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I. COURSE CONTENT
The aim of the discipline Biochemistry and Molecular Biology is to provide students with a comprehensive understanding of the biochemical processes occurring at the cellular and organismal levels. The course develops theoretical knowledge of the fundamental concepts and categories of biochemistry, introduces the major biochemical laws and principles governing living systems, and forms the skills necessary for applying biochemical and molecular approaches in practical and research activities.

II. MAIN THEORETICAL SECTION (LECTURE SESSIONS)

The course includes the following topics:

Topic 1. Introduction to biochemistry and molecular biology
Biochemistry studies the chemical processes occurring in living organisms. Molecular biology analyses the molecular basis of these processes, particularly the interactions between DNA, RNA, and proteins. The discipline explains the chemical mechanisms of cellular life and is closely integrated with genetics, physiology, and medicine.
Topic 2. Structure and functions of proteins. composition and classification of amino acids
Proteins are biopolymers composed of amino acids. They perform catalytic, structural, transport, signaling, and energetic functions in the organism. According to their chemical properties and side-chain characteristics, amino acids are classified as hydrophilic, hydrophobic, acidic, or basic.
Topic 3. Protein structure and the relationship between structure and biological function
Protein structure consists of four levels: primary (amino acid sequence), secondary (α-helix or β-sheet), tertiary (three-dimensional folding), and quaternary (association of multiple polypeptide chains). The biological activity of proteins is directly dependent on their spatial structure.
Topic 4. Classification of proteins
Proteins are classified into simple proteins (composed only of amino acids) and conjugated proteins (containing a non-protein component). According to shape, they are divided into fibrous (structural) and globular (functional) proteins.
Topic 5. Carbohydrates
Carbohydrates are the main energy source of the organism. They are classified into monosaccharides (glucose, fructose), disaccharides (sucrose, lactose), and polysaccharides (starch, glycogen, cellulose). Carbohydrates play a crucial role in cellular structure and energy metabolism.
Topic 6. Nucleic acids: Significance, types, and chemical composition
Nucleic acids—DNA and RNA—are macromolecules responsible for the storage and transmission of genetic information. DNA consists of nucleotides (nitrogenous bases, sugar, and phosphate groups), while RNA participates in transcription and translation processes.
Topic 7. Enzymes
Enzymes are protein-based substances that accelerate biochemical reactions. They possess catalytic active sites and enable reactions to occur rapidly under mild conditions. Each enzyme is specific to its substrate.
Topic 8. Lipids and lipoids
Lipids include fats, phospholipids, and steroids. They serve as energy reserves, structural components of biomembranes, and precursors for hormone synthesis. Lipoids (e.g., phosphatides) are insoluble in water and maintain cellular structure.
Topic 9. Regulation of metabolism and physiological functions with the participation of vitamins
Vitamins are organic compounds that function as cofactors in enzymatic systems. They regulate metabolism, immunity, and growth processes. Vitamins are classified into fat-soluble (A, D, E, K) and water-soluble (B-complex, C) groups.
Topic 10. Regulation of metabolism and physiological functions with the participation of hormones
Hormones are biologically active substances produced by endocrine glands. They regulate metabolic processes, growth, energy balance, and homeostasis. Major hormone groups include protein-peptide hormones, steroids, and amino acid derivatives.
Topic 11. Structure and functions of biomembranes
Biomembranes consist of a lipid bilayer and proteins and ensure the stability of the intracellular environment. They regulate substance transport, signal transduction, and energy production.
Topic 12. Bioenergetics
Bioenergetics studies the formation, transformation, and utilization of energy in living organisms. Key processes include glycolysis, the Krebs cycle, and oxidative phosphorylation. ATP serves as the primary energy carrier molecule.
Topic 13. Carbohydrate metabolism
Carbohydrate metabolism involves the breakdown, synthesis, and conversion of glucose and other monosaccharides into energy. Major stages include glycolysis (anaerobic), the Krebs cycle (aerobic), and gluconeogenesis, resulting in ATP production.
Topic 14. Lipid metabolism
Lipid metabolism encompasses the synthesis, degradation, and transport of lipids. During beta-oxidation, fatty acids are converted into acetyl-CoA, which enters the Krebs cycle. Lipid metabolism is a major source of energy.
Topic 15. Protein metabolism
Protein metabolism includes the synthesis and degradation of amino acids. Deamination produces ammonia, which is detoxified through the urea cycle. Protein metabolism maintains nitrogen balance in the organism.
Topic 16. Nucleotide metabolism and functions. Genetic role of nucleic acids
Nucleotides are the monomeric units of DNA and RNA. They function as energy carriers (ATP, GTP), signaling molecules (cAMP), and components of coenzymes. Nucleic acids play a central role in the storage, transmission, and expression of genetic information.
Topic 17. Molecular basis of dna replication
Replication is the process by which DNA molecules duplicate. It occurs through a semi-conservative mechanism involving DNA polymerase, resulting in two identical DNA strands.
Topic 18. Protein biosynthesis
Protein biosynthesis is the process of polypeptide chain formation based on genetic information. It consists of two stages: transcription (RNA synthesis) and translation (protein synthesis). Ribosomes serve as the central sites of this process.
Topic 19. Molecular basis of transcription
Transcription is the synthesis of messenger RNA (mRNA) from a DNA template. RNA polymerase reads the DNA template and produces a complementary mRNA strand. This process occurs within the nucleus.
Topic 20. Molecular basis of translation. Restriction and restriction enzymes
Translation is the process by which ribosomes synthesize amino acid sequences based on mRNA information. Each triplet (codon) encodes a specific amino acid. Restriction enzymes cleave DNA at specific sites and are widely used in genetic engineering.
Topic 21. Genetic engineering, biotechnology, and their methods
Genetic engineering involves the artificial modification of DNA molecules. Major methods include recombinant DNA technology, cloning, PCR, and the use of restriction enzymes. Biotechnology applies these methods in medicine, agriculture, and industry.
Topic 22. Gene, genotype, and chromosomes
A gene is the basic unit of hereditary information encoded in DNA. The genotype represents the complete set of genes of an organism. Chromosomes consist of DNA and proteins and serve as carriers of genetic information during cell division.
Topic 23. Molecular diseases
Molecular diseases are hereditary disorders resulting from alterations in gene or protein structure. Examples include hemophilia, phenylketonuria, and sickle cell anemia. These conditions arise due to gene mutations or enzyme deficiencies.
Topic 24. Structure of the mitochondrial genome
The mitochondrial genome is the DNA system located within mitochondria. It consists of circular DNA and contains genes related to energy production through oxidative phosphorylation. Mitochondrial DNA is inherited maternally.

