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I. COURSE CONTENT
The aim of the discipline is to provide students with a thorough understanding of the principles and applications of nanobiotechnological methods used in biological research, medicine, ecology, agriculture, and various branches of industry, as well as to study the approaches for developing the most promising and practically applicable nanobiotechnological techniques.
The objective of the course is to provide students with knowledge of the following key concepts of the Nanobiotechnology module: bioengineering; genetic engineering at the cellular and chromosomal levels and its methods; protein nanoconstructions; safety issues of nanomaterials; applications of nanobiotechnology in disease diagnostics; and the use of nanobiotechnology in medicine.
II. MAIN THEORETICAL SECTION (LECTURE SESSIONS)

The course includes the following topics:

Topic 1. Introduction. Subject and Objectives of Nanobiotechnology
The subject, goals, and objectives of nanobiotechnology. Modern biological research and its future prospects.

Topic 2. Microscopes Used in the Study of the Nanoworld
Fluorescence microscopy methods. Organic fluorochromes, nanocrystals, and electron microscopes, including their operating principles and mechanisms.

Topic 3. Biomacromolecules
Construction of nanostructures based on proteins. Transport proteins: their localization in the cell and specific functional features. Structure, cellular localization, and functions of protein receptors. Study of receptor functions of membranes and the development of new nanobiotechnologies.
Application of nanobiosensors in disease diagnosis and therapy. Protein-based “nanomotors” in living cells.

Topic 4. Nanobiotechnology Based on the Structure and Properties of DNA Molecules
Properties of DNA used in nanobiotechnology. DNA self-duplication (self-assembly). Hybridization of nucleic acids and its practical significance. Amplification of nucleic acid molecules and their applications. Fundamental approaches to creating nanoconstructions based on nucleic acids. Nanoconstructions based on DNA and proteins. Acquisition of knowledge on artificial nanomaterials based on DNA.

Topic 5. Nanobiotechnology Based on Genetic Engineering Methods
Genetic engineering as a branch of nanobiotechnology. Methods for isolating genes for transfer into other organisms. Technologies for introducing genes into cells. Methods of DNA delivery into host organism cells. Genetic engineering of bacteriophages in the creation of hybrid materials.

Topic 6. Nanobiotechnology of Living Systems Organized at the Supramolecular Level
Structure of the plasma membrane. Types of membrane proteins. Functions of the plasmalemma. Concept of the elementary biological membrane. Creation of nanostructures based on biological membranes. Biological membranes in nanotechnology. Models of biological membranes and their use as biofilters.

Topic 7. Nanoconstruction and Nanobioengineering of Prokaryotic and Acellular Forms of Life
General characteristics of prokaryotic organisms. Use of bacteria in nanotechnology. Nanoconstructions based on prokaryotes. Viruses as acellular forms of life: structural and functional features. Virus-based nanoconstructions and nanotechnologies. Viruses in anticancer therapy.

Topic 8. Bioreactors and Biocatalysts
Enzymes as natural nano-objects and their applications. Microorganisms as enzyme-containing bioreactors. Bioreactors in biological heat production. Production of nanoparticles in natural bioreactors. Bacteria as bioreactors and regulators of human health and vital processes. Bioreactor bacteria in space missions.

Topic 9. Safety Issues of Nanomaterials and Nanotechnologies
Specific features of the effects of nanoparticles on living organisms, mechanisms of action, and national and international projects in the field of nanotechnology safety.

Topic 10. Applications of Nanobiotechnology in Medicine
Drug delivery using nanotechnologies. Nano-devices. Application of nanobiotechnology in the production and use of artificial antibodies. Nanotechnology-based medical implants. Tissue engineering.

III. GUIDELINES AND RECOMMENDATIONS FOR PRACTICAL SESSIONS
Recommended topics and instructions for conducting practical sessions:

