuclear chromatin and ribosomes of eukaryotic cells. Chromatin: nucleosome organization, histones and non-

histone proteins. Ribosomes: subunit structure, composition of proteins and RNA. 

 

Theme 35. Study of DNA replication. Analysis of DNA mutations and repair mechanisms. 

The biological significance of DNA replication. The essence of the discovery of J.Uotson and F.Krik 

(1953). Semi-conservative replication mechanism; experimental scheme of M.Mezelson and F.Stal. The general 

scheme of DNA biosynthesis. Enzymes of DNA replication in prokaryotes and eukaryotes. Molecular 

mechanisms of DNA replication: topological problems (topoisomerase, helicase), value of antiparallel strands of 

DNA; Okazaki fragments. Stages of the synthesis of DNA chains child. The general scheme of transcription; 

coding and non-coding DNA strands. Mutations: genomic, chromosomal, gene (point); role in the occurrence of 

enzymopathy and hereditary diseases of human. Biochemical mechanisms of action of chemical mutagens - 

analogs of nitrogenous bases, deaminating, alkylating agents, ultraviolet and ionizing radiation. The biological 

significance and mechanisms of DNA repair. Smoothing of UV-induced gene mutations; pigmentosum 

xeroderma.  

Amplification of genes (genes of metallothionein, dihydrofolate reductase). Polymerase chain reaction; its 

biomedical use in diagnosis of viral and genetic diseases of human, an individual identification (DNA 

diagnostics). Genetic engineering or recombinant DNA technology: general concepts, biomedical importance. 

The technology of gene transplantation and production of hybrid DNA molecules; the use of restriction 

endonucleases. Cloning of gene to produce biotechnological drugs and diagnosticums (hormones, enzymes, 

antibiotics, interferons, and others). 

 

Theme 36. RNA transcription. Protein biosynthesis in ribosomes. Stages and mechanism of translation, 

the regulation of translation. Antibiotics are inhibitors of transcription and translation. 

RNA polymerase of prokaryotes and eukaryotes. Stages and enzymes of RNA synthesis. Transcription 

signals: promoter, initiator, terminator regions of the genome. Processing is posttranscriptional modification of 

RNA. Antibiotics - inhibitors of transcription. Regulation of eukaryotic gene expression at the level of 

transcription; system of transcription signals - the promoter sequence, enhancer, attenuator, silencers. Covalent 

modification of histone and non-histone proteins, as one of the gene expression control mechanisms. The 

genetic (biological) code; triplet code structure, its properties. Table of genetic code. Ribosomal protein 

synthesising system. Components of protein synthesising ribosome system. Transfer RNA and amino acid 

activation. Aminoacyl-tRNA synthetase. Stages and mechanisms of translation: initiation, elongation, 

termination. Initiating and stop codons of mRNA; role of ribosomal protein factors in translation. 

Posttranslational modification of peptide chains. The regulation of translation. Molecular mechanisms of 

translational control using the example of globin biosynthesis. Influence of physiologically active compounds in 

the process of translation. Antibiotics - inhibitors of translation, their biomedical applications. Biochemical 

mechanisms of antiviral action of interferons. Blocking of protein biosynthesis by diphtheria toxin (ADP-

ribosylation of translation factors). Regulation of prokaryotic gene expression: regulation scheme of F.Zhakobu 

and Zh.Mono. The structure of the Lac-operon of E.Coli: structural and control genes; promoter, operator; 

regulatory gene and formation of protein repressors. The principles of functioning of Lac-operon: repression, 

induction. 

 

Theme 37. Study of molecular-cellular mechanisms of action of hormones on the target cell. The 

hormones of the pituitary and hypothalamus. 

Hormones and other bioregulators in the system of intercellular integration of the human body functions, 

their chemical nature, classes of hormones: protein-peptide hormones; hormones - amino acid derivatives; 

hormones of steroid nature; bioregulators - arachidonic acid derivatives. Synthesis and secretion of hormones. 

Cyclicity of hormone secretion in humans. Circulatory transport of hormones. Targets of hormonal action; types 

of cell reactions to hormone action. Hormone receptor: membranous (ionotropic, metabotropic) and cytosolic 

receptors. Biochemical systems of intracellular transduction of hormonal signals. Molecular-cellular 

mechanisms of action of protein-peptide hormones and biogenic amines. The cascade systems of chemical 

signal transmission of bioregulator: receptors → G-proteins → → second messengers → protein kinases. 



Messenger functions of cyclic nucleotides; systems of Ca2+/calmodulin, phosphoinositides. Serine, 

threonine and tyrosine protein kinases and effector functions of cell. Hormones of the hypothalamic-pituitary 

system. Liberins and statins of hypothalamus. The hormones of the anterior pituitary. Group of "growth 

hormone (somatropin) - prolactin - chorionic somatomammotrophin"; pathological processes associated with 

impaired functions of growth hormone, somatomedins, prolactin. Group of glycoproteins - tropic pituitary 

hormones (thyrotropin, gonadotropin - FSH, LH, human chorionic gonadotropin). Family of 

proopiomelanocortin (POMC) - products of POMC processing (adrenocorticotropin, lipotropin, endorphins). 

Hormones of the posterior pituitary. Vasopressin (antidiuretic hormone); pathology associated with impaired 

production of ADH. Oxytocin. 

 

Theme 38. Investigation of the effects of pancreatic hormones and hormones of gastrointestinal tract. The 

mechanism of metabolic disorders in diabetes mellitus.  

Pancreatic hormones. Insulin - the structure, biosynthesis and secretion; effect on the metabolism of 

carbohydrates, lipids, amino acids and proteins. Growth-stimulating effects of insulin; growth factors and 

oncoproteins. Glucagon. Diabetes mellitus of insulin-dependent and insulin-independent forms; clinical and 

biochemical characteristics. Alimentary canal hormones. Gastrin. Cholecystokinin. Secretin. 

 

Theme 39. Hormonal regulation of blood glucose levels. Construction of sugar curves. adrenal hormones. 

