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DISCIPLINE:

Biochemistry

TYPE OF DISCIPLINE ACCORDING TO THE UNIFORM STATE
REQUIREMENTS:
Compulsory, 5 years of training

LEVEL OF QUALIFICATION:
Master

FORMS OF TRAINING:
Lectures, exercises, self-training

YEAR OF TRAINING:
Second course

DURATION OF TRAINING:
Two semesters

ACADEMIC HOURS:
60 hours lectures, 44 hours exercises

TECHNICAL EQUIPMENT APPLIED IN THE TRAINING:
- Multimedia form of lectures presentation, that are given to the students in electronic version

- discussions
- continuous process of update of the teaching material with new information from textbooks

published by leading universities
- providing of facts, confirmed by fundamental scientific researches, published in reputable

journals
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- individual work with students showing specific interests in different fields of medical
biochemistry, closely related with the disciplines that they study alongside or in future
FORMS OF EVALUATION:

Current assessment, tests, preparation of paper

EVALUATION CRITERIA:
An average current mark is formed for every semester

ASPECTS OF EVALUATION CRITERIA:
Participation in discussions, tests solving, preparation of paper

SEMESTER EXAM:
Yes /placement test, written and oral exam/

STATE EXAM:
No

LECTURER:
Teacher having academic rank from the department of “Medical biochemistry”.

DEPARTMENT:
Department of Medical Biochemistry

ANNOTATION

The aim of medical biochemistry for pharmacists is to investigate at molecular level
the processes that occur in human organism in normal and pathological conditions, in order to
provide a modern scientific base for understanding of the pathobiochemical mechanisms
which is necessary in order pharmacy to be able by knowing the molecular targets for
therapeutic intervention to assist for effective treatment of the diseases with appropriate
medicines.

BASIC AIMS OF THE DISCIPLINE

To introduce the students with the basic parts of medical biochemistry which include:

1. Structural aspects- biopolymers structure (proteins and nucleic acids), lipids, carbohydrates,
nucleotides and porphyrins

2. Cell bioenergetics- characteristics of formation and use of energy in human organism

3. Enzymes as biocatalysts

4. Metabolism of carbohydrates, lipids, nucleotides and porphyrins in normal and pathological
conditions

5. Regulation of gene expression at the level of replication, transcription and translation

6. Mechanism of intercellular interactions- signal transduction and cell adhesion

7. Change in the metabolism and in the mechanisms of cell regulation in the most common
and socially significant diseases- diabetes, obesity, atherosclerosis and oncogenesis
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8. Functional biochemistry- specificity of the metabolism and biological functions of the
organs and tissues in human organism

EXPECTED RESULTS

After finishing their education the students must have the following knowledge and skills:

- to know the chemical structure of the main molecules- biopolymers (proteins and nucleic
acids), lipids, aminoacids and nucleotides, participating in metabolism and tissue formation

- to understand the significance of the enzymes as catalysts of the enzyme reactions

- to learn the ways for energy supply of the organism and the role of biologic oxidation
processes in energy metabolism

- to learn the main metabolic pathways in carbohydrates, lipids, aminoacids, nucleotides and
porphyrins metabolism

- to know the main principles of cell organization and compartmentation of the metabolic
processes in it

- coming to know the main metabolic processes to get a notion about the molecular diseases
as a target of therapeutic intervention

- to get knowledge for metabolic processes integration at molecular, cellular and tissue level

- to get a notion about the stages of gene expression regulation at the level of replication,
transcription, translation and posttranslational repair of important regulatory proteins

- to know how the intercellular communication occurs by introducing with the mechanism of
signal transduction and cell adhesion

- to make associations between the processes occurring normally in the cell and the changes in
disease processes by introducing with the biochemical disorders in the most common and
socially significant diseases - diabetes, obesity, atherosclerosis and oncogenesis

- to learn the specific features of the metabolism in some main organs- liver, adipose tissue,
muscles, kidney, intestines, blood cells, connective tissue

- to know and apply the modern methods in biochemistry

LECTURES
Winter semester

LECTURE Ne 1 -2 hours

STRUCTURE AND FUNCTIONS OF PROTEINS - part |

1. Protein functions. Peptides, polypeptides and proteins. Amino acids - types and
classification. Levels of organization of the protein molecule. Primary structure of proteins.
Conformation. Secondary structure - a-helix, p-sheet and random coil characterization.
Supersecondary structure — motifs and domains. Tertiary structure. Fibrous and globular
proteins. Structure of collagen and myoglobin.

Essays Ne 1

LECTURE Ne 2 — 2 hours

STRUCTURE AND FUNCTIONS OF PROTEINS — part Il

1. Quaternary structure. Mechanisms maintaining the conformation of proteins. Relation
between the structure and the function of proteins - medical importance: defects in receptors
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(familial hypercholesterolemia, diabetes insipidus); diseases due to impaired conformation
(prion disease, Alzheimer’s disease); molecular diseases (sickle cell anemia); defects in the
post-translational modification of proteins (scurvy and glycated hemoglobin). Structure of
hemoglobin.

Isoelectric point and protein precipitation. Denaturation. Methods for protein examination —
electrophoresis, chromatography, etc. Electrophoresis of plasma proteins — fractions. Acute-
phase proteins.

Essays Ne 2

LECTURE Ne 3 — 2 hours

STRUCTURE AND FUNCTIONS OF NUCLEIC ACIDS

1. Nucleic acids — types and biological role. Chemical composition — structure of nucleotides,
chemical bonds. Free nucleotides of biological importance. Features of polynucleotide chains.
Watson and Crick model.

Primary structure of nucleic acids. Conformation of DNA and of the different types of RNA.
Nucleosomes. Importance of histone and nonhistone proteins. Denaturation and renaturation
of DNA. Ribozymes, RNA maturation, microRNAs — role in the regulation of gene
expression.

