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	I. Course content
The aim of teaching the course “Molecular Immunology” is to enable students to apply knowledge of immunology in practice, with a focus on understanding the vital activities of human and animal organisms, the integrity of the organism, its close connection with the external environment, the physiological functions of organs and systems, and the role of the nervous and humoral systems in regulation, including the mechanisms of control and adaptation to the external environment. To gain a comprehensive understanding of organismal functions, the course provides knowledge of the role of immunology in the structure and activities of organs, tissues, cells, and cellular elements.

The teaching methods of the course include lectures and laboratory sessions on the topics specified in the curriculum. Additionally, contemporary issues in the field are offered to students for independent study. Course work related to current problems in molecular immunology is assigned according to students’ interests. In teaching molecular immunology, computer-based programs and audio-visual equipment are utilized.
II. CORE THEORETICAL SECTION (LECTURES)

The course includes the following topics:
1. Topic: History of the Development of Molecular Immunology; Immune System and Its Function

The immune system is a highly specialized and complex system capable of performing intricate processes with precision. Its primary function is to recognize and eliminate microbes, viruses, and simple animal cells that enter the organism through various pathways. The activity of the immune system depends on primary and secondary lymphoid organs and their function. The thymus is classified as a primary lymphoid organ.

2. Topic: General Characteristics, Types, and Forms of Immunity

The immune system’s activity is dependent on primary and secondary lymphoid organs. The thymus is included among primary lymphoid organs. The historical development of immunology is traced through the works of E. Jenner. The establishment of immunology as a scientific discipline is attributed to pioneers such as L. Pasteur and R. Koch. The emergence of non-infectious immunology involved contributions from I.I. Mechnikov, P. Ehrlich, J. Bordet, I.I. Chistovich, K. Landsteiner, and others.

3. Topic: Structure, Function, and Composition of Immunoglobulins; Their Formation in the Organism

Mechanisms of immune response formation in the organism involve T and B lymphocytes, plasma cells, and the role of T lymphocytes in cellular immunity. Antigens, immunoglobulins, and macrophages play critical roles in the organism. Types of immunoglobulins include IgM, IgG, IgA, IgE, and IgD.

4. Topic: Origin and Diversity of Antibodies; Antigen-Antibody Reactions

Antibodies’ structure, functions, and biosynthesis regulation are discussed. The antigen-antibody reaction and induction of antibody synthesis are key aspects of immune response.

5. Topic: Specificity of Immune Reactions; T Lymphocyte Responses to Antigens

T lymphocytes are primarily formed in the thymus, where they acquire their specific programming. In many mammals, these long-lived cells circulate in the blood and lymph, allowing frequent encounters with antigens. T lymphocytes possess unique characteristics that enable their “free” movement and effective immune responses.

6. Topic: Phagocytosis; Leukocyte Activation and Secondary Tissue Damage

Acute inflammation mediators, vascular phenomena, exudation, chemotaxis, adherence of phagocytosable particles to phagocyte surfaces, their ingestion, and degradation or elimination are central processes in phagocytosis.

7. Topic: Conditions for Antibody Formation Against Foreign Substances and the Role of Active Centers

Immune responses triggered by endogenous or exogenous antigens can be protective, but humoral or cellular reactions may also cause tissue damage. Such hypersensitivity reactions may be induced by exogenous, homologous, or autologous antigens capable of causing tissue injury.

8. Topic: Technologies and Significance of Immunovaccine Production

Technologies for immunovaccine production include synthesis of large structural genes. Structural genes in cDNA play functional roles in vaccine design. Transgenesis enables the development of modern vaccines. Advances in genetic engineering allow cloning of numerous protein genes, ribosomal and tRNA genes from animals (mice, rabbits) and humans. Examples include insulin for diabetes, growth hormone for dwarfism, interferon for viral diseases, and cloned genes for vaccines against human hepatitis B.

9. Topic: Cell Alteration and Adaptation

Cellular alteration refers to damage causes and pathogenesis, including hypoxia, chemical compounds, drugs, natural and biological factors, hereditary defects, nutrition deficiencies, and cellular aging. Morphology of reversible and irreversible cell damage, protein, lipid, and carbohydrate dystrophies, necrosis, adaptation, atrophy, hypertrophy, and ultrastructural bases of diseases are examined.
10. Topic: Transplantation Rejection; Protein Polymorphism

Transplantation involves highly complex, multi-stage processes. These include induction of grafting, immune response to the graft, and inflammation associated with graft acceptance or rejection. Protein polymorphism plays a key role in transplant outcomes.

