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I. SUBJECT CONTENT
The aim of the discipline The subject focuses on enzymes (ferments), their structure, properties, functions, classification, mechanisms of action, biosynthesis, and their role in biological processes. Enzymology is a branch of biochemistry that plays an important role in modern biology, medicine, pharmacy, the food industry, biotechnology, and ecology. The course aims to provide comprehensive knowledge about the structure and function of organs, tissues, cells, and cellular components to better understand the organism's activity.
Intended learning outcomes:
Knowledge: The student will understand the fundamental principles of enzymology and modern teaching technologies, and will have a conceptual knowledge of the stages of enzymatic processes in the organism
Skills: The student will possess the concepts of enzymology, knowledge of the characteristics of processes within the organism, and the skills to utilize them.
Competences: The student will be competent in analyzing enzymological processes and making decisions regarding immunological problems

II. MAIN THEORETICAL SECTION (LECTURE SESSIONS)
The subject includes the following topics:
Topic 1. Introduction to Enzymology. General Concept of Enzymes
Enzymology is the science that studies enzymes, their nature, functions, and applications. This lecture covers the history of enzymes, their development as a scientific field, and their role in modern biology, medicine, and industry. Enzymes regulate all chemical reactions that occur in living organisms.
Topic 2. Structure and Chemical Nature of Enzymes
Enzymes are protein-based biocatalysts. They bind specifically to their substrates. This lecture discusses the concepts of the active site, apoenzyme, cofactor, coenzyme, and the macromolecular structure of enzymes.
Topic 3. Nomenclature and Classification of Enzymes
The six classes of enzymes approved by the International Enzyme Commission – oxidoreductases, transferases, hydrolases, lyases, isomerases, ligases – and their assigned EC (Enzyme Commission) numbers are explained.
Topic 4. Enzyme Activity and Methods of Its Measurement
The main methods used to determine the rate of enzyme reactions: spectrophotometry, colorimetric, and titrimetric methods. Concepts of activity units (U, katal), initial reaction rate, time, and substrate concentration are explained.5-mavzu. Ferment kinetikasi: Mixaelis-Menten nazariyasi
Ferment reaksiyalarining matematik modellashtirilishi, Km (Mixaelis konstantasi) va V max (maksimal tezlik) tushunchalari. M-M grafigi va Lineweaver-Burk grafiklarining tahlili.
Topic 6. Enzyme Inhibition: Mechanisms and Types
Inhibition of enzyme activity is explained with examples of competitive, non-competitive, and uncompetitive inhibition. The effects of drugs, antivitamins, and natural inhibitors are discussed.
Topic 7. Effects of External Environmental Factors on Enzymes
How temperature, pH, ionic strength, substrate concentration, and other factors affect enzyme activity is explained from both experimental and theoretical perspectives.
Topic 8. Coenzymes and Prosthetic Groups
Small molecules involved in enzyme activity – NAD⁺, FAD, Coenzyme A, TPP, and others. Their structure, function, and role in enzymatic reactions.
Topic 9. The Role of Enzymes in Oxidation-Reduction Reactions
The group of oxidoreductases: dehydrogenases, oxidases, and their role in metabolic reactions. The electron transport chain and processes involving NADH/FADH₂.
Topic 10. Participation of Enzymes in the Regulation of Metabolic Processes
Allosteric enzymes, regulation of metabolic pathways (e.g., glycolysis, Krebs cycle), and feedback inhibition mechanisms.
Topic 11. Isoenzymes and Their Biological Significance
Isoenzymes - enzymes that perform the same function but differ in structure. Their significance in diagnostics (LDH, CK, AST/ALT) and adaptive physiology.
Topic 12. Multienzyme Complexes and Cooperativity
Complex enzyme systems (pyruvate dehydrogenase complex, ribosomes) and the interactions between enzymes within them; the concept of cooperative substrate binding.
Topic 13. Genetic Control of Enzymes
How enzyme synthesis is regulated – at the stages of transcription and translation. The operon model (lac operon), gene expression, and the impact of mutations.
Topic 14. Application of Enzymes in Medicine and Industry
Enzymes as pharmaceutical agents, and their use in food production, detergents, biofuels, and paper manufacturing. Medical enzyme preparations (trypsin, streptokinase, DNase).
