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Lecture № 1 

“Lipids, phospholipids, steroids: properties and biological role. 

Characteristics of phospholipids as functional components of biomembranes” 

 

Actuality of theme: Lipids, along with other organic compounds, are the 

structural basis of all living organisms and play an important role in life processes. 

Lipids have plastic, energetic, regulatory and protective functions. Fats are an 

obligatory component of food. Knowledge of the structure and chemical properties of 

lipids is necessary for further study of their biological functions in the courses of 

biological chemistry, physiology. Violation of lipid metabolism affects the general 

state of the body. Knowledge of the general properties of lipids (saponifiable and 

unsaponifiable) will allow future doctors to understand the pathogenesis of diseases, 

competently diagnose it and solve the issues of medical therapy. 

Aims:  to form a systematic knowledge of the structure, chemical properties and 

biological role of simple saponifiable lipids - triacylglycerols and their structural 

components as a chemical basis for studying the structure of biological membranes and 

lipid exchange processes. 

Basic concepts: lipids, triacylglycerols, structure of biological membrane, lipid 

exchange processes, saponifiable and unsaponifiable lipids. 

Plan and organizational structure of the lecture:  

1. The main structural components of lipids. 

2.Classification of lipids and their biological functions. 

3.Features of the structure of the structural components of saponifiable 

lipids. 

4.Chemical properties of lipids. 

5.Fats, oils, waxes. Their consistency and chemical properties. 

6.Analytical characteristics of fats. 

7.Surface-active properties of lipids, diphilic structure of their molecules. 

 

Content of lecture material (lecture text) 

 

 Lipids are fat-like substances that are part of living organisms, poorly soluble 

in water and well soluble in non-polar organic solvents. Under this name, substances 

that are extracted from plant and animal tissues by extraction with non-polar organic 

solvents are combined different in chemical structure and biological functions. 

 

Lipid classification 

 LIPIDS subdivided into 

- simple (triglycerides, waxes) 

- complex (phospholipids, sphingolipids, lipoproteins, glycolipids) 

 - steroids (and their derivatives) 

- isoprenoids (vitamin A, carotene, lycopene, terpenes) 

- a group of others (diacylglycerols, higher carboxylic acids, etc.) 
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 Depending on the ability to hydrolysis with the formation of salts of higher 

fatty acids (soaps), lipids are divided into saponifiable and unsaponifiable ones. 

Saponifiable Lipids 

 Saponifiable lipids consist of two or more structural components into which 

they break down upon hydrolysis by acids, alkalis, or lipase enzymes. 

Classification and basic structural components. 

 The main structural components of saponifiable lipids are alcohols and higher 

fatty acids. Saponifiable lipids of a more complex structure may contain residues of 

phosphoric acid, amino alcohols, as well as residues of mono- and oligosaccharides. 

 Higher fatty acids are saturated or unsaturated carboxylic acids isolated from 

fats by hydrolysis. Their structure is characterized by the following main features: 

• have an unbranched structure with an even number of carbon atoms from C4 to 

C80, but most often there are acids of the composition C16, C18 and C20; 

• unsaturated acids, as a rule, contain a double bond at position 9; 

• if there are several double bonds, then they are separated by a CH2 group; 

• double bonds in unsaturated acids have a cis configuration. 

Table 1 

Essential fatty acids in lipids 

Title  

The 

number of 

C atoms 

Formula  Structure  

Saturated 

Oil С4 C3H7COOH СH3(CH2)2COOH 

Caproic С6 C5H11COOH СH3(CH2)4COOH 

Caprylic С8 C7H15COOH СH3(CH2)6COOH 

Capric С10 C9H19COOH СH3(CH2)8COOH 

Lauric С12 C11H23COOH СH3(CH2)10COOH 

Myristic С14 C13H27COOH СH3(CH2)12COOH 

Palmitic С16 C15H31COOH СH3(CH2)14COOH 

Stearic С18 C17H35COOH СH3(CH2)16COOH 

Arachinic  С20 C19H39COOH СH3(CH2)18COOH 

Unsaturated 

Oleic С18 C17H33COOH 

 

Linoleic С18 C17H31COOH 

 

Linolenic С18 C17H29COOH 

 

Arachidoni

c 

С20 C19H31COOH 
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 According to the position of the double bond relative to the last carbon atom, 

polyunsaturated fatty acids are divided by 

• ω-6 fatty acids – linoleic (C18:2; 9,12), γ-linolenic (C18:3; 6,9,12), arachidonic 

(C20:4; 5,8,11,14). These acids form vitamin F, and are found in vegetable oils. 

• ω-3-fatty acids – α-linolenic (C18:3; 9,12,15), timnodonic (eicosopentaenoic, 

C20:5; 5,8,11,14,17), clupanodonic (decosopentaenoic, C22:5; 7, 10,13,16,19), 

cervonic (decosohexaenoic, C22:6; 4,7,10,13,16,19). The most significant source of 

acids of this group is the fat of fish from the cold seas. An exception is α-linolenic acid, 

which is found in hemp, linseed, and corn oils. 

 Unsaturated fatty acids (linoleic, linolenic, arachidonic) are indispensable and 

enter the human body mainly with vegetable oils. Saturated fatty acids are synthesized 

in the body from acetic acid enzymatically. 

 In the composition of lipids, higher fatty acids are linked by ester or amide 

bonds with alcohols, the most important of which are the trihydric alcohol glycerol and 

the amino alcohol sphingosine. 
C

C

C

H

H

H

OH

OH

OH

2

2            
           Glycerol                  glycerol                  sphingosine 

 

 In accordance with their chemical structure and biological functions, three 

main groups of saponifiable lipids are distinguished: neutral lipids, phospholipids and 

glycolipids. 

 
1.2. Neutral lipids 

 Neutral lipids are esters of higher fatty acids and alcohols (higher 

monatomic, glycerol, cholesterol, etc.). The most important of these are 

triacylglycerides and waxes. 

  

Triacylglycerides 

 Triacylglycerides are esters of glycerol and higher fatty acids. 

 General formula: 

saponifiable lipids

neutral lipids

triglycerides

waxes

phospholipids

phosphosphingolipides

phosphoglycerides

glycolipids
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 Simple triacylglycerides contain identical, mixed residues of different fatty 

acids. The names of triacylglycerides are based on the names of the acyl residues that 

make up their fatty acids. 

 
        trioleinoglycerol           distearoyl-2-oleinoglycerol 

 Mixed triacylglycerides may contain a chiral carbon atom in position 2 and 

have enantiomers, for example: 

 
 Triacylglycerides are low-polar, water-insoluble substances, since their 

molecules do not contain highly polar or charged groups. Triacylglycerides, containing 

predominantly unsaturated acid residues, are, under ordinary conditions, liquids, 

triglycerides of saturated acids are solids. They are part of animal fats and vegetable 

oils, which are mixtures of triacylglycerides. Animal fats contain mainly 

triacylglycerides with saturated acid residues and therefore have a solid consistence. 

Vegetable oils comprise mainly unsaturated acid residues and are liquids. 

 Solid fats, when the temperature rises, become liquid within a certain 

temperature range, as they consist of a mixture of various triglycerides. 

 The chemical properties of triacylglycerides are determined by the 

presence of an ester bond and unsaturation. As esters, triacylglycerides are 

hydrolyzed by acids and alkalis, and also enter into a transesterification reaction. 
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 With alkaline hydrolysis (saponification) of fats, salts of fatty acids (soaps) are 

formed. Their molecules are diphilic (they contain a polar “head” and a non-polar 

“tail”), which causes their surface-active properties and a washing effect. 

 Triacylglycerides containing unsaturated fatty acid residues enter into double 

bond addition reactions. 

CH2

CH

CH2

O

O

O

C

C

C

O

O

O
C15H31

C17H35

(CH2)7 CH CH (CH2)7 CH3

+    I2

CH2

CH

CH2

O

O

O

C

C

C

O

O

O
C15H31

C17H35

(CH2)7 CH CH (CH2)7
CH3

I I

 
 The halogen addition reaction is used to determine the content of unsaturated 

acid residues in fats. A quantitative characteristic of the degree of fat unsaturation is 

the iodine number — the amount of iodine (in g) that 100 g of fat can absorb. 

 The higher the iodine number, the more unsaturated acids are part of the fat 

(oil). For solid fats, the iodine number is 35 - 85, for oils - 150 - 200. So, the iodine 

number of butter is 36, pork fat is 59, human fat is 64, corn oil is 121, sunflower oil is 

145, linseed oil is 179 . 

 An important industrial process is the hydrogenation of fats – the catalytic 

hydrogenation of vegetable oils, as a result of which hydrogen saturates double bonds, 

and liquid oils turn into solid fats (margarine). 

 
glycerol trioleate    glycerol triostearate 

 

 Vegetable oils have the highest nutritional value, which, along with essential 

fatty acids, contain the necessary phospholipids, vitamins, useful phytosterols (vitamin 

D precursors) for the body and practically do not contain cholesterol. 

 Most fats in the air rancid – they get an unpleasant taste and smell. Rancidity 

occurs due to the oxidation of unsaturated higher fatty acids and is accompanied by 

hydrolysis. 

 There are two types of rancidity – hydrolytic and oxidative. Free fatty acids, 

such as butyric, aldehydes and short-chain ketones, which also have an unpleasant odor 
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and taste, can also form. The rancidity process is accelerated in the presence of 

moisture, elevated temperature, in the light. 

 
               pelargonic aldehyde 

 In the human body, lipid peroxidation is initiated by the H-O • and H-O-O • 

radicals or hydrogen peroxide H2O2. Their number increases sharply with the 

absorption of a dose of ionizing radiation. The methylene group located in the vicinity 

of the double bond of the hydrocarbon fragment of the acid residue is subjected to free 

radical attack. 

The regioselectivity of this process is explained by the formation of an allyl type 

radical, which is stabilized by the conjugation of an unpaired electron with double-

bond electrons. The final oxidation products are short chain organic acids. They have 

an unpleasant smell of sweat or rancid oil. 

 Lipid peroxidation is one of the most important oxidative processes in the 

human body and is the main cause of damage to cell membranes. 

 In cells under normal conditions, the self-oxidation of unsaturated fats is 

completely inhibited due to the presence of vitamin E, various enzymes, as well as 

ascorbic acid. 

 Waxes are esters of fatty acids and higher monohydric alcohols (C12 - C46). 

Waxes are part of the protective coating of plant leaves and the skin of humans and 

animals. They give the surface a characteristic shine and water-repellent properties, 

which is important for maintaining water inside the body and creating a barrier between 

the body and the environment. 

Beeswax 

CH3 (CH2)14 C

O

O (CH2)30 CH3 
myricyl palmitate 

CH3 (CH2)14 C

O

O (CH2)15 CH3 
cetyl palmitate (Spermaceti) 

 

1.3. Phospholipids 
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 Phospholipids are complex lipids and are the main components of cell 

membranes in which lipid bilayers form. Alcohols are present in the PL composition: 

aminoethanol, choline, amino acids serine, threonine, polyhydric cyclic alcohol 

inositol. 

 The polar structure (hydrophilic) and nonpolar (hydrophobic) are 

distinguished in the PL structure. The presence of two sites with opposite 

physicochemical properties is called amphiphilic. The residue of phosphoric acid is 

always ionized. 

 PL possess surfactant properties, form film layers well at the separation of two 

phases, are active emulsifiers, and easily form complexes with proteins. These 

complexes are called lipoproteins (LP). If arachidonic acid is present in the PL, then 

such a phospholipid, being in the cell membrane, takes part in the formation of 

intracellular regulators: prostaglandins, thromboxanes, which are formed from 

arachidonic acid. 

 

Phosphoglycerides 

 The main structural components that make up the phosphoglyceride molecule 

are glycerin, fatty acids, phosphoric acid, amino alcohols (ethanolamine or choline) or 

the amino acid serine. They are considered as derivatives of L-glycero-3-phosphate 

 
 in which the alcohol groups are esterified with fatty acids and the residue of 

the phosphoric acid forms an ester bond with the amino alcohol. The general formula 

of phosphoglycerides: 

 Depending on the structure of the amino alcohol, phosphatides are divided into 

phosphatidylcholines, phosphatidylethanolamines and phosphatidylserines. 

 

Phosphatide 
Amino 

alcohol 
Formula 

Phosphatidyl 

choline 

(Lecithins) 

 

Choline 

 
OC

O

R2 C

CH2 O C R1

O

CH2 O

O CH2

P

CH2

O

O

N(CH3)3

H

−
+
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Phosphatidyl 

Ethanolamines 

Ethanola

mine 

 

OC

O

R2 C

CH2 O C R1

O

CH2 O

O CH2

P

CH2

O

O

NH3

H

− +

 

Phosphatidyl 

serine 

 

Serine 

 
OC

O

R2 C

CH2 O C R1

O

CH2 O

O CH2

P

CH

O

COOH

O

NH3

H

− +

 
 

 When heated in acidic and alkaline medium, phosphoglycerides are 

hydrolyzed, breaking up into the main structural components. 

 
 Sphingolipids 

 Sphingolipids are structural analogues of glycerophospholipids, in which 

instead of glycerol an unsaturated diatomic amino alcohol is present. 

 Ceramides 

 Ceramides are N-acylated derivatives of sphingosine. The general structure of 

ceramides is as follows: 

CH2

CH

CHC
C(CH2)12CH3

NH

OH

H

H
OH

C
O

R
 

 Ceramides are found in nature both in free form (in lipids of the liver, spleen, 

red blood cells), and as part of sphingolipids. 

 Sphingomyelins 

 Other sphingolipids can also be considered as derivatives of ceramides. The 

main group of sphingolipids consists of sphingomyelins ceramide derivatives in which 

the primary hydroxyl group of ceramide is esterified with phosphoric acid containing 

a choline residue. 

 The general structure of sphingomyelins can be represented as follows: 
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 where R is the CO- residue of palmitic, stearic, lignoceric or nervonic acid. 

 Sphingolipids are found in cell membranes of microorganisms, plants, 

viruses, insects, fish and higher animals. 

 Phospholipid molecules are diphilic. They contain a polar hydrophilic “head” 

and a non-polar hydrophobic “tail”. In the aquatic environment, they are able to form 

spherical micelles - liposomes, which can be considered as a model of cell 

membranes. 

Phospholipids are the main structural components of cell membranes. According 

to the liquid-mosaic model, cell membranes are considered as lipid bilayers. In such a 

bilayer, the hydrocarbon radicals of phospholipids due to hydrophobic interactions 

are inside, and the polar groups of lipids are located on the outer surface of the 

bilayer. Protein molecules are embedded in the liquid lipid bilayer. 

 
 

1.4. Glycolipids 

  Among glycosphingolipids, cerebrosides and gangliosides are most 

common. 

  The general structure of cerebrosides can be represented as follows: 
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 Cerebrosides are found mainly in myelin sheaths and membranes of brain 

nerve cells.−In addition to sphingosine, they contain higher acids (cerebric, nerve, 

lignoceric), as well as residues of hexoses glucose or galactose. 

  The structure of gangliosides is similar to cerebrosides, but at the same time 

they have a more complex and diverse composition. In addition to these components, 

they contain neuraminic acid and heteropolysaccharides: 

CH2

CH

CHC
C(CH2)12CH3

NH

OH

H

H C
O

R

O олигосахарид
  

The gray matter of the brain is richest in gangliosides. 

Lipoproteins are lipid molecules bound to proteins. There are a lot of them in 

the membranes, proteins can penetrate the membrane through, located under or above 

the membrane, can be immersed in a lipid bilayer at various depths. 

  

 

 

Lipid function 

Function Examples and explanations 

Energy  
The main function of triglycerides. When splitting 1 g of 

lipids, 38.9 kJ are released 

Structural  
Phospholipids, glycolipids and lipoproteins are involved in 

the formation of cell membranes. 

Reserve  

Fats and oils are a reserve nutrient in animals and plants. It 

is important for animals hibernating during the cold season or 

making long transitions through the area where there are no 

power sources. Plant seed oils are essential for providing energy 

for seedling. 

Protective 

The layers of fat and fatty capsules provide amortization of 

the internal organs. 

Layers of wax are used as a water-repellent coating in 

plants and animals. 

Heat 

insulating 

Subcutaneous fatty tissue prevents the outflow of heat into 

the surrounding space. Important for aquatic mammals or 

mammals living in cold climates. 

Metabolic 

water source 

When 1 kg of fat is oxidized, 1.1 kg of water is released. 

Important for desert dwellers. 

olygosachaccharide 
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Catalytic 

Fat-soluble vitamins A, D, E, K are cofactors of enzymes, 

i.e., these vitamins themselves do not have catalytic activity, but 

enzymes cannot perform their functions without them. 

 

 

2.2 Steroids 

 Steroids are natural biologically active compounds whose structure is based 

on the hydrocarbon steran. Like terpenes, steroids belong to isoprenoids and are 

associated with them by common biosynthesis pathways. 

steran 

  Three main groups of steroids are distinguished depending on the 

substituents: sterols, bile acids and steroid hormones. 

 Sterols 

 Sterols are natural alcohols of a number of steroids, the basis of the carbon 

skeleton of which is cholestane hydrocarbon. 

 
cholestan 

 Sterols are present in all tissues of animals and plants. They are intermediate 

products in the biosynthesis of bile acids and steroid hormones. Examples of animal 

steroids are cholestanol and cholesterol. 

 Cholesterol is the most common sterol in animals and humans. It is present in 

all animal lipids, blood and bile. The brain contains 7% cholesterol per dry weight. 

Violation of the exchange of cholesterol leads to its deposition on the walls of arteries 

and atherosclerosis, as well as to the formation of gallstones. 

 * Contrary to popular belief, cholesterol is not an “enemy of the human race,” 

but serves as the basis for the synthesis of steroid hormones. In general, cholesterol is 

a rather important and moderately harmless metabolite, which plays an important role 

in ensuring the barrier function of cell membranes. In addition, it protects cell 

membranes from electrical breakdown and prevents the autooxidation of membrane 

lipids. A lack of cholesterol (hypocholesterolemia) can result in an increased risk of 

tumor and viral diseases. However, an excess of cholesterol (hypercholesterolemia) 

makes it difficult to transfer calcium ions and its concentration in the cytoplasm 

increases. This leads to increased cell division and the development of atherosclerosis. 

 Bile acids 

 Bile acids are hydroxycarboxylic acids of a number of steroids. The basis of 

the structure of bile acids is cholane hydrocarbon. 
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  cholan         cholic acid 

 Bile acids are formed in the liver from cholesterol. Sodium and potassium salts of 

bile acids are surfactants. Emulsifying fats, they contribute to their absorption and digestion. 

 Steroid hormones 

 Steroid hormones are physiologically active substances of a number of steroids 

produced by the endocrine glands. According to the chemical structure and biological effect, 

hormones of the adrenal cortex (corticosteroids), male sex hormones (androgens) and female 

sex hormones (gestagens and estrogens) are distinguished. Each type of steroid hormone 

corresponds to a hydrocarbon, which forms the basis of their carbon skeleton. For 

corticosteroids and progestogens, this is pregnan, androgen - androstane, estrogen - estran. 

 
   Pregnan  androstane   estran 

 The figure shows examples of some steroid hormones produced by different 

endocrine glands. 

 
  corticosterone   testosterone           estradiol 

 Corticosterone is a hormone of the adrenal cortex, regulates carbohydrate 

metabolism, acts as an insulin antagonist, increasing blood sugar. Testosterone is a 

male sex hormone that stimulates the development of secondary sexual characteristics. 

Estradiol is a female sex hormone that controls the menstrual cycle. 

 

General material and educational and methodological support of the lecture: 

- Working program of the discipline 

- Silabus 

- Methodical recommendations for independent work of higher education 

applicants 

- Multimedia presentations 

- Situational tasks 

Literature 

Basic: 
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1. Biological and Bioorganic Chemistry: Bioorganic Chemistry: textbook / 

B.S. Zimenkovsky, V.А. Muzychenko, I.V. Nizhenkovska, G.О. Syrova. — 3rd 

edition – 2020. – 288 p. 

2. Biological and Bioorganic Chemistry. Biological Chemistry: textbook / 

Yu.I. Gubsky, I.V. Nizhenkovska, М.М. Korda et al. — 2nd edition – 2021 – 544 p.  

3. Bioorganic Chemistry. Rineyskaya O.N. textbook. – 2018. – 174 p. 

4. Construction features, chemical properties and the biological role of 

carbohydrates.  Ia.F. Burdina, A.V. Grekova, S.V. Shcherbakov, T.A. Sidelnikova, 

K.V. Bevziuk. Teaching aid. Odesa, 2017. – 44 p. 

5. Baynes J., Dominiczak M. Medical Biochemistry. 5th Edition. Elsevier, 

2018. 712 p. 

6. Lipids: classification, structural features, properties and biological role. 

Ia.F. Burdina, A.V. Grekova, S.V. Shcherbakov, T.A. Sidelnikova. Teaching aid. 

