Questions to prepare for the exam in biochemistry
1. The general characteristic and biological functions of proteins and peptides. Levels of protein structure. Chemical bonds in protein molecules. 

2. Amino acid composition of proteins and peptides: structure, modern classifications, biological functions of amino acide. 

3. Physical and chemical properties of amino acids. 

4. Methods of protein separation, fractionation and protein structure analysis (chromatography, electrophoresis). 

5. Physical and chemical properties of proteins. Amphoteric nature. Isoelectric point (рI).

6. Solubility of proteins. Thermodynamic stability of proteins and denaturation.

7. Classification of proteins. General characteristics of simple proteins, their functions.

8. Natural peptides. The general characteristics of these molecules (structure and functions). 
9. Complex  proteins: classification, the content in the organism, and functions.

10. General characteristics of chromoproteins, structural features, biological functions.

11. Hemoproteins: myoglobin, haemoglobin, cytochromes. Their biological functions and structural features. The normal concentration of haemoglobin in the blood. General characteristics of haemoglobinopathies and thalassemias.

12. Flavoproteins: the structural features and their functions in an organism.

13. Glycoproteins: classification, the structural features, distribution, biological functions.

14. Lipoproteins, phosphoproteins, metalloproteins: the structure, biological functions.

15. Nucleotides:  the structure, nomenclature, biological functions. Free nucleotides: participation in metabolic reactions. Cyclic nucleotides.

16. Nucleic acids: features of structural organization, biological functions of DNA and RNA.

17. Enzymes as biological catalysts of metabolism. General properties of enzymes. The nomenclature of enzymes and their classification. Classes of enzymes.
18. The structure of enzymes; active cites of enzymes; oligomeric enzymes; multienzym complexes (functional enzyme systems), membrane-associated enzymes.

19. Cofactors and coenzymes. The structure and properties of coenzymes; coenzymes are derivatives of vitamins B1, B2, B3, B5, B6, Bc, B12, H and lipoic acid.

20. Mechanisms of enzyme action: E. Fisher and D. Koshland hypotheses of enzymatic catalysis. Molecular mechanisms of enzymatic catalysis.
21. Mechanisms of enzyme action: stages of catalytic process, formation of enzyme-substrate complex. Thermodynamic laws of enzymatic catalysis.
22. Kinetics of enzymatic reactions: the dependency of the reaction rate on the concentration of enzyme and  |substrate,  рН and temperature. Kinetics of allosteric enzymes.
23. Michaelis-Menten constant (Km), it semantic importance. Km using for measurement of enzyme activity.
24. The basic principles and methods of enzyme activity definition. Units of enzyme activity (international units, the katal). 

25. The multiple forms of enzymes - isoenzymes. Using of isoenzymes for differential diagnosis. 

26. Regulation of enzyme activity. Activators and inhibitors. Types of inhibition of enzyme activity. 
27. Pathways and mechanisms of the regulation of enzymatic processes: regulation of catalytic activity of enzymes; allosteric enzymes; regulation by covalent modification of enzymes. 

28. Pathways and regulatory mechanisms of enzymatic processes: feedback regulation; activation of proenzymes; regulation by protein-protein interactions, compartmentation of enzymatic processes.
29. Pathways and regulatory mechanisms of enzymatic processes: control of enzyme synthesis by repression and induction; cyclic nucleotides as regulators of enzymatic reactions.
30. Use of enzymes in medicine. Immobilized enzymes. 
31. Enzymopathies - hereditary defects of carbohydrate and lipid metabolism. 

32. Enzymodiagnostics of pathological processes and diseases. Enzymotherapy - the use of enzymes, their activators and inhibitors in medicine.
33. General aspects of metabolism: catabolic, anabolic and amphibolic pathways. Anaplerotic reactions. Stages of catabolism in the body.

34. General description of the citric acid cycle: intracellular localization, biological functions, the scheme of its.
35. Enzymatic reactions of TCA cycle. Amphibolic and anaplerotic reactions of TCA cycle. 
36. Regulation and energy balance of TCA cycle. 

37. Exergonic and endergonic biochemical reactions; the functions of ATP and other energy-rich phosphates. 

38. Biological oxidation: types of reactions of biological oxidation (dehydrogenase, oxydase, oxygenase) and their biological importance. Tissue respiration.

39. Enzymes and coenzymes of biological oxidation: pyridine-linked and flavine-linked dehydrogenases, cytochromes. 

40. Molecular organization of the mitochondrial chain of biological oxidation: components of respiratory chain, their redox potential; molecular complexes of the electron transport chain (ETC)|.

