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	I. COURSE CONTENT
Course aim: The purpose of teaching this course is to provide students with a comprehensive understanding of the cell—the basic structural unit of the organism—introducing the principles of prokaryotic and eukaryotic cell structure, their characteristics, and the interrelations with cell evolution.
Course objectives: The course focuses on:
· Identifying differences in plant and animal cell structures;
· Understanding membrane organization and interactions between all organelles;
· Studying metabolism and the physical-chemical properties of the nucleus;
· Learning the morphology of chromosomes, apoptosis, and necrosis;
· Investigating cell regeneration, reproduction, and division;
· Examining cell characteristics through preparation of permanent and temporary slides and conducting experiments to observe cell structure;
· Comparing and analyzing patterns and principles observed in different cell types.



II. MAIN THEORETICAL SECTION (LECTURE SESSIONS)
The course includes the following topics:
Topic 1. Introduction. A Brief History of Cell Biology. Cell Theory and Its Significance
Introduction to Cell Biology as a scientific discipline. The subject matter, objectives, and tasks of Cell Biology. Objects of study in Cell Biology. Historical development of Cell Biology: the history of the invention of microscopes; ideas proposed by proponents of preformationism and epigenesis theories. Contributions of M. Schleiden, T. Schwann, R. Virchow, and K. Baer to the development of cell theory. Current achievements of Cell Biology in Uzbekistan.
Topic 2. Composition, Structure, and Properties of the Cytoplasmic Membrane. Transport of Substances Across the Plasma Membrane. Methods Used in Cell Biology. Cell Types
Methods used in the study of Cell Biology: light microscopy, dark-field microscopy, fluorescence microscopy, electron microscopy, cytochemical and cytophysical methods, X-ray microscopy, tissue culture techniques, and labeled atom methods. Main cell types: prokaryotic, mesokaryotic, and eukaryotic cells. Organisms with a prokaryotic cell structure. Eukaryotic cells as a collection of cells specialized to perform specific functions.
Topic 3. Cytoplasm and the Vacuolar System of the Cell. Intercellular Connections (Contacts)
Structural organization and functions of the cytoplasmic membrane. Chemical composition of the cytoplasmic membrane: lipids and proteins. Transport of substances across the plasma membrane: active and passive transport. Cell adhesion phenomena. Derivatives of the plasmalemma. Plasmalemma derivatives: microvilli, cilia, and flagella. Endocytosis, phagocytosis, and exocytosis. The cell surface (external) apparatus. Pinocytosis and exocytosis. Simple junctions, interdigitating junctions, desmosomes, plasmodesmata, and other types of cell contacts. Their differentiation and functions.
Topic 4. Endoplasmic Reticulum (ER). General Classification and Types
Endoplasmic reticulum. Two types of ER: granular (rough) and agranular (smooth). The role of the endoplasmic reticulum in ensuring the transport of substances between the nucleus and other organelles.
Topic 5. Golgi Apparatus and Lysosomes
The Golgi apparatus as the main regulatory organelle of intracellular metabolism. Formation of lysosomes (primary, secondary, and modified forms). The role of lysosomes in intracellular digestion.
Topic 6. Peroxisomes, Spherosomes, and the Vacuole of Plant Cells
Formation and functions of peroxisomes and spherosomes. Formation and functions of vacuoles. Chemical composition of vacuolar sap. Interrelationships among components of the vacuolar system. Structure and functions.
Topic 7. The Cytoskeleton. Structure and Functions of Centrioles and Cilia
The cytoskeleton: microfilaments, microfibrils, and microtubules. Structure and functions of the centrosome and cilia, their presence in cells, and differentiation.
Topic 8. Ribosomes and the Scheme of Protein Biosynthesis
Non-membranous organelles. Structure and functions of ribosomes. The process of protein biosynthesis. Structural organization, chemical composition, and differences between prokaryotic and eukaryotic cells.
Topic 9. Plastids: Types, Classification, Structure, and Functions
Plastids and the process of photosynthesis within them. Definition, groups, ultrastructural and chemical organization of cell plastids. Structure and functions of chloroplasts. Photosynthetic metabolism in plastids. Photosynthetic pigments.