Glucemia: normal state and its violation (hyper-, hypoglucemia and glucosuria). Diabetes mellitus of 

insulin-dependent and insulin-independent forms; clinical and biochemical characteristics and diagnostic criteria 

for diabetes: glucose tolerance test, double sugar load. Biogenic amines with hormonal and mediator properties: 

structure, biosynthesis, physiological effects, biochemical mechanisms of action. Catecholamines - adrenaline, 

noradrenaline. Steroid hormones: nomenclature, classification. Scheme of genesis of steroid hormones from 

cholesterol. Steroid hormones of the adrenal cortex (C21-steroids) - cortisol, corticosterone, aldosterone. 

Physiological and biochemical effects of corticosteroids. Glucocorticoids, cortisol role in the regulation of 

gluconeogenesis; anti-inflammatory properties of glucocorticoids. Cushing's disease. Mineralocorticoids; the 

role of aldosterone in the regulation of water-salt metabolism; hyperaldosteronism. 

 

Theme 40. Hormonal regulation of calcium metabolism. Investigation of iodine in the thyroid gland. 

Physiologically active eicosanoids.  

Distribution of Ca2+ in the body, calcium molecular forms in human plasma. The role of bone, small 

intestine and kidney in calcium homeostasis. Parathyroid hormone - structure, mechanism of hypercalcemic 

action. Calcitriol: biosynthesis; effect on the absorption of Ca2+ and phosphate in the gut. Calcitonin - structure, 

the impact on the exchange of calcium and phosphate. Clinical and biochemical characteristics of disorders of 

calcium homeostasis (rickets, osteoporosis). Thyroid hormones. Structure and biosynthesis of thyroid hormones. 

Biological effects of T4 and T3. Pathology of the thyroid gland; features of disorder of metabolic processes in 

the conditions of hyper- and hypothyroidism. Eicosanoids: general characteristics, nomenclature. Biosynthesis 

of prostaglandins, thromboxane, leukotrienes. Biological and pharmacological properties of eicosanoids and 

their clinical application. Aspirin and other nonsteroidal anti-inflammatory drugs as inhibitors of prostaglandin 

synthesis. 

 

Theme 41. Steroid hormones of sex glands. Hormonal regulation of biochemical transformations of 

substances during nutrition. Regulation of the metabolism during starvation.  

Steroid hormones of sex glands. Female sex hormones: estrogen - estradiol, estrone (C18-steroids), 

progesterone (C21-steroids); physiological and biochemical effects of regulation of synthesis and secretion. 

Male sex hormones (androgens) - testosterone, dihydrotestosterone (C19-steroids); physiological and 

biochemical effects, regulation of secretion and synthesis. Clinical use of analogs and antagonists of gonads 

hormones. 

Regulation of metabolism at the normal rhythm of nutrition. Features of metabolism during starvation. 

The concept of genetically modified organisms, their role in the biochemistry of food and the possible 

consequences of their use. 

 

Theme 42. Relationship of all types of metabolism and its regulation. 

The main principles of metabolic control. Energy generation in the metabolic pathways. Generation of 

reduction equivalent. Formation of building blocks for biosynthetic processes. Role of acetyl-CoA in the 



integration of the metabolism of carbohydrates, lipids, proteins. The mechanism of formation of the final 

product - water in the metabolism of carbohydrates, lipids, proteins. The role of vitamins in metabolism of 

carbohydrates, lipids, proteins. The general scheme of the catabolism of carbohydrates, lipids, proteins. 

Combination of anabolic and catabolic reactions stages of carbohydrates, lipids, proteins. Effect of hormones on 

all types of metabolism. 

 

Theme 43. Investigation of the chemical composition and acid-base state of the blood. Determination of 

blood residual nitrogen.  

The physiological and biochemical function of the blood. Blood plasma proteins and their clinical and 

biochemical characteristics; blood protein fractions. System components of nonspecific resistance of organism 

and test proteins of "acute phase" of inflammatory - (C-reactive protein, α2-macroglobulin, α1-proteinase 

inhibitor, fibronectin, cryoglobulins, etc.). Enzymes of blood plasma; meaning for enzyme diagnostics of 

internal diseases. Kallikrein-kinin systeme. Non-protein (nitrogen and nitrogen-free) organic compounds in 

blood plasma. The inorganic components of plasma.  Classes of plasma lipoproteins: chemical composition; 

apoproteins. Qualitative and quantitative changes in blood lipoproteins during their circulation in the blood and 

cells. Clinical and biochemical characteristics of primary and secondary lipoproteinemia using WHO 

classification. Principles of laboratory diagnostics of dislipoproteinemia. The acid-base state of the human body. 

Mechanisms of regulation and maintenance of acid-base balance: the buffer system of blood, lung and kidney 

function. Hormonal regulation mechanisms. Indicators of acid-base state of human in clinic. Disorder of the 

acid-base balance: metabolic alkalosis and acidosis, respiratory alkalosis and acidosis and mechanisms of their 

occurrence. 

 

Theme 44. Investigation of coagulation, anticoagulant and fibrinolytic blood systems. 

Functional and biochemical characteristics of the hemostatic system in the human body; coagulation and 

vascular-platelet hemostasis. Blood clotting system; characteristics of the individual components (factors) of the 

clotting. Mechanisms of the activation and functioning of blood clotting cascade system; internal and external 

coagulation paths. The role of vitamin K in the coagulation reactions (carboxylation of glutamic acid into -
carboxyglutamic acid, role in the binding of calcium). Drugs - agonists and antagonists of vitamin K. Hereditary 

disorders of blood coagulation. Anticoagulant blood system. Functional characterization of heparin, 

antithrombin III, citric acid, prostacyclin. Changes in blood biochemical parameters during long-term 

administration of heparin.  Fibrinolytic blood system. Stages and components of fibrinolysis. Drugs that affect 

the processes of fibrinolysis. Plasminogen activators and plasmin inhibitors. 

 

Theme 45. Investigation of the chemical composition of erythrocytes. Normal and abnormal forms of 

hemoglobin. Investigation of end products of heme catabolism. Pathobiochemistry of jaundice. 

Respiratory function of erythrocytes. Hemoglobin: structure, properties and mechanisms of participation 

in the transport of oxygen and carbon dioxide. Variants of human hemoglobin; the molecular structure of 

hemoglobin disorders - hemoglobinopathies, thalassemia. 