41. Chemiosmotic theory of oxidative phosphorylation. Basic postulates of  Mitchell’s chemiosmotic theory of energy transfer. Mitochondrial ATP-synthetase.
42.  Oxidative phosphorylation: coefficient of oxidative phosphorylation, points of coupling of oxidation and phosphorylation. The function of brown adipose tissue in thermogenesis. 

43. Regulation of respiration and oxidative phosphorylation. Respiratory control. Inhibitors and uncouplers of electron transport and oxidative phosphorylation, their biomedical importance.

44. Microsomal oxydation: cytochrome Р450, molecular organization of the chain of microsomal oxydation.

45. Active forms of oxygen| and mechanisms of their inactivation.
46. Carbohydrate: classification, structure, properties and functions of the representatives of certain classes.

47. Anaerobic oxidation of glucose: the sequence of reactions, enzymes. Clinical aspects of glucose metabolism in anaerobic conditions. 

48. Anaerobic oxidation of glucose: regulation, reactions of  substrate-level phosphorylation, energy effect. Glycolytic oxidation-reduction (Redox) cycle. Features of glucose metabolism in erythrocytes. 

49. Aerobic glucose oxidation: stages, energy balance. Shuttle mechanisms for the oxidation of NADH. The Pasteur effect.

50. Oxidative decarboxylation of pyruvate: reactions, regulation, clinical aspects.
51. Glycogenolysis in the liver and muscles. Regulation of glycogen phosphorylase activity. Genetic disorders of glycogen metabolism.

52. Glycogen biosynthesis: enzymatic reactions, physiological value.  Regulation of glycogen synthase activity.

53. Mechanisms of reciprocal regulation of glycogenolysis and glycogenesis. The functions of epinephrine, glucagon and insulin in the hormonal regulation of glycogen metabolism in muscles and liver. 

54. Gluconeogenesis: substrates, enzymes and physiology value of the process. Cori cycle and glucose-alanine cycles.
55. Pentose phosphate pathway of glucose oxidation (hexose monophosphate (HMP) shunt): the scheme of the process, biological functions, regulation, process disturbance.

56. Metabolic pathways of fructose transformation in the human organism. Hereditary enzymopathies of fructose metabolism.

57. Metabolic pathways of galactose transformation in the human body and hereditary enzymopathies of its metabolism.
58. Metabolism of carbohydrate components of glycoconjugates: synthesis of O- and N-linked glycoproteins. Genetic disorders of metabolism of glycoconjugates. 

59. Mechanisms of regulation of blood glucose levels. Disorders of carbohydrate metabolism in diabetes mellitus.

60. General characteristics of lipids: structure, classification, functions of representatives of individual classes. Fatty acids: structure and functions.

61. Catabolism of triacylglycerols in adipose tissue: sequence of reactions, regulatory mechanisms of TAG-lipase activity. Hormonal regulation of lipolysis. 

62. Oxidation of fatty acids (β-oxidation), the function of carnitine. 

63. Energy balance of β-oxidation of fatty acids in cells. Glycerol catabolism: enzymatic reactions and the energy of the process.
64. Biosynthesis and utilization of ketone bodies, their biological function. 
65. Metabolic disturbances of ketone bodies metabolism in diabetes mellitus and starvation.
66. Biosynthesis of saturated fatty acids. Stages and reactions of palmitate biosynthesis. 

67. Biosynthesis of fatty acids: sources of NADPH·H+, the total equation of palmitate synthesis, the regulation of the process.

68. Elongation of long-chain fatty acids. Biosynthesis of mono- and polyunsatu-rated fatty acids in an organism.

69. Biosynthesis of TAG. Features of lipogenesis in adipocytes.

70. Biosynthesis of phospholipids in an organism. Concept about lipotropic factors.

71. Metabolism of sphingolipids. Genetic anomalies of its biosynthesis - sphingolipidoses. 

72. Biosynthesis of cholesterol: scheme of reactions, regulation of synthesis. Pathways of cholesterol biotransformation. 

73. Transport of lipids. Plasma lipoproteins. Hyperlipoproteinemia.
74. Biochemistry of lipid metabolism pathology: atherosclerosis, obesity, diabetes mellitus.
75. Pathways of formation and using of a free amino acids pool in the human body. Pathways of transformation of free amino acids to final products.

76. Deamination of amino acids: types of deamination, sequence of reactions. Glutamate dehydrogenation reaction, its value and regulation.

77. Transamination of amino acids: reactions, biochemical value, the mechanism of action aminotransferases.

78. The mechanism of transdeamination of amino acids, physiological value.
79. Decarboxilation of amino acids: enzymes, physiological value. Oxidation of biogenic amines. 