III. GUIDELINES AND RECOMMENDATIONS FOR LABORATORY SESSIONS
Recommended topics and instructions for conducting laboratory sessions:

Laboratory session 1. Laboratory techniques and safety rules in biochemistry and molecular biology
Working with laboratory instruments and equipment; compliance with safety rules when handling alkalis, acids, and organic solvents (especially volatile substances).
Laboratory session 2. Classification of solutions and their preparation
Theoretical overview of solution types, their structure, and preparation methods. Preparation of different types of solutions at various concentrations using salts, alkalis, and solvents.
Laboratory session 3. Colour reactions of proteins and amino acids
Biuret reaction, ninhydrin reaction, xanthoproteic reaction, Millon’s reaction, and Adamkiewicz reaction demonstrating colour formation of proteins and amino acids.
Laboratory session 4. Protein precipitation reactions
Protein precipitation using ammonium sulfate; precipitation with magnesium sulfate or sodium chloride; precipitation by organic solvents; heat-induced denaturation; precipitation with mineral acids.
Laboratory session 5. Dialysis of proteins
Structure and significance of dialysis equipment. Demonstration of the passage of crystalline compounds through a semipermeable membrane while colloidal substances are retained, using a dialyser.
Laboratory session 6. Determination of the isoelectric point of proteins
Concept of the isoelectric point; observation of protein precipitation at the isoelectric point and its acceleration by dehydrating agents (alcohol, acetone, ether) or tannin. Determination of the isoelectric point of egg albumin, protamines, and histones.
Laboratory session 7. Separation of amino acids by paper chromatography
Study of the founder and principles of chromatography, its theoretical basis, and practical implementation.
Laboratory session 8. Determination of protein concentration by the biuret method
Study and application of protein quantification methods, their principles, and procedural steps.
Laboratory session 9. Study of enzyme inactivation at high temperature
Concept, functions, and factors affecting enzyme activity. Observation of enzyme denaturation at elevated temperatures through experimental demonstration.
Laboratory session 10. Study of enzyme specificity
The concept of enzyme specificity: absolute specificity, group specificity, relative specificity, and stereochemical specificity. Experimental determination of enzyme specificity using appropriate cofactors.
Laboratory session 11. Effect of ph on the activity of salivary amylase
Investigation of optimal pH values for enzyme activity using salivary amylase, trypsin, and germinating wheat amylase catalysing similar reactions under different pH conditions.
Laboratory session 12. Effect of activators and inhibitors on enzyme activity
Study of enzyme activity enhancement or suppression by specific activators and inhibitors. Investigation of competitive and non-competitive inhibition.
Laboratory session 13. Study of catalase enzyme activity
Structure of the apparatus used to determine catalase activity; occurrence of catalase in tissues and its biological functions.
Laboratory session 14. Qualitative reactions specific to monosaccharides
Study of carbohydrate functions and structures, monosaccharide structure, main representatives, properties, and qualitative reactions through laboratory experiments.
Laboratory session 15. Qualitative reactions specific to monosaccharides and polysaccharides
Experimental study of characteristic qualitative reactions of mono- and polysaccharides.
Laboratory session 16. Determination of blood glucose by the hagedorn–jensen method
Familiarisation with instruments used for blood glucose measurement and determination of glucose concentration in different blood samples using the Hagedorn–Jensen method.
Laboratory session 17. Qualitative reactions specific to lipids
Study of lipid groups: neutral fats (triglycerides), phosphoglycerides (phospholipids), sphingolipids, glycolipids, sterols and sterides, waxes. Investigation of lipid solubility, emulsification, acrolein reaction, saponification, and liberation of free fatty acids.