Essays Ne 3

LECTURE Ne 4 — 2 hours

ENZYMES AS BIOLOGICAL CATALYSTS —part |

1. Characteristics of enzymes as biological catalysts. Structure, names and classification of
enzymes. Mechanisms of enzyme catalysis. Enzyme-—substrate complex. Active site.
Specificity of the enzyme action.

2. Water-soluble vitamins — structure, biological role. Vitamin and vitamin derivatives as
cofactors. Avitaminoses.

3. Lipid-soluble vitamins — structure, biological role. Hyper- and avitaminoses.

Essays Ne 4,5, 6

LECTURE Ne 5 -2 hours

ENZYMES AS BIOLOGICAL CATALYSTS —part Il

1. Enzyme reactions kinetics. Dependence of the enzyme reaction rate on time, temperature,
pH, enzyme concentration, substrate concentration. Michaelis — Menten equation about
enzyme reaction velocity. Michaelis constant. Lineweaver — Burk plot (equation).

2. Reversible and irreversible inhibition. Competitive and noncompetitive inhibitors. Enzyme
activators.

Essays Ne 7, 8

LECTURE Ne 6 — 2 hours

ENZYMES AS BIOLOGICAL CATALYSTS —part I

1. Enzyme activity regulation. Regulation of the absolute enzyme amount — constitutive and
inducible enzymes; control of the half-life of enzymes. Regulation of the catalytic activity —
compartmentalization, shuttle mechanisms, multienzyme complexes, covalent modification
and allosteric control. Retroinhibition.

2. Clinical significance of enzymes: functional and non-functional plasma enzymes. Role in
the diagnosis of myocardial infarction and hepatitis. Diagnostic significance of isoenzymes
(creatine phosphokinase and lactate dehydrogenase). Hereditary enzyme diseases (Gout,
Lesch-Nyhan syndrome). Enzyme therapy. Enzymes and enzyme inhibitors in the treatment
of cancer.
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Essays Ne 9, 10

LECTURE Ne 7 — 2 hours

BIOENERGETICS —part |

1. Bioenergetics. Features of organisms as open chemical systems. The first and the second
law of thermodynamics and their application in living organisms. Coupling of endergonic
with exergonic processes using macroergic compounds. Types of macroergic bonds and
compounds. Central role of the system ATP/ADP.

2. Oxidative phosphorylation at substrate level: oxidative phosphorylation of glyceraldehyde-
3-phosphate, enolase reaction. Oxidative decarboxylation of the a-keto acids pyruvate and a-
ketoglutarate; regulation

Essays Ne 11, 12

LECTURE Ne 8 — 2 hours

BIOENERGETICS —part 11

1. Respiratory chain — localization, function and molecular structure. Oxidative
phosphorylation coefficient (P/O). Respiratory control, phosphate potential. Inhibitors of the
electron transport. Chemiosmotic theory of the mechanism of oxidative phosphorylation in
the respiratory chain. ATP synthase. Effect of uncoupling agents and inhibitors of the
oxidative phosphorylation.

Essays Ne 13

LECTURE Ne 9 — 2 hours

BIOENERGETICS - part 111

1. Free oxidation. Heat production. Brown adipose tissue. Role of thermogenin. Short electron
transport chains. Reactive oxygen and nitrogen species (ROS and RNS) -generation and
neutralization. Antioxidant enzymes and non-enzymatic antioxidants.

Essays Ne 14

LECTURE Ne 10 - 2 hours

BIOENERGETICS - part 111

1. Krebs cycle — importance for catabolism and anabolism. Chemical reactions and energetic
balance. Connection of the TCA cycle with the respiratory chain and with the other metabolic
pathways. Regulation mechanisms. Pyruvate dehydrogenase deficiency.

Essays Ne 15

LECTURE Ne 11 — 2 hours

CARBOHYDRATE METABOLISM -part |

1. Digestion and absorption of carbohydrates in the gastrointestinal tract. Glycolysis —
importance, chemical reactions, energy production under anaerobic and aerobic conditions,
tissue specificity — erythrocytes, muscles, nervous tissue. Regulation. Metabolic fate of
NADH and pyruvate — shuttle systems (malate and glycerophosphate shuttles). Clinical
aspects — lactic acidosis, enzymopathies, hemolytic anemia.

Essays Ne 16

LECTURE Ne 12 — 2 hours

CARBOHYDRATE METABOLISM-part 11

1. Gluconeogenesis. Gluconeogenesis substrates. Importance. Overcoming the irreversible
steps of glycolysis. Regulation. Tissue localization. Regulation of blood sugar level.
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2. Pentose phosphate pathway and NADPH — role in metabolism. Oxidative, isomerase and
transferase reactions. Importance of the pentose phosphate pathway for erythrocytes. Glucose-
6-phosphate dehydrogenase deficiency.

Essays Ne 17,18

LECTURE Ne 13 - 2 hours

CARBOHYDRATE METABOLISM- part Il

1. Fructose metabolism — absorption, organ specificity of degradation and association with
other metabolic pathways. Defects in fructose metabolism — essential fructosuria and fructose
intolerance. Non-alcoholic fatty liver disease.

2. Galactose metabolism — absorption; degradation; synthesis of lactose in lactating mammary
glands. Defects in the metabolism of galactose—lactase deficiency, galactosemia type I and I1.
Essays Ne 19, 20

LECTURE Ne 14 — 2 hours

CARBOHYDRATE METABOLISM- part IV

1. Glycogen metabolism — structure, degradation, synthesis, role in the liver and muscles.
Regulation of glycogenolysis and glycogenesis. Glycogenoses.

Essays Ne 21

LECTURE Ne 15 - 2 hours

LIPIDS METABOLISM - part |

1. Lipids — classification. Lipid digestion — enzymes. Composition, origin and functions of the
lipoprotein complexes. Receptors, apolipoproteins, and enzymes of the lipoprotein
metabolism. Familial hypercholesterolemia.