Odesa, 2017. –  p. 32. 

 

Additional: 

7. Satyanarayana U. Biochemistry. 5th edition. India 2020. – 777 p. 

8. Lehninger. Principles of Biochemistry. 7th edition. NY, United States. 

2017. 

9. Jeremy M. Berg, John L. Tymoczko, Gregory J. Gatto. Biochemistry. 8th 

Revised edition. 2015. 

10. Lippincott Illustrated Reviews: Biochemistry. Philadelphia :Wolters 

Kluwer, 2017. 560 p. 

11. Donald Voet, Judith G. Voet, Charlott W. Pratt. Fundamentals of 

Biochemistry: Life at the Molecular Level. ISBN: 978-1-118-91840-1 February 

2016, 1184 p. 

12. William Marshall, Marta Lapsley, Andrew Day, Kate Shipman. Clinical 

Chemistry. Elsevier, 2020. 432 р. 

Електронні інформаційні ресурси: 

1. https://info.odmu.edu.ua/chair/biology/ 

2. http://libblog.odmu.edu.ua/ 

3. https://moodle.odmu.edu.ua/login/index.php 

 

Lecture № 2 

“Structure and chemical properties of carbohydrates” 

Actuality of theme: Carbohydrates are part of the cells and tissues of all plant 

and animal organisms. By mass, carbohydrates make up the bulk of organic matter on 

Earth. In nature, they are of great importance as a source of energy in metabolic 

processes (in plants - starch, in animal organisms - glycogen), are structural 

components of plant cell walls (cellulose), bacteria (muramin) and constituents of vital 

substances (nucleic acids, coenzymes, vitamins). Some carbohydrates and their 

derivatives are used as medicines. 

Polysaccharides play an important role in human life. For example, glycogen, in 

animal organisms, is a structural analog of starch. Strong branching from the main 

chain contributes to their energetic function, since only with large end residues is it 
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possible to ensure rapid detachment of the required number of glucose molecules. 

Heteropolysaccharides in the body are bound to proteins and form complex 

supramolecular complexes. The most important class of organic compounds found in 

nature. The best known are glucose, starch, cellulose, glycogen, heparin, etc., which 

play an important role in human and animal life processes. 

 

 

Aims: To consolidate and expand knowledge of the principles of 

stereoisomerism, tautomeric equilibrium, and chemical properties of the most 

important monosaccharides involved in life processes, as well as to acquire practical 

skills in identifying carbohydrates. Study the most important representatives of 

reducing and non-reducing saccharides, their cyclo-oxo-tautomeric forms, bond type 

and properties. 

 

Basic concepts: сarbohydrates, classification of carbohydrates, aldoses, ketoses, 

monosaccharides, glucose, galactose, mannose, fructose, disaccharides, bioses, 

polysaccharides, heteropolysaccharides, glycogen, starch, cellulose, heparin, 

classification of biogenic elements.  

 

Plan and organizational structure of the lecture:  

1. Classification of monosaccharides . 

2. Nomenclature of carbohydrates. 

3. The phenomenon of optical isomerism, chirality. 4.  

4. D- and L- stereochemical series of carbohydrates.  

5. Cyclo-oxo-tautomerism of sugars.  

6. Anomerism in monose series. Mutarotation phenomenon.  

7. Classification of disaccharides according to their ability to redox reactions. 

Types of glycosidic bonds between monosaccharide residues. 

8. Structure, properties and role in structure formation of polysaccharides, their 

tautomeric forms. 

9. Structure and properties of lactose and sucrose. Inversion of sucrose by 

hydrolysis. 

10. Homopolysaccharides as polyglycosides. 

11. Structure, biological role and application of starch, structure of amylose and 

amylopectin. 

12. Structure and biological role of glycogen and cellulose.  

13. Heteropolysaccharides. 

 

Content of lecture material (lecture text) 

 Carbohydrates include heterofunctional compounds of the 

polyhydroxycarbonyl series and their derivatives. 

 Carbohydrates are part of the cells and tissues of all plant and animal 

organisms and, respectively, comprise 80% and 2% of the dry matter mass. 

 Biological functions of carbohydrates 
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1. Energy – carbohydrates are the main type of cell fuel. When 1 mole of glucose 

is burned, 3060 J of energy is released, which is consumed in endothermic biological 

processes, turning into heat and partially accumulating in ATP. 

2. Plastic – carbohydrates are an essential component of intracellular structures 

and membranes of plant and animal origin. The main substance of the intercellular 

matrix of connective tissue is proteoglycans – high molecular weight carbohydrate-

protein components. 

3. Synthetic – carbohydrates participate in the synthesis of nucleic acids, are part 

of coenzymes, glycolipids, glycopeptides, glycoproteins. 

 4. Protective – carbohydrates participate in maintaining the body's immunity. 

Thyroid-stimulating hormone controls the function and development of the thyroid 

gland, being a glycoprotein, i.e. a complex of carbohydrates with proteins. 

 5. Specific – individual carbohydrates are involved in conducting nerve 

impulses, the formation of antibodies, and ensuring the specificity of the blood group. 

 6. Regulatory – plant foods contain polysaccharide - cellulose, which improves 

bowel function and increases secretion in the stomach. 

All of the above emphasizes the need for optimal provision of the body with 

carbohydrates. On average, normal – 450 g per day. 

 The chemical transformations of biologically active substances that are 

contained in the body are based on the chemical reactions of various functional groups, 

as well as transformations that are due to their mutual influence. The structure of 

natural carbohydrates, one of the main sources of energy in our body, is based on the 

reactions of the aldehyde group with the hydroxyl group (the formation of 

hemiacetals). 

 
 In the form of acetals, “side” compounds are excreted from the body: 

 
 The aldehyde react with ammonia or with substituted amines underlies the 

synthesis of amino acids from carbohydrate metabolism products. A similar 

mechanism for the interaction of acetaldehyde (the product of ethanol oxidation) with 

the amines of the body (biogenic amines) is the basis of the toxic effect of ethanol on 

the human body. The interaction of aldehydes (aldol condensation) underlies the 

production of polysaccharides in plant and animal cells. 

 

Classification and nomenclature of carbohydrates 
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 Carbohydrates are a class of organic compounds, representatives of which are 

in all living organisms. It was previously revealed that many compounds of this class 

have a molecular formula of the type Cx (H20) y. The name was proposed by the 

Russian chemist K. Schmidt (1844). However, further studies have proved that this 

definition does not cover many compounds, for example, deoxy derivatives of hexoses, 

etc. 

 The source of carbohydrates for all living organisms is photosynthesis, which 

is carried out by plants. Animal organisms receive monosaccharides from plant 

sources, and then use them, including for the synthesis of polysaccharides. The 

process can be shown in the form of such scheme: 

hν 

хСO2 + уН2O →Сх(Н2O)у + хO2 

 Thus, carbohydrates are a kind of chemical depot of energy storage. This 

energy is released in animal organisms as a result of the metabolism of carbohydrates, 

which is reduced, from a chemical point of view, to their oxidation. 

 A small part of the released energy is converted into heat, and a large part is 

deposited during the synthesis of adenosine triphosphate (ATP), and then it is used in 

vital processes (muscle contraction, transmission of a nerve impulse, etc.). 

 Carbohydrates are also structural components of a number of vital substances 

- nucleic acids, vitamins, coenzymes. 

 The well-known representative of carbohydrates - glucose - is an essential 

component of blood and human tissues. Carbohydrates can be divided into two main 

groups: 

 Simple carbohydrates, or simple sugars – monosaccharides, or monoses that 

are not able to hydrolysis. 

 Complex carbohydrates, or complex sugars are polysaccharides, or polyoses 

that can hydrolyze to simple carbohydrates. Among them, a group of relatively low 

molecular weight compounds (oligosaccharides) is distinguished, which during 

hydrolysis form from 2 to 10 monosaccharide molecules. 

 Monosaccharides are polyhydroxycarbonyl compounds. They are classified 

according to two characteristics: the length of the carbon chain and the nature of the 

oxo group. 

 Monosaccharides, depending on the length of the carbon chain (3-10 atoms) 

are divided into trioses, tetrose, pentoses, hexoses, heptoses, etc. In nature, pentoses 

and hexoses are most common. 

 Monosaccharides that contain an aldehyde group are called aldoses, and with 

ketone group are called ketoses (for example, hexoses). 

                               
glucose                                         fructose 
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 According to the IUPAC nomenclature, any aldopentose has the name 2, 3, 4, 5-

tetrahydroxypentanal, and aldohexose - 2, 3, 4, 5, 6-pentahydroxyhexanal. However, 

the international nomenclature in the chemistry of carbohydrates is practically not used, 

and they use trivial names. 

 

Stereoisomerism of carbohydrates. Cyclo-oxo-tautomerism. 

 Monosaccharide molecules contain several chiral centers; therefore, several 

stereoisomers correspond to the same structural formula. The number of isomers is 

calculated by the formula:                    N = 2n, 

where N – number of isomers; n – number of chiral centers. 

 There are four chiral carbon atoms in the molecules of aldohexoses, the total 

number of stereoisomers according to the Fisher formula 

N = 24 = 16 

 Thus, for each of the optical isomers there is one of its optical antipodes - the 

enantiomer, the rest - diastereomers. So, 16 aldoghexoses make up 8 pairs of antipodes 

that belong to the D and L rows. 

CH OH

CH OH

COH H

C OHH

C
H O

CH
2
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*
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COH H
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C HOH

C
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H
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2
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*

*

*

*

 
D - glucose                                       L - idose 

 The relative configuration of monosaccharides is determined by the 

configuration standard (D-glycerol aldehyde). The configuration of the chiral center 

farthest from the oxo group is compared with it. 

*

    

*

 
D (+) - Glycerin aldehyde                            L (-) - Glycerin aldehyde 

R (lat. Rectus - right)                                  S (lat. Sinister - left) 

 

 According to stoichiometric nomenclature, the D-, L-system in most cases is 

replaced by the R-, S-system, which is the main one when considering the spatial model 

of the molecule, in which seniority of substituents near the chiral center is taken into 

account. The seniority of the substituents is determined by the atomic number of the 

element in the TEC associated with the chiral center. The model is positioned so that 

the youngest deputy, as a rule, was the most distant from the observer. If the precedence 

of the other three substituents decreases clockwise, then this configuration is denoted 

by R, counterclockwise - S. 

 The presence of chiral centers in the monosaccharide molecule indicates that 

they are optically active, i.e. able to deflect the plane of polarization of light by a certain 
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angle a. The sign in parentheses in the name of the carbohydrate is not associated with 

their belonging to the D- or L-series. It is determined experimentally and depends on 

the contribution of all chiral centers in the molecule. 

 The optical activity of carbohydrates is indicated by a (+) sign for 

dextrorotatory compounds and a (-) sign for levorotatory compounds. 

 Among aldohexoses and ketohexoses of the D-stereochemical series, there are 

both levorotatory and dextrorotatory compounds. 

 Fischer projection formulas are used to represent stereoisomers in 

monosaccharides. 

                                

C

OHH

OHH

HOH

HOH

OH

CH
2
OH

                      
       D (+) – glucose                  D (+) - mannose                  D (-) – fructose 

 

 The predominant majority of natural monosaccharides belongs to the D-series. 

Living organisms do not "recognize" and do not know how to process L-glucose. L-

glucose is not amenable to alcoholic fermentation by yeast cells. 

 During the study of the chemical properties of monosaccharides, it was 

determined that, although they are aldehyde or keto alcohols in structure, they do not 

exhibit all characteristic reactions to the -C = O group: 

- do not form bisulfite derivatives; 

-do not give staining with fuchsulfuric acid. 

 There are reactions that cannot be explained on the basis of the above structure 

of sugars, for example, the phenomenon of mutarotation and the formation of 

glycosides. The number of isolated isomers was twice as large as would be expected 

according to the formula N = 2n. 32 isomers of aldoghexoses are known instead of 16. 

For all aldoghexoses isolated from living organisms or synthesized, the relative 

configurations of substituents near asymmetric atoms are established. 

 For the first time, the assumption of the cyclic structure of glucose was put 

forward by our compatriot A.A. Collie (1870), and soon by the German scientist B. 

Tollens (1883). 

 In five- and six-carboxylic chains, two functional groups may come closer 

together — the aldehyde (ketone) and hydroxyl groups near the C-4 or C-5 carbon 

atom. Due to this intramolecular interaction, a cyclic hemi-acetal is formed. 

 If a five-membered cycle is formed, closed to an oxygen atom, then such a 

cycle is called furanose, and if it is six-membered, it is called pyranose. The OH group 

that formed is called hemi-acetal, or glycoside. For example, glucose exists in five 

forms, four of them cyclic: 

Collie Tollens Formulas  

hemi-acetal hydroxyl 
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       β-D – glucopyranose  D – glucose   α-D - glucopyranose 

 (cyclic form)   (oxoform)    (cyclic form) 

  

 In a cyclic form, an additional center of chirality arises, which is called 

anomer, and the two stereoisomers that formed are α- and β- anomers. 

 
β-D – glucofuranose        D – glucose  α-D - glucofuranose 

 

 In the α-anomer, the configuration of the anomeric center is the same as the 

configuration of the “terminal” chiral center in the monosaccharide molecule, and in 

the β-anomer it is the opposite. 

 In general, the α- and β-anomers due to the presence of several more centers 

of chirality in the molecule are not enantiomers, but diastereomers. They have different 

physical and chemical properties. 

 Anomers is a special case of epimers. It is convenient to use Haworth formulas 

rather than Collie-Tollens formulas to depict oxygen-containing cycles. They are 

depicted as flat polygons that are perpendicular to the plane of the picture. The oxygen 

atom is located in the pyranose cycle in the far right corner, and in the furanose cycle 

- beyond the plane of the figure 

                                    
Pyranose cycle                                 furanose cycle 
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 The transition from projection formulas to Haworth projection formulas is 

carried out in this way. All substituents located to the left of the carbon chain are 

located above the plane of the oxygen-containing cycle, and those located to the right 

are located below the plane. In aldhexoses of the D series, the CH2OH group is always 

located above the plane. 

 In the solid state, monosaccharides have a cyclic structure. Depending on 

which solvent D-glucose was recrystallized, it can be obtained either as an α- or β-

anomer. They differ in the value of specific rotation: for the α-anomer - + 112 °, for 

the β-anomer - + 19 °. After a while, a freshly prepared solution from each glucose 

anomer gradually changes the rotation angle to + 52.5 °. The change in time of the 

angle of rotation of the plane of polarization of light by sugar solutions is called 

mutarotation. The chemical basis of mutarotation is the ability of sugars to cyclo-oxo-

tautomerism, or ring-chain tautomerism. 

 Thus, in an aqueous solution, D-glucose exists in the form of five tautomers. 

Similar tautomeric transformations occur in ketohexoses with the predominant 

majority of furanose forms. 

 
Collie-Tollens formula     Haworth formula 

D-fructose                                                    D-fructofuranose 

 

Reactivity of Monosaccharides 

 Monosaccharides enter into most of the reactions that are characteristic of 

alcohols and oxo compounds. 

 The biological effect of monosaccharides is due to their chemical structure. 

The structure of sugars determines the mechanism of reactions that underlie 

biochemical transformations. Thus, the formation of cyclic structures led to the 

appearance of the most reactive hemi-acetal hydroxyl. 

 Due to the high reactivity of hemi-acetal hydroxyl, important metabolites are 

formed. 

 
                                                      β-D-glucopyranose 
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 The chemical properties of monosaccharides are due to the presence of three 

types of functional groups in the molecule (carbonyl, alcohol hydroxyls and glycosidic 

(hemi-acetal) hydroxyl). The chemical properties of monosis are characterized by two 

groups of reactions – according to the oxo form (those associated with carbonyl 

transformations) and cyclic forms (those associated with reactions of hydroxyl groups). 

 1. Oxo-reactions (open chain form) monoses 

These reactions take place in polar solvents (often in aqueous solutions) with the 

obligatory participation of the carbonyl group. 

 a) Oxidation 

 
 b) Concentrated Nitric Acid Oxidation. 

 
 When concentrated HNO3 is used, in addition to the carbonyl group, the 

terminal CH2-OH group is oxidized and a number of glycaric (araic, aldaric, sugar) 

acids are formed. 

 D-mannaric acid  →  from D-mannose  

D-galactaric acid  →f  rom D-galactose  

2. Reduction 

[H  ]
2

 
glucose                           sorbitol 
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 D-mannitol  →    from D-mannose ,          D-galactite  →  from D-galactose 

Cyclic reactions 

 

 
 3. The most important property of monosaccharides is their enzymatic 

fermentation, i.e. decay of molecules into fragments under the influence of various 

enzymes. Hexoses are mainly fermented in the presence of enzymes secreted by yeast, 

bacteria or molds. Depending on the nature of the active enzyme, reactions of the 

following types are distinguished: 

а) C6H12O6  →  2C2H5OH + 2CO2  (alcoholic fermentation); 

b) C6H12O6  →  2CH3-CH(OH)-COOH (lactic acid fermentation); 

c) C6H12O6  →  C3H7COOH + 2CO2 + 2H2O (butyric acid fermentation); 

d) C6H12O6 + O2  →  HOOC-CH2-C(OH)(COOH)-CH2-COOH+ 2H2O (citric 

acid fermentation); 

 f) 2C6H12O6→С4H9OH + СH3-СO-CH3 + 5CO2 + 4H2 (acetone-butanol 

fermentation). 

 4. A characteristic reaction to pentoses is the formation of furfural. This 

reaction proceeds when heated in the presence of mineral acids. 

 
      Aldopentose    furfural 
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 Furfural gives a red color with aniline (a qualitative reaction to pentoses). 5-

Hydrosimethylfurfural gives a red color with resorcinol (Selivanov’s reaction to 

fructose, which previously isomerizes into glucose). 

+  HCl  + 2

 
      D-fructose      Selivanov’s Reagent 

 
 

Amino sugars 

Amino sugars are derivatives of carbohydrates formed by the substitution of one 

or more hydroxyl groups for an amino group. 

In the case of direct attachment of an amino group to the glycosidic carbon atom, 

such compounds are called glycosylamines or N-glycosides. 

The most important representatives of amino sugars are glucosamine, or 

chitosamine (2-deoxy-2-amino-D-glucose) and galactosamine, or chondrosamine (2-

deoxy-2-amino-D-galactose). They are part of various heteropolysaccharides that play 

an important physiological role in animals and humans. 
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Neuraminic acid, or nonulosamic acid, is formed from the aminosaccharide 

mannosamine by its condensation with pyruvic acid. It is very reactive due to a large 

number of functional groups, so its content in the body in free form is small. It is a part 

of blood glycoproteins, brain glycolipids and other connective tissue substances. Its N-

acetyl derivatives are called sialic acids and are contained in salivary gland secretion, 

mucus, in mitochondria membranes, where they take part in membrane permeability 

processes.  

Neuraminic acid 

 

Amino sugars and their methyl derivatives are part of the molecules of a number 

of antibiotics: D-gulosamine (2-amino-2-deoxy-D-gulose) - streptomycin, deosamine 

(3-dimethylamino-3,4,6-trideoxy-D-glucose) - erythromycin, mycaminose (3-

dimethylamino-3,6-dideoxy-D-glucose - carbomycin, etc.). N-acetylfucosamine was 

isolated from glycolipids of microorganisms. 

Disaccharides 

 Disaccharides are carbohydrates, the molecules of which consist of two 

monosaccharide residues joined together by the interaction of hydroxyl groups (two 

hemi-acetal or one hemi-acetal and one alcohol). The absence or presence of glycosidic 

(hemi-acetal) hydroxyl is reflected in the properties of disaccharides. Bioses are 

divided into two groups: reducing and non-reducing bioses. Reducing bios they are 

capable of exhibiting the properties of reducing agents and, when interacting with an 

ammonia silver solution, are oxidized to the corresponding acids, they contain 

glycosidic hydroxyl in their structure, and the connection between monoses is 

glycoside-glycosic. Scheme of the formation of reducing biosis, for example, maltose: 

 
 The reduction properties of maltose are manifested in the oxidation of Br2 / 

H2O, Tollens and Felling reagents, and maltobionic acid (a series of bionic acids) is 

formed. 
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 For disaccharides, a hydrolysis reaction is characteristic, as a result of which 

two monosaccharide molecules are formed: 

 
                          Cellobiose                                              D-glucose 1-4  D-

glucose  

 
                                           Lactose D-galactose 1β-4D-glucose 
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 An example of the most common disaccharides in nature is sucrose (beet or 

cane sugar). The sucrose molecule consists of -D-glucopyranose and -D-

fructofuranose, connected to each other due to the interaction of hemiacetal 

(glycosidic) hydroxyls. Bioses of this type do not exhibit reducing properties, since 

they do not contain a glycosidic hydroxyl in their structure; the connection between 

monoses is glycoside-glycosidic. Such disaccharides are called non-reducing, i.e. not 

able to oxidize. -D-glucopyranose and -residues of Scheme of sucrose formation: 

 
 Sucrose inversion. With acid hydrolysis of D (+) sucrose or with invertase, 

equal amounts of D (+) glucose and D (-) fructose are formed. Hydrolysis is 

accompanied by a change in the sign of the specific rotation angle [] from positive to 

negative, which is why the process is called inversion, and a mixture of D (+) glucose 

and D (-) fructose is called invert sugar. 