1. Multilevel Organization of Living Systems
Compare similarities and differences of life at molecular and subcellular levels and create corresponding models.
2. Study of the Operating Principles of Modern Microscopes
Examine the structure of fluorescence microscopes and the fluorescent proteins used, based on scientific literature.
3. Study of Membrane Structure and Receptor Functions
Build a membrane model and analyze the structure and properties of each molecule, recording observations in a notebook.
4. Structure, Localization, and Function of Protein Receptors
Study the specific functions of ionotropic and metabotropic receptors using scientific articles.
5. Amplification of Nucleic Acid Molecules and Practical Applications
Learn to operate a nucleic acid amplifier in practice.
6. Study of DNA Sequencing Processes
Analyze the advantages of new types of DNA sequencers based on scientific literature.
7. Gene Delivery Technologies and Their Types
Analyze modern methods for introducing genes into plant and animal cells using scientific articles.
8. Familiarization with Liposomes and Nanotubes
Study the molecular structure and properties of liposomes based on literature.
9. Application of Biological Membranes in Nanobiotechnology
Collect and analyze online data on the use of biological membranes in nanobiotechnology.
10. Nanoconstructions Based on Prokaryotes
Review the use of bacteria for delivering drugs into cells based on literature.
11. Use of Viruses in Oncology
Analyze modern methods for treating oncological diseases using scientific articles.
12. Use of Bioreactors in Biological Heat Production
Study the structure of bioreactors and the organisms used in them based on literature, and analyze their advantages.
13. Mechanisms of Nanoparticle Interaction with Living Organisms
Analyze the advantages and disadvantages of nanoparticles using scientific articles.
14. Technology for Producing Artificial Antibodies
Study the molecular structure and medical significance based on scientific literature.
15. Tissue Engineering
Review bioethical principles and types of organ transplantation based on literature.
            IV. INDEPENDENT STUDY AND ASSIGNMENTS
Independent Study Tasks
1. Prepare an analytical presentation on the contribution of Uzbek and foreign scientists in the field of bioengineering, nanotechnology, biotechnology, and bioimaging (4 hours).
2.  Prepare an analytical essay on bioengineering, genetic engineering at the cellular and chromosomal levels, and its methods.
3.  Prepare a presentation on genetic engineering at the gene level.
4.  Identify solutions to current problems in modern bioengineering practice.
5.  Develop skills in project work by preparing tests, discussion questions, and assignments on the topic of nanotechnology in bioengineering and biotechnology.
6.  Analyze solutions to existing problems in medical nanotechnology.
8.  Perform preliminary statistical calculations in scientific research.
9.  Study biological modeling and learn to use modern software tools in biological research.
10. Conduct an in-depth study and high-level analysis of bioimaging, bioimaging systems, and cellular bioimaging.
11. Study and critically analyze bionanoenergetics and its management
12.  Prepare an analytical presentation on microbial genetic engineering and nanotechnologies.
13.  Prepare an analytical presentation on plant genetic engineering and nanotechnologies.
14.  Prepare an analytical presentation on animal genetic engineering and nanotechnologies.
15.  Prepare an analytical essay on genetically modified bio-products.
Guidelines and responsibilities for independent study in the course
a) Actively work with textbooks and educational materials to gain a deep understanding of the studied topics.
b) Prepare in advance for lectures, practical classes, and assessments (tests and exams), using time efficiently.
c) Submit each independent study assignment within the specified deadlines.
d) Be aware that assignments will not be accepted after the submission deadline and comply with this rule.
e) Understand and adhere to the requirement to avoid plagiarism when completing independent study assignments.
     Independent study assignments for the course are recommended to be completed using the principle of alternative options:
1. Prepare analytical information (essay) on the topic.
2. Complete calculation and drawing (design) work.
3. Prepare an analytical presentation on a specific topic.
4. Conduct a comprehensive analysis of a given problem, providing definitions and conclusions.
5. Study the assigned topic in depth and perform high-level analysis.
6. Prepare graphic and design projects.
7. Develop skills for working with projects by finding solutions to practical problems, preparing tests, discussion questions, and assignments.
8. Prepare scientific articles, abstracts, and lectures.
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	V. Learning outcomes / Professional competencies
[bookmark: _GoBack]Upon successful completion of the discipline Nanobiotechnology at the bachelor’s level, the student will demonstrate knowledge of biological processes at the nanoscale and related applied technologies. The student will be able to analyze the potential benefits and risks of nanomaterials, interpret their applications in medicine, pharmacy, and environmental sciences, and apply fundamental nanobiotechnological concepts in educational and applied contexts.
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	VI. Teaching technologies and methods
· Lectures;
· Interactive case studies;
· Practical classes;
· Group work;
· Delivering presentations;
· Individual projects;
· Team-based projects and project defense.
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	VII. STUDY AND EXAMINATION REQUIREMENTS
Credits allocated to the course are awarded to students provided that they achieve satisfactory results in all forms of assessment conducted during each semester.
Student performance in the course is assessed through midterm (MT) and final (FA) assessments. Evaluation under each type of assessment is carried out according to the following grading scale: 5 – “Excellent,” 4 – “Good,” 3 – “Satisfactory,” and 2 – “Unsatisfactory.”
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.
The midterm assessment is conducted once during the academic semester in the form of a written examination.
Throughout the semester, students are continuously assessed during the practical classes allocated to the course. These assessments are taken into account in the midterm evaluation based on criteria such as the timely and complete completion of practical and independent study assignments, as well as active participation in class.
The average grade obtained from practical classes and independent study assignments is combined with the grade received during the midterm assessment period, and the resulting average is officially recorded in the assessment register.
A student who receives an unsatisfactory grade in the midterm assessment or fails to attend without a valid reason is permitted to retake the midterm assessment once before the final assessment.
The final assessment is conducted at the end of the semester in the form of a written examination, in accordance with the approved schedule. The exam duration is 80 minutes. 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
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	Primary literature:
1. Davranov, Q.D., Aliqulov, B.S. Fundamentals of Nanobiotechnology. Textbook – Tashkent: “Fan va Texnologiya”, 2015. – 312 pp.
 2. Abramova, Z.I. Introduction to Genetic Engineering. Student Self-Study Manual – Kazan: KFU, 2018. – 168 pp.
3. Glick, B., Pasternak, J. Molecular Biotechnology: Principles and Applications. Moscow: Mir, 2012. – 589 pp.
4. Xing-Jie Liang. Nanopharmaceutics (The Potential Application of Nanomaterials). USA: Collection of Articles, “World Scientific”, 2013. – 530 pp. 

Additional literature:
1. Jain, K. K., & Sharipov, K. O. (2020).
Fundamentals of Personalized Medicine: Medicine of the 21st Century — Omics Technologies, New Knowledge, Competencies, and Innovations. Moscow: Litterra. 576 p.
2. Jain, K. K. (2018).
Proteomics: Technologies, Markets and Companies. Basel, Switzerland: Jain Pharma Biotech.
Information sources:
1.http://t.me/librarybiology
2. https://gmpua.com
3.www.nanomedicine.com 
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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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