Topic 10. Structure and Functions of Mitochondria
Structure of the mitochondrial membrane. Mitochondrial matrix. Processes of ATP synthesis in mitochondria. Electron transport mechanisms involved in synthesized ATP. Metabolism of substances in mitochondria.
Topic 11. The Cell Nucleus
Structural components, ultrastructural organization, composition, properties, and functions of the nucleus. The significance of the nucleus as the sole organelle responsible for storing genetic information, its expression, and replication. Evolutionary development of the cell nucleus. Structure and functions of DNA within the nucleus.
Topic 12. Chromatin and Its Functions. Chromosomal Mutations and Their Consequences
Chromatin and its chemical characterization. Morphology of mitotic chromosomes. Karyotype and karyogram. Morphological features of chromosomes. Functional regions of chromosomes: chemical structure of heterochromatin and euchromatin. Artificial reproduction of plant cells. Changes in the karyotype. Occurrence of polyploidy and aneuploidy. Chromosomal mutations and their consequences.
Topic 13. Nucleolus, Nuclear Membrane Pores, and Karyoplasm
The number of nucleoli as an indicator of the level of cellular metabolism. The dense peripheral nuclear lamina: structure and significance.
Topic 14. Cell Reproduction. Meiosis I and II: Types and Biological Significance
Phases of mitosis and cytokinesis. Preparatory stages of cells for mitosis. Chromosome movement and physiological changes during mitosis. Mitotic activity and mitotic index. Endomitosis, polyteny, polysomaty, and amitosis. Stages of meiotic division (Meiosis I and Meiosis II), their biological and genetic significance, and the concept of reduction in chromosome number.
Topic 15. Necrosis and Apoptosis: Nature and Significance
Cell pathology and its causes. Necrosis as a disruption of membrane permeability. Apoptosis as programmed cell death. The process of cellular elimination.

III. GUIDELINES AND RECOMMENDATIONS FOR PRACTICAL SESSIONS
Recommended topics and instructions for conducting practical sessions:
1. Microscope: Structure and Rules for Its Use
The microscope is a fundamental working instrument for every biologist; therefore, thorough knowledge of its structure and proper handling techniques is essential. A microscope is an optical device that magnifies the observed object several times. This magnification is achieved through the combination of two optical systems: the objective lens system, which produces the primary image, and the ocular (eyepiece) lens system, which further magnifies the image formed by the objective.
2. Structure of Prokaryotic Cells. Bacteria and Cyanobacteria
Study of the structure of prokaryotic cells using available laboratory equipment. Examination of the structural organization of bacteria and cyanobacteria (blue-green algae).
3. Diversity of Eukaryotic Cells and Their Study Using Permanent Slides
Since the cell is the basic structural unit of life, its general composition and organization show similarities across all living organisms. In particular, plant and animal cells share many structural features, especially in nuclear organization, cytoplasmic organelles, and modes of reproduction. At the same time, eukaryotic cells exhibit distinct and specialized characteristics.
4. Structure of Onion Epidermal Cells. Preparation of Temporary Slides
The cytoplasm of all cells in organs and tissues is separated from the external environment by a three-layered boundary known as the cell membrane, also called the plasmalemma or cytolemma. Onion epidermal cells belong to this category. The average thickness of the plasmalemma is approximately 7.5 nm, making it invisible under a light microscope. Therefore, its structure can only be studied using electron microscopy.
5. Plasmolysis and Turgor State
When a living cell is immersed in a dilute aqueous solution of potassium nitrate, osmotic interactions begin between the cell sap and the external solution. If the concentration of the cell sap is higher than that of the surrounding solution, the osmotic pressure inside the cell is greater. As a result, based on the principles of osmosis and diffusion, water enters the cell through the cell wall, passing into the cytoplasm and vacuole, leading to the development of turgor pressure.