 
 Oligosaccharides with 3 or more monosaccharides N-

Acetylgalactosamine (GalNAc), is an amino sugar derivative of galactose. The blood 

group antigens are oligosaccharides that are attached to lipids and proteins found 

on cell surfaces. 

 It is typically the first monosaccharide that connects serine or threonine in 

particular forms of protein O-glycosylation. 

N-Acetylgalactosamine is necessary for intercellular communication, and is 

concentrated in sensory nerve structures of both humans and animals. 

GalNAc is also used as a targeting ligand in investigational antisense 

oligonucleotides and siRNA therapies targeted to the liver, where it binds to 

the asialoglycoprotein receptors on hepatocytes. 

https://en.wikipedia.org/wiki/Amino_sugar
https://en.wikipedia.org/wiki/Galactose
https://en.wikipedia.org/wiki/Serine
https://en.wikipedia.org/wiki/Threonine
https://en.wikipedia.org/wiki/Glycosylation
https://en.wikipedia.org/wiki/Cell_signaling
https://en.wikipedia.org/wiki/Ligand_(biochemistry)
https://en.wikipedia.org/wiki/Antisense_therapy
https://en.wikipedia.org/wiki/Antisense_therapy
https://en.wikipedia.org/wiki/SiRNA
https://en.wikipedia.org/wiki/Asialoglycoprotein_receptor
https://en.wikipedia.org/wiki/Hepatocytes
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Polysaccharides (polyoses) 

 Polysaccharides are polymers of 10 or more monosaccharide units 

 Homopolysaccharides contain a single type of monosaccharide unit. 

 Heteropolysaccharides contain more than one typee of monosaccharide unit. 

 Polysaccharides are natural high-molecular carbohydrates whose 

macromolecules are composed of monosaccharide residues. The main representatives: 

starch and cellulose, which are built from the remains of one monosaccharide - D - 

glucose. Starch and cellulose have the same molecular formula: (C6H10O5) n, but 

different properties. This is due to the peculiarities of their spatial structure. Starch 

consists of residues  - D - glucose, and cellulose - from  - D - glucose. 

 Starch is a reserve polysaccharide of plants, accumulates in the form of grains 

in the cells of seeds, bulbs, leaves, stems, is a white amorphous substance, insoluble in 

cold water. Starch is a mixture of amylose and amylopectin, which are built from α-D-

glucopyranose residues. 

 Amylose is a linear polysaccharide, the link between the residues of D-

glucose is 1  - 4. The shape of the chain is spiral, one coil of the spiral contains 6 

residues of D-glucose. The amylose content in starch is 15 - 25%. 

O

CH2OH
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O

амилоза  amylose 

 Amylopectin is a branched polysaccharide; the bonds between D-glucose 

residues are 1α-4 and 1α-6. The amylopectin content in starch is 75-85%. 
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Chemical characterization 

 1. Eter and ester formation (similar to bios). 

 2. Qualitative reaction – staining with the addition of iodine: for amylose - in 

blue, for amylopectin – in red. During the interaction of amylose with iodine in an 

aqueous solution, iodine molecules enter the internal channel of the spiral, forming the 

so-called inclusion – clathrate compound. 

 3. Acid hydrolysis of starch: starch → dextrins → maltose →  - D - glucose. 

 Cellulose. The structural polysaccharide of plants is constructed from β-D-

glucopyranose residues, the nature of the compound is 1β-4. The cellulose content, for 

example, in cotton is 90-99%, in hardwood - 40-50%. This biopolymer has great 

mechanical strength and acts as a supporting material for plants, forming the walls of 

plant cells. Used in the manufacture of fibers and paper. Cellulose polysaccharide 

chains are stretched and bundled and held by hydrogen bonds. Cellulose chains are 

linear in structure. 

Chemical properties 

  1. Acid hydrolysis (saccharification): cellulose → cellobiose →  - D - 

glucose. 

 2.Ester formation 

 
 Acetate fiber is made from cellulose acetate solutions in acetone. Plasticized 

cellulose acetate, as well as cellulose acetate-butyrate (mixed cellulose ester with acetic 

and butyric acids) are used in the production of plastics. 
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                                                         cellulose trinitrate (nitrocellulose) 

 

 Nitrocellulose is explosive, constitutes the basis of smokeless powder. 

Pyroxylin is a mixture of cellulose di- and trinitrates, used for the manufacture of 

celluloid, collodion, photographic films, varnishes. 

 

Heteropolysaccharides 

A polysaccharide that contains different types of monosaccharides is known as a 

heteropolysaccharide.  

Heteropolysaccharides are polymers built from a large number of different 

monosaccharide units and their derivatives. In biochemistry and physiology of humans 

and animals the most important heteropolysaccharides are glycosaminoglycans. 

Glycosaminoglycans are heteropolysaccharides built from repeating disaccharide 

residues. The monosaccharide components of the disaccharide residues of glycosamine 

glycosphingolipids are most often hexuronic acids (glucuronic or sometimes iduronic, 

etc.) and N-acetyl derivatives of hexosamines (glucosamine, galactosamine). 

Glycosaminoglycans include numerous animal biopolymers that make up the 

intercellular matrix of connective tissue, which fills the space between individual cells. 

The outdated name of these compounds - mucopolysaccharides - indicates that the 

compounds of this class were first isolated from mucin, a component of mucus, which 

is a lubricating substance that acts as a physiological lubricant. The most studied 

glycosamine glycans are hyaluronic acid, chondroitin sulfates, dermatan sulfates, 

keratan sulfates, heparan sulfates, which are part of the skin, tendons, cartilage of 

joints, providing mechanical strength and elasticity of organs, elasticity of their joints. 

Glycosaminoglycan heparin is a natural anticoagulant. 

Glycosaminoglycans are polyanionic molecules. At least one of the 

monosaccharide components in the molecules of glycosamine glycans carries an acid 

group - carboxyl or sulfate group, which provides their high hydrophilicity, i.e. the 

ability to retain a significant amount of water in biological tissues. 

All glycosaminoglycans perform their biochemical and physiological functions 

being bound to proteins. Covalent complexes of connective tissue glycosaminglycans 

(hyaluronic acid, chondroitin sulfates, etc.) with proteins are called proteoglycans, 

which are representatives of mixed biopolymers (glycoconjugates). 

 

Some of the important heteropolysaccharides are: 

1. Hyaluronic Acid:  

Hyaluronic acid is a polymer of disaccharides, which are composed of D-

glucuronic acid and N-acetyl-D-glucosamine, linked via alternating β-(1→4) and β-

(1→3) glycosidic bonds. Hyaluronic acid can be 25,000 disaccharide repeats in length. 
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Polymers of hyaluronic acid can range in size from 5,000 to 20,000,000 Da in vivo. 

The average molecular weight in human synovial fluid is 3–4 million Da, and 

hyaluronic acid purified from human umbilical cord is 3,140,000 Da. 

Hyaluronic acid is energetically stable, in part because of the stereochemistry of 

its component disaccharides.[citation needed] Bulky groups on each sugar molecule 

are in sterically favored positions, whereas the smaller hydrogens assume the less-

favorable axial positions. 

 
Hyaluronic acid has been used in various formulations to create artificial tears to 

treat dry eye. It is a common ingredient in skin care products, it is used as a dermal 

filler in cosmetic surgery. It is typically injected using either a classic sharp hypodermic 

needle or a micro-cannula. Some studies have suggested that the use of micro-cannulas 

can significantly reduce vessel embolisms during injections. Currently, hyaluronic acid 

is used frequently as a soft tissue filler due to its bio-compatibility and reversibility. 

Complications include the severing of nerves and microvessels, pain, and bruising. 

Some side effects can also appear by way of erythema, itching, and vascular occlusion; 

vascular occlusion is the most worrisome side effect due to the possibility of skin 

necrosis, or even blindness in a patient. In some cases, hyaluronic acid fillers can result 

in a granulomatous foreign body reaction. 

2. Heparin: It is made up of D-glucuronic acid, L-iduronic acid, N-sulfo-D-

glucosamine and is largely distributed in mast cells and blood. 

Native heparin is a polymer with a molecular weight ranging from 3 to 30 kDa, 

although the average molecular weight of most commercial heparin preparations is in 

the range of 12 to 15 kDa.  

Heparin is an injectable anticoagulant that is used to prevent the formation of 

blood clots in the vessels. It is a highly-sulfated glycosaminoglycan and the most highly 

negatively charged biological molecule known to mankind. It is also used to create an 

anti-clotting surface inside various medical devices such as renal dialysis machines and 

test tubes. 

 

https://en.wikipedia.org/wiki/Molecular_weight
https://en.wikipedia.org/wiki/Atomic_mass_unit
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3. Chondroitin-4-sulfate: Its component sugars are D-glucuronic acid and 

N-acetyl-D-galactosamine-4-O-sulfate. It is present in the cartilages. 

 
Chondroitin sulfate is a natural substance used for the treatment of osteoarthritic 

conditions. It is an essential component of cartilage and plays an important role in the 

elasticity and function of articular cartilage where it is mainly attached covalently to 

core proteins in the form of proteoglycans. It is a polymer with a wide molecular weight 

range composed of an alternating sequence of sulfated and/or unsulfated d-glucuronic 

acid (GlcA) and N-acetyl- d-galactosamine (GalNAc) residues linked through 

alternating β-(1 → 3) and β-(1 → 4) bonds. The presence of sulfate groups makes it 

extremely hydrophilic. Predominant sources of chondroitin sulfate raw materials are 

bovine trachea, porcine skin and rib cartilage, and shark cartilage. 

4. Chitosan  is a linear polysaccharide composed of randomly distributed β-

(1→4)-linked D-glucosamine (deacetylated unit) and N-acetyl-D-

glucosamine (acetylated unit). It is made by treating the chitin shells of shrimp and 

other crustaceans with an alkaline substance, such as sodium hydroxide. 

Chitosan has a number of commercial and possible biomedical uses. It can be used 

in agriculture as a seed treatment and biopesticide, helping plants to fight off fungal 

infections. In winemaking, it can be used as a fining agent, also helping to prevent 

spoilage. In industry, it can be used in a self-healing polyurethane paint coating. 

In medicine, it is useful in bandages to reduce bleeding and as an antibacterial agent; 

it can also be used to help deliver drugs through the skin. 

 
5. Gamma globulin: N-acetyl-hexosamine, D-mannose, D-galactose are the 

component sugars of this polysaccharide. It is found in the blood. 

 

6. Sialic acids - are a group of glucose aminglicans that contain neuramyl 

acids and carbohydrate derivatives. They are a class of alpha-keto acid sugars with a 

nine-carbon backbone Compounds of neuramilic acid with acetic acid are sialic acids. 

They are found in cell membranes, saliva and other biological fluids. For the diagnosis 

https://en.wikipedia.org/wiki/Polysaccharide
https://en.wikipedia.org/wiki/Glucosamine
https://en.wikipedia.org/wiki/N-Acetylglucosamine
https://en.wikipedia.org/wiki/N-Acetylglucosamine
https://en.wikipedia.org/wiki/Chitin
https://en.wikipedia.org/wiki/Sodium_hydroxide
https://en.wikipedia.org/wiki/Agriculture
https://en.wikipedia.org/wiki/Biopesticide
https://en.wikipedia.org/wiki/Winemaking
https://en.wikipedia.org/wiki/Polyurethane
https://en.wikipedia.org/wiki/Paint
https://en.wikipedia.org/wiki/Medicine
https://en.wikipedia.org/wiki/Bandage
https://en.wikipedia.org/wiki/Sugars
https://en.wikipedia.org/wiki/Carbon
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of a number of inflammatory diseases (rheumatism, tuberculosis), in which their level 

in the blood is elevated, their determination is carried out. 

 
 

 

General material and educational and methodological support of the lecture: 

- Working program of the discipline 

- Silabus 

- Methodical recommendations for independent work of higher education 

applicants 

- Multimedia presentations 

- Situational tasks 
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Електронні інформаційні ресурси: 
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3. https://moodle.odmu.edu.ua/login/index.php 

 

Lecture № 3 

«Proteinogenic amino acids, peptides, proteins: structure, properties, 

biological role. Classification» 

 

Actuality of theme: Protein chemistry has always united the ideas and methods 

of biology, medicine, chemistry, and physics. Proteins provide the material basis for 

the chemical activity of the cell. It is conventionally considered that peptides contain 

up to 100 amino acids in a molecule and have a molecular weight of about 1000, while 

proteins have more than 100 amino acid residues. The biological activity of proteins is 

closely related to the high level of organization of the molecule. Therefore, living 

organisms synthesize proteins of the necessary conformation. 

 

Aims:  Сформировать знания структуры и химических свойств наиболее 

важных α-аминокислот in vivo и in vitro. 

 

Basic concepts: protein, proteins, amino acids, essential amino acids, amphoteric 

properties of amino acids. 

 

Plan and organizational structure of the lecture:  

1. Nomenclature of amino acids. 

2. Structure of the 20 most important α-amino acids. 

3.  Classification of amino acids. 

4. Isomerization of amino acids. D- and L-genetic series. 

5. Methods of production of amino acids. 

6. Physical and chemical properties of amino acids. 

7. General chemical properties of amino acids (reactions of 

deamination, overamination, decarboxylation, specific properties of α-, β-, 

γ-amino acids). 

8. Reactions of polycondensation of amino acids to form peptides and 

proteins. 

Content of lecture material (lecture text) 

 

 Proteins (proteins) are high molecular organic substances built from amino 

acid residues. Proteins are the basis of the structure and function of all living organisms. 

Proteins can perform a variety of functions. 
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The main functions of proteins: 

 1. Catalytic function. Today, most enzymes, or biological catalysts, are 

proteins. The rate of chemical reactions in biological systems depends on this function 

of proteins. 

 2. Transport function. Blood oxygen is transported by hemoglobin 

molecules, which are a protein of red blood cells. Serum albumin takes part in the 

transport of lipids, forms complexes with organic and inorganic substances and ensures 

their delivery to target organs. 

 3. Protective function. In response to the entry into the body of substances 

bearing the imprint of genetic foreignness, specific protective antibody proteins are 

synthesized. The protective function of proteins is also manifested in their ability to 

coagulate (fibrinogen), which protects the body from blood loss during wounds. 

 4. Contractile function. Specific muscle tissue proteins (actin and myosin) 

play a major role in the act of muscle contraction and relaxation. Proteins of the 

cytoskeleton, which ensure chromosome divergence during mitosis, also have a 

contractile ability. 

 5. Structural function. Structural proteins (collagen, keratin, elastin, etc.) 

occupy the first place in terms of the number of proteins in the human body. Proteins 

are involved in the formation of cell membranes, the interstitial substance of connective 

tissue, and in combination with carbohydrates are part of a number of secrets (mucin, 

mucoids, etc.). 

 6. Hormonal function. Hormonal regulation occupies an important place in 

the regulation of metabolism, and a number of hormones are represented by proteins, 

polypeptides or amino acid derivatives. 

 7. Nutritional (reserve) function. There are special reserve proteins that feed 

the fetus (ovalbumins) and the baby (albumin and casein). 

 In addition, proteins are involved in the expression of genetic information, the 

transmission of nerve impulses, support the oncotic pressure of blood and cells, provide 

homeostasis pH of the internal medium of the body. 

 The organs and tissues of animals contain a large amount of proteins. Proteins 

in the human body account for 45% of the dry weight. The most rich in protein are 

striated muscles, lungs, spleen, and kidneys (72–84%). Organs with a moderate protein 

content include skin, brain, and nerve tissue, heart, and digestive system organs (47–

63%). In the hard tissues of bones, teeth and adipose tissue, proteins are contained in a 

small amount (14-20%). 

Nomenclature, features of the spatial and structural structure of natural 

amino acids 

 Amino acids are a large class of organic compounds, a characteristic feature of 

which is the presence of two functional groups — a carboxyl and an amino group — 

in the composition of the molecule. A special group is made up of natural amino acids. 

They can be conditionally divided into 2 groups: 

✓ amino acids that are involved in the formation of peptides and proteins. They 

are characterized only by the α-structure and all belong to the L-stereo series. 
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✓ amino acids that have biological activity, but are not monomers of natural 

polymers of proteins and peptides. 

 
Leucine 

2-amino-4-methylpentanoic acid,         α-amino-γ-methylvaleric acid 

The specific properties of α, β, γ, δ are amino acids. 

 α-aminoacids 

-2H
2
O

t 0

 
                                                                                         Diketopiperazine 

                                                                                     (lactam modification) 

 β-aminoacids 

- NH
3

t 0

 
 γ, δ - aminoacids 

 
 Natural α-L - amino acids are monomers of polypeptides and proteins. 

 Usually about 20 natural amino acids are secreted, from which the whole set 

of natural proteins of plant and animal origin is formed. 

 A single genetic code of nature determines the unity of the amino acid 

composition of proteins. 

 Nomenclature of natural amino acids: trivial names apply. 

 

Structural features and stereochemistry 

 Natural amino acids belong to the L - stereo series and have α-structure. This 

means that both functional groups, amino and carboxyl, are linked to a common carbon 
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atom, which is always optically active (with the exception of glycine, aminoacetic 

acid). The fundamental works of E. Fisher, P. Carrer are devoted to investigation of the 

spatial structure of natural amino acids. 

 
Bitter                      sweet 

 Most natural amino acids have only one asymmetric carbon atom, but two 

amino acids – threonine and isoleucine – contain two chiral centers. 

 

Classification of Natural Amino Acids 

 Natural amino acids are classified according to several characteristics: 

1) biological: in relation to metabolism in the human body, two types of amino 

acids are distinguished. 

a) Interchangeable: (synthesized in human cells): alanine, arginine, aspartic acid, 

glycine, glutamic acid, histidine, proline, serine, tyrosine, cysteine. 

b) Irreplaceable (not synthesized in human cells, must be supplied with food): 

valine, isoleucine, leucine, lysine, methionine, threonine, tryptophan, phenylalanine. 

For children, arginine and histidine are additionally irreplacable. 

2) The basic structural units of proteins are amino acids. Natural proteins are built 

from 20α amino acids. α-amino acids are derivatives of carboxylic acids in which the 

hydrogen atom of the α-carbon is substituted by an amino group: 

 
 The radical R is a group of atoms that are not involved in the formation of a 

peptide bond. All structural features and functions of protein molecules are determined 

by the chemical nature of the radical R. 

 The classification of amino acids is based on the chemical structure of amino 

acid radicals. 

 Modern rational classification is based on the polarity of radicals. 

 

There are five classes of amino acids. 

1. Amino acids with non-polar (hydrophobic) radicals: 
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 2. Amino acids with polar (hydrophilic) radicals: 

 
  

 3. Amino acids with negatively charged radicals: 

 -COOH → -COO — + H+ (the side chain acquires a negative charge); 

-SH→ -S-+H+ (the side chain acquires a negative charge); 

Ar-OH→Ar-O—+H+ (the side chain acquires a negative charge) 

 
 4. Amino acids with positively charged radicals: 

      -NH2 + H+ →  -NH3
+ 
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 5. Amino acids with aromatic radicals:  

In an aqueous solution, molecules of amino acids and proteins are usually 

charged, and the presence of a charge in combination with a stable hydration shell is 

an important factor determining the stability of a protein solution. 

 
 

Acid-base properties of amino acids 

 According to the protolytic theory of acids and bases, amino acids belong to 

ampholytes, because contain acid and base centers in the composition of the molecule. 

In an aqueous solution, the amino acid molecule exists in the form of a bipolar ion 

(zwitter-ions). 

 Depending on the pH of the medium, this or that charge may prevail. 

 Amino acids are amphoteric substances, readily soluble in water, dissociate in 

aqueous solutions with the formation of bipolar ions (zwitterions): 

 

 

 In an acidic medium, amino acids react as bases, the amino group is a proton 

acceptor: 

 

 

 In an alkaline medium, amino acids react as acids, the carboxyl group is a 

proton donor. 

 In strongly acidic medium: (pH = 1-2), a cationic form of amino acid is formed. 

In a strongly alkaline medium: (pH = 13-14), the anionic form of amino acid 

predominates. There are pH values specific for each amino acid in which the number 

of anionic forms in solution is equal to the number of cationic forms. In this case, it is 

necessary to take into account the presence of ionogenic side in branch chain. 
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 The pH value at which the total charge of the amino acid molecule is 0 is called 

the isoelectric point of the amino acid (pI). 

 If the pH of the solution corresponds to the isoelectric point of amino acid, 

then during electrophoresis there is no movement of the molecule in the solution. If the 

pH of the solution is less than pI, then the cationic form of amino acid moves to the 

cathode. If the pH of the solution is more than pI, then the anionic form of amino acid 

moves to the anode. This is the basis for the separation of amino acids by 

electrophoresis method. 