Porphyrins: structure; biosynthesis reactions of protoporphyrin IX; heme formation. Regulation of the 

synthesis of porphyrins. Hereditary disorders of porphyrin metabolism (enzymopathies): erythropoietic 

porphyria, liver porphyria, neurological disorders, photodermatitis. The catabolism of hemoglobin: cleavage of 

heme tetrapyrol ring, decay of verdoglobin, convert biliverdin to bilirubin, the formation of bilirubin 

diglucuronide, excretion in the bile. Pathobiochemistry of jaundice; hemolytic (pre-hepatic), parenchymal 

(hepatic), obstructive (post-hepatic). Enzymatic, hereditary jaundice. 

 

Theme 46. Biochemistry of liver. Microsomal oxidation, cytochrome P-450. 

Homeostatic role of the liver in the metabolism of the whole organism. Biochemical functions of 

hepatocytes. The carbohydrate (glycogen), lipid regulating, protein, urea formation, pigment, chologenic 

functions of liver. Detoxification function of the liver: biotransformation of xenobiotics and endogenous toxins.  

Reaction types of chemical compounds biotransformation in the liver. Reactions of microsomal oxidation; 

inducers and inhibitors of microsomal monooxygenases. Conjugation reaction in hepatocytes: biochemical 

mechanisms, functional significance.  Electron transport chains of the endoplasmic reticulum. Genetic 

polymorphism and inducible synthesis of cytochrome P - 450. The origin and nature of the development of 

tolerance to the drug. Chemical carcinogenesis. 

 



Theme 47. Investigation of types of biological oxidation. The role of fat-soluble vitamins in the 

functioning of tissues and organs. 

The relationship of the formation and consumption of energy in the tissues and organs. The energy of 

chemical bonds as the main type of energy used by cells to ensure their livelihoods. 

The reactions of biological oxidation: reaction types (dehydrogenase, oxidase, oxygenase) and their 

biological significance.  Enzymes of biological oxidation: pyridine-, flavine-dependent dehydrogenases, 

cytochromes. The molecular organization of mitochondrial and microsomal chains of biological oxidation. 

General characteristics of fat-soluble vitamins as human food components. Fat-soluble vitamins A, D, E, K, F. 

Their biological properties, role in metabolism, symptoms of hypo- and hypervitaminosis. Bioantioxidant 

properties of fat-soluble vitamins. The use of vitamins in the prevention and treatment of diseases. 

 

Theme 48. Investigation of normal and abnormal urine components. 

Kidney functions. Physico-chemical properties of urine. Biochemical composition of human urine in 

normal and pathological processes conditions. Clinical and diagnostic meaning of analysis of urine composition. 

 

Theme 49. Biochemistry of connective tissue. 

General characteristics of the morphology and biochemical composition of the connective tissue. 

Biochemistry of intercellular substance of loose connective tissue; collagen, reticular, elastic fibers; amorphous 

ground substance. The proteins of the connective tissue fibers: collagen, elastin, proteoglycans and 

glycoproteins. The biosynthesis of collagen and formation of fibrillar structures. Complex carbohydrates of the 

main amorphous matrix of connective tissue - glycosaminoglycans (mucopolysaccharides). Mechanisms of 

participation of glycosaminoglycans molecules (hyaluronic acid, hondroitin, dermatan, keratan sulfates) in the 

construction of the basic substance of loose connective tissue. The distribution of different glycosaminoglycans 

in human organs and tissues. Pathobiochemistry of connective tissue. Biochemical mechanisms of 

mucopolysaccharidosis and collagenosis appearance. 

 

Theme 50. Biochemistry of nervous tissue. 

Features of the biochemical composition and metabolism of nerve tissue. The chemical composition of 

the brain. Features of the amino acid composition of the brain; role of glutamic acid system. Energy metabolism 

in the human brain, the meaning of the aerobic oxidation of glucose. Disorder of exchange of neurotransmitters 

and modulators of the brain under psychiatric disorders. The neurochemical mechanisms of action of 

psychotropic drugs (neuroleptics, antidepressants, anxiolytics, nootropics). 

 

6. Control of educational achievements 

 

6.1. The system of evaluation of students' educational achievements 

 

Students' knowledge is assessed both from theoretical and practical training according to the following 

criteria: 

• grade "excellent": the student has mastered the theoretical material, knows thoroughly and 
comprehensively the content of the discipline, the basic provisions of scientific sources and recommended 

literature, logically thinks and builds the answer, freely uses the acquired theoretical knowledge in the analysis 

of practical material, expressing his or her knowledge problems, demonstrates a high level of mastery of 

practical skills; 

• grade “good”: the student has mastered the theoretical material, has basic aspects of the primary sources 
and the recommended literature, justifies it; has sufficient practical skills, expresses his reasoning about certain 

problems, but assumes certain inaccuracies and errors in the presentation of theoretical content or in the analysis 

of demonstrated practical skills; 

• grade "satisfactory": the student has mostly mastered the theoretical knowledge of the discipline, 
focuses on primary sources and recommended literature, but unconvincingly answers, confuses the concept, 

additional questions cause the student uncertainty or lack of stable knowledge; answering practical questions, 

reveals inaccuracies in knowledge, insufficient appreciation of facts and phenomena related to its future 

activities; 

• unsatisfactory assessment: the student has not mastered the educational material of the discipline, does 
not know the scientific facts, definitions, is almost not oriented in the primary sources and recommended 



literature, there are no scientific thinking, practical skills are not formed. 

 

6.2. Independent work tasks and criteria and evaluation. 

 

Independent work of students, which is provided by the topic of the lesson along with the classroom 

work, is assessed during the ongoing control of the topic in the relevant lesson. The assimilation of topics that 

are presented only for independent work is checked during the final module control. 

 

6.3. Modular control forms and evaluation criteria. 

 

Assessment for the module is determined on the basis of the sum of the assessments of the current 

educational activity (in points) and the assessment of the final module control (FMC) (in points), which is 

presented in the assessment of theoretical knowledge and practical skills according to the list determined by the 

discipline program. 

The maximum number of points that a student can gain while studying each module is 200, including 120 

points for the current academic activity, and 80 points for the results of the final module control. 