Essays Ne 22

LECTURES
Summer semester

LECTURE Ne 1 -2 hours

LIPID METABOLISM - part 11

1. Degradation and biosynthesis of triacylglycerols. Metabolism of glycerol. Metabolic fate of
the fatty acids. Regulation of triacylglycerol degradation in the adipose tissue.
Triacylglycerols in the adipose tissue and in the liver. Fatty liver disease.

2. Biosynthesis of fatty acids. Citrate shuttle. Acyl synthase complex. Regulation of the
lipogenesis. Fatty acids chain elongation and synthesis of unsaturated fatty acids.

Essays Ne 23, 24

LECTURE Ne 2 — 2 hours

LIPID METABOLISM —part 11

1. Oxidation of fatty acids. B-oxidation of fatty acids with an even and odd number of carbon
atoms and of polyunsaturated fatty acids. Carnitine shuttle. Regulation. Energetic balance.
Peroxisomal [-oxidation. o-oxidation of branched fatty acids. Peroxide oxidation of
unsaturated fatty acids. Enzyme defects in the oxidation of fatty acids.

2. Ketone bodies metabolism. Ketogenesis and ketolysis. Regulation of ketogenesis. Ketosis
and ketoacidosis. Adaptation during starvation.

Essays Ne 25, 26
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LECTURE Ne 3 — 2 hours

LIPID METABOLISM - part IV

1. Synthesis and degradation of phospholipids. Biological role of phospholipases Al, A2, C
and D. Sphingolipids — types, structure and importance. Sphingolipidoses. Essential fatty
acids and their derivatives — eicosanoids (prostaglandins, thromboxanes, prostacyclins and
leukotrienes). Steroidal and non-steroidal anti-inflammatory agents — mechanism of action.
Deficiency of essential fatty acids.

Essays Ne 27

LECTURE Ne 4 — 2 hours

LIPID METABOLISM - part V

1.Structure and biological role of cholesterol. Pathways of cholesterol in the organism.
Synthesis of cholesterol. Regulation — control through covalent modification and at the level
of transcription. Excretion from the organism.

2. Bile acids — synthesis, regulation, role, cholelithiasis (gallstone disease). Steroid hormones
—synthesis, localization, role.

Essays Ne 28, 29

LECTURE Ne 5 -2 hours

LIPID METABOLISM —part VI

1. Disorders of lipid metabolism. Atherosclerosis. Obesity. Adipokines (leptin, adiponectin,
etc.) — role in obesity and insulin resistance.

Essays Ne 30

LECTURE Ne 6 — 2 hours
DEGRADATION OF AMINO ACIDS - part |

1. Digestion and absorption of proteins in the gastrointestinal tract. Mechanism of
intracellular degradation of proteins. Nitrogen balance and end products of nitrogen
metabolism. General reactions of amino acid degradation: transamination, oxidative
deamination, transdeamination and decarboxylation (biogenic amines). Clinical significance
of aminotransferases.

2. Detoxification of ammonia. Ammonia toxicity. Reductive amination of a-ketoglutarate.
Synthesis of glutamine. Role of ammoniagenesis in the kidneys. Urea cycle — associations
with the citric acid cycle, regulation, metabolic disorders. Glucose-alanine cycle.

Essays Ne 31, 32

LECTURE Ne 7 — 2 hours
DEGRADATION OF AMINO ACIDS - part |1

1. Amino acid catabolism. Common pathways of amino acid C-skeleton degradation.
Pathways for degradation of glucogenic and ketogenic amino acids. One-carbon units — types,
sources, importance. Vitamin B12, folic acid and S-adenosylmethionine. Therapeutic use of
folate analogues. Catabolism of phenylalanine and tyrosine (phenylketonuria, tyrosinosis,
alkaptonuria, albinism), tryptophan (pellagra), aliphatic amino acids (methylmalonylemia).
Degradation of branched chain amino acids.

2. Essential and nonessential amino acids. Common reactions in the synthesis of amino acids.
Selenocysteine. Conversion of amino acids into specialized products - arginine (synthesis of
creatine phosphate, citrulline, nitric oxide, polyamines) and serine (synthesis of ethanolamine,
choline, phospholipids).

Essays Ne 33, 34
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LECTURE Ne 8 — 2 hours

DEGRADATION OF AMINO ACIDS - part 11

1. Conversion of amino acids into specialized products — tryptophan (synthesis of NAD+,
serotonin, melatonin), tyrosine (synthesis of thyroid hormones, catecholamines, melanins).
Parkinson’s disease and L-DOPA. Products of glutamate and glutamine metabolism. 7y-
glutamyl cycle. Biological role of glutathione.

Essays Ne 35

LECTURE Ne 9 — 2 hours

BIOSYNTHESIS AND DEGRADATION OF PURINE AND PYRIMIDINE
NUCLEOTIDES

1. Biosynthesis and degradation of purine nucleotides. Regulation of purine synthesis. Tissue
specificity. Hyperuricemia and gout. Inhibition of xanthine oxidase. Enzyme defects in purine
metabolism (immunodeficiencies, Lesch-Nyhan syndrome, gout). Purine analogues as
antiviral and anticancer drugs.

2. Biosynthesis and degradation of pyrimidine nucleotides. Regulation. Synthesis of CTP and
TMP from UMP. Ribonucleotide reductase reaction. Thymidylate synthase. Orotic aciduria.
Pyrimidine analogues as antiviral and anticancer drugs.

Essays Ne 36, 37

LECTURE Ne 10 — 2 hours

IRON METABOLISM AND PORPHYRINS

1. Iron homeostasis. Absorption of haem and non-haem iron in the small intestines.
Transferrin receptors. lron-binding and iron-storage proteins. Hepcidin. Post-transcriptional
control of iron homeostasis. Disorders of iron homeostasis.

Essays Ne 38

LECTURE Ne 11 — 2 hours

IRON METABOLISM AND PORPHYRINS

1. Biosynthesis of porphyrins. Organ and intracellular localization of the pathway. Regulation.
ALA-synthase — enzyme inducers and repressors. Types of porphyrias. Use of exogenous
porphyrins in the treatment of some types of cancer.