Laboratory session 18. Qualitative reactions of water- and fat-soluble vitamins
Comprehensive study of vitamins; qualitative reactions specific to vitamins A, D, E, K, and vitamin B₂ (riboflavin) through laboratory experiments.
Laboratory session 19. Isolation of albumin from egg white in crystalline form
Study of albumin structure and properties. Isolation of crystalline albumin from egg white using laboratory glassware, filters, ammonium sulfate solutions, and acetic acid.
Laboratory session 20. Determination of chromoproteins in blood
Study of protein analysis methods, electrophoresis techniques, laboratory equipment, and full implementation of electrophoretic procedures.
Laboratory session 21. Isolation of protein fractions from muscle tissue
Study of muscle protein composition; preparation of salt solutions of proteins; dialysis of muscle tissue extracts; salting-out of muscle proteins using laboratory equipment and reagents.
Laboratory session 22. Isolation and analysis of proteins from wheat flour
Study of the structure of wheat proteins; preparation of plant protein solutions; separation and purification of protein fractions.
Laboratory session 23. Study of the composition of conjugated proteins
Study of conjugated protein structure and isolation of mucin from saliva using specific reagents through laboratory experimentation.
Laboratory session 24. Purification of proteins by gel filtration
Study of protein properties and separation methods; fractionation of deoxyribonucleic acids by polyacrylamide gel electrophoresis.
Laboratory session 25. Gel electrophoresis of proteins
Study of protein separation by gel electrophoresis: free electrophoresis; zone or carrier-mediated electrophoresis; paper electrophoresis; starch gel electrophoresis; agar gel electrophoresis; cellulose acetate membrane electrophoresis.
Laboratory session 26. Isolation of nucleoproteins from yeast and liver
Isolation of nucleoproteins from yeast and liver tissues by precipitation methods and performance of characteristic experiments.
Laboratory session 27. Isolation of dna from onion and buccal epithelium
Study of DNA extraction methods from buccal epithelial tissue using glass sand, ethanol, NaCl solution, cold ethanol or isopropanol, soap solution, dyes, and distilled water.
Laboratory session 28. Hydrolysis of nucleoproteins and identification of hydrolysis products
Hydrolysis of nucleoproteins and identification of resulting products using qualitative reactions.
Laboratory session 29. Separation of nucleic acids by electrophoresis
Preparation of gels; electrophoresis and identification of DNA on electrophotograms; fractionation of DNA by polyacrylamide gel electrophoresis.
Laboratory session 30. Introduction to the pcr method
Theoretical study of the mechanism of the polymerase chain reaction (PCR), including Taq polymerase and PCR primers.

IV. INDEPENDENT STUDY AND ASSIGNMENTS
Independent Study Tasks
1. Preparation for laboratory sessions
2. Essay writing
3. Conducting laboratory sessions
4. Specific characteristics of protein structures
5. Scientific research methods in biochemistry
6. Interrelationships between protein, carbohydrate, and lipid metabolism
7. Enzymes used in genetic engineering
8. Types of bonds between amino acids in protein molecules
9. Scientific research methods in biochemistry
10. The role of Kh. Turaqulov in the formation and development of biochemistry in Uzbekistan
11. Methods of biochemistry and molecular biology
12. Properties of enzymes
13. Biochemical and molecular biological roles of vitamins
14. Mechano-chemical properties of ribosomes
15. Mono-, oligo-, and polysaccharides found in the plant kingdom
16. Hormonoids and their biological significance
17. Pathways of genetic information transfer. Proteins as the basis of species and individual specificity
18. Types of replication. Conditions required for replication. Unwinding of DNA double strands. Formation of RNA primers
19. Molecular basis of transcription
20. Oxidation of fatty acids
21. Types of fermentation. Glycolysis. Pentose phosphate pathway
22. Aerobic and anaerobic degradation of carbohydrates. Oxidative decarboxylation of pyruvic acid
23. Breakdown of lipids in tissues
24. Deamination, transamination, and decarboxylation of amino acids