Thus, the share of the results of the assessment of current educational activities and the final module 

control are 60% and 40% respectively. 

During the assessment of mastering of each topic of the module, students are given grades on a 4-point 

(traditional) scale and on a multi-scale scale using the accepted at the University and the approved assessment 

criteria for the respective discipline. This takes into account all types of work provided by methodological 

development for the study of the topic. 

Students' knowledge should be assessed at each session (on each topic). At the same time, in one class, 

students may receive several grades for different activities (oral response, practical skills, writing or computer 

control, etc.). 

Traditionally rated scores are converted to points. 

The conversion into points is made before the final module control (or at the last lesson for subjects 

whose form of control is credit). 

Before the final module control based on the traditional scale scores presented during the module study 

(for each lesson and for the individual task), the arithmetic mean (CA) of the traditional scale scores, rounded to 

2 (two) decimal places, is calculated. The resulting value is converted to a score on a multicolor scale as 

follows: 

Scale 200 points 

Disciplines completed by FMC СА : 5 х120 

Disciplines that complete the credit СА : 5 х 200 

Scores for individual tasks are awarded to the student only if they are successfully completed and 

protected. 

The number of points that are accrued for different types of individual tasks depends on their size and 

significance, but no more than 10-12 points. They are added to the amount of points earned by the student in the 

course during their current learning activities. In no case may the total amount of points for the current 

educational activity exceed 120 points. 

 

6.4. Forms of semester control and evaluation criteria. 

 

The final module control is carried out after completing the study of all topics of the module in the last 

control lesson from the module. 

The final module control is allowed to students who have attended all the classes provided in the 

discipline of the classroom and in the module have earned a score of at least the minimum. A student who, for 

good or no good reason, has missed training is allowed to complete his / her academic debt for a specified 

period of time. 

The forms of final control should be standardized and include a theoretical and practical background 

check. 

The maximum number of points that a student can earn during the preparation of the final module control 

is 80. 

The total module control is considered to be enrolled if the student has earned at least 60% of the 



maximum amount of points for the FMC (ie, at least 48 points). 

The number of points a student has earned from a discipline is defined as the arithmetic mean of the 

number of points from all modules of the discipline (the sum of points for all modules is divided by the number 

of modules of the discipline). 

Encouragement points (maximum 12 points) may be added to the number of points a student has earned 

from the discipline for winning international and national subject competitions, but in no case may the total 

amount of points for the discipline exceed 200 points. 

 

6.5. Indicative list of questions for semester control. 

 

1. Classification, nomenclature and isomerism of bioorganic compounds. The nature of the chemical bond. 

2. Classification of the chemical reactions. Reactivity of alkanes, alkenes, arenes. 

3. The reactivity of alcohols, phenols, amines. 

4. Structure and chemical properties of aldehydes, ketones. 

5. Structure, properties and biological significance of carboxylic acids and their functional derivatives. 

6. Fatty acids. Lipids. Phospholipids. 

7. Structure, reactivity and biological importance of heterofunctional compounds (α-, β-, γ-hydroxy acids, 

keto acids and phenolic acids). 

8. Carbohydrates. The structure and chemical properties of monosaccharides. 

9. Structure and function disaccharides and polysaccharides. 

10. Classification, structure and value of biologically important heterocyclic compounds. 

11. Structure and biochemical features of nucleosides and nucleotides. 

12. Structure and biological role of nucleic acids. 

13. Amino acid composition of proteins and peptides. Structural organization of proteins. 

14. Physico-chemical properties of proteins. Precipitation reactions. Denaturation. 

15. Subject and tasks of biochemistry. The study of the structure and physico-chemical properties of 

proteins. Quantitative protein determination by biuret method. Proof of protein nature of enzymes. 

16. Study of the structure and physicochemical properties of enzymes. 

17. Determination of enzyme activity, the study of the kinetics of enzymatic catalysis and the effect of 

activators and inhibitors. 

18. Investigation of the role of cofactors and coenzyme forms of vitamins in the catalytic activity of 

enzymes. 

19. Study involved vitamins and coenzyme forms of vitamins in different biochemical processes. 

20. Study of oxidative phosphorylation and ATP synthesis; inhibitors and separators of oxidative 

phosphorylation. 

21. Metabolism and energy exchange. Research of functioning of the citric acid cycle. 

22. Investigation of the features of carbohydrate digestion. Biosynthesis and catabolism of glycogen. 

Transformation of other monosaccharides into glucose. 

23. Investigation of the anaerobic oxidation of glucose. Biosynthesis of glucose - gluconeogenesis. 

24. Study of aerobic glucose oxidation. Pentose phosphate pathway of glucose conversion. 

25. Structure and function of cell membranes. 

26. Investigation of the features of lipid digestion. Violation of digestion of lipids and transport exogenous 

lipids in the blood. 

27. Study of exchange of fatty acids and ketone bodies. Beta-oxidation of fatty acids. Biosynthesis and 

biotransformation of cholesterol. 

28. Study of the biosynthesis of fatty acids, triacylglycerols and phosphoglycerides. Disorders of lipid 

metabolism: obesity and fatty infiltration of liver. 

29. Investigation of chemical composition of gastric juice. Features of protein digestion. 

30. Investigation of amino acid transformations (transamination, deamination, decarboxylation). 

31. Investigation of ammonia detoxification and biosynthesis of urea. 

32. Specialized ways of exchange of individual amino acids. Biosynthesis of creatine. Violation of amino 

acid metabolism. 

33. Study of the biosynthesis and catabolism of purine nucleotides. Determination of the end products of 

their metabolism. 

34. Study of pyrimidine nucleotide metabolism. Study of nucleic acids composition. 



35. Study of DNA replication. Analysis of DNA mutations and repair mechanisms. 

36. RNA transcription. Protein biosynthesis in ribosomes. Stages and mechanism of translation, the 

regulation of translation. Antibiotics are inhibitors of transcription and translation. 

37. Study of molecular-cellular mechanisms of action of hormones on the target cell. The hormones of the 

pituitary and hypothalamus. 

38. Investigation of the effects of pancreatic hormones and hormones of gastrointestinal tract. The 

mechanism of metabolic disorders in diabetes mellitus. 