80. Diagnostic value of definition of aminotransferases activity.

81. The sources of ammonia in an organism. Toxicity of ammonia and pathways of its detoxyfication.  Transportation of ammonia in blood.

82. Biosynthesis of urea: biological function, regulation, localization, sequence of reactions.
83. Interrelation of the ornithine cycle with transformation of fumarate and aspartic acids. 
84. Metabolism of the carbon skeletons of amino acids. Glycogenic and ketogenic amino acids.

85. Metabolism of aromatic and heterocyclic amino acids.

86. Metabolism of sulfur containing amino acids. Biological role of SAM. Biological function of glutathione.

87. Synthesis of creatine and creatinine. Diagnostic value of definition of creatinine in blood serum.
88. Metabolism of arginine. Formation and biological role of NO.

89. Metabolism of branched-chain amino acids. Biological function of vitamins B12 and H in metabolism of amino acids.

90. Metabolism of glycine and serine. Biological functions of tetrahydrofolate in metabolism of amino acids.

91. Disorders of amino acids metabolism (phenilketonuria, alcaptonuria, albinism, maple syrup urine disease).

92. Disorders of amino acids metabolism (Hartnup′s disease, histidinemia, cystinuria and homocystinuria).

93. Sources of separate atoms in the purine ring. Synthesis of purine nucleotides de novo: localization, sequence of reactions, regulation. Biosynthesis of АМP, GМP, АТP, GТP.

94. Pathways of purine bases reutilization in the tissues.

95. Synthesis of pyrimidine nucleotides: sequence of reactions, regulation, biosynthesis of deoxyribonucleotides.

96. Degradation of purine and pyrimidine nucleotides.

97. Hereditary infringements of nucleotides metabolism: gout, Lesch-Nyhan syndrome, orotic aciduria. 

98. Replication of DNA: mechanism, enzymes.

99. Transcription: stages and mechanism.

100. Processing of RNA. Role of snRNA in RNA splising.

101. Inhibitors of RNA synthesis: actinomycin D, rifampicin, streptolydigin, -Amanitin.

102. Genetic code: features, table of genetic code.

103. Translation: basic components of the protein synthesis system, stages and mechanism.

104. Posttranslational modification of proteins.

105. Antibiotics as inhibitors of protein synthesis.

106. Regulation of protein synthesis in prokaryotes: induction and repression.

107. Regulation of protein synthesis in eukaryotes: repression of initiation syntheses of hemoglobin. 

108. Biotechnology involving recombinant DNA. Clinical correlation of molecular disease.

109. Hormones and bioregulators in the system of intercellular integration of functions in an organism and their chemical nature. 

110. Classification of hormones.

111. Mechanism of regulation of hormones synthesis and secretion.

112. Targets organs, receptors and second messengers of hormones. 

113. Mechanism of action of polypeptide hormones and epinephrine.

114. Mechanism of action of steroid and thyroid hormones. 

115. Hormones of hypothalamus: structure, mechanism of action,  biological functions. 
116. Growth hormone: structure, metabolic functions, regulation and disorder of hormone secretion. 

117. Tropic hormones of pituitary gland are prolactin (mammotrophin), gonadotrophins – follicle stimulating hormone (FSH), luteinizing hormone (LH):  metabolic functions, mechanism of action, regulation and disorder of hormones secretion. 
118. Thyrotrophin (TSH):  metabolic function, mechanism of action, regulation and disorder of hormones secretion.
119. Adrenocorticotrophic hormone (ACTH):  metabolic function, the mechanism of action, regulation and disorder of hormones secretion. 

120. Biological function of the products of processing of Pro-opiomelanocortin (POMC). 

121. Hormones of posterior pituitary gland are vasopressin and oxytocin: mechanism of action, metabolic functions, clinical importance. 
122. Insulin: structure, biosynthesis and catabolism, mechanism of action, metabolic function, clinical aspects.
123. Glucagon: structure, biosynthesis and catabolism, mechanism of action, metabolic function. 

124. Hormones of GIT: gastrin, secretin, cholecystokinin.

125. Thyroid gland and its hormones: structure, biosynthesis, mechanism of action, biological effects of T3, Т4, and clinical importance.

126. Adrenal medullar hormones: structure, biosynthesis, mechanism of action, metabolic functions of catecholamines.

127. Eicosanoids: classification, chemistry, biosynthesis and catabolism. Functions of prostaglandins, prostacyclins, thromboxanes, leukotriens and lipoxine. Clinical aspects. Inhibitors and stimulators of prostaglandin synthesis.