Essays Ne 39

LECTURE Ne 12 — 2 hours

METABOLISM OF PORPHYRINS

1. Hemoglobin degradation. Haem oxygenase. Direct and indirect bilirubin. Bile pigments.
Enterohepatic circulation of the bile pigments. Jaundice.

Essays Ne 40

LECTURE Ne 13 — 2 hours

INTEGRATION OF METABOLISM

1. Integration of metabolism in different tissues and organs: digestive tract, liver, nervous
tissue, muscles (aerobic and anaerobic conditions), kidneys, adipose tissue, erythrocytes. Role
of insulin and glucagon. Metabolic disorders and biochemical indicators in the diagnosis of
diabetes.

Essays Ne 41
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LECTURE Ne 14 — 2 hours

INTEGRATION OF METABOLISM

1. Integration of metabolism. Relationships between the metabolism of carbohydrates, lipids,
amino acids and nucleotides. Role of key metabolites and enzymes. Scheme of metabolism —
the topic is mandatory for everyone.

Essays Ne 42

LECTURE Ne 15 -2 hours

SIGNAL TRANSDUCTION

1. Principles of intercellular communication and signal transduction. Structural organization
of signaling pathways. Types of extracellular signals. Membrane and intracellular receptors.
Secondary messengers. Cyclic AMP, adenylate cyclase system and G-proteins. Nitric oxide
and cyclic GMP.

Essays Ne 43

PRACTICES
I-st Semester

EXERCISE Ne 1 - 2 hours

Structure of proteins and nucleic acids

1. Protein functions. Peptides, polypeptides and proteins. Amino acids - types and
classification. Levels of organization of the protein molecule. Primary structure of proteins.
Conformation. Secondary structure - a-helix, p-sheet and random coil characterization.
Supersecondary structure — motifs and domains. Tertiary structure. Fibrous and globular
proteins. Structure of collagen and myoglobin.

2. Quaternary structure. Mechanisms maintaining the conformation of proteins. Relation
between the structure and the function of proteins - medical importance: defects in receptors
(familial hypercholesterolemia, diabetes insipidus); diseases due to impaired conformation
(prion disease, Alzheimer’s disease); molecular diseases (sickle cell anemia); defects in the
post-translational modification of proteins (scurvy and glycated hemoglobin). Structure of
hemoglobin. Isoelectric point and protein precipitation. Denaturation. Methods for protein
examination — electrophoresis, chromatography, etc. Electrophoresis of plasma proteins —
fractions. Acute-phase proteins.

3. Nucleic acids — types and biological role. Chemical composition — structure of nucleotides,
chemical bonds. Free nucleotides of biological importance. Features of polynucleotide chains.
Watson and Crick model. Primary structure of nucleic acids. Conformation of DNA and of
the different types of RNA. Nucleosomes. Importance of histone and nonhistone proteins.
Denaturation and renaturation of DNA. Ribozymes, RNA maturation, microRNAs — role in
the regulation of gene expression..

Practice:
Proof of purine bases and nucleotide content in yeast hydrolyzate

EXERCISE Ne 2 - 2 hours
Enzymes — part |
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1. Characteristics of enzymes as biological catalysts. Structure, names and classification of
enzymes. Mechanisms of enzyme catalysis. Enzyme-substrate complex. Active site.
Specificity of the enzyme action.

2. Water-soluble vitamins — structure, biological role. Vitamin and vitamin derivatives as
cofactors. Avitaminoses.

3. Lipid-soluble vitamins — structure, biological role. Hyper- and avitaminoses.

4. Enzyme Kinetics. Enzyme units. Factors affecting the enzyme reaction rate: time,
temperature, pH, concentration of the enzyme and of the substrate. Michaelis constant.
Michaelis — Menten equation and Lineweaver — Burk plot (equation).

Written examination on schemes and structures of vitamins

Practice:

1. Qualitative determination of thiamine (vitamin B1) by thiochrome reaction.
2. Qualitative determination of thiamine (vitamin B1) by diazo reaction.

3. Qualitative colour reaction of vitamin B6.

EXERCISE Ne 3 - 2 hours

Enzymes — part 11

1. Reversible and irreversible inhibition. Competitive and noncompetitive inhibitors. Enzyme
activators.

2. Enzyme activity regulation. Regulation of the absolute enzyme amount — constitutive and
inducible enzymes; control of the half-life of enzymes. Regulation of the catalytic activity —
compartmentalization, shuttle mechanisms, multienzyme complexes, covalent modification
and allosteric control. Retroinhibition.

3. Clinical significance of enzymes: functional and non-functional plasma enzymes. Role in
the diagnosis of myocardial infarction and hepatitis. Diagnostic significance of isoenzymes
(creatine phosphokinase and lactate dehydrogenase). Hereditary enzyme diseases (Gout,
Lesch-Nyhan syndrome). Enzyme therapy. Enzymes and enzyme inhibitors in the treatment
of cancer.

Written examination on schemes.

Practice:
Investigation of the effect of activators and inhibitors on the activity of salivary a-amylase.

EXERCISE Ne 4 - 2 hours
Colloguium: Proteins, nucleic acids and enzymes

EXERCISE Ne 5 - 2 hours

Bioenergetics — part |

1. Bioenergetics. Features of organisms as open chemical systems. General laws of
thermodynamics and their application in living organisms. Coupling of endergonic and
exergonic processes. Macroergic compounds. Role of the system ATP/ADP. Characteristics
of biological oxidation. Substrates of biological oxidation and final hydrogen acceptors.
Oxidoreductases. Redox systems. Scheme of metabolism.
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2. Oxidative phosphorylation at substrate level: oxidative phosphorylation of glyceraldehyde-
3-phosphate, enolase reaction. Oxidative decarboxylation of the [1-keto acids pyruvate and [1-
ketoglutarate; regulation.