39. Hormonal regulation of blood glucose levels. Construction of sugar curves. Adrenal hormones. 

40. Hormonal regulation of calcium metabolism. Investigation of iodine in the thyroid gland. Physiologically 

active eicosanoids. 

41. Steroid hormones of sex glands. Hormonal regulation of biochemical transformations of substances 

during nutrition. Regulation of the metabolism during starvation. 

42. Relationship of all types of metabolism and its regulation. 

43. Investigation of the chemical composition and acid-base state of the blood. Determination of blood 

residual nitrogen. 

44. Investigation of coagulation, anticoagulant and fibrinolytic blood systems. 

45. Investigation of the chemical composition of erythrocytes. Normal and abnormal forms of hemoglobin. 

Investigation of end products of heme catabolism. Pathobiochemistry of jaundice. 

46. Biochemistry of liver. Microsomal oxidation, cytochrome P-450.  

47. Investigation of types of biological oxidation. The role of fat-soluble vitamins in the functioning of 

tissues and organs. 

48. Investigation of normal and abnormal urine components.  

49. Biochemistry of connective tissue. 

50. Biochemistry of nervous tissue. 

 

6.6. Rating scale 

 

The result obtained in the 200-point scale is converted to the traditional four-point system and ECTS 

according to the following table: 

Score in 200-point system 
Score on the traditional four-

point scale 
Score on the ECTS system  

180-200 5 A 

164-179 
4 

B 

150-163 C 

135-149 
3 

D 

120-134 E 

<120 2 FX 

 

7. Educational-methodical card of discipline 
Thematic plan of lectures  

№ Theme Hours 

Моdule 1. Biologically important classes of bioorganic compounds. Biopolymers and their structural 
components. 

Sub-module 1. Theoretical base of the structure and reactivity of bioorganic compounds. 

1 Classification, nomenclature and isomerism of bioorganic compounds. The nature of the 

chemical bond. 

Classification of the chemical reactions. Reactivity of alkanes, alkenes, arenes. 

The reactivity of alcohols, phenols, amines. 

Structure and chemical properties of aldehydes, ketones. 

2 

2 Structure, properties and biological significance of carboxylic acids and their functional 

derivatives. 

Fatty acids. Lipids. Phospholipids. 

Structure, reactivity and biological importance of heterofunctional compounds (α-, β-, γ-

hydroxy acids, keto acids and phenolic acids). 

2 



№ Theme Hours 

 Total for sub-module 1 4 

Sub-module 2. Structure and biological functions of carbohydrates. 

3 Carbohydrates. The structure and chemical properties of monosaccharides. 

Structure and function disaccharides and polysaccharides. 

2 

 Total for sub-module 2 2 

Sub-module 3. Biologically active heterocyclic compounds 

4 Classification, structure and value of biologically important heterocyclic compounds. 

Structure and biochemical features of nucleosides and nucleotides. 

Structure and biological role of nucleic acids. 

2 

 Total for sub-module 3 2 

Sub-module 4. α-Amino acids, peptides, proteins. 

5 Amino acid composition of proteins and peptides. Structural organization of proteins. 

Physico-chemical properties of proteins. Precipitation reactions. Denaturation. 

2 

 Total for sub-module 4 2 

 Total for module 1 10 

Моdule 2. General metabolic patterns. The metabolism of carbohydrates, lipids, proteins, and its regulation 

Sub-module 5. The role of enzymes and vitamins in metabolism 

6 Subject and tasks of biochemistry. The study of the structure and physico-chemical 

properties of proteins. Quantitative protein determination by biuret method. Proof of 

protein nature of enzymes. 

Study of the structure and physicochemical properties of enzymes. 

Determination of enzyme activity, the study of the kinetics of enzymatic catalysis and the 

effect of activators and inhibitors. 

2 

7 Investigation of the role of cofactors and coenzyme forms of vitamins in the catalytic 

activity of enzymes. 

Study involved vitamins and coenzyme forms of vitamins in different biochemical 

processes. 

2 

 Total for sub-module 5 4 

Sub-module 6. Metabolism and energy exchange.  

Sub-module 7. Metabolism of carbohydrates and its regulation 

8 Investigation of the anaerobic oxidation of glucose. Biosynthesis of glucose - 

gluconeogenesis. 

Metabolism and energy exchange. Research of functioning of the citric acid cycle. 

2 

9 Study of oxidative phosphorylation and ATP synthesis; inhibitors and separators of 

oxidative phosphorylation.  

Study of aerobic glucose oxidation. Pentose phosphate pathway of glucose conversion. 

3 

10 Investigation of the features of carbohydrate digestion. Biosynthesis and catabolism of 

glycogen. Transformation of other monosaccharides into glucose. 

1 

 Total for sub-module 6, 7 6 

Sub-module 8. Lipid metabolism and its regulation 

11 Structure and function of cell membranes. 

Investigation of the features of lipid digestion. Violation of digestion of lipids and 

transport exogenous lipids in the blood. 

2 

12 Study of exchange of fatty acids and ketone bodies. Beta-oxidation of fatty acids. 

Biosynthesis and biotransformation of cholesterol. 

Study of the biosynthesis of fatty acids, triacylglycerols and phosphoglycerides. Disorders 

of lipid metabolism: obesity and fatty infiltration of liver. 

2 

 Total for sub-module 8 4 

Sub-module 9. Metabolism of amino acids. Enzymopathies of amino acid metabolism. 

13 Investigation of chemical composition of gastric juice. Features of protein digestion. 

Investigation of amino acid transformations (transamination, deamination, 

decarboxylation). 

Investigation of ammonia detoxification and biosynthesis of urea. 

2 



№ Theme Hours 

Specialized ways of exchange of individual amino acids. Biosynthesis of creatine. 

Violation of amino acid metabolism. 

 Total for sub-module 9 2 

 Total for module 2 16 

Моdule 3. Molecular biology. Biochemistry of intercellular communication. Biochemistry of tissues and 

physiological functions. 

Sub-module 10. Basics of molecular biology. 

14 Study of the biosynthesis and catabolism of purine nucleotides. Determination of the end 

products of their metabolism. 