128. Hormones of adrenal cortex. Glucocoricoids: mechanism of action, biological functions, disorders of secretion.

129. Hormones of adrenal cortex. Mineralocorticoids: mechanism of action, biological functions, disorders of secretion. Renin-angiotensin-aldosterons system.

130. Androgens, estrogens and progesterone: mechanism of action, metabolism, biological functions, disorders of secretion.

131. Hormones that regulate Ca2+ and PO43- metabolism: parathyroid hormone, 1,25-dihydroxycholecalciferol, calcitonin. Metabolism, mechanism of action, biological functions, disorders of secretion.

132. Metabolic fuel and dietary components. Fed state, fasting and starvation: general metabolic changes. Clinical correlation.

133.  Digestion of proteins, amino acids absorption. Rotting of proteins in intestine. Clinical correlation.

134. Digestion of carbohydrates. Clinical correlation.

135.  Digestion of dietary lipids. Mechanisms of absorption. Functions of bile salts in these prosses. Clinical correlation.

136. Common characteristic of vitamins as components of the diet. Classification and nomenclature of vitamins. Biological functions of vitamins, their interconnection with enzymes.Vitamin deficiency diseases and the typical reasons of their occurrence. 

137. Biochemical characteristic of water-soluble vitamins (В1, В2, В3, В6, В12): structure, metabolism, basic dietary sources, daily requirement, metabolic functions, deficiency manifestation, clinical value.

138. Coenzyme vitamins (РР, Н, folic acid): structure, biological functions, sources, daily requirement.

139. Biochemical characteristic of vitamin C and Р: chemical structure, biological functions, sources, daily requirement.

140. Vitamins in medicine. Practical using of vitamins. Interrelation of vitamins in an organism. Manifestation of vitamin insufficiency.

141. Biochemical characteristic of fat-soluble vitamins (A, D, Е, K, F): chemical structure, biological properties, daily need, sources, functions in the metabolism, mechanism of action.

142. Vitamin deficiency diseases of fat-soluble vitamins. Antioxidant properties of fat-soluble vitamins. Antivitamins: mechanism of action, use in medicine.

143. Water and electrolytes balance and imbalance, mechanism of regulation. 

144. Biological function and clinical importance of macroelements (Na, K, Ca, Mg, P).

145. Biological function and clinical importance of trace elements.

146. Physiological and biochemical functions of blood. Respiratory function of erythrocytes. Hemoglobin: structure, properties, functions. Variants and pathological forms of hemoglobin.
147. Acid-base balance. Buffer systems of blood. Acid-base imbalance.

148. Biochemical composition of blood. Plasma proteins: biochemical characteristic, methods of separation, electrophoregrams of serum proteins in norm and under pathology. Total blood protein. Hypo-, hyper-, dis- and paraproteinaemies.

149. Blood enzymes, their clinical importance. 

150. Nonprotein organic components of blood. Inorganic components of plasma. Azotemias.
151. Specificity of a metabolism in kidneys. Formation of urine in kidneys: glomerular filtration, tubular reabsorbtion, tubular secretion.

152. Normal urine composition. Pathological components of urine.

153. Regulation of acid-base status in the kidneys. Renin- angeiotensin and kallikrein-kinin systems. Renal function test.

154. Participation of liver in carbohydrates metabolism, its disorder.

155. Liver functions in lipid metabolism. 
156. Liver functions in proteins metabolism. 
157. Functions of liver in metabolism of vitamins and mineral elements.

158. Biochemical composition and functions of bile.

159. Detoxification in the liver. Reactions of biotransformation. Microsomal oxidation.
160. Catabolism of hemoglobin. Metabolism of bile pigments.

161. Types of jaundice: hemolytic, hepatic and obstructive.

162. Hereditary diseases of metabolism of bile pigments. Biochemical tests for diagnostics of jaundice.

163. Chemical composition of skeletal muscles.
164. Metabolism of carbohydrate, lipid and amino acids in muscle cells.
165. Chemical changes under muscle contraction. Fuel utilization in skeletal and cardiac muscles. 
166. Proteins of connective tissue: collagen, elastin, glycoproteins and proteoglycans. Biosynthesis of collagen. Pathobiochemistry of connective tissue.
167. Mucopolysacrides of connective tissue: structure, functions, clinical aspects of metabolism.
168. Chemical composition of nervous tissue.Structure and synthesis of myelin. 