Written examination on the scheme of metabolism

Written examination on reactions of oxidative phosphorylation (glyceraldehyde-3-phosphate
and enolase reaction)

Practice:
1. Quantitative determination of Vit.C in blood serum.
2. Use of inorganic phosphate in glycolysis and alcohol fermentation

EXERCISE Ne 6 - 2 hours

Bioenergetics — part 11

1.Respiratory chain - localization, function and molecular structure. Places for proton
translocation. Oxidative phosphorylation coefficient (P/O). Respiratory control, phosphate
potential. Inhibitors of electron transportation. Chemiosmotic theory for the mechanism of
oxidative phosphorylation in the respiratory chain. ATP synthase. Effect of uncoupling agents
and inhibitors of the oxidative phosphorylation.

2. Free oxidation. Heat production. Brown adipose tissue. Role of thermogenin. Short electron
transport chains. Reactive oxygen and nitrogen species (ROS and RNS) -generation and
neutralization. Antioxidant enzymes and non-enzymatic antioxidants.

3. Krebs cycle — importance for catabolism and anabolism. Chemical reactions and energetic
balance. Connection of the TCA cycle with the respiratory chain and with the other metabolic
pathways. Regulation mechanisms. Pyruvate dehydrogenase deficiency.

Written examination on the reactions of Krebs cycle and the schemes of gluconeogenesis
shuttle, citrate shuttle and respiratory chain

Practice:
Qualitative reaction for succinate dehydrogenase (SDH)

EXERCISE Ne 7 - 2 hours
Colloquium: Bioenergetics

PRACTICES
11-"9 Semester

EXERCISE Ne 1 - 2 hours

Carbohydrate metabolism — part |

1. Digestion and absorption of carbohydrates in the gastrointestinal tract. Glycolysis —
importance, chemical reactions, energy production under anaerobic and aerobic conditions,
tissue specificity — erythrocytes, muscles, nervous tissue. Regulation. Metabolic fate of
NADH and pyruvate — shuttle systems (malate and glycerophosphate shuttles). Clinical
aspects — lactic acidosis, enzymopathies, hemolytic anemia.

2. Gluconeogenesis. Gluconeogenesis substrates. Importance. Overcoming the irreversible

steps of glycolysis. Regulation. Tissue localization. Regulation of blood sugar level.
Written examination on schemes and reactions of glycolysis
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Practice:
Quantitative determination of pyruvate in blood plasma.

EXERCISE Ne 2 - 2 hours

Carbohydrate metabolism — part 11

1. Pentose phosphate pathway and NADPH — role in metabolism. Oxidative, isomerase and
transferase reactions. Importance of the pentose phosphate pathway for erythrocytes. Glucose-
6-phosphate dehydrogenase deficiency.

2. Fructose metabolism — absorption, organ specificity of degradation and association with
other metabolic pathways. Defects in fructose metabolism — essential fructosuria and fructose
intolerance. Non-alcoholic fatty liver disease.

Written examination on the reactions of the pentose phosphate pathway and the degradation
of fructose (by structures))

Practice:
Qualitative determination of fructose by Seliwanoff’s test

EXERCISE Ne 3 - 2 hours

Carbohydrate metabolism — part 111

1. Galactose metabolism — absorption; degradation; synthesis of lactose in lactating mammary
glands. Defects in the metabolism of galactose — lactase deficiency, galactosemia type I and
.

2. Glycogen metabolism — structure, degradation, synthesis, role in the liver and muscles.
Regulation of glycogenolysis and glycogenesis. Glycogenoses.
Written examination on schemes and strucrures

Practice:
Quantitative determination of glucose in blood serum (glucose oxidase assay)

EXERCISE Ne 4 - 2 hours
Colloquium: Carbohydrate metabolism

EXERCISE Ne 5 - 2 hours

Lipid metabolism — part I

1. Lipids — classification. Lipid digestion — enzymes. Composition, origin and functions of the
lipoprotein complexes. Receptors, apolipoproteins, and enzymes of the lipoprotein
metabolism. Familial hypercholesterolemia.

2. Degradation and biosynthesis of triacylglycerols. Metabolism of glycerol. Metabolic fate of
the fatty acids. Regulation of triacylglycerol degradation in the adipose tissue.
Triacylglycerols in the adipose tissue and in the liver. Fatty liver disease.

3. Biosynthesis of fatty acids. Citrate shuttle. Acyl synthase complex. Regulation of the
lipogenesis. Fatty acids chain elongation and synthesis of unsaturated fatty acids.
Written examination on structures and schemes.

Practice:
Method for determination of triglycerides.
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EXERCISE Ne 6 - 2 hours

Lipid metabolism — part 11

1. Oxidation of fatty acids. B-oxidation of fatty acids with an even and odd number of carbon
atoms and of polyunsaturated fatty acids. Carnitine shuttle. Regulation. Energetic balance.
Peroxisomal [-oxidation. a-oxidation of branched fatty acids. Peroxide oxidation of
unsaturated fatty acids. Enzyme defects in the oxidation of fatty acids.

2. Ketone bodies metabolism. Ketogenesis and ketolysis. Regulation of ketogenesis. Ketosis
and ketoacidosis. Adaptation during starvation.

3. Synthesis and degradation of phospholipids. Biological role of phospholipases Al, A2, C
and D. Sphingolipids — types, structure and importance. Sphingolipidoses. Essential fatty
acids and their derivatives — eicosanoids (prostaglandins, thromboxanes, prostacyclins and
leukotrienes). Steroidal and non-steroidal anti-inflammatory agents — mechanism of action.
Deficiency of essential fatty acids.

Written examination on structures and schemes

Practice:

1. Qualitative determination of ketone bodies in urine.

1.1 Determination of acetone in urine (Liben’s test).

1.2 Lange’s test for determination of acetone and acetoacetate.

EXERCISE Ne 7 - 2 hours

Lipid metabolism — part 111

1. Structure and biological role of cholesterol. Pathways of cholesterol in the organism.
Synthesis of cholesterol. Regulation — control through covalent modification and at the level
of transcription. Excretion from the organism.