 Aqueous solutions of amino acids have buffering properties. 

 

Obtaining α-amino acids 

❖ Protein hydrolysis 

 The disadvantage is the destruction of certain amino acids (serine, threonine, 

tryptophan). 

❖ Biotechnological production method - based on the ability of special 

microorganisms to produce a specific amino acid in a nutrient medium. 

❖ 3. Chemical syntheses 

 Ammonolysis of halogen acids (Emil Fischer) - the action of ammonia excess 

on α-halogen acids. 

 The Strecker-Zelinsky synthesis is the preparation of α-amino acids from 

aldehydes or ketones by the action of NH3 and HCN followed by hydrolysis of the 

resulting α-aminonitriles. 

 

 

Chemical properties of amino acids 

 Amino acids are heterofunctional organic compounds that enter into reactions 

characteristic of carboxyl groups, amino groups, and exhibit a number of specific 

biochemical properties. 

•  As ampholytes amino acids form salts when interacting with acids and 

bases. 

 

 
• Decarboxylation 

 In vivo: 
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 refers to the general reaction of all natural α-amino acids, in which 

decarboxylase enzymes are involved with the participation of vitamin B6 in two 

active forms of pyridoxalphosphate and pyridoxaminophosphate. Substances with 

pronounced biological activity are formed - biogenic amines. 

 
 Ethanolamine is involved in the synthesis of phospholipids. 

 
 Histamine is a mediator of the allergic reaction of the body. When 

decarboxylation of glutamic acid takes place GABA (gamma-aminobutyric acid) is 

formed, which is a mediator of inhibition of the nervous system. 

 

In vitro:  In the presence of barium water:   

                                                      t0 

 
 

• Deamination 

 In vivo: 

 There are two types of deamination: non-oxidative and oxidative. 

• Non-oxidative deamination 

 There are several types of non-oxidative deamination: 

- elimination of the amino group - with unsaturated acid formation 

- hydrolytic deamination - the amino acid is converted to hydroxy acid 

- reducing deamination - a saturated amino acid is formed 

- transamination. It represents the main direction of amino acid metabolism in 

the human body. 

• Transamination 

 This extremely important reaction, which takes place in all tissues of the 

human body (especially active in the liver, kidney, and myocardium), is reduced to the 

interconversion of two different amino acids and keto acids - a new amino acid and a 

new keto acid are formed. As a result of transamination, amino acids entering the 

composition of proteins enter the metabolism, and replaceable acids are synthesized. 
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 Elimination of the amino group 

                                        aspartase   Н     СООН 

  НООС- СН2-СН-СООН                С = С           +  NH3 

                          |                       НООС    Н  

                         NH2 

           Aspartic acid             fumaric acid (trans isomer) 

 Oxidizing deamination 

 
In vitro: 

 Van Slyke`s Reaction is Amino Group Quantification Method 

 
                                 hydroxyacid 

 Polycondensation reactions are the method of peptide obtaining. 

Peptide synthesis 

 The following transformations of the starting amino acids are necessary for the 

peptide synthesis: 

 1) Preliminary temporary protection of all (or some) functional groups that do 

not participate in the formation of the peptide bond. 

 There are two types of protecting groups: 

 a) N-protective (temporary protection of the NH2 group); 

 b) C-protection (temporary protection -COOH group). 

 2. Additional activation of those groups that directly form a peptide bond. 

 3. Removal of protective groups after the formation of the peptide bond. 

 Polymers consisting of α-amino acids are called polypeptides, or peptides. The 

amide bond (CO-NH) in such compounds is called the peptide bond (peptide group). 

 In biological systems, the synthesis of polypeptides occurs on ribosomes, each 

amino acid is associated with transport RNA, different acyl-tRNAs sequentially 

lengthen the polypeptide chain in accordance with the triplet code of mRNA localized 

on the ribosome. The beginning of the polypeptide chain is an amino acid, containing 

a free α-amino group and end-containing a free α-carboxyl group. 

 The consecutive connection of amino acids is called the primary structure of 

the protein. 
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Peptide nomenclature 

 Polypeptides are called derivatives of the C-terminal amino acid, the name 

begins with the N-terminal amino acid, lists everything in order (changing the ending 

to yl), ends with the C-terminal amino acid. Full names can be recorded, abbreviated 

in Latin transcription. 

  Example: glycylalanyl glutamyl valine (gly-ala-gly-val) 

 

 The use of amino acids. Medical - biological significance of amino acids 

 In addition to participating in the biosynthesis of proteins, amino acids perform 

many other independent functions. 

 

 1. Amino acids participate in the biosynthesis of neurotransmitters and 

hormones: 

 - Acetylcholine mediator of the parasympathetic nervous system is formed 

from the amino acid serine 

 - from phenylalanine or tyrosine, a mediator of the sympathetic nervous system 

noradrenaline is formed, norepinephrine and hormones adrenaline, thyroxine 

 - GABA is synthesized from glutamic acid 

 2. Amino acids glycine, glutamic acid have neurotransmitter functions 

 3. Aspartic acid is necessary in the synthesis of nitrogenous nucleic acid bases 

(adenine, guanine, uracil, thymine, cytosine) 

 4. Glutamic and aspartic acids are involved in the neutralization of ammonia 

 5. Amino acid methionine transfers its active methyl group to form thymine, 

choline, adrenaline. 

 6. Under conditions of carbohydrate starvation, glucose is synthesized from 

amino acids in the human body. 

 Therefore, amino acids are used as medical preparation: glutamine, 

methionine, glycine, cysteine, tryptophan. 

 

 

 

Physico-chemical properties of proteins. The concept of structural 

organization of proteins 

 The characteristic physical properties of proteins are the high viscosity of 

solutions, limited ability to diffuse, the ability to significantly swell, optical activity, 
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mobility in an electric field. Proteins have a high hydrophilicity, that is caused by the 

high oncotic pressure of proteins. Protein solutions have low osmotic pressure. 

 Proteins are capable of absorbing ultraviolet radiation with a wavelength of 

less than 280 nm. 

 Protein molecules have a large molecular weight (6,000-1,000,000) and are not 

able to penetrate semipermeable artificial membranes and biomembranes of healthy 

living organisms. 

 

The form of protein molecules 

 In nature, there are two types of protein molecules: filiform (fibrillar) and 

spherical (globular). The physicochemical and biological properties of proteins in a 

free or bound state are determined by their spatial structure. 

 Protein denaturation is a process of the protein, olecule spartial structure 

disorder, leading to the loss of its characteristic properties under the influence of 

various physical and chemical factors. Externally, denaturation is manifested by a loss 

of solubility, an increase in viscosity, and a sharp decrease in the biological activity of 

the protein. 

 Protein renaturation is the reverse process with complete restoration of the 

structure and function of the protein molecule. It is possible with a short action of the 

denaturing agent. Denaturation is irreversible in disturbance of the quaternary, tertiary 

and secondary structures of the protein. 

Isoelectric point of proteins 

 The pH of the solution, at which the total charge of the protein molecules is 

zero, is the isoelectric point of the protein (pI). It is determined by the amino acid 

composition of the protein. At the isoelectric point, proteins are the least stable in 

solution, easily precipitated. 

The concept of the structural organization of protein 

 Proteins are complex polypeptides, the amino acids in which are linked by 

peptide bonds resulting from the interaction of the α-carboxyl and α-amino groups of 

amino acids. 

 
 Other amino acids can attach to the dipeptide, forming a tri-, tetra-, 

pentapeptide, and so on up to the formation of a large polypeptide. The sequence of 

amino acids in the polypeptide is the primary structure of the protein. 

 In total, there are four levels of structural organization of the protein - 

primary, secondary, tertiary and quaternary structure. The structure of most proteins 

consists of three levels. 

Primary and secondary protein structure 

 The primary structure of the protein is the sequence of amino acid residues in 

the polypeptide. 

 Some proteins are represented not by one, but by several polypeptide chains 

linked together by disulfide bonds. 
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To determine the primary structure of the protein by hydrolysis, the quantitative 

ratio of amino acids in the protein molecule is determined. Then, the chemical nature 

of the terminal amino acids of the polypeptide chain, which contains one free NH2 and 

COOH group, is determined. The Sanger method and the phenylhydantoin method are 

used to determine the N-terminal amino acid; the Akabori method is used to determine 

the C-terminal amino acid. 

 The primary structure of the protein is characterized by several features:  

• The primary structure of the protein is genetically determined and unique, the 

replacement of amino acids within the polypeptide chain leads to a change in the 

structure and function of the protein. 

• The primary structure of the protein is stable, which is ensured by dipeptide 

and to a lesser extent disulfide bonds. 

• The number of amino acid combinations in the polypeptide is very large, 

repeating amino acid sequences are rare. Identical amino acid sequences can occur in 

the region of active centers of enzymes. 

• The primary structure of the protein determines the secondary, tertiary and 

quaternary structure of the protein molecule. 

 The secondary structure of the protein is the configuration of the polypeptide 

chain, its more compact packaging in a spiral or some other conformation. The 

configuration process is in accordance with the program embedded in the primary 

structure of the protein. There are two main configurations of the polypeptide chain: 

the α-helix and the β-folded layer. 

 The active principle in the formation of the α and β structures is the ability of 

amino acids to form hydrogen bonds. The stability of the secondary structure is ensured 

mainly by hydrogen bonds and to a lesser extent peptide and disulfide bonds. A 

hydrogen bond is a weak electrostatic interaction between an electronegative atom (O 

or N atom) and a hydrogen atom covalently bonded to another electro-negative atom. 

The main types of hydrogen bonds: 
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 The structure of the α-helix has a number of patterns. For each step of the helix 

there are 3.6 amino acid residues, the step of the helix is  0.54 nm per turn and 0.15 nm 

per one amino acid residue. The helix angle of 26 °, after every five turns, the structural 

conformation of the polypeptide is repeated. When a β-structure is formed, two or more 

linear polypeptide chains arranged parallel or antiparallel are linked by hydrogen bonds 

between peptide bonds. In nature, there are proteins whose secondary structure is 

neither an α- nor β-structure (for example, collagen). Now, the existence of two 

intermediate levels of the organization of a protein molecule between the secondary 

and tertiary structure has been proved so-called - sub-secondary structures and 

structural domains. 

Tertiary and quaternary protein structure 

 The tertiary structure of the protein is the spatial orientation of the polypeptide 

helix, which follows the secondary structure of the compaction method of the protein 

molecule. The process of packing the polypeptide chain is folding. 

 The spatial structure of proteins depends on the ionic strength and pH of the 

solution, temperature and other factors. In the stabilization of the spatial structure of 

proteins, along with covalent bonds (peptide and disulfide), the so-called non-covalent 

bonds electrostatic interactions of charged groups, van der Waals forces, interactions 

of non-polar lateral amino acid radicals, hydrophilic-hydrophobic interactions, etc. 

take part, which include hydrogen bonds. Non-covalent bonds play a major role. The 

tertiary structure of the protein is formed spontaneously and is completely determined 

by the primary structure of the protein. The main driving force behind the emergence 

of the three-dimensional structure is the interaction of amino acid radicals with water 

molecules, consisting in the fact that hydrophobic radicals of amino acids are oriented 

inside the protein molecule, while hydrophilic radicals are oriented outward. As a 

result, the thermodynamically most favorable conformation of the protein molecule is 

formed, which is characterized by the least free energy. Conformations of proteins are 

stable, the main forms of conformations are the T-form (tensed) and the R-form 

(relaxed). The three-dimensional structure of the protein contains functional 

information that determines all the biological properties of proteins. Violation of the 

tertiary structure of the protein entails the loss of its biological properties. 

 The quaternary structure of a protein is the spatial orientation of several 

polypeptide chains with their own primary, secondary and tertiary structure, with the 

formation of a macromolecule. 

 Individual polypeptide chains – protomers (monomers, subunits) - do not 

have biological activity and acquire it with a certain mode of spatial association. The 

resulting molecule is an oligomer (multimer). 

 The quaternary structure is stabilized due to non-covalent bonds between the 

contact pads of the protomers complementary to each other. The quaternary structure 

is found in several hundred proteins. The hemoglobin molecule is a tetramer – 

consists of two α and two β chains. The phosphorylase enzyme consists of two 

identical subunits of two peptide chains. The lactate dehydrogenase enzyme contains 

two types of polypeptide chains - M (muscle) and B (brain) and can exist in five 

forms, called isoenzymes, or multiple forms of enzymes. 
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Classification of proteins 

 In accordance with the functions performed, 12 main classes of proteins are 

distinguished: 

 1) catalytically active proteins (enzymes); 

 2) proteins - enzyme inhibitors; 

 3) proteins - regulators of genome activity; 

 4) protective proteins: proteins of the immune and coagulation system; 

 5) toxic proteins; 

 6) transport proteins; 

 7) membrane proteins; 

 8) contractile proteins; 

 9) receptor proteins; 

 10) hormone proteins; 

 11) proteins - envelopes of viruses; 

 12) proteins with other functions. 

 

Qualitative reactions to amino acids, peptides, proteins 

 Amino acids can be detected using color reactions: ninhydrin, xanthoprotein, 

Fole, Milon, biuret test, etc. These reactions are nonspecific, because based on the 

detection of individual fragments in the structure of amino acids, which can occur in 

other compounds. 

 Ninhydrin reaction, a color reaction used for the qualitative and quantitative 

determination of α-amino acids, amino acid amines. When ninhydrin (triketohydrin 

dehydrate, С9Н6О4) is heated in an alkaline medium with substances having primary 

amino groups (-NH2), a product is formed that has a stable intense blue-violet color 

with maximum absorption about 570 nm. Since absorption at this wavelength linearly 

depends on the number of free amino groups, the ninhydrin reaction served as the basis 

for their quantitative determination by colorimetry or spectrophotometry. This reaction 

is also used to determine secondary amino groups (> NH) in the amino acids proline 

and hydroxyproline; in this case a bright yellow product forms colors. Sensitivity - up 

to 0.01%. Modern automatic amino acid analysis is carried out by combining the ion-

exchange separation of amino acids and their quantitative determination using the 

ninhydrin reaction. When separating mixtures of amino acids by paper 

chromatography, it is possible to determine each amino acid in an amount of at least 2-

5 micrograms. 
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 The amount of amino acids can be judged by the color intensity. This reaction 

is positive not only with free amino acids, but also with peptides, proteins, etc. 

 The xanthoprotein reaction allows you to detect aromatic amino acids 

(phenylalanine, tyrosine, histidine, tryptophan), based on the electrophilic substitution 

reaction in the aromatic nucleus (nitration). 

 
 When concentrated nitrate acid acts on tyrosine, for example, a yellow 

colored product forms. 

 

Foley's reaction 

 This is a reaction to cysteine and cystine. During alkaline hydrolysis, "weakly 

bound sulfur" in cysteine and cystine is quite easily cleaved, resulting in the formation 

of hydrogen sulfide, which, reacting with alkali, gives sodium or potassium sulfides. 

When lead (II) acetate is added, a gray-black lead (II) sulfide precipitate forms. 

 
Biuret test 

 Biuret reaction may be used as a color reaction to proteins. In an alkaline 

medium in the presence of cuprum (II) salts, they give a violet color. The color is due 

to the formation of the complex compound cuprum (II), with peptide group —CO — 

NH—, which is characteristic of proteins. This reaction got its name from a urea 

derivative - biuret, which is formed by heating of urea with the elimination of ammonia: 

H2N-CO-NH2 + H2N-CO-NH2       H2N-CO-NH-CO-NH2 + H2O 

                  biuret 

 In addition to proteins and biuret, other compounds containing this group also 

give the same coloration: amides, carboxylic acid imides, as well as compounds 
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containing -CO-NH- or -CO-NH-CO- in the molecule. Proteins, some amino acids, 

peptides, biuret and middle peptones also give a reaction. 

 The color of the complex obtained by the biuret reaction with various peptides 

is slightly different and depends on the length of the peptide chain. Peptides with a 

chain length of four amino acid residues and above form a red complex, tripeptides 

form a violet, and dipeptides form a blue. 

 
ketone form of the polypeptide 

 
enol form of the polypeptide 

 When the polypeptide interacts with Cu(OH)2, a complex forms, the structure 

of which can be shown as follows: 

 
General material and educational and methodological support of the lecture: 

- Working program of the discipline 

- Silabus 

- Methodical recommendations for independent work of higher education 

applicants 

- Multimedia presentations 

- Situational tasks 

 

 Literature 

Basic: 

1. Biological and Bioorganic Chemistry: Bioorganic Chemistry: textbook / 

B.S. Zimenkovsky, V.А. Muzychenko, I.V. Nizhenkovska, G.О. Syrova. — 3rd 

edition – 2020. – 288 p. 

2. Biological and Bioorganic Chemistry. Biological Chemistry: textbook / 

Yu.I. Gubsky, I.V. Nizhenkovska, М.М. Korda et al. — 2nd edition – 2021 – 544 p.  

3. Bioorganic Chemistry. Rineyskaya O.N. textbook. – 2018. – 174 p. 
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4. Construction features, chemical properties and the biological role of 

carbohydrates.  Ia.F. Burdina, A.V. Grekova, S.V. Shcherbakov, T.A. Sidelnikova, 

K.V. Bevziuk. Teaching aid. Odesa, 2017. – 44 p. 

5. Baynes J., Dominiczak M. Medical Biochemistry. 5th Edition. Elsevier, 

2018. 712 p. 

6. Lipids: classification, structural features, properties and biological role. 

Ia.F. Burdina, A.V. Grekova, S.V. Shcherbakov, T.A. Sidelnikova. Teaching aid. 

Odesa, 2017. –  p. 32. 

 

Additional: 

7. Satyanarayana U. Biochemistry. 5th edition. India 2020. – 777 p. 

8. Lehninger. Principles of Biochemistry. 7th edition. NY, United States. 

2017. 

9. Jeremy M. Berg, John L. Tymoczko, Gregory J. Gatto. Biochemistry. 8th 

Revised edition. 2015. 

10. Lippincott Illustrated Reviews: Biochemistry. Philadelphia :Wolters 

Kluwer, 2017. 560 p. 

11. Donald Voet, Judith G. Voet, Charlott W. Pratt. Fundamentals of 

Biochemistry: Life at the Molecular Level. ISBN: 978-1-118-91840-1 February 

2016, 1184 p. 

12. William Marshall, Marta Lapsley, Andrew Day, Kate Shipman. Clinical 

Chemistry. Elsevier, 2020. 432 р. 

Електронні інформаційні ресурси: 

1. https://info.odmu.edu.ua/chair/biology/ 

2. http://libblog.odmu.edu.ua/ 

3. https://moodle.odmu.edu.ua/login/index.php 

 

Lecture № 4 

«Heterocyclic compounds as structural components of nucleic acids. The 

structure of nucleic acids.» 

 

Actuality of theme: The great importance of heterocyclic compounds lies in the 

fact that they are the basis of many natural biologically active substances and 

medicines. The most well-known and widely used drugs of natural and synthetic origin 

more than 62% are heterocyclic compounds. Alkylated pyrrole nuclei are the basis of 

important biologically active compounds: hemin, chlorophyll, vitamin B12; β-lactam 

antibiotics - penicillin and cephalosporin - have saved millions of human lives. Nucleic 

acids are natural biopolymers whose monomers are mononucleotides. Nucleic acids 

play a major role in the transmission of genetic information and in controlling the 

process of protein synthesis. 

Aims:  To form knowledge about the structure and features of the chemical 

behavior of five-membered heterocyclic compounds with biological activity; to know 

the principles of structure and chemical properties of nucleic acids and their monomers 

- nucleotides for understanding their biosynthesis and biological role in the body.  
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Basic concepts: five-membered heterocyclic compounds, six-membered 

heterocyclic compounds, natural biologically active substances, nucleosides, 

nucleotides, ATP, DNA, structure of DNA. 

Plan and organizational structure of the lecture:  

1. Classification of heterocycles by cycle size, number and type of 

heteroatoms. 

2. Five-membered heterocycles with one and two heteroatoms. 

3. six-membered heterocyclic compounds. 

4. Pyrimidine and purine derivatives. 

5.  Structure of nucleotides - components of nucleic acids 

6. Structure and significance of 3',5' - c-AMP, its role in the action of 

hormones on cells. 

7. Phosphorylated nucleotide derivatives, biological significance of 

ADP and ATP.  

8. Nucleic acids. 

9. The structure and biochemical functions of DNA.  

 

Content of lecture material (lecture text) 

 

 Cyclic organic compounds, which include, in addition to carbon atoms, one or 

more atoms of other elements (heteroatoms) - O, N, S are called heterocyclic 

compounds. 