Guidelines and responsibilities for independent study in the course
When completing independent study assignments for the course, students are required to fulfil the following duties and responsibilities:
a) actively work with textbooks and learning materials in order to study the covered topics in depth;
b) prepare in advance for lectures, laboratory sessions, and assessment activities (tests and examinations), and use time efficiently;
c) submit each independent study assignment within the established deadlines;
d) be aware of and comply with the requirement that assignments will not be accepted after the submission deadline;
e) be aware of and strictly comply with the requirement to avoid plagiarism (academic dishonesty) when completing independent study assignments.
Independent study assignments for the course are recommended to be completed according to the principle of alternative choice, using the following forms:
1. preparation of an analytical report (essay) on a given topic;
2. development of a video lesson based on independent study topics;
3. preparation of an analytical presentation on a specific topic;
4. comprehensive analysis of a given problem, including definitions and conclusions;
5. in-depth study and advanced analysis of an assigned topic;
6. conducting experimental or practical research activities;
7. identifying solutions to practical problems and developing projects through the preparation of tests, discussion questions, and assignments, aimed at forming project-based learning skills;
8. reviewing and analysing scientific articles, theses, and conference presentations.
9. Independent study assignments for the course are assessed during practical classes and are taken into account in the evaluation of mid-term (interim) assessments.
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	V. Learning outcomes / Professional competencies
Intended learning outcomes
Knowledge: The structure and function of biomolecules, basic metabolic pathways, enzymes, and energy metabolism. Molecular mechanisms of biochemical processes and their alterations under pathological conditions.
Skills: Analyze biomolecules and metabolic processes at the molecular level. Explain enzyme activity and cellular energy metabolism.
Competences: Evaluate biochemical processes in normal and pathological states. Integrate biochemical data with biological meaning and communicate results clearly in written and oral forms.
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	VI. Teaching technologies and methods
· Lectures
· Interactive case studies
· Laboratory sessions
· Group work
· Presentations
· Individual projects
· Team projects and their defense
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	VII. STUDY AND EXAMINATION REQUIREMENTS
Credits are awarded upon successful completion of all prescribed course assessments. Student performance in the discipline Biophysics and Bioinformatics is evaluated through interim assessment (IA) and final assessment (FA) in accordance with the approved academic schedule.
Assessment Criteria
Excellent (5): The student demonstrates a comprehensive understanding of biophysical and bioinformatic principles, independently applies acquired knowledge in practical and analytical contexts, critically analyzes biological systems at the molecular and cellular levels, and formulates well-reasoned scientific conclusions.
Good (4): The student shows a solid understanding of the course material, correctly applies biophysical and bioinformatic concepts in practice, and clearly explains key theoretical and methodological principles.
Satisfactory (3): The student demonstrates a basic understanding of the discipline and is able to apply fundamental concepts and methods with limited analytical depth.
Unsatisfactory (2): The student has not mastered the course content and is unable to demonstrate an adequate understanding of biophysical and bioinformatic concepts.
Interim Assessment: Conducted once per semester in written form.
Students are regularly evaluated during laboratory sessions throughout the semester. Performance in these sessions, as well as the timely and complete completion of independent study tasks and participation in class activities, is taken into account for the interim assessment.
Grades from practical sessions and independent study assignments are averaged with the interim assessment grade and recorded officially.
A student who receives an unsatisfactory grade or misses the interim assessment without valid reason may retake it only once before the final assessment.
Final Assessment: Conducted in test form at the end of the semester according to the approved schedule.
When developing test versions for the final assessment, strict compliance with the requirements specified in the approved sample is mandatory. In each test version, 40% of the questions are based on classroom activities, while the remaining 60% are based on independent study materials.
Test versions are completed in a computer-based format, whereby each student is provided with an individual test version generated by combining questions from a common test bank. For students with disabilities who are unable to complete assessments in the specified format, an appropriate alternative assessment format is determined with the approval of the Dean of the Faculty.
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