Topic 14. Recombinant Enzymes and Enzyme Technology
Enzymes produced through genetic engineering: their production, stability, high-activity forms, and potential applications.
III. INSTRUCTIONS AND RECOMMENDATIONS FOR PRACTICAL SESSIONS
Recommended topics for practical sessions, as well as guidelines for conducting them:
Topic 1. Preparation and Use of an Enzyme Solution
Extraction of an enzyme from biological material in the laboratory (e.g., catalase from potato), filtration and centrifugation procedures.
Topic 2. Measuring the Activity of Catalase Enzyme
Observing the activity of the hydrogen peroxide-decomposing enzyme in the laboratory. Measuring gas evolution or changes in optical density.
Topic 3. The Effect of pH on Enzyme Activity
Testing the enzyme across a range of pH values to determine the optimal pH and study the stability of enzyme activity under these conditions.
Topic 4. The Effect of Temperature on Enzyme Activity
Measuring the enzyme reaction at various temperatures to determine the thermal denaturation point.
Topic 5. Observation of Enzyme Inhibition
Observing the reaction in the presence of a competitive inhibitor (e.g., malonate for succinate dehydrogenase). Determining the type of inhibition.
Topic 6. Constructing Enzyme Kinetics: Determining Vmax and Km
Measuring enzyme activity at varying substrate concentrations, then plotting a Michaelis-Menten graph.
Topic 7. Determining Enzyme Activity Using Spectrophotometric Measurements
Measuring dehydrogenase reactions by observing the absorption spectrum of NADH at 340 nm.
Topic 8. Enzyme Reaction Involving Coenzymes
Observing the reduction/oxidation of NAD+/NADH in the laboratory.
Topic 9. Hydrolysis of Starch Using the Amylase Enzyme
Determining starch breakdown using Lugol's solution to evaluate enzyme activity.
Topic 10. Determining the Activity of Trypsin and Pepsin Enzymes
Comparing the activity of protein-digesting enzymes and determining their optimal pH conditions.
Topic 11. Enzymatic Breakdown of Lactose
Conversion of lactose into glucose and galactose using lactase, detected via Benedict's reagent.
Topic 12. Assessing the Effects of Enzyme Stabilizers
Evaluating the impact of substances such as glycerol, BSA, and calcium ions on enzyme preservation.
Topic 13. Immobilization of Enzymes in Gel
Studying long-term enzyme use by immobilizing it using alginate or agar gel.
Topic 14. Investigating Substrate Specificity of Enzymes
Determining whether an enzyme can react with different substrates using specific examples.
Topic 15. Separation of Isoenzymes via Electrophoresis
Comparing the migration rate and structure of isoenzymes using polyacrylamide gel electrophoresis.
IV. INDEPENDENT LEARNING AND INDEPENDENT WORK
Independent learning tasks
1. Analyze the subject, objectives, and historical development of phytocenology using scientific literature and prepare a comparative summary table.
2. Study the structure and composition of plant communities (phytocenoses) and illustrate their floristic and ecological components using diagrams and schemes.
3. Compare different types of phytocenoses (forest, steppe, meadow, desert) based on species composition and environmental conditions using tables and charts.
4. Analyze the vertical and horizontal structure (stratification and mosaicity) of phytocenoses and present the results through graphical illustrations.
5. Investigate dominant and edificator species in selected plant communities and prepare an analytical report supported by field or literature data.
6. Assess the influence of ecological factors (light, moisture, soil, temperature) on phytocenoses using case studies and schematic diagrams.
7. Study the princip8les of phytocenological classification and compare traditional and modern classification systems in a comparative table.
8. Analyze primary and secondary succession in phytocenoses and illustrate successional stages using flowcharts or visual diagrams.
9. Evaluate species diversity in phytocenoses using diversity indices and present the results in tables and graphs.
10. Analyze productivity, biomass, and energy flow in plant communities based on scientific data and prepare an analytical report.
11. Examine interplant relationships (competition, allelopathy, symbiosis) within phytocenoses and illustrate them using conceptual diagrams.