169. Metabolism of energy, carbohydrates, lipids and amino acids in nervous tissue. 

170. Neurotransmitters (catecholamines, serotonin, histamine, acetylcholine, glutamate, GABA and other neurotransmitters): general properties, synthesis, accumulation, release and inactivation. Metabolic encephalopathies and neuropathies.
Рractical skills
(the list of laboratory works which are required to know)
1. Electrophoresis as a method for protein fractionation. Electrophoregram of serum proteins in healthy person.
2. Clinical diagnostic value of definition of amylase activity, LDH isoenzymes, CPK, AST, ALT in the blood.
3. The glucose tolerance test: the principle of the method and analysis of results.
4. Clinical diagnostic value of definition of glycated hemoglobin in blood.
5. Clinical diagnostic value of definition of ketone bodies in blood and urine. Analysis of the mechanisms of ketonemia in diabetes and starvation.
6. Clinical diagnostic value of definition of the urea concentration in blood.
7. Clinical diagnostic value of definition of the concentration of uric acid in the blood.
8. Clinical diagnostic value of definition of the total protein concentration in the blood.
9. Method and clinical diagnostic value of definition of bilirubin in the blood.
10. Biochemical composition of urine in normal and pathological states: clinical diagnostic value of definition of normal and pathological components.
The list of compounds and processes

the structural formulas of which are required to know
1. 20 standard amino acids; 4-hydroxyproline, 5-oxilysine.

2. Di- and tripeptides, which are formed by standard amino acids.

3. Nitrogenous bases, nucleotides, nucleosides, a fragment of the primary structure of DNA and RNA.

4. Glucose, galactose and fructose.

5. Glucosamine, galactosamine.

6. Lactose, galactose, maltose.

7. N-acetylgalactosamine, N-acetylglucosamine.

8. Fatty acids: palmitic, stearic, palmitooleic, oleic, linoleic, linolenic, arachidonic.

9. Triacylglycerols, cholesterol, cholesterol ester, phosphatidylserine, -ethanolamine, phosphatidylcholine.

10. Coenzymes: NAD, FAD, FMN, TPF, ubiquinone, pyridoxal phosphate.

11. The secondary messengers of hormone action: cAMP, cGMP, DAG.

12. ATP, creatine phosphate.

13. Citric acid cycle.

14. Glycolysis.

15. The oxidative stage of pentose-phoshate pathway (PPP).

16. Metabolism of fructose and galactose.

17. Gluconeogenesis.

18. UDP-1-glucose, glucose-6-phosphate, glucose-1-phosphate.

19. Lipolysis, TAG synthesis, synthesis of phosphatidylserines (2 pathways).

20. β-oxidation of fatty acids.

21. Oxidation of glycerol.

22. Biosynthesis and catabolism of ketone bodies.

23. Biosynthesis of fatty acids.

24. The biosynthesis of cholesterol (1-st stage).

25. Bile acids: cholic acid, chenodeoxycholic acid, glycocholic acid, taurocholic acid.

26. Transamination: alanine aminotransferase and aspartate aminotransferase reaction.

27. Glutamate dehydrogenase reaction.

28. Synthesis of GABA and histamine.

29. Ornithine cycle.

30. Formation of S-adenosyl methionine.

31. Synthesis of creatine.

32. Glutathione, taurine (reactions of synthesis from Cis).

33. Catabolism of Val, Ile, Met to succinyl-CoA.

34. The formation of NO from Arg.

35. Catabolism of Phe to homogentisic acid.

36. Synthesis of serotonin.

37. Biosynthesis of purine nucleotides: 5 phosphorybosylamine formation, sources of separate atoms of purine ring.

38. The formation of AMP and GMP from IMP.

39. The biosynthesis of pyrimidine nucleotides: synthesis of UMP, CTP.

40. Synthesis of deoxyribonucleotides, ribonucleotides.

41. Formation of dTMP, dUMP.

42. Catabolism of purine nucleotides.

43. Catabolism of pyrimidine nucleotides: end products of catabolism.

44. Formation of aminoacyl-tRNA.

45. The structure and synthesis of T3, T4.

46. Synthesis of catecholamines.

47. Cortisol, corticosterone, aldosterone, progesterone.

48. Estradiol, testosterone.

49. The synthesis of calcitriol.

50. Prostaglandines A2, thromboxane A2, leukotriene A4.

51. Resynthesis of TAG in the small intestine.

52. Vitamins: B1, B2, B6, PP, C, A, β-carotene, D3, choline, carnitine.

53. Formation of vitamin A from β-carotene.

54. UDP-glucuronic acid, PAPS.

55. Synthesis of animal indican (from Trp).

56. The formation of hippuric acid.

57. The formation of bilirubin from biliverdin.

58. Bilirubin diglucuronide.

59. Synthesis of acetylcholine.

60. The hydrolysis of acetylcholine.