6. Endoplasmic Reticulum and Its Types
The endoplasmic reticulum (ER) is found in the cytoplasm of all animal and plant cells as well as in unicellular organisms, indicating that it is an essential organelle of every cell. Due to its extremely small size, the ER was discovered only after the introduction of electron microscopy, approximately 50 years ago.
7. Golgi Apparatus: Structure and Types
The Golgi apparatus is a cellular organelle named after the Italian scientist Camillo Golgi, who first observed it in the cytoplasm of nerve cells in 1898 and described it as a reticular apparatus. Today, this organelle has been identified in the cells of all plant and animal organisms. The shape and size of the Golgi apparatus vary considerably among different cell types.
8. Lysosomes and Their Types
Lysosomes belong to the group of cellular organelles responsible for intracellular digestion and participation in phagocytic processes. Lysosomes in the cytoplasm are surrounded by a single membrane and are typically spherical in shape, with a diameter ranging from 0.2 to 0.8 µm.
9. Structure of Plastids: Chloroplasts and Chromoplasts as Examples
All plant cells contain plastids within their cytoplasm. These organelles are present exclusively in plant cells and are absent in animal cells. There are three main types of plastids:
1. green plastids (chloroplasts);
2. red, orange, and yellow plastids (chromoplasts);
3. colorless plastids (leucoplasts).
10. Structure of Mitochondria. Structure of Microtubules and Centrioles
The fine structure of mitochondria can be clearly observed using electron microscopy. Under high magnification, the mitochondrial envelope is seen to consist of two membranes. The outer membrane is smooth, while the inner membrane forms inward projections extending into the internal space.
11. Structure of Ribosomes
Ribosomes are spherical structures that are part of the endoplasmic reticulum system, with a diameter of approximately 150–350 Å, and can only be observed using an electron microscope. Cells typically contain two populations of ribosomes: one associated with the membranes of the rough endoplasmic reticulum, and another present freely in the cytoplasm or within the matrix of mitochondria and chloroplasts.
12. Structure of the Nucleosome and Chromatin Fiber. Types of Metaphase Chromosomes. Cytogenetic Changes in Chromosomes
Nucleoli are found in nearly all plant and animal cells and usually occur as one or two per cell. The nucleolus represents the most densely packed region of the karyoplasm and is composed of homogeneous filamentous structures. The nucleolus plays a key role in the synthesis of ribosomal RNA (rRNA).
13. Structure of the Nuclear Membrane and Nuclear Pores. Schematic Structure of the Nucleolus
The nucleus is a permanent structure present in the cells of all living plants and animals and plays a vital role in cellular activity. Nuclear function is closely and continuously linked with the cytoplasm and its organelles. Disruption of nuclear integrity leads to impairment of these interactions and ultimately results in cell death.
14. Phases of Mitosis. Phases of Meiosis I and II
Cell division is a characteristic feature of both plant and animal cells. In other words, cell division ensures continuous development and long-term survival of living organisms. The process of cell division usually begins during the embryonic stage and continues throughout the organism’s lifespan. During embryonic development, cell division gives rise to specialized cells, while in later stages, it enables tissue regeneration through the proliferation of specific cell populations.
15. Endoreproduction and Polyteny. Necrosis and Apoptosis
Endomitosis is commonly observed in animal salivary glands and in differentiated plant cells, such as those of the anther tapetum, periderm, and antipodal cells. Polyteny is a form of endomitosis in which chromosome strands increase in number without separating and remain attached to each other. Polysomaty refers to the formation of daughter cells with increased nuclear content. In somatic polyploidy, the chromosome number increases through the replication of normal chromosomal sets. Necrosis and apoptosis represent distinct forms of cell death with different biological significance.