11. Topic: Immunodeficiency States

Primary immunodeficiency conditions and associated diseases, as well as secondary immunodeficiencies, including AIDS, are studied. Treatment strategies involve immunocorrection and vaccination.

12. Topic: RNA Interference (RNAi)

Students study the mechanisms of RNA interference, siRNA design, and its interaction with target mRNA. Knowledge includes methods for controlling gene expression reduction in experimental models. RNAi technology is widely applied in modern genetic medicine for studying gene function, disease treatment, and as a promising approach in gene therapy, including oncology, viral infections (e.g., AIDS), and genetic disorders.

13. Topic: CRISPR Technology

CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) is a modern biotechnology tool that allows precise and efficient gene editing. Derived from bacterial immune systems, CRISPR enables recognition and defense against viruses. Applications span genetic research, medicine, agriculture, and other fields.

14. Topic: Vaccine and Vaccination Technologies

Vaccine and vaccination technologies are fundamental methods for protecting the immune system against infections. Vaccines work by introducing attenuated, inactivated pathogens or their antigens, training the immune system to recognize pathogens and produce antibodies.
III. GUIDELINES AND RECOMMENDATIONS FOR PRACTICAL SESSIONS

The following topics are recommended for practical sessions:

1. Agglutination Reaction 
Approach: Serological method. Technology: Slide agglutination, test-tube method. Skills: Observation and evaluation of antigen-antibody reactions. Challenge: Improving diagnostic accuracy.

2.Precipitation and Complement Fixation Reactions
Approach: Immunochemical reactions. Technology: Gel diffusion, complement fixation test. Skills: Detection and evaluation of antibodies. Challenge: Low sensitivity in detecting latent infections.

3.Opsonophagocytic Reaction 
Approach: Microscopic observation and phagocytosis assessment. Technology: Microscopy, calculation of phagocytic index. Skills: Evaluation of immune cell activity. Challenge: Slow immune response and susceptibility to infection.

4.Anaphylaxis and Allergy 
 Approach: Clinical and practical approach. Technology: Prick tests, laboratory analyses. Skills: Identification and assessment of allergic reactions. Challenge: Accuracy in allergen detection.

5.Artificial Immunization; Vaccines and Serums 
 Approach: Preventive immunization. Technology: Vaccine types (inactivated, attenuated). Skills: Understanding vaccine mechanisms. Challenge: Individual variations in immune response.

6.Chemotherapy Method 
Approach: Antimicrobial therapy. Technology: Selection of drug preparations, MIC evaluation. Skills: Choosing chemical agents against microbes. Challenge: Emergence of resistant strains.

7.Antibiotics and Their Medical Applications 
Approach: Distinction between bacteriostatic and bactericidal effects. Technology: Disk diffusion method. Skills: Determining antibiotic susceptibility. Challenge: Irrational use of antibiotics.

8.Antigen-Antibody Reactions 
 Approach: Monitoring immune reactions. Technology: Serological and enzymatic methods. Skills: Selecting reactions for diagnostics. Challenge: False-positive or false-negative results.

9.Immunoenzymatic (ELISA) and Immunoblot Analyses –
Approach: Laboratory diagnostics. Technology: ELISA, Western blot. Skills: Detection of specific antigens and antibodies. Challenge: Requires high precision and sensitivity.

10.Molecular-Genetic Tests; Polymerase Chain Reaction (PCR) 
Approach: DNA-based diagnostics. Technology: PCR, electrophoresis. Skills: Isolation and analysis of genetic material. Challenge: Avoiding contamination.

11.Interferons (IF) 
Approach: Protection using biological agents. Technology: In vitro experiments, interferon measurement. Skills: Understanding natural antiviral mechanisms. Challenge: Individual variability in response.

12.RNA Interference (RNAi) 
Approach: Regulation of gene expression. Technology: siRNA and miRNA-based techniques. Skills: Suppression of gene expression. Challenge: Precise targeting of the gene of interest.

13.CRISPR Technology 
 Approach: Genome editing. Technology: Cas9 and sgRNA-based methods. Skills: Targeted gene cutting and modification. Challenge: Off-target effects.

14.Immunodeficiency Syndromes (AIDS) 
 Approach: Immunology of viral infections. Technology: ELISA, Western blot, PCR. Skills: Diagnosis and monitoring of AIDS. Challenge: Late detection and social stigma.

15. Western Blotting and Immunochemical Staining of Antigenic Fragments 
Approach: Protein analysis. Technology: SDS-PAGE, membrane transfer, antibody staining. Skills: Identification of specific proteins. Challenge: Time-consuming; requires high accuracy.
IV. INDEPENDENT LEARNING AND SELF-STUDY

                                Independent Learning Assignments
1.Study the sequential schematic process of obtaining antibodies against plant viruses and prepare a presentation.