2. Bile acids — synthesis, regulation, role, cholelithiasis (gallstone disease). Steroid hormones
—synthesis, localization, role.

3. Disorders of lipid metabolism. Atherosclerosis. Obesity. Adipokines (leptin, adiponectin,
etc.) — role in obesity and insulin resistance.

Written examination on the synthesis of cholesterol, structures and schemes

Practice:
Quantitative determination of cholesterol in blood serum.

EXERCISE Ne 8 - 2 hours
Colloquium: Lipid metabolism

EXERCISE Ne 9 - 2 hours

Amino acid metabolism — part |

1. Digestion and absorption of proteins in the gastrointestinal tract. Mechanism of
intracellular degradation of proteins. Nitrogen balance and end products of nitrogen
metabolism. General reactions of amino acid degradation: transamination, oxidative
deamination, transdeamination and decarboxylation (biogenic amines). Clinical significance
of aminotransferases.

2. Detoxification of ammonia. Ammonia toxicity. Reductive amination of a-ketoglutarate.

Synthesis of glutamine. Role of ammoniagenesis in the kidneys. Urea cycle — associations
with the citric acid cycle, regulation, metabolic disorders. Glucose-alanine cycle.
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Written examination on the urea cycle, structures and schemes.

Practice:

1. Quantitative determination of ASAT (aspartate aminotransferase) in blood serum.
2. Quantitative determination of ALAT (alanine aminotransferase) in blood serum.
3. Quantitative determination of urea in blood serum.

EXERCISE Ne 10 - 2 hours

Amino acid metabolism — part 11

1. Amino acid catabolism. Common pathways of amino acid C-skeleton degradation.
Pathways for degradation of glucogenic and ketogenic amino acids. One-carbon units — types,
sources, importance. Vitamin B12, folic acid and S-adenosylmethionine. Therapeutic use of
folate analogues. Catabolism of phenylalanine and tyrosine (phenylketonuria, tyrosinosis,
alkaptonuria, albinism), tryptophan (pellagra), aliphatic amino acids (methylmalonylemia).
Degradation of branched chain amino acids.

2. Essential and nonessential amino acids. Common reactions in the synthesis of amino acids.
Selenocysteine. Conversion of amino acids into specialized products - arginine (synthesis of
creatine phosphate, citrulline, nitric oxide, polyamines) and serine (synthesis of ethanolamine,
choline, phospholipids).

3. Conversion of amino acids into specialized products — tryptophan (synthesis of NAD+,
serotonin, melatonin), tyrosine (synthesis of thyroid hormones, catecholamines, melanins).
Parkinson’s disease and L-DOPA. Products of glutamate and glutamine metabolism. y-
glutamyl cycle. Biological role of glutathione.

Written examination on schemes and structures

Practice:
Determination of creatinine by a photometric colorimetric test (Jaffé reaction) in serum or
plasma.

EXERCISE Ne 11 - 2 hours

Metabolism of purine and pyrimidine nucleotides

1. Biosynthesis and degradation of purine nucleotides. Regulation of purine synthesis. Tissue
specificity. Hyperuricemia and gout. Inhibition of xanthine oxidase. Enzyme defects in purine
metabolism (immunodeficiencies, Lesch-Nyhan syndrome, gout). Purine analogues as
antiviral and anticancer drugs.

2. Biosynthesis and degradation of pyrimidine nucleotides. Regulation. Synthesis of CTP and
TMP from UMP. Ribonucleotide reductase reaction. Thymidylate synthase. Orotic aciduria.
Pyrimidine analogues as antiviral and anticancer drugs.

Written examination on schemes and structures.

Practice:
Quantitative determination of uric acid in blood serum.

EXERCISE Ne 12 - 2 hours
Iron homeostasis. Biosynthesis and degradation of porphyrins
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1. Iron homeostasis. Absorption of haem and non-haem iron in the small intestines.
Transferrin receptors. Iron-binding and iron-storage proteins. Hepcidin. Post-transcriptional
control of iron homeostasis. Disorders of iron homeostasis.

2. Biosynthesis of porphyrins. Organ and intracellular localization of the pathway. Regulation.
ALA-synthase — enzyme inducers and repressors. Types of porphyrias. Use of exogenous
porphyrins in the treatment of some types of cancer.

3. Hemoglobin degradation. Haem oxygenase. Direct and indirect bilirubin. Bile pigments.
Enterohepatic circulation of the bile pigments. Jaundice.
Written examination on schemes and structures.

Practice:
1. Quantitative determination of the total bilirubin in serum
2. Determination of urobilinogen in urine (Ehrlich’s sample).

EXERCISE Ne 13 - 2 hours
Colloquium: Metabolism of amino acids, nucleotides and porphyrins

EXERCISE Ne 14 - 2 hours

Integration of metabolism

1. Integration of metabolism in different tissues and organs: digestive tract, liver, nervous
tissue, muscles (aerobic and anaerobic conditions), kidneys, adipose tissue, erythrocytes. Role
of insulin and glucagon. Metabolic disorders and biochemical indicators in the diagnosis of
diabetes.

2. Integration of metabolism. Relationships between the metabolism of carbohydrates, lipids,
amino acids and nucleotides. Role of key metabolites and enzymes. Scheme of metabolism —
the topic is mandatory for everyone.

Written examination on the scheme of metabolism and other schemes.

Practice:
Quantitative determination of human sRAGE (soluble form of Receptor for Advanced
Glycated End products) by ELISA method.

EXERCISE Ne 15 - 2 hours
Principles of intercellular communication and signal transduction
1. Principles of intercellular communication and signal transduction. Structural organization

of a signaling pathway. Types of extracellular signals. Membrane and intracellular receptors.
Secondary messengers. Cyclic AMP (cAMP), adenylate cyclase system and G-proteins. Nitric
oxide and cyclic GMP (cGMP).