IV. INDEPENDENT STUDY AND ASSIGNMENTS
Independent Study Tasks
1. Analysis of the historical development of Cell Biology in Uzbekistan.
2. Presentation of similarities and differences between plant and animal cells based on slides and reference materials.
3. Study of plastid types and their functions using various methodological approaches.
4. Explanation of the chemical composition of the cell based on analytical reference materials.
5. Explanation of the structure of mitochondrial membranes using slides and schematic diagrams.
6. Presentation of organismal karyotypes and idiograms through multimedia presentations.
7. Description of cell pathology and its causes using visual materials and reference sources.
8. Explanation of differences between plant and animal cell division through a question-and-answer format.
9. Development of test questions on the topic of cell damage, cell death, and their causes.
10. Preparation of a presentation on epithelial tissue cells.
11. Description of connective tissue cells using various methodological approaches.
12. Preparation of a written report (essay) on bone tissue cells and muscle tissue cells.
13. Analysis of the features of individual development in cartilaginous fishes.
14. Development of test questions on the topic of individual development in reptiles.
15. Analysis of the features of individual development in birds.
16. Preparation of reference materials on striated muscle tissue cells.
17. Study of the structure of the contractile apparatus of muscle fibers using various methods.
18. Presentation on nervous tissue: types of neurons and nerve fibers.
19. Development of test questions on connective tissue cells with special characteristics.
20. Preparation of a presentation on the types and structure of neuroglia.
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	V. Learning outcomes / Professional competencies
[bookmark: _GoBack]Upon successful completion of the discipline Cell Biology at the bachelor’s level, the student will demonstrate knowledge of fundamental principles of cytology and its connections with other biological sciences. The student will understand cell structure, division, differentiation, and regeneration, and will be able to apply basic cytological methods, including microscopy and slide preparation, to observe, analyze, and distinguish normal, dividing, and pathological cells using appropriate scientific terminology.
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	                       VI. Teaching technologies and methods
Lectures
Interactive case studies
Practical sessions
Group work
Presentations
Individual projects
Team projects and their defense
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	VII. STUDY AND EXAMINATION REQUIREMENTS
Written. When forming variants for the final assessment, it is required to strictly follow the requirements specified in the provided sample. That is, each variant must contain 5 questions: 2 questions (40%) based on classroom (in-class) sessions and 3 questions (60%) based on independent study sessions.
ECTS A (5): The student demonstrates excellent and comprehensive knowledge of the subject. Concepts and topics are presented clearly, logically, and scientifically. The student applies theoretical knowledge independently in practical and analytical contexts, shows critical and creative thinking, and completes all assignments to a very high standard.
ECTS B (4): The student demonstrates good and adequate knowledge of the subject. Core concepts are understood and applied correctly, although explanations may lack depth or precision. Learning outcomes are generally achieved.
ECTS C (3): The student meets the minimum learning requirements of the module. Knowledge is limited and sometimes superficial, and practical application shows noticeable weaknesses, though basic outcomes are achieved.
ECTS D (2): The student fails to meet the minimum requirements of the module. Essential knowledge, skills, and competences have not been demonstrated, and assessment criteria have not been fulfilled. 
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2. Abdulov I.A., Khalbekova Kh.U. "Cellular Biology" Textbook. "Donishmand ziyosi" Publishing House, Tashkent, 2020. – 207 p.
Badalkhodjaev I.B., Madumarov T. "Cytology." Study Guide. Andijan, "Hayot" Publishing House, 2019, - 252 p.
4. Badaldzhodzhaev I. Cytology. Study Guide. Andijan: "Hayot nashri," 2022. – 208 p.
5. Shodiev N.Sh. Cytology, histology, and embryology. Tashkent - 2006.-372 p.
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	The curriculum has been developed and approved by Namangan state university as follows:
- Discussed and recommended for approval at the meeting No. ___ of the department of Biology on ___, 2025.
- Approved and recommended for confirmation at the meeting No. ___ of the council of the faculty of Biotechnology on ___, 2025.
Discussed and approved at the Meeting No. ___ of the Council of NamSU on ___, 2025.
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	Course/Module responsible person:
M.X. Egamberdiyev– Associate Professor of the Department of Biology at Namangan State University, Doctor of Philosophy (PhD) in Biological Sciences.
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E.F. Ikromov – Associate Professor of the Department of Biotechnology at Namangan State University, Candidate of Biological Sciences
A. Sheraliyev – Senior Lecturer at the Department of Biology, Namangan State University, Candidate of Biological Sciences
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