2.Explore the technology of monoclonal antibody production from scientific articles and prepare a presentation.

3.Analyze the process of obtaining antibody conjugates and prepare a presentation.

4.Study methods of applying monoclonal antibodies in conjugate synthesis from scientific sources and prepare a presentation.

5.Covalently immobilize antibodies and analyze their properties.

6.Study the sequential schematic process of using peroxidase enzyme as a marker in ELISA and prepare a presentation.

7.Develop a heterogeneous ELISA method, study its technology schematically, and prepare a presentation.

8.Analyze methods for detecting antigens based on immunoenzymatic assays.

9.Synthesize immunosorbents and explore their applications.

10.Develop modern diagnostic methods for detecting various diseases.

11.Detect plant viruses using immunoenzymatic assays.

12.Develop the “sandwich” method of immunoenzymatic analysis.

13.Detect Staphylococcus toxins using the homogeneous method of immunofluorescence assay (IFA).

14.Develop the heterogeneous method of ELISA.

15.Optimize methods for obtaining immunoconjugates.

16.Develop a two-step method for conjugate synthesis.

17.Develop a directed method for conjugate synthesis.

18.Perform competitive and non-competitive ELISA methods.

19.Purify biologically active substances using affinity chromatography.

20.Apply the avidin-biotin system with high sensitivity.

21.Study the conjugation of enzymes to monoclonal antibodies for drug development based on scientific literature.

22.Analyze the optimal conditions for obtaining monoclonal antibodies.

23.Detect drugs using ELISA.

24.Develop liposomal methods for use in ELISA.

25.Create biosensors using enzyme molecules.

26.Detect diphtheria toxin using immunoenzymatic analysis.

27.Develop a heterogeneous ELISA method based on nitrocellulose.

28.Analyze the preparation of liposomes from phospholipid mixtures.

29.Develop optimal conditions for obtaining multilamellar liposomes.
When completing independent learning assignments for the course, students are required to fulfill the following tasks and obligations:

a) actively work with textbooks and educational materials in order to study the covered topics in depth;

b) prepare in advance for lectures, practical and seminar classes, as well as for assessment types (tests and examinations), and use time efficiently;

c) submit each independent learning assignment within the established deadlines;

d) be aware of and comply with the requirement that assignments are not accepted after the submission deadline has passed;

e) be aware of and comply with the requirement to avoid plagiarism (copying) when completing independent learning assignments.

For the course, it is recommended that independent learning assignments be completed on the basis of the principle of alternatives in the following forms:

1)  Prepare an analytical report (essay) on the topic.

2) Prepare a scientific article, thesis, or lecture presentation.

3) Solve non-standard practical problems and engage in creative work.

4) Prepare an analytical presentation on a specific topic.

5) Find a precise solution to the given problem and analyze it.

6) Conduct an extensive analysis of the given problem, providing definitions and conclusions.

7) Study the assigned topic in depth and perform high-level analysis.

8) Conduct experimental and test works.

9) Prepare computational, graphical, and design projects.

10) Develop skills in solving practical problems through projects, tests, discussion questions, and assignments.Independent learning assignments for the course are assessed during practical and laboratory classes and are taken into account in the evaluation of interim (midterm) assessments.
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	V. Learning Outcomes / Professional Competencies
Upon successful completion of the discipline Molecular Immunology at the bachelor’s level, the student will demonstrate knowledge of the molecular and cellular mechanisms of the immune system. The student will be able to explain immune responses at the molecular level, analyze immunological processes associated with disease development, and apply foundational immunological knowledge in the context of modern diagnostic and therapeutic approaches.

	4.
	· VI.  Teaching Technologies and Methods ma’ruzalar;
· Interactive case studies

· Seminars (logical reasoning, rapid Q&A sessions)

· Group work

· Presentation delivery

· Individual projects

· Team projects and project defense


Students are continuously evaluated during practical (seminars, laboratory) sessions throughout the semester. Performance in interim assessment takes into account timely and complete completion of assignments, participation in classes, and other criteria.

	The average of grades obtained from classroom activities and independent learning assignments is combined with the interim assessment grade and officially recorded.Students receiving an unsatisfactory grade or absent without valid reason may retake the interim assessment once before the next interim or final assessment.

Final Assessment (FN):

Conducted in written form at the end of the semester according to the approved schedule. The student is presented with a control variant containing at least five tasks or questions. Each task is graded individually; the average of all tasks forms the final grade, recorded in whole numbers.
Special Provisions: Students with disabilities who cannot take assessments in the standard form may, with the dean’s approval, be assigned an appropriate alternative form of assessment.
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