Classification of heterocyclic compounds 

 
 

Five-membered heterocycles with one heteroatom 

 This group includes five-membered aromatic heterocycles: pyrrole, furan 

and thiophene. All three heterocycles are connected with each other by mutual 

transitions (t ° = 400°, Al2O3) 
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furan                  thiophene               pyrrole 

 Pyrrole, furan and thiophene belong to the so-called π-excess heterocycles, i.e. 

to compounds with increased electron density inside the ring, since the six-electron π 

cloud is delocalized in them at 5 atoms of the cycle. These heterocycles have 

aromaticity (Hückel rule): 

a) the cyclic system is flat; 

b) has a continuous conjugated chain; 

c) contains (4n + 2) π-generalized electrons, where n = 1, 2, 3, etc. which is 

determined by number of cycles. 

So, in pyrrole from the nitrogen atom, an unshared electron pair located on a non-

hybridized p-orbital is included in an aromatic sextet. Three electrons in sp2 hybrid 

orbitals participate in the formation of three σ bonds. The atom of the Nitrogen in this 

electronic state is called pyrrole nitrogen and has acidic properties: 

 
sodium pyrrol  

 Pyrrole is able to recover in the presence of HI, the process is stepwise: 

 
              pyrroline        pyrrolidine  

Pyrrolidine (a cyclic secondary amine) has strongly basic properties. Its core is 

part of a number of organic compounds. 

       
pyrrolidine   imino acid proline     imino acid hydroxyproline 

 

Nicotine alkaloid (up to 8% found in tobacco) 



53 
 

 
Tetrapyrrole compounds are an important group of nitrogen-containing natural 

substances, which include four pyrrole rings Pyrrole → Porfin → Protoporphyrin → 

Gem 

 
Ferroprotoporphyrin (heme) 

 The heme contains an atom of a divalent ferrum bound to porphyrin - this is 

the prosthetic group of the complex hemoglobin protein (oxygen-carrying). 

The complex of porphyrin with ferrum is part of a number of enzyme systems: 

cytochromes, catalase, peroxidase. The complex of porphyrin with magnesium is the 

basis of the chlorophyll molecule. Pyrrole nuclei connected with cobalt are part of 

vitamin B12 (cyancobalamine), which is necessary for normal hematopoiesis. 

Furan and its derivatives resemble pyrrole compounds, they easily enter into 

electrophilic substitution reactions - they are nitrated, sulfonated. The substituent enters 

the α-position. Furan is capable of reduction, oxidation reactions. 

           furan    furfural 

 Furan nitro derivatives are medicines - furatsilin, furazomedon, which are 

effective in purulent-inflammatory processes caused by microorganisms (dysentery, 

typhoid fever). 

 
 Furan is a part of narcotic substances - morphine, heroin, codeine, etc. 

O

C

O

H

O
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R=H – morphine 

R=CH3 - codeine 

 

 Morphine has a strong analgesic effect. It includes phenanthrene structure. The 

occurrence of addiction to morphine is known, which leads to the development of 

addiction. 

 
Thiophene – of the five-membered heterocyclic compounds under consideration 

with one heteroatom, it is closest to benzene in chemical and physical properties 

(boiling point of thiophene is 84 ° C, benzene 80 ° C). Thiophene is found in coal tar. 

Thiophene derivatives thereof are part of the ichthyol ointment, which has anti-

inflammatory, antiseptic and local analgesic effects. 

The reduction of thiophene in the presence of a palladium catalyst leads to the 

formation of tetrahydrothiophene. 

 
 Biotin (vitamin H) is derivative of tetrahydrothiophene. Biotin consists of 

imidazoline ring that is cis-fused to a tetrahydrothiophene ring bearing a valerate side 

chain. The chirality at each of its three asimetric centers is indicated (*). Biotin is 

essential human nutrient. For lack of vitamin H in food the protein and fat metabolism 

breaks that causes dermatic diseases. 
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Indole (benzpyrrole) 

 Indole (benzpyrrole) is a condensed heterocyclic compound composed of 

benzene and pyrrole nuclei having a common joint. Indole is aromatic. Like 

naphthalene, its socialized π-system contains 10 electrons (4n + 2, for n = 2). By its 

properties, indole resembles pyrrole. It practically does not possess the basic properties, 

in some reactions it behaves like weak NH-acid, it quickly darkens in air due to 

oxidation. Indole enters into electrophilic substitution reactions actively, the β-position 

of the pyrrole core of indole being the most reactive. 

 Many indole derivatives are found in nature and have diverse biological 

activity. 

 
 Tryptophan (α-amino-β-indolylpropionic acid) is an amino acid that is part of 

proteins. In the process of metabolism, tryptophan is capable of hydroxylation, 

decarboxylation. 

 
 Serotonin is one of the mediators of the brain. Violation of its normal 

metabolism in the body leads to the development of schizophrenia. Serotonin is part of 

some biologically active substances that dramatically disrupt mental activity. So, 

psilocybin, lysergic acid diethylamide (LSD), which cause visual hallucinations, 

contains serotonin. 

 Melatonin is the main epiphysis hormone, the regulator of daily rhythms. 

Five-membered heterocycles with two heteroatoms 

Five-membered heterocycles with two heteroatoms are more stable, and they are 

characterized by lower activity in electrophilic substitution reactions compared to five-

membered heterocycles with one heteroatom. They are prone to tautomeric 

transformations and to the formation of intermolecular hydrogen bonds. 
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 Imidazole is a five-membered heterocycle with two nitrogen atoms located in 

the first and third positions of the ring. One of these atoms is similar to the nitrogen 

atom in pyrrole and is responsible for the weakly acidic properties of imidazole, the 

other is similar to the "pyridine" nitrogen atom and determines the weakly basic 

properties of imidazole. Thus, imidazole is an amphoteric compound, it forms salts 

with strong acids and with alkali metals. 

 Tautomerism is an equilibrium dynamic isomerism. Its essence lies in the 

mutual conversion of isomers with the transfer of any mobile group and the 

corresponding redistribution of electron density. 

 

Prototropic (azole) tautomorism of heterocycles 

 Tautomerism is dynamic equilibrium isomerism. Tautomers convert to each 

other spontaneously and exist in dynamic equilibrium due to carrying over some 

mobile group. 

 
Hydrogen transfer is carried out so quickly (approximately 10 times per second) 

that it is not possible to isolate individual 4- or 5-monosubstituted imidazoles (“fast” 

tautomerism). Many imidazole derivatives are found in nature and have great 

biological significance. The most important are the amino acid histidine and the 

product of its decarboxylation histamine. 

Histidine (α-amino-β-imidazolylpropionic acid) is part of many proteins, 

including globin. In hemoglobin, due to the "pyridine" nitrogen atom of the imidazole 

fragment of this acid, the globin protein binds to the heme ferrum atom. 

 
 Pyrazole is an isomer of imidazole. Nitrogen atoms in the pyrazole cycle are 

located nearby. The chemical behavior of these two isomers has much in common. 
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 Pyrazole derivatives were not found in nature, but important drugs were 

created on its basis. Most of them are derivatives of pyrazolone-5 

 
Pyrazolone-5 

 Pyrazolone-5 is the basic structure of analgetic drugs. 

Pyrazolone medicines 

 
                    Antipyrine                     amidopyrile                           analgin 

      (1-phenylpyrazolone-5)     (2,3-dimethyl-1-phenyl pyrazolone-5 

       -(2,3-dimetyl- -4-dimethylamino-pyrazolone-5) 

 Antipyrine and amidopyrine are widely used in medicine as antipyretic, 

analgesics and sedatives. Analgin - is a sulfo derivative of amidopyrine. It may be used 

in liquid form. It is superior in activity and speed of reaction than amidopyrine and 

antipyrine. 

 

Six membered heterocycles with one heteroatom 

 This group includes aromatic heterocyclic compounds containing a six-

membered ring with one nitrogen heteroatom: pyridine, quinoline, isoquinoline, 

acridine – azines. 

 
Pyridine azine      Quinolone, benzo[b]-pyridine 

 
Acridine dibezo[b,e] pyridine       Isoquinoline benzo[c]-pyridine 

Pyridine С5Н5N is the most important of the natural six-membered heterocycles 

with one heteroatom. It has a characteristic unpleasant odor, poisonous, inhalation of 

its vapor can lead to severe damage to the nervous system. Pyridine is an aromatic 

heterocyclic compound having basic properties. The presence of a heteroatom leads to 
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an uneven distribution of electron density. Thus, in pyridine, the nitrogen atom is in a 

state of sp2 hybridization (two of the three sp2 hybrid orbitals form σ bonds). 

It supplies one p-electron to an aromatic sextet.  

Nicotinic acid and nicotinamide 

 Nicotinic acid and its amide, nicotinamide, have gained fame as two forms of 

vitamin PP, used in medicine to treat pellagra (antipellagric vitamin). 

 

        2 

                         Nicotinic acid        Nicotinamide 

Nicotinamide is an integral part of the enzyme systems of dehydrogenases 

responsible for redox processes in the body (NAD-nicotinamide adenine dinucleotide), 

and nicotinic acid diethylamide (cordiamine) serves as an effective stimulator of the 

central nervous system. They can be obtained from nicotinic acid by common methods: 

 
Six-membered heterocycles with two nitrogen atoms 

 This group includes three isomeric six-membered heterocycles - pyridazine, 

pyrimidine, pyrazine. 

 
Pyrimidine    Pyridazine    Pyrazine 

The introduction of the second nitrogen atom into the six-membered ring further 

reduces the activity of the heterocyclic nucleus (compared to pyridine) in electrophilic 

substitution reactions. The basicity of diazines also decreases. The introduction of 

electron-donating — OH and NH2 groups into the molecule significantly increases 

their reactivity. 

Especially important are the hydroxy and amino derivatives of pyrimidine - uracil, 

thymine and cytosine - the components of nucleic acids. They are characterized by 

lactim-lactam tautomerism, which occurs due to the transfer of hydrogen between 

nitrogen and oxygen. 
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lactim form    lactam form 

2-hydroxypyridine 

 

 
lactim form     lactam form 

cytosine (4-amino-2-hydroxypyrimidine) 

 
lactim form           lactam form 

thymine (5-methyluracil) 

Barbituric acid and its derivatives 

 They contain a pyrimidine ring and form two types of tautomeric forms: 

 
Keto-enol tautomerism 
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keto form       enol form 

lactim-lactam tautomerism 

 
lactam form     lactim form 

Derivatives of barbituric acid belong to narcotic hypnotics. 

 
Barbital (Veronal,      Phenobarbital (luminal, 

5.5-diethyl-barbituric acid)    5-ethyl-5-phenyl-barbituric acid) 

  

 The continuous use of barbiturates for a long period leads to the development 

of addiction and can be the cause of drug dependence (mental and physical). Drug 

withdrawal in the presence of drug dependence is accompanied by severe mental and 

somatic disorders (withdrawal syndrome). There is anxiety, irritability, fear, vomiting, 

visual impairment, convulsions, etc. In severe cases, death may occur. 

Purin and its derivatives 

 Purine is a bicyclic heterocyclic compound formed by the condensed nuclei of 

pyrimidine and imidazole. 

   
Purine         Uric acid 

The purine system is aromatic and submits to the Hückel rule. Purine is resistant 

to oxidizing agents, soluble in water, forms salts with both strong acids and alkali 

metals. 

Uric acid is the end product of the metabolism of purine compounds in the body. 

Uric acid is dibasic, poorly soluble in water, but easily soluble in alkalis. Uric acid salts 

are called urates. With some disorders in the body, they are deposited in the joints, for 

example, with gout, as well as in the form of kidney stones, causing severe pain. 
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Uric acid     Sodium urate 

 

 

Aminopurines - components of nucleic acids 

Of the aminopurines, the most important are 6-aminopurine or adenine, 2-amino-

6-hydroxypurin or guanine, which are essential components of nucleic acids. 

    
Adenine        Guanine 

 For adenine, prototropic tautomerism is possible due to the migration of 

hydrogen between N7 and N9 in the imidazole ring: 

 
 For guanine, in addition to prototropic tautomerism, lactim-lactam 

tautomerism is possible. 

Lactim-lactam tautomerism 

 
lactam form    lactim form 

Guanine (2-amino-6-hydroxypurine) 

 In the process of metabolism in the body (in vivo) and outside the body 

(invitro), under the influence of НNО2 deamination of adenine and guanine occurs with 

the formation of hypoxanthine and xanthine, respectively, which are the precursors of 

uric acid during the breakdown of aminopurines. 
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Adenine    Hypoxanthine 

 
Guanine        Xanthine 

 Methylated xanthines (alkaloids) are caffeine (1,3,7-trimethylxanthine), 

theophylline (1,3-dimethylxanthine), theobromine (3,7-dimethylxanthine). 

 
Caffeine       Theophylline     Theobromine 

found in tea, coffee   principal alkaloid of small amounts 

mate leaves, guarana cacao bean, also in in tea 

paste, cola nuts  cola nuts and tea 

 

Nucleosides 

 Nucleoside is called N-β-glycoside, in which the aglycon (non-carbohydrate part) 

is a nitrogenous base derived from pyrimidine or purine. Depending on which 

monosaccharide is part of the nucleoside, they are divided into two types - ribosides 

and deoxyribosides. 

 
Nucleosides are N-glycosides of ribose and deoxyribose with pyrimidine and 

purine bases. N-glycosidic linkage may be hydrolyzed in acidic medium. 

 
Uridine     Adenosine 
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Nucleosides are intermediate compounds in the synthesis of nucleotides, and are 

not involved in other metabolic processes in the cell, but synthetic nucleosides are used 

as drugs. They have less toxicity than the aglycon (derivative of pyrimidine or purine) 

included in their composition, nucleosides are better absorbed compared to free 

nitrogen bases. 

Nomenclature 

Nucleosides containing pyrimidine in their name have an ending idine. 

Nucleosides containing purine in their name have an ending – ozine. 

Pay attention to the nomenclature of nucleosides containing thymine. 

Thymine is the base of DNA, and if the nucleoside contains deoxyribose, then the 

name of the nucleoside (thymidine) does not need to emphasize the chemical nature 

of the carbohydrate. If thymine is associated with ribose, which is an atypical biological 

situation, then the name indicates the name of the carbohydrate (thymidine riboside) 

The most common nucleosides 

Type of bond - N-β-glycosidic linkage 

Nitrogen 

base 

Nucleoside 

carbohydrate 

ribose 

Nucleoside carbohydrate 

deoxyribose 

uracil uridine deoxyuridine 

cytosine cytidine deoxycytodine 

thymine ribothymidine thymidine 

adenine adenosine deoxyadenosine 

guanine guanosine deoxyguanosine 

hypoxanthine inosine deoxyinosine 
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      Uridine                              thymidine riboside                       thymidine 

 In natural nucleosides containing adenine, guanine, hypoxanthine and other 

purine compounds, an N9-β-glycosidic bond is always formed 

N

N
N

N

NH2

O

OHOH

HH

H

CH2OH

H
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N
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HOH

HH

H

CH2OH
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                 Adenosine                                                    Deoxyguanosine 

 

 All the above figures show the actual spatial relative position of the 

carbohydrate and nitrogen base: 

  - rotation around the glycosidic bond is difficult; 

 - the location of the pentose cycle to the left of the bond corresponds to the only 

correct image of the β-glycosidic bond; 

 - carbonyl and amino groups of the cycles are turned in the opposite direction 

from pentose (so these groups will be able to participate in the creation of 

complementary pairs). 

Nucleotides 

Nucleotides are phosphoric esters of nucleosides. Their chemical composition: 

nitrogen base + pentose + phosphoric acid. 
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Phosphorus esters are formed with the participation of the hydroxyl groups of 

pentoses. The position of the phosphorus-ester groups is usually designated using the 

notation ('), for example: 5', 3'. Nucleotides play an extremely important role in the life 

of the cell. 

Nucleotide classification 

Nucleotides consisting of one nitrogen base molecule, pentose, phosphoric acid 

are called mononucleotides. Mononucleotides may contain one molecule of phosphoric 

acid, two or three molecules of phosphoric acid, connected to each other. 

 The combination of two mononucleotides is called a dinucleotide. In the 

composition of the dinucleotide, various nitrogenous bases or one other cyclic 

compound are usually present. A special role in biochemical processes is played by 

cyclic mononucleotides. 

The nomenclature of mononucleotides. 

 Depending on the amount of phosphate residues, “monophosphate”, 

“diphosphate”, “triphosphate” is added to the name of the nucleoside, indicating their 

position in the pentose cycle — a digital designation of the place with a badge ('). 

The position of the phosphate group in position (5 ') is the most common and 

typical, therefore, it can be omitted (AMP, GTP, UTP, dAMP, etc.) The remaining 

provisions are indicated necessarily (3'-AMP, 2'-AMP, 3'-dAMP) 

N

N
N

N

NH2

O

OHOH

HH

H

CH2OPO3H2

H

 
5'-adenosine monophosphate               (5'- AMP or AMP) 
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Names of the most common nucleotides 

nucleosi

de 

 

nucleoside 

monophosphate 

nucleoside 

diphosphate 

nucleoside 

triphosphate 

adenosin

e 

 

5'-Adenosine 

Monophosphate  (5'- 

AMP or AMP) 5' 

adenylic acid 

5'-adenosine 

diphosphate   (5'-

ADP or ADP) 

5'-adenosine 

triphosphate (5'-ATP 

or ATP) 

 

adenosine 

3'-adenosine 

monophosphate 

(3'-AMP) 

3 'adenylic acid 

not found 

in vivo 

not found 

in vivo 

guanosin

e 

5'-guanosine 

monophosphate 

(5'- GMF or 

GMF) 

5'-guanosine 

diphosphate 

(5'- GDF or 

GDF) 

5'-guanosine 

triphosphate 

(5'-GTF or GTF) 

guanosin

e 

 

3'-guanosine 

monophosphate  (3'- 

GMF) 3'-guanylic 

acid 

not found 

in vivo 

not found 

in vivo 

deoxy 

adenosine 

5'-

deoxyadenosine 

monophosphate  (5'- 

dAMP or dAMP) 

5'-

deoxyadenosine 

diphosphate  (5'-

dADP or dADP) 

5'-

deoxyadenosine 

triphosphate (5'-

DATP or DATP) 

uridine 

5'-uridine 

monophosphate  (5'- 

UMF or UMF) 

5'-uridine 

diphosphate  (5'- 

UDP or UDP) 

5'-uridine 

triphosphate  (5'- UTF 

or UTF) 

cytidine 

5'-cytidine 

monophosphate  (5'- 

CMF or CMF) 

5'-cytidine 

diphosphate 

(5'- CDF or 

CDF) 

5'-cytidine 

triphosphate 

(5'- CTF or CTF) 

 Nucleotides formed with the participation of ribose can contain phosphoric 

acid residues in three positions (5 ', 3', 2 '), and with the participation of deoxyribose - 

only in two positions (5', 3 '), there is no hydroxy group in position 2'. This fact is very 

important for the structure of DNA. 

The absence of a hydroxy group in the second position has two important 

consequences:  - the polarization of the glycosidic bond in DNA decreases and it 

becomes more resistant to hydrolysis.  - 2-O-deoxyribose cannot undergo either 

epimerization or conversion to ketosis. 

In the cell, the nucleoside monophosphate is sequentially converted to 

diphosphate and then to triphosphate. For example: AMP → ADP → ATP 
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The biological role of nucleotides 

All nucleoside diphosphates and nucleoside triphosphates are high-energy 

(macroergic) compounds. 

  Nucleoside triphosphates participate in the synthesis of nucleic acids, provide 

activation of bioorganic compounds and biochemical processes that take place with the 

expenditure of energy. Adenosine triphosphate (ATP) is the most common macroergic 

compound in the human body. The ATP content in skeletal muscle of mammals is up 

to 4 g / kg, the total content is about 125 g. In humans, the ATP metabolism rate reaches 

50 kg / day. The hydrolysis of ATP produces adenosine diphosphate (ADP) 

N

N
N

N

NH2

O

OHOH

HH

H

CH2

H

OOH

PP OO

O O

OHP

O

HO

OH

 
                               Macroergic bonds 

  

ATP contains various types of chemical bonds: 

1. N-β-glycosidic 

2. Ester 

3. Two anhydride (biologically macroergic) 

 Under in vivo conditions, the hydrolysis of the ATP macroergic bond is 

accompanied by the release of energy (about 35 kJ / mol), which provides other energy-

dependent biochemical processes. 

enzyme ATP hydrolase 

ATP + H2O ———————> ADP + H3PO4 

In aqueous solutions, ADP and ATP are unstable. At 0oC ATP is stable in water 

for only a few hours, and when boiled for 10 minutes. Under the action of alkali, two 

terminal phosphates (anhydride bonds) are hydrolyzed easily, and the latter (ester 

bond) is hydrolized difficultly. With acid hydrolysis, the N-glycosidic bond breaks 

easily.    ATP was first isolated from muscles in 1929 by K. Loman. Chemical 

synthesis was carried out in 1948 by A. Todd. 