Written examination on schemes.
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QUESTIONNAIRE IN BIOCHEMISTRY
FOR STUDENTS OF PHARMACY

1. Protein functions. Peptides, polypeptides and proteins. Amino acids - types and
classification. Levels of organization of the protein molecule. Primary structure of proteins.
Conformation. Secondary structure - a-helix, B-sheet and random coil characterization.
Supersecondary structure — motifs and domains. Tertiary structure. Fibrous and globular
proteins. Structure of collagen and myoglobin.

2. Quaternary structure. Mechanisms maintaining the conformation of proteins. Relation
between the structure and the function of proteins - medical importance: defects in receptors
(familial hypercholesterolemia, diabetes insipidus); diseases due to impaired conformation
(prion disease, Alzheimer’s disease); molecular diseases (sickle cell anemia); defects in the
post-translational modification of proteins (scurvy and glycated hemoglobin). Structure of
hemoglobin. Isoelectric point and protein precipitation. Denaturation. Methods for protein
examination — electrophoresis, chromatography, etc. Electrophoresis of plasma proteins —
fractions. Acute-phase proteins.

3. Nucleic acids — types and biological role. Chemical composition — structure of nucleotides,
chemical bonds. Free nucleotides of biological importance. Features of polynucleotide chains.
Watson and Crick model. Primary structure of nucleic acids. Conformation of DNA and of
the different types of RNA. Nucleosomes. Importance of histone and nonhistone proteins.
Denaturation and renaturation of DNA. Ribozymes, RNA maturation, microRNAs — role in
the regulation of gene expression.
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4. Characteristics of enzymes as biological catalysts. Structure, names and classification of
enzymes. Mechanisms of enzyme catalysis. Enzyme-—substrate complex. Active site.
Specificity of the enzyme action.

5. Water-soluble vitamins — structure, biological role. Vitamin and vitamin derivatives as
cofactors. Avitaminoses.

6. Lipid-soluble vitamins — structure, biological role. Hyper- and avitaminoses.

7. Enzyme Kkinetics. Enzyme units. Factors affecting the enzyme reaction rate: time,
temperature, pH, concentration of the enzyme and of the substrate. Michaelis constant.
Michaelis — Menten equation and Lineweaver — Burk plot (equation).

8. Reversible and irreversible inhibition. Competitive and noncompetitive inhibitors. Enzyme
activators.

9. Enzyme activity regulation. Regulation of the absolute enzyme amount — constitutive and
inducible enzymes; control of the half-life of enzymes. Regulation of the catalytic activity —
compartmentalization, shuttle mechanisms, multienzyme complexes, covalent modification
and allosteric control. Retroinhibition.

10. Clinical significance of enzymes: functional and non-functional plasma enzymes. Role in
the diagnosis of myocardial infarction and hepatitis. Diagnostic significance of isoenzymes
(creatine phosphokinase and lactate dehydrogenase). Hereditary enzyme diseases (Gout,
Lesch-Nyhan syndrome). Enzyme therapy. Enzymes and enzyme inhibitors in the treatment
of cancer.

11. Bioenergetics. Features of organisms as open chemical systems. General laws of
thermodynamics and their application in living organisms. Coupling of endergonic and
exergonic processes. Macroergic compounds. Role of the system ATP/ADP. Characteristics
of biological oxidation. Substrates of biological oxidation and final hydrogen acceptors.
Oxidoreductases. Redox systems. Scheme of metabolism.

12. Oxidative phosphorylation at substrate level: oxidative phosphorylation of
glyceraldehyde-3-phosphate, enolase reaction. Oxidative decarboxylation of the a-keto acids
pyruvate and a-ketoglutarate; regulation.

13. Respiratory chain — localization, function and molecular structure. Oxidative
phosphorylation coefficient (P/O). Respiratory control, phosphate potential. Inhibitors of the
electron transport. Chemiosmotic theory of the mechanism of oxidative phosphorylation in
the respiratory chain. ATP synthase. Effect of uncoupling agents and inhibitors of the
oxidative phosphorylation.

14. Free oxidation. Heat production. Brown adipose tissue. Role of thermogenin. Short
electron transport chains. Reactive oxygen and nitrogen species (ROS and RNS) -generation
and neutralization. Antioxidant enzymes and non-enzymatic antioxidants.

15. Krebs cycle — importance for catabolism and anabolism. Chemical reactions and energetic

balance. Connection of the TCA cycle with the respiratory chain and with the other metabolic
pathways. Regulation mechanisms. Pyruvate dehydrogenase deficiency.
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16. Digestion and absorption of carbohydrates in the gastrointestinal tract. Glycolysis —
importance, chemical reactions, energy production under anaerobic and aerobic conditions,
tissue specificity — erythrocytes, muscles, nervous tissue. Regulation. Metabolic fate of
NADH and pyruvate — shuttle systems (malate and glycerophosphate shuttles). Clinical
aspects - lactic acidosis, enzymopathies, hemolytic anemia.

17. Gluconeogenesis. Gluconeogenesis substrates. Importance. Overcoming the irreversible
steps of glycolysis. Regulation. Tissue localization. Regulation of blood sugar level.

18. Pentose phosphate pathway and NADPH — role in metabolism. Oxidative, isomerase and
transferase reactions. Importance of the pentose phosphate pathway for erythrocytes. Glucose-
6-phosphate dehydrogenase deficiency.

19. Fructose metabolism — absorption, organ specificity of degradation and associations with
other metabolic pathways. Defects in fructose metabolism — essential fructosuria and fructose
intolerance. Non-alcoholic fatty liver disease.

20. Galactose metabolism — absorption; degradation; synthesis of lactose in lactating
mammary glands. Defects in the metabolism of galactose — lactase deficiency, galactosemia
type I and II.

21. Glycogen metabolism — structure, degradation, synthesis, role in the liver and muscles.
Regulation of glycogenolysis and glycogenesis. Glycogenoses.