Study of pyrimidine nucleotide metabolism. Study of nucleic acids composition. 

2 

15 Study of DNA replication. Analysis of DNA mutations and repair mechanisms. 

RNA transcription. Protein biosynthesis in ribosomes. Stages and mechanism of 

translation, the regulation of translation. Antibiotics are inhibitors of transcription and 

translation. 

2 

 Total for sub-module 10 4 

Sub-module 11. Molecular mechanisms of action of hormones on target cells and the biochemistry of 

hormone regulation. 

16 Study of molecular-cellular mechanisms of action of hormones on the target cell. The 

hormones of the pituitary and hypothalamus. 

Investigation of the effects of pancreatic hormones and hormones of gastrointestinal tract. 

The mechanism of metabolic disorders in diabetes mellitus. 

2 

17 Hormonal regulation of blood glucose levels. Construction of sugar curves. Adrenal 

hormones. 

Hormonal regulation of calcium metabolism. Investigation of iodine in the thyroid gland. 

Physiologically active eicosanoids. 

2 

 

 

 

18 Steroid hormones of sex glands. Hormonal regulation of biochemical transformations of 

substances during nutrition. Regulation of the metabolism during starvation. 

Relationship of all types of metabolism and its regulation. 

2 

 Total for sub-module 11 6 

Sub-module 12. Biochemistry and pathobiochemistry of blood. 

19 Investigation of the chemical composition and acid-base state of the blood. Determination 

of blood residual nitrogen. 

Investigation of coagulation, anticoagulant and fibrinolytic blood systems. 

Investigation of the chemical composition of erythrocytes. Normal and abnormal forms of 

hemoglobin. Investigation of end products of heme catabolism. Pathobiochemistry of 

jaundice. 

2 

 Total for sub-module 12 2 

Sub-module 13. Biochemistry of tissues and organs. 

20 Biochemistry of liver. Microsomal oxidation, cytochrome P-450. 

Investigation of types of biological oxidation. The role of fat-soluble vitamins in the 

functioning of tissues and organs. 

Investigation of normal and abnormal urine components.  

Biochemistry of connective tissue. 

Biochemistry of nervous tissue. 

2 

 Total for sub-module 13 2 

 Total for module 3 10 

 Total for subject 30 

 

Thematic plan of practical lessons 

№ Theme Hours 

Моdule 1. Biologically important classes of bioorganic compounds. Biopolymers and their structural 
components. 

Sub-module 1. Theoretical base of the structure and reactivity of bioorganic compounds. 



№ Theme Hours 

1 Classification, nomenclature and isomerism of bioorganic compounds. The nature of the 

chemical bond. 

2 

2 Classification of the chemical reactions. Reactivity of alkanes, alkenes, arenes. 2 

3 The reactivity of alcohols, phenols, amines. 2 

4 Structure and chemical properties of aldehydes, ketones. 2 

5 Structure, properties and biological significance of carboxylic acids and their functional 

derivatives. 

2 

6 Fatty acids. Lipids. Phospholipids. 2 

7 Structure, reactivity and biological importance of heterofunctional compounds (α-, β-, γ-

hydroxy acids, keto acids and phenolic acids). 

2 

 Total for sub-module 1 14 

Sub-module 2. Structure and biological functions of carbohydrates. 

8 Carbohydrates. The structure and chemical properties of monosaccharides. 2 

9 Structure and function disaccharides and polysaccharides. 2 

 Total for sub-module 2 4 

Sub-module 3. Biologically active heterocyclic compounds 

10 Classification, structure and value of biologically important heterocyclic compounds. 4 

11 Structure and biochemical features of nucleosides and nucleotides. 2 

12 Structure and biological role of nucleic acids. 2 

 Total for sub-module 3 8 

Sub-module 4. α-Amino acids, peptides, proteins. 

13 Amino acid composition of proteins and peptides. Structural organization of proteins. 2 

14 Physico-chemical properties of proteins. Precipitation reactions. Denaturation. 2 

 Total for sub-module 4 4 

 Total for module 1 30 

Моdule 2. General metabolic patterns. The metabolism of carbohydrates, lipids, proteins, and its regulation 

Sub-module 5. The role of enzymes and vitamins in metabolism 

15 Subject and tasks of biochemistry. The study of the structure and physico-chemical 

properties of proteins. Quantitative protein determination by biuret method. Proof of protein 

nature of enzymes. 

4 

16 Study of the structure and physicochemical properties of enzymes. 2 

17 Determination of enzyme activity, the study of the kinetics of enzymatic catalysis and the 

effect of activators and inhibitors. 

2 

18 Investigation of the role of cofactors and coenzyme forms of vitamins in the catalytic 

activity of enzymes. 

2 

19 Study involved vitamins and coenzyme forms of vitamins in different biochemical 

processes. 

2 

 Total for sub-module 5 12 

Sub-module 6. Metabolism and energy exchange.  

Sub-module 7. Metabolism of carbohydrates and its regulation 

20 Investigation of the features of carbohydrate digestion. Investigation of the anaerobic 

oxidation of glucose. Biosynthesis of glucose - gluconeogenesis. 

2 

21 Metabolism and energy exchange. Research of functioning of the citric acid cycle. 2 

22 Study of oxidative phosphorylation and ATP synthesis; inhibitors and separators of 

oxidative phosphorylation. 

2 

23 Study of aerobic glucose oxidation. Pentose phosphate pathway of glucose conversion. 2 

24 Biosynthesis and catabolism of glycogen. Transformation of other monosaccharides into 

glucose. 

4 

 Total for sub-module 6,7 12 

Sub-module 8. Lipid metabolism and its regulation 

25 Structure and function of cell membranes. 2 

26 Investigation of the features of lipid digestion. Violation of digestion of lipids and transport 2 



№ Theme Hours 

exogenous lipids in the blood. 

27 Study of exchange of fatty acids and ketone bodies. Beta-oxidation of fatty acids. 

Biosynthesis and biotransformation of cholesterol. 

4 

28 Study of the biosynthesis of fatty acids, triacylglycerols and phosphoglycerides. Disorders 

of lipid metabolism: obesity and fatty infiltration of liver. 