 

The structure of nucleic acids 

The primary structure of RNA and DNA is the serial connection of nucleotides in 

the polynucleotide chain. The skeleton of the polynucleotide chain consists of 

carbohydrate and phosphate residues, heterocyclic nitrogenous bases are connected to 

carbohydrates through an N-β-glycosidic bond. From a biological point of view, 

triplets — blocks of nucleotides from three nitrogen bases, each of which encodes an 

amino acid or has a specific signaling function — are of utmost importance. 
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The structure of the nucleic acid can be represented schematically: 

    5', 3'                   5', 3'               5', 3' 

phosphate — pentose — phosphate — pentose — phosphate — pentose — 

OH                             |            |           

|                   nitrogen base                   nitrogen base           nitrogen base 

In the primary structure of DNA, the beginning of the chain is determined by 

pentose containing phosphate at position 5 '. The pentoses in the polynucleotide chain 

are joined via 3 ′ → 5 ′ phosphate bonds. At the end of the chain in the 3'-pentose 

position, the OH-group remains free. 
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 Higher Order DNA Structure - Double Helix 

 
 

  The scientific description of the secondary structure of DNA refers to the 

greatest discoveries of mankind in the twentieth century. Biochemist D. Watson and 

physicist F. Crick in 1953 proposed a model of the structure of DNA and the 

mechanism of the replication process. In 1962 they were awarded the Nobel Prize. 

  In a popular form, the story is described in James Watson's book “The Double 

Helix”. The book very interestingly describes the story of a joint work, with humor and 

easy irony of the author for such a significant event, the happy “culprits” of which were 

two young scientists. Since the discovery of the DNA structure, mankind has received 

an instrument for the development of a new direction - biotechnology, protein synthesis 

by recombination of genes. 

 The discovery of the structure of DNA was facilitated by the research of E. 

Chargaff regarding the chemical composition of DNA. He found out: 

  - the number of pyrimidine bases is equal to the number of purine bases 

  - the amount of thymine is equal to the amount of adenine, and the amount of 

cytosine is equal to the amount of guanine. 

 

A = T G = C 

A + G = T + C 

A + C = T + G 

 

 These relationships are called the Chargaff`s rule. 

The DNA molecule is two twisted spirals. The skeleton of each spiral is a chain 

of alternating residues of deoxyribose and phosphoric acid. The spirals are oriented in 

such a way that they form two unequal spiral grooves that run parallel to the main axis. 

These grooves are filled with histone proteins. Nitrogenous bases are located inside the 

spiral, almost perpendicular to the main axis and form complementary pairs A ... T and 

G ... C between the chains. 
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The total length of DNA molecules in each cell reaches 3 cm. The diameter of the 

cell is on average 10–5 m, the diameter of DNA is only 2 • 10–9 m. The main parameters 

of the double helix: 

• Diameter is 1.8 - 2nm 

• 10 nucleotides on one turn  

• coil pitch is ~ 3.4 nm 

• the distance between two nucleotides is 0.34 nm. 

The bases are perpendicular to the axis of the chain. 

• antiparallel directions of polynucleotide chains 

• The connection between the furanose cycles of deoxyribose through 

phosphoric acid is carried out from position 3` to position 5` in each of the chains. 

• The beginning of the chain - the pentose hydroxyl group is phosphorylated at 

position - 5`, the end of the chain is the free pentose hydroxyl group at position 3`. 

• In the composition of DNA and RNA, nucleoside fragments are in the anti-

conformation of the purine pyrimidine cycle located to the right of the glycosidic bond. 

Only this position allows the formation of a complementary pair (see nucleotide 

formulas) 

• Between nitrogenous bases there are three types of interactions:       

- “Transverse”, complementary pairs of two chains are involved. There is a 

"cyclic" electron transfer between two nitrogenous bases (T - A, Y - C), an additional 

π - electronic system is formed, which provides additional interaction and protects the 

nitrogenous bases from undesirable chemical influences. Two hydrogen bonds are 

established between adenine and thymine, and three hydrogen bonds between guanine 

and cytosine. 

- “Vertical” (stacking), due to stacking, the nitrogenous bases of one chain are 

involved. "Stacking interaction" is even more important in the stabilization of the 

structure than the interaction in complementary pairs 

- Interaction with water plays a significant role in maintaining the spatial structure 

of the double helix, which takes the most compact structure to reduce the contact 

surface with water and directs hydrophobic heterocyclic bases into the spiral. 
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General material and educational and methodological support of the lecture: 

- Working program of the discipline 

- Silabus 

- Methodical recommendations for independent work of higher education 

applicants 

- Multimedia presentations 

- Situational tasks 
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Lecture № 5 

Topic: Biochemistry as a science: biomolecules; metabolic pathways. Enzymes: 

structure, properties, classification and nomenclature. Kinetics and regulation of 

enzymatic reactions. Regulatory enzymes. Cofactors and coenzymes. Medical 

enzymology. 

Relevance of the topic: An organism can live and develop only under the conditions 

of the course of reactions in it, related to the energy supply of the processes of 

synthesis and decomposition of substances. All processes that take place in the body 

differ in speed and coordination. Digestion, energy supply, synthesis of structural 

components of cells and tissues, growth, reproduction, muscle contraction, blood 

clotting and other processes are related to the work of enzymes. Therefore, it is 

important to reveal the functioning of enzymatic processes occurring in membranes 

and organelles for the integration of metabolism in individual cells. 

Purpose: study of the general patterns of enzymatic catalysis and use of enzyme 

activity research in the diagnosis of various pathological conditions. 

Basic concepts: 

1. What are enzymes? 

2. Code of enzymes. 

3. Active and allosteric centers of enzymes. 

4. Kinetics, energetics of the enzymatic reaction. 

5. Enzyme activators, inhibitors. 

6. Isoenzymes, polyenzyme systems. 

7. Enzymopathology, enzyme diagnostics, enzyme therapy. 

 

Plan and organizational structure of the lecture: 

1. Structure of enzymes. 

2. Nomenclature, classification, properties of enzymes 

3. Mechanism of enzyme action, enzyme centers, 

4. Kinetics, energetics of the enzymatic reaction 

5. Enzyme activators, inhibitors 

6. Isoenzymes, polyenzyme systems 

7. Regulation of enzymatic activity 

8. Basics of medical enzymology 

 

 

Content of the lecture material 
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General material and educational and methodological support of the lecture: 

 

- Working program of the academic discipline 

- Syllabus 

- Methodical recommendations for independent work of higher education applicants 

- Multimedia presentations 

- Situational clinical tasks 

- Electronic bank of test tasks by subdivisions of the discipline 

 

Questions for self-control: 

 

Introduction to biochemistry. Biochemical components of cells 

1. Biological chemistry (biochemistry) as a science. The place of biochemistry among 

other medical and biological disciplines. 

2. Objects of study and tasks of biochemistry. The leading role of biochemistry in 

establishing the molecular mechanisms of the pathogenesis of human diseases. 

3. Connection of biochemistry with other biomedical sciences. Medical biochemistry. 

Clinical biochemistry. Biochemical laboratory diagnostics. 

4. History of biochemistry; development of biochemical research in Ukraine. 

5. Biochemical components of the cell, their biochemical functions. Classes of 

biomolecules. Hierarchy of biomolecules, their origin. 

Enzymes and coenzymes. Regulation of metabolism. 

1. Enzymes: definition; properties of enzymes as biological catalysts. 
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2. Classification and nomenclature of enzymes, characteristics of individual classes 

of enzymes. 

3. Structure and mechanisms of action of enzymes. Active and allosteric (regulatory) 

centers. 

4. Cofactors and coenzymes. The structure and properties of coenzymes, vitamins as 

precursors in the biosynthesis of coenzymes. 

5. Coenzymes: types of reactions catalyzed by individual classes of coenzymes. 

6. Isoenzymes, peculiarities of structure and functioning, importance in diagnosis of 

diseases. 

7. Mechanisms of action and kinetics of enzymatic reactions: dependence of reaction 

speed on substrate concentration, pH and temperature. 

8. Enzyme activators and inhibitors: examples and mechanisms of action. 

9. Types of enzyme inhibition: reverse (competitive, non-competitive) and 

irreversible inhibition. 

10. Regulation of enzymatic processes. Ways and mechanisms of regulation: 

allosteric enzymes; covalent modification of enzymes. 

11. Cyclic nucleotides (cAMP, cGMP) as regulators of enzymatic reactions and 

biological functions of the cell. 

12. Enzymopathies are congenital (hereditary) defects in the metabolism of 

carbohydrates, amino acids, porphyrins, and purines. 

13. Enzyme diagnosis of pathological processes and diseases. 

14. Enzymotherapy – use of enzymes, their activators and inhibitors in medicine. 

15. Principles and methods of detecting enzymes in biological objects. Units of 

activity and amount of enzymes. 

Literature 

1. Satyanarayana U. Biochemistry. 5th edition. India 2020. – 777 p. 

2. Lehninger. Principles of Biochemistry. 7th edition. NY, United States. 2017. 

3. Jeremy M. Berg, John L. Tymoczko, Gregory J. Gatto. Biochemistry. 8th 

Revised edition. 2015. 

4. Lippincott Illustrated Reviews: Biochemistry. Philadelphia :Wolters Kluwer, 

2017. 560 p. 

5. Donald Voet, Judith G. Voet, Charlott W. Pratt. Fundamentals of 

Biochemistry: Life at the Molecular Level. ISBN: 978-1-118-91840-1 February 2016, 

1184 p. 

6. William Marshall, Marta Lapsley, Andrew Day, Kate Shipman. Clinical 

Chemistry. Elsevier, 2020. 432 р. 

Електронні інформаційні ресурси: 

1. https://info.odmu.edu.ua/chair/biology/ 

2. http://libblog.odmu.edu.ua/ 

3. https://moodle.odmu.edu.ua/login/index.php 

 

  

https://moodle.odmu.edu.ua/login/index.php
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Lecture № 6 

 
       Topic: Bioenergetics: general ways of catabolism of carbohydrates, lipids, amino 

acids. Cycle of tricarboxylic acids. Biological oxidation and oxidative 

phosphorylation. Electron transport chain in mitochondria. 

 

      Relevance of the topic: The energy balance of energy intake and expenditure 

must be maintained in the body. Living organisms receive energy in the form of 

potential energy accumulated in the chemical bonds of fat, protein and carbohydrate 

molecules. In the process of biological oxidation, this energy is released. Part of it is 

used for the synthesis of ATP, the other part of this energy is converted into heat. 

      The integration of metabolic transformations of proteins, fats and carbohydrates is 

manifested in the existence of common precursors and common intermediate 

products of metabolism. This is a common carbon fund, a common intermediate 

product of metabolism - acetyl-CoA and other substances. Final transformation 

pathways, such as the tricarboxylic acid cycle and the respiratory chain reactions that 

occur in mitochondria, also link metabolic processes at different stages. 

 

Purpose: to study the general pathways of catabolism of the main classes of organic 

compounds and the generation of energy in the body. 

 

Basic concepts: 

1. Anabolism, catabolism, metabolism. 

2. Energy balance. 

3. Anaplerotic reactions. 

4. Amphibolic reactions. 

5. Cytochrome P450. 

6. Free radicals. 

7. Antioxidant systems. 

 

Plan and organizational structure of the lecture: 

1. General ways of catabolism. 

2. Krebs cycle. Sequence of reactions. 

3. Energy balance of the Krebs cycle. 

4. Anaplerotic reactions. 

5. Amphibolic reactions. 

6. Microsomal oxidation. 

7. Free radical oxidation. 

8. Antioxidant systems. 

Content of the lecture material 
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IN GENERAL THE TCA CYCLE IS INHIBITED BY A HIGH ENERGY 

CHARGE AND STIMULATED BY LOW ENERGY CHARGE  
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The whole system of tissue respiration can be represented as the general pattern of 

enzyme complexes:  
 
I - NADH-KoQH

2
-reductase (inhibitor rotenone)  

 

II - succinate- KoQH
2
 reductase (inhibitor - carboksin)  

 

III - KoQN2-cytochrome c reductase (inhibitor - antimycin A)  

 

IV – cytochrome a-cytochrome oxidase  (inhibitors:  carbon monoxide, cyanide)  

 

      The sequence and location of these or other enzymes in the process of tissue respiration is 

determined by: 

  

1) rate of oxidation and reduction components of the respiratory chain enzymes;  

 

2) the redox potential of the components of the respiratory chain enzymes.  
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The formation of free radicals, peroxides and antioxidants.  

 

     In the chain of cellular respiration at the level of ubiquinone, which is a division of 

the flow of protons and electrons, some electrons are "lost" and a molecule of oxygen 

does not receive four electrons in the outer orbit, but only one.  
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     Free radical - a molecule or part thereof, which has an unpaired electron on the 

molecular or atomic outer orbit. The presence of such an electron gives the system a 

very high reactivity in chemical transformations and, therefore, the possibility of 

damage to biologically important molecules.  

     Superoxide anion oxygen can also act as an oxidant and (take electrons from the 

substrates), and as a reluctant (electrons give the substrate). In both cases, the 

substrate, which interacts with superoxide anion, oxygen turns into a free radical. 
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General material and educational and methodological support of the lecture: 

- Working program of the academic discipline 

- Syllabus 

- Methodical recommendations for independent work of higher education applicants 

- Multimedia presentations 

- Situational clinical tasks 
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- Electronic bank of test tasks by subdivisions of the discipline 

 

 

Questions for self-control: 

1. Exchange of substances (metabolism) - general patterns of catabolic and anabolic 

processes. 

2. Joint stages of intracellular catabolism of biomolecules: proteins, carbohydrates, 

lipids. 

3. Cycle of tricarboxylic acids. Localization, sequence of enzymatic reactions, 

significance in metabolism. 

4. Energy balance of the cycle of tricarboxylic acids. Physiological significance of 

CTC reactions. 

5. Reactions of biological oxidation; types of reactions (dehydrogenase, oxidase, 

oxygenase) and their biological significance. Tissue respiration. 

6. Enzymes of biological oxidation in mitochondria: pyridine-, flavin-dependent 

dehydrogenases, cytochromes. 

7. The sequence of the components of the mitochondrial respiratory chain. Molecular 

complexes of the inner membranes of mitochondria. 

8. Oxidative phosphorylation: coupling points of electron transport and 

phosphorylation, coefficient of oxidative phosphorylation 

9. Chemiosmotic theory of oxidative phosphorylation, mitochondrial ATP synthetase. 

10. Inhibitors of electron transport and uncouplers of oxidative phosphorylation. 

11. Microsomal oxidation: cytochrome P-450; molecular organization of the electron 

transport chain. 

Literature 

1. Satyanarayana U. Biochemistry. 5th edition. India 2020. – 777 p. 

2. Lehninger. Principles of Biochemistry. 7th edition. NY, United States. 2017. 

3. Jeremy M. Berg, John L. Tymoczko, Gregory J. Gatto. Biochemistry. 8th 

Revised edition. 2015. 

4. Lippincott Illustrated Reviews: Biochemistry. Philadelphia :Wolters Kluwer, 

2017. 560 p. 

5. Donald Voet, Judith G. Voet, Charlott W. Pratt. Fundamentals of 

Biochemistry: Life at the Molecular Level. ISBN: 978-1-118-91840-1 February 2016, 

1184 p. 

6. William Marshall, Marta Lapsley, Andrew Day, Kate Shipman. Clinical 

Chemistry. Elsevier, 2020. 432 р. 

Електронні інформаційні ресурси: 

1. https://info.odmu.edu.ua/chair/biology/ 

2. http://libblog.odmu.edu.ua/ 

3. https://moodle.odmu.edu.ua/login/index.php 

  

https://moodle.odmu.edu.ua/login/index.php
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Lecture № 7 

 

Topic: Carbohydrate metabolism: glycolysis, glycogenolysis, oxidative 

decarboxylation of pyruvate, interconversion of monosaccharides, metabolism of 

fructose, galactose. Carbohydrate metabolism: Glycogen biosynthesis, pentose 

phosphate pathway, gluconeogenesis. Enzymopathies of carbohydrate metabolism 

(glycogen storage diseases). Diabetes mellitus. 

Relevance of the topic: Carbohydrates are the main component of biomass on our 

planet, they make up the main structural material of plants, and are also one of the 

important food products for mammals, including humans. At the molecular level, 

relative to humans, they play the role of the main source of energy, take part in the 

structure and maintenance of the functions of cell membranes, are part of the 

intercellular substance and provide the adhesive properties of cells. Oxidation of 

carbohydrates is the basis of bioenergetics of nervous tissue. Violation of 

carbohydrate metabolism is the cause of a number of diseases: such as diabetes, 

galactosemia, rheumatism and others. 

 

Purpose: to study the general patterns of carbohydrate metabolism as the main 

source of energy in the human body; to study the main mechanisms of carbohydrate 

metabolism disorders, which are the cause of a number of diseases: such as diabetes, 

galactosemia, rheumatism, and others. 

 

Basic concepts: 

1. Glycolysis, glycogenolysis. Dichotomous way. 

2. Shuttle mechanisms. 

3. Multienzyme complex. 

4. PPP. Apotomic way. 

5. Corey cycle. 

6. Galactosemia. 

7. Diabetes. 

8. Glycogen storage diseases. 

 

Plan and organizational structure of the lecture: 

1. Sequence of reactions of glycolysis and glycogenolysis. 

2. Biological significance of glycolysis. 

3. Oxidative decarboxylation of pyruvate. 

4. Metabolism of fructose, galactose. Interconversion of monosaccharides 

5. Pentose phosphate pathway. Sequence of reactions and characteristics of 

enzymes. Biological role of PPP. 

6. Biosynthesis of glycogen. 

7. Gluconeogenesis. Glucose-lactate and glucose-alanine cycles. 

8. Violation of carbohydrate metabolism. 

9. Hereditary enzymopathies of carbohydrate metabolism. 

10. Diabetes mellitus. 
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Content of the lecture material 

➢ Greek word - “glycos” - meaning sweet/sugar and “lysis” - meaning 

dissolution 

➢ Glycolysis is the first step in the breakdown of glucose to extract energy for 

cellular metabolism. Glycolysis consists of an energy-requiring phase followed 

by an energy-releasing phase. 

➢ Glycolysis is a series of reactions that extract energy from glucose by splitting 

it into two three-carbon molecules called pyruvates.  

➢ Sequence of reactions converting glucose to lactate with production of ATP. 

➢ Embden-Meyerhof pathway 
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General material and educational and methodological support of the lecture: 

 

- Working program of the academic discipline 

- Syllabus 

- Methodical recommendations for independent work of higher education applicants 

- Multimedia presentations 

- Situational clinical tasks 

- Electronic bank of test tasks by subdivisions of the discipline 

Questions for self-control: 

1. Aerobic and anaerobic oxidation of glucose, general characteristics of the 

processes. 

2. Anaerobic oxidation of glucose. Sequence of reactions and enzymes of 

glycolysis. 

3. Aerobic oxidation of glucose. Stages of conversion of glucose to CO2 and H2O. 

4. Oxidative decarboxylation of pyruvate. Enzymes, coenzymes and the sequence 

of reactions in a multienzyme complex. 

5. Glycolytic oxidoreduction: substrate phosphorylation and shuttle mechanisms of 

glycolytic NADH oxidation. 

6. Comparative characteristics of bioenergetics of aerobic and anaerobic glucose 

oxidation, Pasteur effect. 

7. The phosphorolytic pathway of glycogen cleavage in the liver and muscles. 

Regulation of glycogen phosphorylase activity. 

8. Mechanisms of reciprocal regulation of glycogenolysis and glycogenesis due to 

cascading cAMP-dependent phosphorylation of enzyme proteins. 

9. Metabolic ways of transformation of fructose and galactose; hereditary 

enzymopathies of their metabolism. 

10. Biosynthesis of glycogen: enzymatic reactions, physiological significance. 

Regulation of glycogen synthase activity. 
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11. The role of adrenaline, glucagon and insulin in hormonal regulation of glycogen 

metabolism in muscles and liver. 

12. Genetic disorders of glycogen metabolism (glycogenosis, aglycogenosis). 

13. Gluconeogenesis: substrates, enzymes and physiological significance of the 

process. 

14. Glucose-lactate (Cori cycle) and glucose-alanine cycles. 

15. Blood glucose (glucosemia): normoglycemia, hypo- and hyperglycemia, 

glucosuria. Diabetes mellitus is a pathology of glucose metabolism. 

16. Hormonal regulation of blood glucose concentration and metabolism. 

17. Pentose phosphate pathway of glucose oxidation: scheme of the process and 

biological significance. 

Literature 

1. Satyanarayana U. Biochemistry. 5th edition. India 2020. – 777 p. 

2. Lehninger. Principles of Biochemistry. 7th edition. NY, United States. 2017. 

3. Jeremy M. Berg, John L. Tymoczko, Gregory J. Gatto. Biochemistry. 8th 

Revised edition. 2015. 

4. Lippincott Illustrated Reviews: Biochemistry. Philadelphia :Wolters Kluwer, 

2017. 560 p. 