22. Lipids — classification. Lipid digestion — enzymes. Composition, origin and functions of
the lipoprotein complexes. Receptors, apolipoproteins, and enzymes of the lipoprotein
metabolism. Familial hypercholesterolemia.

23. Degradation and biosynthesis of triacylglycerols. Metabolism of glycerol. Metabolic fate
of the fatty acids. Regulation of triacylglycerol degradation in the adipose tissue.
Triacylglycerols in the adipose tissue and in the liver. Fatty liver disease.

24. Biosynthesis of fatty acids. Citrate shuttle. Acyl synthase complex. Regulation of the
lipogenesis. Fatty acids chain elongation and synthesis of unsaturated fatty acids.

25. Oxidation of fatty acids. B-oxidation of fatty acids with an even and odd number of carbon
atoms and of polyunsaturated fatty acids. Carnitine shuttle. Regulation. Energetic balance.
Peroxisomal [-oxidation. o-oxidation of branched fatty acids. Peroxide oxidation of
unsaturated fatty acids. Enzyme defects in the oxidation of fatty acids.

26. Ketone bodies metabolism. Ketogenesis and ketolysis. Regulation of ketogenesis. Ketosis
and ketoacidosis. Adaptation during starvation.

27. Synthesis and degradation of phospholipids. Biological role of phospholipases A1, Az, C
and D. Sphingolipids — types, structure and importance. Sphingolipidoses. Essential fatty
acids and their derivatives — eicosanoids (prostaglandins, thromboxanes, prostacyclins and
leukotrienes). Steroidal and non-steroidal anti-inflammatory agents — mechanism of action.
Deficiency of essential fatty acids.
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28. Structure and biological role of cholesterol. Pathways of cholesterol in the organism.
Synthesis of cholesterol. Regulation — control through covalent modification and at the level
of transcription. Excretion from the organism.

29. Bile acids — synthesis, regulation, role, cholelithiasis (gallstone disease). Steroid hormones
— synthesis, localization, role.

30. Disorders of lipid metabolism. Atherosclerosis. Obesity. Adipokines (leptin, adiponectin,
etc.) — role in obesity and insulin resistance.

31. Digestion and absorption of proteins in the gastrointestinal tract. Mechanism of
intracellular degradation of proteins. Nitrogen balance and end products of nitrogen
metabolism. General reactions of amino acid degradation: transamination, oxidative
deamination, transdeamination and decarboxylation (biogenic amines). Clinical significance
of aminotransferases.

32. Detoxification of ammonia. Ammonia toxicity. Reductive amination of a-ketoglutarate.
Synthesis of glutamine. Role of ammoniagenesis in the kidneys. Urea cycle — associations
with the citric acid cycle, regulation, metabolic disorders. Glucose-alanine cycle.

33. Amino acid catabolism. Common pathways of amino acid C-skeleton degradation.
Pathways for degradation of glucogenic and ketogenic amino acids. One-carbon units — types,
sources, importance. Vitamin B12, folic acid and S-adenosylmethionine. Therapeutic use of
folate analogues. Catabolism of phenylalanine and tyrosine (phenylketonuria, tyrosinosis,
alkaptonuria, albinism), tryptophan (pellagra), aliphatic amino acids (methylmalonylemia).
Degradation of branched-chain amino acids.

34. Essential and nonessential amino acids. Common reactions in the synthesis of amino
acids. Selenocysteine. Conversion of amino acids into specialized products — arginine
(synthesis of creatine phosphate, citrulline, nitric oxide, polyamines) and serine (synthesis of
ethanolamine, choline, phospholipids).

35. Conversion of amino acids into specialized products — tryptophan (synthesis of NAD",
serotonin, melatonin), tyrosine (synthesis of thyroid hormones, catecholamines, melanins).
Parkinson’s disease and L-DOPA. Products of glutamate and glutamine metabolism. y-
glutamyl cycle. Biological role of glutathione.

36. Biosynthesis and degradation of purine nucleotides. Regulation of purine synthesis. Tissue
specificity. Hyperuricemia and gout. Inhibition of xanthine oxidase. Enzyme defects in purine
metabolism (immunodeficiencies, Lesch-Nyhan syndrome, gout). Purine analogues as
antiviral and anticancer drugs.

37. Biosynthesis and degradation of pyrimidine nucleotides. Regulation. Synthesis of CTP
and TMP from UMP. Ribonucleotide reductase reaction. Thymidylate synthase. Orotic
aciduria. Pyrimidine analogues as antiviral and anticancer drugs.

38. Iron homeostasis. Absorption of haem and non-haem iron in the small intestines.

Transferrin receptors. Iron-binding and iron-storage proteins. Hepcidin. Post-transcriptional
control of iron homeostasis. Disorders of iron homeostasis.
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39. Biosynthesis of porphyrins. Organ and intracellular localization of the pathway.
Regulation. ALA-synthase — enzyme inducers and repressors. Types of porphyrias. Use of
exogenous porphyrins in the treatment of some types of cancer.

40. Hemoglobin degradation. Haem oxygenase. Direct and indirect bilirubin. Bile pigments.
Enterohepatic circulation of the bile pigments. Jaundice.

41. Integration of metabolism in different tissues and organs: digestive tract, liver, nervous
tissue, muscles (aerobic and anaerobic conditions), kidneys, adipose tissue, erythrocytes. Role
of insulin and glucagon. Metabolic disorders and biochemical indicators in the diagnosis of
diabetes.

42. Integration of metabolism. Relationships between the metabolism of carbohydrates, lipids,
amino acids and nucleotides. Role of key metabolites and enzymes. Scheme of metabolism —
the topic is mandatory for everyone.

43. Principles of intercellular communication and signal transduction. Structural organization
of signaling pathways. Types of extracellular signals. Membrane and intracellular receptors.

Secondary messengers. Cyclic AMP, adenylate cyclase system and G-proteins. Nitric oxide
and cyclic GMP.

Prepared and approved by:

(Assoc. prof. A. Bivolarska, MD, PhD)
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