6 

 Total for sub-module 8 14 

Sub-module 9. Metabolism of amino acids. Enzymopathies of amino acid metabolism. 

29 Investigation of chemical composition of gastric juice. Features of protein digestion. 3 

30 Investigation of amino acid transformations (transamination, deamination, decarboxylation). 5 

31 Investigation of ammonia detoxification and biosynthesis of urea. 4 

32 Specialized ways of exchange of individual amino acids. Biosynthesis of creatine. Violation 

of amino acid metabolism. 
5 

 Total for sub-module 9 17 

 Total for module 2 55 

Моdule 3. Molecular biology. Biochemistry of intercellular communication. Biochemistry of tissues and 

physiological functions. 

Sub-module 10. Basics of molecular biology. 

33 Study of the biosynthesis and catabolism of purine nucleotides. Determination of the end 

products of their metabolism. 

4 

34 Study of pyrimidine nucleotide metabolism. Study of nucleic acids composition. 2 

35 Study of DNA replication. Analysis of DNA mutations and repair mechanisms. 

RNA transcription. Protein biosynthesis in ribosomes. Stages and mechanism of translation, 

the regulation of translation. Antibiotics are inhibitors of transcription and translation. 

2 

 Total for sub-module 10 8 

Sub-module 11. Molecular mechanisms of action of hormones on target cells and the biochemistry of 

hormone regulation. 

36 Study of molecular-cellular mechanisms of action of hormones on the target cell. The 

hormones of the pituitary and hypothalamus. 

2 

37 Investigation of the effects of pancreatic hormones and hormones of gastrointestinal tract. 

The mechanism of metabolic disorders in diabetes mellitus. 

2 

38 Hormonal regulation of blood glucose levels. Construction of sugar curves. Adrenal 

hormones. 

Hormonal regulation of calcium metabolism. Investigation of iodine in the thyroid gland. 

Physiologically active eicosanoids. 

2 

39 Steroid hormones of sex glands. Hormonal regulation of biochemical transformations of 

substances during nutrition. Regulation of the metabolism during starvation. 

2 

40 Relationship of all types of metabolism and its regulation. 2 

 Total for sub-module 11 10 

Sub-module 12. Biochemistry and pathobiochemistry of blood. 

41 Investigation of the chemical composition and acid-base state of the blood. Determination 

of blood residual nitrogen. 

2 

42 Investigation of coagulation, anticoagulant and fibrinolytic blood systems. 2 

43 Investigation of the chemical composition of erythrocytes. Normal and abnormal forms of 

hemoglobin. Investigation of end products of heme catabolism. Pathobiochemistry of 

jaundice. 

3 

 Total for sub-module 12 7 

Sub-module 13. Biochemistry of tissues and organs. 

44 Biochemistry of liver. Microsomal oxidation, cytochrome P-450. 2 

45 Investigation of types of biological oxidation.  

The role of fat-soluble vitamins in the functioning of tissues and organs. 

Laboratory work №8. "Study of types of biological oxidation". 

2 

46 Investigation of normal and abnormal urine components.  2 



№ Theme Hours 

Laboratory work №9. "Study of normal and pathological components of urine" 

47 Biochemistry of connective tissue. 4 

48 Biochemistry of nervous tissue. 2 

 Total for sub-module 13 12 

 Semester control 4 

 Total for module 3 45 

 Total for subject 130 

 

Thematic plan of self-training 

№ Theme Hours 

Моdule 1. Biologically important classes of bioorganic compounds. Biopolymers and their structural 

components. 

Sub-module 1. Theoretical base of the structure and reactivity of bioorganic compounds. 

1 Classification, nomenclature and isomerism of bioorganic compounds. The nature of the 

chemical bond. 
3 

2 Classification of the chemical reactions. Reactivity of alkanes, alkenes, arenes. 3 

3 The reactivity of alcohols, phenols, amines. 3 

4 Structure and chemical properties of aldehydes, ketones. 3 

5 Structure, properties and biological significance of carboxylic acids and their functional 

derivatives. 
4 

6 Fatty acids. Lipids. Phospholipids. 3 

7 Structure, reactivity and biological importance of heterofunctional compounds (α-, β-, γ-

hydroxy acids, keto acids and phenolic acids). 
3 

 Total for sub-module 1 22 

Sub-module 2. Structure and biological functions of carbohydrates. 

8 Carbohydrates. The structure and chemical properties of monosaccharides. 3 

9 Structure and function disaccharides and polysaccharides. 4 

 Total for sub-module 2 7 

Sub-module 3. Biologically active heterocyclic compounds 

10 Classification, structure and value of biologically important heterocyclic compounds. 3 

11 Structure and biochemical features of nucleosides and nucleotides. 3 

12 Structure and biological role of nucleic acids. 4 

 Total for sub-module 3 10 

Sub-module 4. α-Amino acids, peptides, proteins. 

13 Amino acid composition of proteins and peptides. Structural organization of proteins. 5 

14 Physico-chemical properties of proteins. Precipitation reactions. Denaturation. 6 

 Total for sub-module 4 12 

 Total for module 1 50 

Моdule 2. General metabolic patterns. The metabolism of carbohydrates, lipids, proteins, and its regulation 

Sub-module 5. The role of enzymes and vitamins in metabolism 

15 Subject and tasks of biochemistry. The study of the structure and physico-chemical 

properties of proteins. Quantitative protein determination by biuret method. Proof of 

protein nature of enzymes. 

2 

16 Study of the structure and physicochemical properties of enzymes. 1 

17 Determination of enzyme activity, the study of the kinetics of enzymatic catalysis and the 

effect of activators and inhibitors. 
1 

18 Investigation of the role of cofactors and coenzyme forms of vitamins in the catalytic 

activity of enzymes. 
1 

19 Study involved vitamins and coenzyme forms of vitamins in different biochemical 

processes. 
1 

 Total for sub-module 5 6 

Sub-module 6. Metabolism and energy exchange. 



№ Theme Hours 

20 Study of oxidative phosphorylation and ATP synthesis; inhibitors and separators of 

oxidative phosphorylation. 