5. Donald Voet, Judith G. Voet, Charlott W. Pratt. Fundamentals of 

Biochemistry: Life at the Molecular Level. ISBN: 978-1-118-91840-1 February 2016, 

1184 p. 

6. William Marshall, Marta Lapsley, Andrew Day, Kate Shipman. Clinical 

Chemistry. Elsevier, 2020. 432 р. 

Електронні інформаційні ресурси: 

1. https://info.odmu.edu.ua/chair/biology/ 

2. http://libblog.odmu.edu.ua/ 

3. https://moodle.odmu.edu.ua/login/index.php  

https://moodle.odmu.edu.ua/login/index.php
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Lecture  № 8 

 

Topic: Lipid metabolism. Catabolism of triacylglycerols: oxidation of fatty acids and 

glycerol; ketogenesis. Lipid metabolism. Lipogenesis. Cholesterol metabolism. 

Regulation and pathology of lipid metabolism: obesity, atherosclerosis. 

Relevance of the topic: Lipids play an important role in vital processes. These are 

the main components of biomembranes that affect their permeability, participate in 

the transmission of nerve impulses, create intercellular contacts, form the body's 

energy reserve, create waterproof and heat-insulating coatings in animals and plants, 

protect organs and tissues from mechanical impact. Assimilation of knowledge on the 

specified topic is certainly an integral part of the formation of the scientific 

worldview of the future doctor and a prerequisite for the development of methods and 

means of pharmacological correction of disorders of lipid metabolism, including 

obesity, atherosclerosis. 

Purpose: to study the general patterns of lipid metabolism and their use as energy in 

the human body; to study the main mechanisms of carbohydrate metabolism 

disorders, which are the cause of a number of diseases: such as obesity, 

atherosclerosis, and others. 

Basic concepts: 

1. Monoacyl glycerol. 

2. Triacyl glycerol. 

3. Carnitine. 

4. Ketone bodies. 

5. Sphingolipidosis. 

6. Lipoproteins. 

7. Obesity. 

8. Atherosclerosis. 

9. Gallstone disease. 

Plan and organizational structure of the lecture: 

1. Biological role of lipids. 

2. Oxidation of triacylglycerols. 

3. Oxidation of HFA. Biological role. 

4. Oxidation of glycerol. 

5. The energy balance of the oxidation of HFA and glycerol. 

6. Metabolism of acetoacetic acid. 

7. Formation of ketone bodies, their biological role. 

8. Biosynthesis of HFA. Sequence of reactions and characteristics of enzymes. 

9. Glycerol biosynthesis. 

10. Biosynthesis of triacylglycerols. 

11. Formation of complex lipids 

12. Biosynthesis and biotransformation of cholesterol. 

13. Disorders of lipid metabolism. 

Content of lecture material 
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General material and educational and methodological support of the lecture: 

- Working program of the academic discipline 

- Syllabus 

- Methodical recommendations for independent work of higher education applicants 

- Multimedia presentations 

- Situational clinical tasks 

- Electronic bank of test tasks by subdivisions of the discipline 

 

Questions for self-control: 

1. Catabolism of triacylglycerols in adipocytes of adipose tissue: sequence of 

reactions, mechanisms of regulation of triglyceride lipase activity. 
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2. Neurohumoral regulation of lipolysis with the participation of adrenaline, 

norepinephrine, glucagon and insulin). 

3. Fatty acid oxidation reactions (β-oxidation); the role of carnitine in the transport of 

fatty acids in mitochondria. 

4. Energy cost of β-oxidation of fatty acids in cells. 

5. Glycerol oxidation: enzymatic reactions, bioenergetics. 

6. Ketone bodies. Reactions of biosynthesis and disposal of ketone bodies, 

physiological significance. 

7. Violation of the metabolism of ketone bodies under pathological conditions 

(diabetes mellitus, starvation). 

Literature 

1. Satyanarayana U. Biochemistry. 5th edition. India 2020. – 777 p. 

2. Lehninger. Principles of Biochemistry. 7th edition. NY, United States. 2017. 

3. Jeremy M. Berg, John L. Tymoczko, Gregory J. Gatto. Biochemistry. 8th 

Revised edition. 2015. 

4. Lippincott Illustrated Reviews: Biochemistry. Philadelphia :Wolters Kluwer, 

2017. 560 p. 

5. Donald Voet, Judith G. Voet, Charlott W. Pratt. Fundamentals of 

Biochemistry: Life at the Molecular Level. ISBN: 978-1-118-91840-1 February 2016, 

1184 p. 

6. William Marshall, Marta Lapsley, Andrew Day, Kate Shipman. Clinical 

Chemistry. Elsevier, 2020. 432 р. 

Електронні інформаційні ресурси: 

1. https://info.odmu.edu.ua/chair/biology/ 

2. http://libblog.odmu.edu.ua/ 

3. https://moodle.odmu.edu.ua/login/index.php 

  

https://moodle.odmu.edu.ua/login/index.php
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Lecture №9 

Topic: Metabolism of amino acids. General pathways of amino acid conversion 

(deamination, transamination, decarboxylation). Ammonia metabolism: urea 

biosynthesis and its disorders. Specialized ways of converting amino acids; hereditary 

enzymopathies of amino acid metabolism. 

 

Relevance of the topic: Deamination reactions together with transamination 

reactions are the central link of the intracellular metabolism of amino acids. As a 

result of deamination processes, ammonia is formed - a toxic substance that is subject 

to temporary and final detoxification processes and is excreted in the urine in the 

form of end products of nitrogenous metabolism, one of which are ammonium salts. 

The synthesis of ammonium salts in the kidneys ensures the maintenance of acid-base 

balance and the stability of the ionic composition of the body. During the 

decarboxylation of amino acids, biogenic amines are formed, which are mediators of 

the central nervous system and have a hormonal effect. 

 

Purpose: study of the main mechanisms of amino acid metabolism, which is a 

prerequisite for the development of methods and means of pharmacological 

correction of amino acid metabolism disorders and formation of the scientific outlook 

of the future doctor. 

 

Basic concepts: 

1. Deaminating dehydrogenases. 

2. Transaminases. 

3. Mediators of inflammation, allergies. 

4. Arginine-succinic aciduria. 

5. "Maple syrup" disease 

6. Phenylketonuria. 

7. Alkaptonuria. 

8. Albinism. 

 

Plan and organizational structure of the lecture: 

1. Deamination, decarboxylation of amino acids. 

2. Transamination. 

3. Urea biosynthesis. Sequence of reactions and characteristics of enzymes. 

4. Pathology of urea synthesis. 

5. Specific ways of exchange of acyclic and cyclic amino acids. 

6. Violation of amino acid metabolism. 

 

 

 

 

Content of the lecture material 
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General material and educational and methodological support of the lecture: 

 

- Working program of the academic discipline 

- Syllabus 

- Methodical recommendations for independent work of higher education applicants 

- Multimedia presentations 

- Situational clinical tasks 

- Electronic bank of test tasks by subdivisions of the discipline 

 

Questions for self-control: 

1. The pool of free amino acids in the body: ways of obtaining and using free amino 

acids in tissues. 

2. Transamination of amino acids: reactions and their biochemical significance, 

mechanisms of action of aminotransferases. 

3. Direct and indirect deamination of free L-amino acids in tissues. 

4. Decarboxylation of L-amino acids in the human body. Physiological significance 

of the products formed. Oxidation of biogenic amines. 
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5. Ways of formation and neutralization of ammonia in the body. 

6. Urea biosynthesis: sequence of biosynthesis enzyme reactions, genetic anomalies 

of urea cycle enzymes. 

7. General ways of metabolism of carbon skeletons of amino acids in the human 

body. Glucogenic and ketogenic amino acids. 

8. Biosynthesis and biological role of creatine and creatine phosphate. 

9. Glutathione: structure, biosynthesis and biological functions of glutathione 

10. Specialized ways of metabolism of cyclic amino acids - phenylalanine and 

tyrosine. 

11. Metabolism of the cyclic amino acid tryptophan and its hereditary enzymopathies. 

 

Literature 

1. Satyanarayana U. Biochemistry. 5th edition. India 2020. – 777 p. 

2. Lehninger. Principles of Biochemistry. 7th edition. NY, United States. 2017. 

3. Jeremy M. Berg, John L. Tymoczko, Gregory J. Gatto. Biochemistry. 8th 

Revised edition. 2015. 

4. Lippincott Illustrated Reviews: Biochemistry. Philadelphia :Wolters Kluwer, 

2017. 560 p. 

5. Donald Voet, Judith G. Voet, Charlott W. Pratt. Fundamentals of 

Biochemistry: Life at the Molecular Level. ISBN: 978-1-118-91840-1 February 2016, 

1184 p. 

6. William Marshall, Marta Lapsley, Andrew Day, Kate Shipman. Clinical 

Chemistry. Elsevier, 2020. 432 р. 

Електронні інформаційні ресурси: 

1. https://info.odmu.edu.ua/chair/biology/ 

2. http://libblog.odmu.edu.ua/ 

3. https://moodle.odmu.edu.ua/login/index.php 

 

Lecture No. 10 

Topic: Biosynthesis and catabolism of purine and pyrimidine nucleotides. 

Biosynthesis of nucleic acids: DNA replication; RNA transcription. Protein synthesis 

in ribosomes. Regulation of protein biosynthesis. 

 

 Relevance of the topic: Nucleotides are structural monomers of nucleic acids, the 

main custodians and carriers of hereditary information. In addition, cyclic nucleotides 

play the role of secondary mediators in the action of hormones on target cells, and 

nucleoside triphosphates are the main macroergs in the human body. Nucleic acids, 

like proteins, are the main substrate of life. The role of nucleic acids in the processes 

of protein biosynthesis is particularly significant, and in connection with this, in the 

formation of hereditary traits of the organism, in reproduction, growth and 

development, as well as in the adaptation (adaptation) of the organism to various 

conditions of existence. Nucleic acids are part of cells, as a rule, in combination with 

proteins, in the form of nucleoproteins, and it is precisely in the form of 

nucleoproteins that their functions are realized. 

 

https://moodle.odmu.edu.ua/login/index.php
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Purpose: to study the structure of the constituent parts of nucleic acids (DNA and 

RNA) - mononucleotides and to know the formation of end products of purine and 

pyrimidine metabolism, including changes in pathology; to acquaint higher education 

applicants with the biological role of nucleic acids and nucleoproteins, to create an 

idea of nucleic acids as carriers of genetic information. Mastering the mechanisms of 

matrix synthesis of proteins and its regulation. 

 

Basic concepts: 

1. Nitrogen bases 

2. Nucleoside. 

3. Nucleotide. 

4. Methotrexate. 

5. Gout. 

6. Lesch-Nyhan syndrome. 

7. Orotaaciduria. 

8. Chargaff rules, Watson-Crick model. 

9. Anti-parallelism of chains. 

10. Gene expression. 

11. Processing. 

12. Genetic (biological) code. 

13. Recognition. 

14. Folding. 

15. Mutations. 

16. Recombinant DNA. 

 

Plan and organizational structure of the lecture: 

1. The structure of nucleotides, their biological role. 

2. Catabolism of purine nucleotides. 

3. Catabolism of pyrimidine nucleotides. 

4. Biosynthesis of purine nucleotides. Regulation. 

5. Biosynthesis of pyrimidine nucleotides. . Regulation. 

6. Pathology of purine and pyrimidine metabolism. 

7. Replication. Stages. 

8. Transcription. Stages. 

9. Processing. Stages. 

10. Protein biosynthesis. Stages. 

11. Inhibitors of transcription and translation in prokaryotes and eukaryotes: antibiotics 

and interferons - their use in medicine; diphtheria toxin. 

12. Regulation of gene expression. 

13. Mutations. 

14. Genetic engineering. 
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Content of the lecture material 
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Purine Salvage 

     Nucleic acid turnover (synthesis and degradation) is an ongoing 

metabolic process in most cells. Messenger RNA in particular is 

actively synthesized and degraded. These degradative processes can 

lead to the release of free purines in the form of adenine, guanine, and 

hypoxanthine (the base in IMP). These substances represent a 

metabolic investment by cells. So-called salvage pathways exist to 

recover them in useful form. Salvage reactions involve resynthesis of 

nucleotides from bases via phosphoribosyltransferases. 

  

   

                     Base + PRPP nucleoside-5'-phosphate + PP
i 
 

The subsequent hydrolysis of PP
i
 to inorganic phosphate by 

pyrophosphatases renders the phosphoribosyltransferase reaction 

effectively irreversible. 

      The purine phosphoribosyltransferases are adenine 

phosphoribosyltransferase (APRT), which mediates AMP 

formation, and hypoxanthine-guanine 

phosphoribosyltransferase (HGPRT), which can act on either 

hypoxanthine to form IMP or guanine to form GMP  
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General material and educational and methodological support of the lecture: 

- Working program of the academic discipline 

- Syllabus 

- Methodical recommendations for independent work of higher education applicants 

- Multimedia presentations 

- Situational clinical tasks 

- Electronic bank of test tasks by subdivisions of the discipline 

 

 

Questions for self-control: 

 

1. Nitrogenous bases, nucleosides and nucleotides are constituent components of 

nucleic acid molecules. Minor nitrogenous bases and nucleotides. 

2. Free nucleotides (ATP, NAD, NADP, FAD, FMN, CTF, UTF; 3',5'-AMP, 3',5'-

HMF) and their biochemical functions. 

3. Biosynthesis of purine nucleotides: scheme of IMF synthesis reactions; 

formation of AMP and HMF; regulation mechanisms. 

4. Biosynthesis of pyrimidine nucleotides: scheme of reactions; synthesis 

regulation. 
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5. Biosynthesis of deoxyribonucleotides. Formation of thymidyl nucleotides; 

dTMF biosynthesis inhibitors as antitumor agents. 

6. Catabolism of purine nucleotides; hereditary disorders of uric acid metabolism. 

7. Scheme of catabolism of pyrimidine nucleotides. 

8. Pathology of nucleotide exchange. 

9. Nucleic acids. General characteristics of DNA and RNA, their biological 

significance in the preservation and transmission of genetic information. 

10. Features of the primary structure of DNA and RNA. Bonds forming the primary 

structure of nucleic acids. 

11. Secondary structure of DNA, the role of hydrogen bonds in its formation 

(Chargaf rules, Watson-Crick model), antiparallelism of chains. 

12. Tertiary structure of DNA. Physicochemical properties of DNA: interaction of 

DNA with cationic ligands, formation of nucleosomes. 

13. Molecular organization of nuclear chromatin of eukaryotes: nucleosome 

organization; histones and non-histone proteins. 

14. Structure, properties and biological functions of RNA. Types of RNA: mRNA, 

tRNA, rRNA. Features of the structural organization of different types of RNA. 

15. Nucleoproteins: structure, biological functions. 

16. DNA replication: biological significance; semi-conservative mechanism of 

replication. 

17. Sequence of stages and enzymes of DNA replication in prokaryotes and 

eukaryotes. 

18. RNA transcription: RNA polymerases of prokaryotes and eukaryotes, 

transcription signals (promoter, initiator and terminator regions of the genome). 

19. Processing - post-transcriptional modification of newly synthesized mRNAs. 

20. Genetic (biological) code; triplet code structure, its properties. 

21. Transport - tRNA and activation of amino acids. Aminoacyl-tRNA-syn¬¬-

tetases. 

22. Stages and mechanisms of translation (protein biosynthesis) in ribosomes: 

initiation, elongation and termination. 

23. Post-translational modification of peptide chains. Broadcast regulation. 

24. Inhibitors of transcription and translation in prokaryotes and eukaryotes: 

antibiotics and interferons - their use in medicine; diphtheria toxin. 

25. Regulation of prokaryotic gene expression: regulatory and structural regions of 

the lactose (Lac-) operon (regulatory gene, promoter, operator). 

26. Mutations: genomic, chromosomal, gene; mechanisms of action of mutagens; 

the role of induced mutations in the occurrence of human enzymopathies and 

hereditary diseases. 

27. Biological significance and mechanisms of DNA repair. Repair of UV-induced 

gene mutations: xeroderma pigmentosum. 

28. Genetic engineering: construction of recombinant DNA; gene cloning; genetic 

engineering synthesis of enzymes, hormones, interferons, etc. 

Literature 

1. Satyanarayana U. Biochemistry. 5th edition. India 2020. – 777 p. 

2. Lehninger. Principles of Biochemistry. 7th edition. NY, United States. 2017. 
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3. Jeremy M. Berg, John L. Tymoczko, Gregory J. Gatto. Biochemistry. 8th 

Revised edition. 2015. 

4. Lippincott Illustrated Reviews: Biochemistry. Philadelphia :Wolters Kluwer, 

2017. 560 p. 

5. Donald Voet, Judith G. Voet, Charlott W. Pratt. Fundamentals of 

Biochemistry: Life at the Molecular Level. ISBN: 978-1-118-91840-1 February 2016, 

1184 p. 

6. William Marshall, Marta Lapsley, Andrew Day, Kate Shipman. Clinical 

Chemistry. Elsevier, 2020. 432 р. 

Електронні інформаційні ресурси: 

1. https://info.odmu.edu.ua/chair/biology/ 

2. http://libblog.odmu.edu.ua/ 

3. https://moodle.odmu.edu.ua/login/index.php 

 

Lecture №11 

 

Topic: Biochemical and molecular biological mechanisms of hormone action; 

hierarchy of hormones. Hormones of protein-peptide nature. 

Relevance of the topic: Hormonal regulation is one of the levels that ensure 

homeostasis. Under the influence of various internal and external stimuli, impulses 

arise that reach the central nervous system, from there to the hypothalamus, where 

releasing factors are synthesized, which reach specific cells of the pituitary gland, 

where tropic hormones are secreted. Tropic hormones reach the endocrine glands and 

contribute to the production of a certain hormone in the gland. These hormones affect 

specific organs and tissues /target organs/, causing appropriate chemical and 

physiological reactions of the body in response. 

 

Purpose: formation of concepts about the hormonal regulation of the human body, its 

types and the role of establishing a connection between the body and the 

environment. 

 

Basic concepts: 

1. Hormones. 

2. Membrane mechanism of action. 

3. Cytoplasmic mechanism of action. 

4. Diabetes insipidus 

5. Gigantism. 

6. Pituitary dwarfism. 

7. Hashimoto's disease. 

8. Endemic goiter. 

9. Flayani's disease. 

 

Plan and organizational structure of the lecture: 

1. General laws of hormonal regulation. 

2. Classification of hormones. 

https://moodle.odmu.edu.ua/login/index.php
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3. Mechanisms of hormone action on target cells. 

4. Hormones of the hypothalamus. 

5. Tropic hormones of the pituitary gland. 

6. Thyroid hormones. Pathology. 

7. Hormones of the parathyroid gland. Regulation of phosphorus-calcium 

metabolism. 

 

Content of the lecture material 
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General material and educational and methodological support of the lecture: 

- Working program of the academic discipline 

- Syllabus 

- Methodical recommendations for independent work of higher education applicants 

- Multimedia presentations 

- Situational clinical tasks 

- Electronic bank of test tasks by subdivisions of the discipline 

 

 

Questions for self-control: 

 

1. Hormones: general characteristics; the role of hormones and other bio-regulators in 

the system of intercellular integration of human body functions. 

2. Classification of hormones and bioregulators: compliance of the structure and 

mechanisms of action of hormones. 

3. Reaction of target cells to the effect of hormones. Membrane (ionotropic, 

metabotropic) and cytosolic receptors. 

4. Biochemical systems of intracellular transmission of hormonal signals: G-proteins, 

secondary mediators (cAMP, Ca2+/calmodulin, IF3, DAH). 

5. Molecular and cellular mechanisms of action of steroid and thyroid hormones. 

6. Hormones of the hypothalamus - liberins and statins. 

7. Hormones of the anterior lobe of the pituitary gland: somatotropin (STH), 

prolactin. pathological processes associated with dysfunction of these hormones. 

8. Hormones of the posterior lobe of the pituitary gland. Vasopressin and oxytocin: 

structure, biological functions. 

9. Hormonal regulation of calcium homeostasis in the body. Parathyroid hormone, 

calcitonin, calcitriol. 

 

Literature 
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4. Lippincott Illustrated Reviews: Biochemistry. Philadelphia :Wolters Kluwer, 
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Biochemistry: Life at the Molecular Level. ISBN: 978-1-118-91840-1 February 2016, 
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Chemistry. Elsevier, 2020. 432 р. 
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Lecture № 12 

 

Topic: Hormones and bioregulators - derivatives of amino acids; hormones and 

physiologically active compounds of lipid origin. Local hormones 

Relevance of the topic: The interaction of the nervous and endocrine systems allows 

us to talk about a single neuroendocrine system of regulation of body functions. In 

the process of evolution, humoral regulation arose first than nervous regulation, but it 

did not lose its importance, but developed and improved. Most of the visceral 

functions of the human body are triggered and adjusted primarily by humoral rather 

than nervous regulation mechanisms. During humoral regulation, information is 

transmitted using a complex of biologically active compounds that are carried 

throughout the body by blood, lymph, or by diffusion into the intercellular fluid and 

form the endocrine system. Modern knowledge about the functioning of the human 

body in normal and pathological conditions is based exclusively on neurohumoral 

regulation. Knowing the basic patterns of humoral regulation and the mechanisms of 

hormone action on body cells, one can understand the mechanisms of development of 

most pathological conditions of the body, prevent their occurrence, and achieve 

success in the treatment of the visceral systems of the body. 