12. Study the impact of anthropogenic factors on phytocenoses and propose conservation and sustainable management measures in a structured presentation or report.

When completing independent learning tasks for the subject, students must fulfill the following tasks and obligations:
a) actively work with textbooks and educational materials to thoroughly study the covered topics;
b) prepare in advance for lectures, practical sessions, and assessment types (tests and exams), and use time effectively;
c) submit each independent learning task by the specified deadlines;
d) be aware of and adhere to the rule that tasks will not be accepted after the submission deadline has passed;
e) be aware of and adhere to the requirement to avoid plagiarism (copying) when completing independent learning tasks.
Independent learning tasks for the subject are recommended to be completed based on the principle of equivalency in the following formats:
1. Preparing analytical material (essay) on a topic;
2. Preparing a scientific article, abstracts, and a lecture;
3. Solving non-standard practical problems and creative work;
4. Preparing an analytical presentation on a specific topic;
5. Finding a precise solution to a given problem and analyzing it;
6. Conducting a comprehensive analysis of a given problem, providing definitions and conclusions;
7. Deeply studying a given topic and analyzing it at a high level;
8. Carrying out experimental work;
9. Preparing computational, graphical, and project documentation;
10. Developing project work skills by finding solutions to existing practical problems, preparing tests, discussion questions, and assignments.
Independent learning tasks for the subject are evaluated during the practical sessions and are taken into account for assessment in the interim control.
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	V. Learning Outcomes / Professional Competencies
[bookmark: _GoBack]Upon successful completion of the discipline Enzymology at the bachelor’s level, the student will demonstrate knowledge of the structure, function, and basic kinetics of enzymes. The student will be able to analyze enzyme activity, understand fundamental regulatory mechanisms, and apply basic enzymological concepts in biotechnology, pharmaceutical, and introductory research settings.
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	VI. Educational Technologies and Methods
· lectures;
·  interactive case studies;
·  group work;
·  presentations;
·  individual projects;
·  team projects for collaborative work and defense           
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	VII.  STUDY AND EXAMINATION REQUIREMENTS
Credits allocated for the course are awarded to students only upon achieving positive results in the assessment types for each semester.
Assessment Types: 
Student knowledge is evaluated through interim (IN) and final (FN) assessments. Grades are assigned according to the following scale: 5 – “Excellent”,  4 – “Good”, 3 – “Satisfactory”, 2 – “Unsatisfactory”.
Grading Criteria:
ECTS A (5): The student demonstrates excellent and deep systematic knowledge of phytocenology. The structure, composition, dynamics, classification, and ecological regularities of phytocenoses are clearly, logically, and scientifically substantiated. The student independently and correctly applies theoretical knowledge in geobotanical analysis, phytocenological description and practical situations, shows critical and creative thinking, and performs all tasks at a high scientific and methodological level.
ECTS B (4): The student demonstrates good and sufficient knowledge of phytocenology. Basic concepts, terms, and processes related to phytocenoses are understood and applied correctly, however, some analyses may lack depth or accuracy. Geobotanical descriptions and practical assignments are mainly performed correctly, and learning outcomes are generally achieved.
ECTS C (3): The student meets the minimum educational requirements of the phytocenology module. The basic concepts of phytocenoses are limited and partially superficially mastered. Despite the fact that there are significant shortcomings in practical analysis, classification, and environmental assessment, the main results in science have been achieved.
ECTS D (2): The student does not meet the minimum requirements of the phytocenology module. The necessary knowledge, skills, and competencies on the structure, types, dynamics, and ecological factors of phytocenoses are not demonstrated. Geobotanical and phytocenological tasks were not performed or were performed incorrectly, did not meet the evaluation criteria.Oraliq nazorat o‘quv semestrida bir marta og‘zaki shaklida o‘tkaziladi. 
Interim Assessment: Conducted once per semester in written form.
Students are regularly evaluated during practical (seminar, 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 written form at the end of the semester according to the approved schedule.
Written. When developing the final assessment versions, it is necessary to strictly adhere to the requirements specified in the provided sample. Each version must include five questions: two questions (40%) based on classroom activities and three questions (60%) based on independent study. The number of versions depends on the number of students, as an individual version is assigned to each student.
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