2 

21 Metabolism and energy exchange. Research of functioning of the citric acid cycle. 2 

 Total for sub-module 6 4 

Sub-module 7. Metabolism of carbohydrates and its regulation 

22 Investigation of the features of carbohydrate digestion. Biosynthesis and catabolism of 

glycogen. Transformation of other monosaccharides into glucose. 

2 

23 Investigation of the anaerobic oxidation of glucose. Biosynthesis of glucose - 

gluconeogenesis. 

2 

24 Study of aerobic glucose oxidation. Pentose phosphate pathway of glucose conversion. 2 

 Total for sub-module 7 6 

Sub-module 8. Lipid metabolism and its regulation 

25 Structure and function of cell membranes. 1 

26 Investigation of the features of lipid digestion. Violation of digestion of lipids and 

transport exogenous lipids in the blood. 
1 

27 Study of exchange of fatty acids and ketone bodies. Beta-oxidation of fatty acids. 

Biosynthesis and biotransformation of cholesterol. 
1 

28 Study of the biosynthesis of fatty acids, triacylglycerols and phosphoglycerides. Disorders 

of lipid metabolism: obesity and fatty infiltration of liver. 
1 

 Total for sub-module 8 4 

Sub-module 9. Metabolism of amino acids. Enzymopathies of amino acid metabolism. 

29 Investigation of chemical composition of gastric juice. Features of protein digestion. 1,5 

30 Investigation of amino acid transformations (transamination, deamination, 

decarboxylation). 
2 

31 Investigation of ammonia detoxification and biosynthesis of urea. 1 

32 Specialized ways of exchange of individual amino acids. Biosynthesis of creatine. 

Violation of amino acid metabolism. 
2 

 Total for sub-module 9 6,5 

 Total for module 2 26,5 

Моdule 3. Molecular biology. Biochemistry of intercellular communication. Biochemistry of tissues and 

physiological functions. 

Sub-module 10. Basics of molecular biology. 

33 Study of the biosynthesis and catabolism of purine nucleotides. Determination of the end 

products of their metabolism. 
3 

34 Study of pyrimidine nucleotide metabolism. Study of nucleic acids composition. 3 

35 Study of DNA replication. Analysis of DNA mutations and repair mechanisms. 

RNA transcription. Protein biosynthesis in ribosomes. Stages and mechanism of 

translation, the regulation of translation. Antibiotics are inhibitors of transcription and 

translation. 

6 

 Total for sub-module 10 12 

Sub-module 11. Molecular mechanisms of action of hormones on target cells and the biochemistry of 

hormone regulation. 

36 Study of molecular-cellular mechanisms of action of hormones on the target cell. The 

hormones of the pituitary and hypothalamus. 

1 

37 Investigation of the effects of pancreatic hormones and hormones of gastrointestinal tract. 

The mechanism of metabolic disorders in diabetes mellitus. 

1 

38 Hormonal regulation of blood glucose levels. Construction of sugar curves. Adrenal 

hormones. 

Hormonal regulation of calcium metabolism. Investigation of iodine in the thyroid gland. 

Physiologically active eicosanoids. 

4 

39 Steroid hormones of sex glands. Hormonal regulation of biochemical transformations of 

substances during nutrition. Regulation of the metabolism during starvation. 

2 



№ Theme Hours 

40 Relationship of all types of metabolism and its regulation. 2 

 Total for sub-module 11 10 

Sub-module 12. Biochemistry and pathobiochemistry of blood. 

41 Investigation of the chemical composition and acid-base state of the blood. Determination 

of blood residual nitrogen. 
3 

42 Investigation of coagulation, anticoagulant and fibrinolytic blood systems. 3 

43 Investigation of the chemical composition of erythrocytes. Normal and abnormal forms of 

hemoglobin. Investigation of end products of heme catabolism. Pathobiochemistry of 

jaundice. 

3 

 Total for sub-module 12 9 

Sub-module 13. Biochemistry of tissues and organs. 

44 Biochemistry of liver. Microsomal oxidation, cytochrome P-450. 1 

45 Investigation of types of biological oxidation. The role of fat-soluble vitamins in the 

functioning of tissues and organs. 
1 

46 Investigation of normal and abnormal urine components.  1,5 

47 Biochemistry of connective tissue. 2 

48 Biochemistry of nervous tissue. 2 

 Total for sub-module 13 7,5 

 Total for module 3 26,5 

 Total for subject 115 

 

8. Recommended resourсes 

Main (Basic) 

1. Biological and Bioorganic Chemistry: in 2 books. - Book 1. Bioorganic Chemistry: textbook / B.S. 

Zimenkovsky, V.А. Muzychenko, I.V. Nizhenkovska et al.; edited by B.S. Zimenkovsky, I.V. 
Nizhenkovska. – Kyiv: AUS Medicine Publishing. – 2018. – 288 p. 

2. Ferrier D. Lippincott Illustrated Reviews: Biochemistry. – Philadelphia. – 2016. – 560 p. 

3. Campbell M.K., Farrell S. O. Biochemistry, 8th Edition. Cengage Learning. – 2015. – 864 p. 

 

Additional 
1. Garrett R. H., Grisham C. M. Biochemistry. – Cengage Learning. – 2016. – 1280 p. 

2. Devlin, Thomas M. Textbook of Biochemistry: With Clinical Correlations. – Hoboken, NJ: John Wiley & 

Sons. – 2011. – 1240 p. 

3. Vranken D. V., Weiss G. A. Introduction to Bioorganic Chemistry and Chemical Biology. Garland Science 

(Taylor & Francis). – 2012. – 504 p. 

4. Smith J. Principles of General, Organic, & Biological Chemistry, 2nd Edition. McGraw-Hill, NY. – 2012. 

– 736 p. 

 

9. Additional resources 

1. http://guides.lib.vt.edu/oer/chemistry - chemical books. 

 

https://www.bookdepository.com/author/Denise-Ferrier
https://www.google.com.ua/search?tbo=p&tbm=bks&q=inauthor:%22Reginald+H.+Garrett%22
https://www.google.com.ua/search?tbo=p&tbm=bks&q=inauthor:%22Charles+M.+Grisham%22
https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&text=Janice+Smith&search-alias=books&field-author=Janice+Smith&sort=relevancerank
http://guides.lib.vt.edu/oer/chemistry