 

Purpose: study of the effect of hormones of endocrine glands and tissue hormones on 

proliferation and metabolism in the tissues of the human body. Study of pathological 

conditions associated with hormonal dysregulation. 

 

Basic concepts: 

1. Insulin-dependent diabetes. 

2. Non-insulin-dependent diabetes mellitus. 

3. Itsenko-Cushing syndrome. 

4. Itsenko-Cushing's disease. 

5. Addison's disease. 

https://moodle.odmu.edu.ua/login/index.php
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Plan and organizational structure of the lecture: 

 

1. Insulin. Synthesis, forms of insulin in the blood, mechanisms of action. Pathology. 

2. Glucagon. Mechanisms of action. 

3. Hormones, derivatives of amino acids. 

4. Steroid hormones. Mechanisms of action. Pathology. 

5. Eicosanoids. Mechanisms of action. Pathology. 

 

 

 

 

 

 

 

 

Content of the lecture material 
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General material and educational and methodological support of the lecture: 

- Working program of the academic discipline 

- Syllabus 

- Methodical recommendations for independent work of higher education applicants 

- Multimedia presentations 

- Situational clinical tasks 
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- Electronic bank of test tasks by subdivisions of the discipline 

 

 

Questions for self-control: 

 

1. Insulin: structure, biosynthesis and secretion; influence on the metabolism of 

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

2. Glucagon: regulation of carbohydrate and lipid metabolism. 

3. Thyroid hormones: structure, biological effects of T4 and T3. Disruption of 

metabolic processes in hypo- and hyperthyroidism. 

4. Catecholamines (adrenaline, norepinephrine, dopamine): structure, biosynthesis, 

physiological effects, biochemical mechanisms of action. 

5. Steroid hormones of the adrenal cortex (C21-steroids) – glucocorticoids and 

mineralocorticoids; structure, properties. 

6. Female sex hormones: estrogens, progesterone. Physiological and biochemical 

effects; connection with the phases of the ovulatory cycle. 

7. Male sex hormones (C19-steroids). Physiological and biochemical effects of 

androgens; regulation of synthesis and secretion. 

8. Eicosanoids: structure, biological and pharmacological properties. Aspirin and 

other nonsteroidal anti-inflammatory drugs as inhibitors of prostaglandin synthesis. 

 

 

Literature 

1. Satyanarayana U. Biochemistry. 5th edition. India 2020. – 777 p. 

2. Lehninger. Principles of Biochemistry. 7th edition. NY, United States. 2017. 

3. Jeremy M. Berg, John L. Tymoczko, Gregory J. Gatto. Biochemistry. 8th 

Revised edition. 2015. 

4. Lippincott Illustrated Reviews: Biochemistry. Philadelphia :Wolters Kluwer, 

2017. 560 p. 

5. Donald Voet, Judith G. Voet, Charlott W. Pratt. Fundamentals of 

Biochemistry: Life at the Molecular Level. ISBN: 978-1-118-91840-1 February 2016, 

1184 p. 

6. William Marshall, Marta Lapsley, Andrew Day, Kate Shipman. Clinical 

Chemistry. Elsevier, 2020. 432 р. 

Електронні інформаційні ресурси: 

1. https://info.odmu.edu.ua/chair/biology/ 

2. http://libblog.odmu.edu.ua/ 

3. https://moodle.odmu.edu.ua/login/index.php 
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Lecture №13 

 

Topic: Biochemistry of human nutrition. Vitamins and trace elements as components 

of human nutrition. Water-soluble vitamins. 

 

Relevance of the topic: In addition to proteins, fats, carbohydrates, minerals and 

water, vitamins are needed to maintain the normal functioning of the body. This term 

refers to a group of additional food substances that belong to different classes of 

organic compounds and, with rare exceptions, are not synthesized in the human body. 

They have a strong and to some extent specific effect on exchange processes, and in 

very small quantities. 

Purpose: generalization of information about the properties, the history of the 

discovery of vitamins, their modern classification, sources of entry into the body, 

daily consumption by the population of different age groups and their importance for 

the human body are given. 

 

Basic concepts: 

1. Cocarboxylase. 

2. Beri-Beri disease. 

3. Scurvy. 

4. Addison-Birmer's disease. 

5. Folate cycle. 

 

Plan and organizational structure of the lecture: 

 

1. Digestion and absorption of proteins, fats, carbohydrates. 

2. Vitamins and trace elements as components of human nutrition 

3. Characteristics of vitamins. 

4. Classification of vitamins. 

5. Water-soluble vitamins. Properties, mechanisms of action, daily need, content in 

food products. 

6. Pathological conditions with a lack of water-soluble vitamins. 

 

 

 

 

 

 

 

 

 

 

Content of the lecture material 
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General material and educational and methodological support of the lecture: 

- Working program of the academic discipline 

- Syllabus 

- Methodical recommendations for independent work of higher education applicants 

- Multimedia presentations 

- Situational clinical tasks 

- Electronic bank of test tasks by subdivisions of the discipline 

 

Questions for self-control: 

 

1. Biochemistry of human nutrition: components and nutritional compounds of 

normal nutrition; biological value of individual nutrients. 

2. Mechanisms of conversion of nutrients (proteins, carbohydrates, lipids) in the 

digestive tract. Enzymes of the stomach and intestines. 

3. Violation of digestion of certain nutrients in the stomach and intestines; hereditary 

enzymopathies of digestive processes. 

4. Microelements in human nutrition. Biological functions of individual trace 

elements; manifestations of trace element deficiency. 

5. Vitamins in human nutrition. Water-soluble and fat-soluble vitamins; exogenous 

and endogenous causes of vitamin deficiency. 

6. Vitamin B1 (thiamine): structure, biological properties, mechanism of action, 

sources, daily requirement. 
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7. Vitamin B2 (riboflavin): structure, biological properties, mechanism of action, 

sources, daily requirement. 

8. Vitamin PP (nicotinic acid, nicotinamide): structure, biological properties, 

mechanism of action, manifestations of deficiency, sources, daily requirement. 

9. Vitamin B6 (pyridoxine): structure, biological properties, mechanism of action, 

sources, daily requirement. 

10. Vitamin B12 (cobalamin): biological properties, mechanism of action, 

manifestations of deficiency, sources, daily requirement. 

11. Vitamin B (folic acid): biological properties, mechanism of action, sources, daily 

requirement. 

12. Vitamin H (biotin): biological properties, mechanism of action, sources, daily 

requirement. 

13. Vitamin B3 (pantothenic acid): biological properties, mechanism of action, 

sources, daily requirement. 

14. Vitamin C (ascorbic acid): structure, biological properties, mechanism of action, 

manifestations of deficiency, sources, daily requirement. 

15. Vitamin P (flavonoids): structure, biological properties, mechanism of action, 

manifestations of deficiency, sources, daily requirement. 

 

Literature 

1. Satyanarayana U. Biochemistry. 5th edition. India 2020. – 777 p. 

2. Lehninger. Principles of Biochemistry. 7th edition. NY, United States. 2017. 

3. Jeremy M. Berg, John L. Tymoczko, Gregory J. Gatto. Biochemistry. 8th 

Revised edition. 2015. 

4. Lippincott Illustrated Reviews: Biochemistry. Philadelphia :Wolters Kluwer, 

2017. 560 p. 

5. Donald Voet, Judith G. Voet, Charlott W. Pratt. Fundamentals of 

Biochemistry: Life at the Molecular Level. ISBN: 978-1-118-91840-1 February 2016, 

1184 p. 

6. William Marshall, Marta Lapsley, Andrew Day, Kate Shipman. Clinical 

Chemistry. Elsevier, 2020. 432 р. 

Електронні інформаційні ресурси: 

1. https://info.odmu.edu.ua/chair/biology/ 

2. http://libblog.odmu.edu.ua/ 

3. https://moodle.odmu.edu.ua/login/index.php 
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Lecture № 14 

 

Topic: Fat-soluble vitamins, bioantioxidants. Exogenous and endogenous hypo- and 

avitaminosis, hypervitaminosis 

 

Relevance of the topic: Fat-soluble vitamins are not part of enzymes and affect 

metabolism indirectly, creating conditions for optimal action of enzymes on 

membrane structures. They play the role of modulators of the structure and functions 

of membranes. In this regard, fat-soluble vitamins in the body also perform an 

antimutagenic function, protecting the genetic apparatus from damage by chemical 

and physical factors. This is due to the pronounced antioxidant properties of fat-

soluble vitamins: they are able to neutralize active forms of oxygen and free radicals 

and inhibit the processes of peroxide oxidation of biopolymers (nucleic acids, 

proteins, lipoprotein complexes). 

  They also affect the processes of tissue respiration (directly or indirectly), stabilize 

cell membranes, and regulate their selective permeability to substances. For some fat-

soluble vitamins, specific receptors have been found in the nucleus of cells, with the 

help of which they activate gene expression, which leads to cell differentiation. 

Vitamins A, D and E work according to this principle. The latter activates the 

biosynthesis of hemsynthesizing enzymes. 

 

Purpose: generalization of information about the properties and mechanisms of action 

of fat-soluble vitamins. Study of pathological conditions associated with disturbances 

in the metabolism of fat-soluble vitamins. The concept of exogenous and endogenous 

hypo- and avitaminosis, hypervitaminosis. 

 

Basic concepts: 

1. Chicken blindness. 

2. Xerophthalmos. 

3. Keratomalacia. 

4. Rickets. 

 

 

Plan and organizational structure of the lecture: 

 

1. Vitamin A (retinol, retinal, retinoic acid): biological properties, mechanism of 

action, manifestations of deficiency, sources, daily requirement. 

2. Vitamin K (phylloquinone, farnoquinone): biological properties, mechanism of 

action, manifestations of deficiency, sources, daily requirement. 

3. Vitamin E (a-tocopherol): biological properties, mechanism of action, 

manifestations of deficiency, sources, daily requirement. 

4. Vitamin D3 (cholecalciferol): biological properties, mechanism of action, 

manifestations of deficiency, sources, daily requirement. 

5. Exogenous and endogenous hypo- and avitaminosis, hypervitaminosis. 
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Content of the lecture material 
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General material and educational and methodological support of the lecture: 

- Working program of the academic discipline 

- Syllabus 

- Methodical recommendations for independent work of higher education applicants 

- Multimedia presentations 

- Situational clinical tasks 

- Electronic bank of test tasks by subdivisions of the discipline 

 

 

Questions for self-control: 

 

1. Vitamin A (retinol, retinal, retinoic acid): biological properties, mechanism of 

action, manifestations of deficiency, sources, daily requirement. 

2. Vitamin K (phylloquinone, farnoquinone): biological properties, mechanism of 

action, manifestations of deficiency, sources, daily requirement. 

3. Vitamin E (a-tocopherol): biological properties, mechanism of action, 

manifestations of deficiency, sources, daily requirement. 

4. Vitamin D3 (cholecalciferol): biological properties, mechanism of action, 

manifestations of deficiency, sources, daily requirement. 

5. Exogenous and endogenous hypo- and avitaminosis, hypervitaminosis 

 

Literature 

1. Satyanarayana U. Biochemistry. 5th edition. India 2020. – 777 p. 

2. Lehninger. Principles of Biochemistry. 7th edition. NY, United States. 2017. 

3. Jeremy M. Berg, John L. Tymoczko, Gregory J. Gatto. Biochemistry. 8th 

Revised edition. 2015. 

4. Lippincott Illustrated Reviews: Biochemistry. Philadelphia :Wolters Kluwer, 

2017. 560 p. 
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5. Donald Voet, Judith G. Voet, Charlott W. Pratt. Fundamentals of 

Biochemistry: Life at the Molecular Level. ISBN: 978-1-118-91840-1 February 2016, 

1184 p. 

6. William Marshall, Marta Lapsley, Andrew Day, Kate Shipman. Clinical 

Chemistry. Elsevier, 2020. 432 р. 

Електронні інформаційні ресурси: 

1. https://info.odmu.edu.ua/chair/biology/ 

2. http://libblog.odmu.edu.ua/ 

3. https://moodle.odmu.edu.ua/login/index.php 

 

Lecture №15 

 

Topic: Chemical composition and functions of blood. Transport of gases by blood. 

Biochemistry and pathobiochemistry of hemoglobins. Biosynthesis of porphyrins, 

heme catabolism. Exchange of bile pigments. 

Relevance of the topic: Blood is a liquid tissue that carries out the transport of 

chemical substances in the body, thanks to which the biochemical processes 

occurring in various cells and intercellular spaces are integrated into a single system 

that determines the necessary mode of their existence, as well as to a large extent 

communication organism with the environment. Blood in the body performs a variety 

of life support functions, the most important of which are: respiratory, nutritional, 

excretory, protective, regulatory. Blood plasma proteins represent a genetically 

determined heterogeneous system that differs in physicochemical and functional 

properties. Among them are enzymes, enzyme inhibitors, hormones, transport 

proteins, coagulation and anticoagulation factors, antibodies, antitoxins, etc. With a 

number of diseases, not only the quantitative ratio changes, but also the qualitative 

composition of individual groups of blood plasma proteins, and therefore the 

determination of the protein composition of the blood plasma has important 

diagnostic and prognostic value. 

Purpose: to generalize information about the main biochemical indicators of blood 

composition in healthy people and in a number of diseases, to study the mechanisms 

of disturbance and compensation of the acid-base state. Learn the structure and 

functions of hemoglobin, the main factors and mechanisms of humoral and cellular 

immunity. Carry out differential diagnosis of jaundice. 

Basic concepts: 

1. The cooperative effect of Oxygen. 

2. Bohr effect. 

3. Azotemia. 

4. Dysproteinemia. 

5. Paraproteinemia. 

 

Plan and organizational structure of the lecture: 

1. Biochemical composition of blood. 

2. Respiratory function of erythrocytes. 

https://moodle.odmu.edu.ua/login/index.php
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3. Blood plasma enzymes; value in enzymodiagnosis of diseases of organs and 

tissues. 

4. Mediators and hormones of the immune system. 

5. Hemoglobin: mechanisms of participation in the transport of oxygen and carbon 

dioxide. Variants and pathological forms of human hemoglobins 

6. Hemoglobin breakdown. Differential diagnosis of jaundice. 

 

 

 

 

Content of the lecture material 
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General material and educational and methodological support of the lecture: 

- Working program of the academic discipline 

- Syllabus 

- Methodical recommendations for independent work of higher education applicants 

- Multimedia presentations 

- Situational clinical tasks 

- Electronic bank of test tasks by subdivisions of the discipline 

 

 

Questions for self-control: 
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1. Biochemical and physiological functions of blood in the human body. Respiratory 

function of erythrocytes. 

2. Hemoglobin: mechanisms of participation in the transport of oxygen and carbon 

dioxide. Variants and pathological forms of human hemoglobins. 

3. Blood buffer systems. Violation of the acid-base balance in the body (metabolic 

and respiratory acidosis, alkalosis). 

4. Biochemical composition of human blood. Blood plasma proteins and their clinical 

and biochemical characteristics. 

5. Blood plasma enzymes; value in enzymodiagnosis of diseases of organs and 

tissues. 

6. Kallikrein-kinin system of blood and tissues. Medicines are antagonists of kinin 

formation. 

7. Non-protein organic compounds of blood plasma. Inorganic components of 

plasma. 

8. Metabolism of porphyrins: heme structure; Scheme of biosynthesis reactions of 

protoporphyrin IX and heme. 

9. Hereditary disorders of porphyrin biosynthesis, types of porphyrias. 

10. Catabolism of hemoglobin and heme (scheme); formation and structure of bile 

pigments. 

11. Pathobiochemistry and types of jaundice; biochemical diagnosis of jaundice. 

12. Conjugation reactions in hepatocytes: biochemical mechanisms, functional 

significance. 

13. The role of the liver in the exchange of bile pigments. Pathobiochemistry of 

jaundice; types of jaundice; hereditary (enzymatic) jaundice. 

14. Immunoglobulins; biochemical characteristics of individual classes of human 

immunoglobulins. 

15. Mediators and hormones of the immune system: interleukins; interferons; protein-

peptide factors of cell growth and proliferation regulation. 

16. Complement system; biochemical components of the human complement system; 

classical and alternative ways of activation. 

17. Biochemical mechanisms of immunodeficiency states: primary (hereditary) and 

secondary immunodeficiencies. 
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2. Lehninger. Principles of Biochemistry. 7th edition. NY, United States. 2017. 

3. Jeremy M. Berg, John L. Tymoczko, Gregory J. Gatto. Biochemistry. 8th 

Revised edition. 2015. 

4. Lippincott Illustrated Reviews: Biochemistry. Philadelphia :Wolters Kluwer, 

2017. 560 p. 

5. Donald Voet, Judith G. Voet, Charlott W. Pratt. Fundamentals of 

Biochemistry: Life at the Molecular Level. ISBN: 978-1-118-91840-1 February 2016, 

1184 p. 

6. William Marshall, Marta Lapsley, Andrew Day, Kate Shipman. Clinical 

Chemistry. Elsevier, 2020. 432 р. 

Електронні інформаційні ресурси: 
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Lecture № 16 

 

Topic: Biochemistry of coagulation, anticoagulation and fibrinolytic systems. 

Violation of coagulation hemostasis 

 

Relevance of the topic: Blood coagulation is a complex physiological and 

biochemical process, which is a protective reaction of our body to blood loss. 

Knowledge of the biochemical characteristics of the coagulation, anticoagulation and 

fibrinolytic systems of blood is necessary for understanding the mechanisms of 

maintaining the aggregate state of blood under normal conditions and with numerous 

diseases, as well as for their timely correction with pharmaceuticals 

 

Purpose: to study the molecular mechanisms of blood coagulation and 

anticoagulation systems, the role of the liver in this process. Summarize information 

about the molecular structure of coagulants and anticoagulants, mechanisms of 

hemophilia of various genesis. To know the role of the components of the 

coagulation, anticoagulation and fibrinolytic systems in the pathochemistry of 

atherosclerosis and hypertension. 

 

Basic concepts: 

1. Hemostasis. 

2. Fibrinolysis. 

3. DIC - syndrome. 

 

Plan and organizational structure of the lecture: 

 

1. Biochemical and functional characteristics of the hemostasis system. 

2. Blood coagulation system; characteristics of individual factors; mechanisms of 

functioning of the cascade blood coagulation system. 

3. The role of vitamin K in coagulation reactions; medicines - agonists and 

antagonists of vitamin K. 

4. Anticoagulant blood system; characteristics of anticoagulants. Hereditary disorders 

of the blood coagulation process. 

5. Fibrinolytic blood system. 

6. DIC-syndrome 

 

Content of the lecture material 

 

https://moodle.odmu.edu.ua/login/index.php
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General material and educational and methodological support of the lecture: 

- Working program of the academic discipline 

- Syllabus 

- Methodical recommendations for independent work of higher education applicants 

- Multimedia presentations 

- Situational clinical tasks 

- Electronic bank of test tasks by subdivisions of the discipline 

 

 

Questions for self-control: 

 

1. Biochemical and functional characteristics of the hemostasis system. 
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2. Blood coagulation system; characteristics of individual factors; mechanisms of 

functioning of the cascade blood coagulation system. 

3. The role of vitamin K in coagulation reactions; medicines - agonists and 

antagonists of vitamin K. 

4. Anticoagulant blood system; characteristics of anticoagulants. Hereditary disorders 

of the blood coagulation process. 

5. Fibrinolytic blood system. Medicines affecting fibrinolysis processes. 

Literature 

1. Satyanarayana U. Biochemistry. 5th edition. India 2020. – 777 p. 

2. Lehninger. Principles of Biochemistry. 7th edition. NY, United States. 2017. 

3. Jeremy M. Berg, John L. Tymoczko, Gregory J. Gatto. Biochemistry. 8th 

Revised edition. 2015. 

4. Lippincott Illustrated Reviews: Biochemistry. Philadelphia :Wolters Kluwer, 

2017. 560 p. 

5. Donald Voet, Judith G. Voet, Charlott W. Pratt. Fundamentals of 

Biochemistry: Life at the Molecular Level. ISBN: 978-1-118-91840-1 February 2016, 

1184 p. 

6. William Marshall, Marta Lapsley, Andrew Day, Kate Shipman. Clinical 

Chemistry. Elsevier, 2020. 432 р. 

Електронні інформаційні ресурси: 

1. https://info.odmu.edu.ua/chair/biology/ 

2. http://libblog.odmu.edu.ua/ 

3. https://moodle.odmu.edu.ua/login/index.php 
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