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I. COURSE CONTENT
The aim of the discipline The aim of the subject is to develop in students a clear understanding of Bioengineering, as well as to introduce the achievements of modern bioengineering, nanotechnology, biotechnology, and bioimaging, and their applications in various sectors of the national economy — particularly in medicine, environmental protection, agriculture, and other related fields. The course also aims to form knowledge, skills, and competencies that correspond to the profile of this field.

II. MAIN THEORETICAL SECTION (LECTURE SESSIONS)

The course includes the following topics:

Topic 1. Introduction. Subject and Objectives of Bioengineering
The subject, goals, and objectives of bioengineering. Nanotechnology and biotechnology in bioengineering, as well as the subject, aims, and tasks of bioimaging. Modern biological research and its future prospects.
Topic 2. Microscopes Used in the Study of the Nanoworld
Fluorescence microscopy methods. Introduction to organic fluorochromes, nanocrystals, and electron microscopes, including their operating mechanisms.
Topic 3. Biomacromolecules
Construction of nanostructures based on proteins. Transport proteins: cellular localization and specific functional characteristics. Structure, cellular localization, and functions of protein receptors. Study of membrane receptor functions and development of new nanobiotechnologies. Application of nanobiosensors in disease diagnostics and therapy. Protein-based “nanomotors” in living cells.
Topic 4. Bioengineering Based on DNA Structure and Properties
Properties of DNA used in bioengineering. DNA self-replication. Hybridization of nucleic acids and its practical significance. Amplification of nucleic acid molecules and their applications. Approaches to creating nanoconstructions based on nucleic acids. Nanoconstructions based on DNA and proteins. Knowledge of artificial nanomaterials based on DNA.
Topic 5. Bioengineering Based on Genetic Engineering Methods
Genetic engineering as a branch of nanobiotechnology. Methods for isolating genes for transfer into other organisms. Gene delivery technologies into cells. Methods for introducing DNA into host organism cells. Genetic engineering of bacteriophages for creating hybrid materials.
Topic 6. Bioengineering of Living Systems Organized at the Supramolecular Level
Structure of the cell plasma membrane. Types of membrane proteins. Functions of the plasma membrane. 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 Life Forms
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 in Bioengineering
Enzymes (biological catalysts) as natural nano-objects and their applications. Microorganisms as enzyme-containing bioreactors. Bioreactors for 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. Medical Bioengineering
Drug delivery using nanotechnologies. Nano-devices. Protein delivery via nanotechnology. Nanoelectronic biosensors. Nanorobots.
Topic 10. Preliminary Statistical Analyses in Scientific Research
Variance, standard deviation, standard error, confidence interval. Implementation using modern software.
Topic 11. Student’s t-Test and Wilcoxon-Mann-Whitney (U) Test
Principles and interpretation of Student’s t-test, application in scientific research. Principles, use, and implementation of the Wilcoxon-Mann-Whitney U test. Execution using modern software.
Topic 12. Microorganism Genetic Engineering and Nanotechnologies
Methods of microorganism genetic engineering, applications of nanotechnologies, examples, and use in food industry, medicine, agriculture, and future prospects.
Topic 13. Plant Genetic Engineering and Nanotechnologies
Methods of plant genetic engineering, applications of nanotechnologies, examples, and use in food industry, medicine, agriculture, and future prospects.
Topic 14. Animal Genetic Engineering and Nanotechnologies
Methods of animal genetic engineering, applications of nanotechnologies, examples, and use in food industry, medicine, agriculture, and future prospects.
Topic 15. Contemporary Problems in Bioengineering
Modern research in bioengineering, applications in food safety, solutions to environmental problems, methods of bioengineering in medicine, and their future prospects.

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

1.  Stages of Organization of Living Systems
Compare the similarities and differences of life at molecular and subcellular levels and create corresponding models.
2.  Capabilities of Modern Microscopes
Study the structure of fluorescence microscopes and the fluorescent proteins used, based on scientific literature.
3.  Structure and Receptor Functions of Membranes
Build a membrane model and analyze the structure and properties of each molecule, recording observations in a notebook.
4.  Biochips and DNA Sequencing
Analyze the components of biochips and their application areas based on scientific literature.
5.  Methods of DNA Introduction
Study modern gene delivery methods theoretically and analyze their advantages.
6.  Familiarization with Liposomes and Nanotubes
Examine the molecular structure of liposomes and nanotubes and collect information about modern drug delivery systems from online sources.
7.  Nanoconstruction and Nanobioengineering of Prokaryotic and Acellular Forms
Study the use of bacteria for drug delivery into cells based on scientific literature.
Analyze modern approaches to treating oncological diseases using scientific articles.
8.  Bioreactors in Biological Heat Production
Study the structure of bioreactors and the organisms used in them based on literature, and analyze their advantages.
9.  Application of Bioengineering in Viral Disease Diagnostics
Familiarize with bioengineering methods developed for virus diagnostics based on scientific literature.
10.  Geometric Mean Analyses in Biological Experiments
Learn the formula for geometric mean analysis and work on example problems.
11.  Wilcoxon-Mann-Whitney Test (U-Test)
Study the U-test formula and learn to perform calculations using Excel.
12.  Microorganism Genetic Engineering and Nanotechnologies
Learn methods of gene introduction in microorganisms and analyze their applications based on literature.
13.  Plant Genetic Engineering and Nanotechnologies
Analyze the advantages and disadvantages of genetically modified plant varieties using scientific articles.
14.  Animal Genetic Engineering and Nanotechnologies
Examine types of genetic engineering in animals using new bioengineering methods and analyze information about transgenic organisms from online sources.
15.  Contemporary Problems in Bioengineering
Study bioengineering methods in medicine, their prospects, and limitations based on scientific literature.

IV. INDEPENDENT STUDY AND ASSIGNMENTS
Independent Study Tasks
1. Prepare for lectures and practical classes.
2.  Prepare an analytical presentation on the contributions of Uzbek and foreign scientists to nanotechnology and biotechnology in bioengineering and bioimaging.
3.  (Number missing in source; skipping to maintain sequence.)
4.  Prepare an analytical essay on bioengineering, including genetic engineering at the cellular and chromosomal levels and its methods.
5.  Prepare presentations on gene-level genetic engineering.
6.  Identify solutions to contemporary problems in bioengineering.
7.  Develop project skills by preparing tests, discussion questions, and assignments on the topic of nanotechnology in bioengineering and biotechnology.
8.  Analyze solutions to existing problems in medical nanotechnology.
9.  Perform calculations using basic statistical formulas in scientific research.
10.  Perform calculations using Student’s t-test and interpret critical t-values.
11.  Describe and interpret the Wilcoxon-Mann-Whitney test (U-test) and provide conclusions.
12.  Learn to use modern software for biological modeling and research.
13.  Study and analyze in depth bioimaging, bioimaging systems, and cellular bioimaging.
14.  Study and analyze in depth bionanoenergetics and its regulation.
15.  Prepare an analytical presentation on microorganism genetic engineering and nanotechnologies.
16.  Prepare an analytical presentation on plant genetic engineering and nanotechnologies.
17.  Prepare an analytical presentation on animal genetic engineering and nanotechnologies.
18.  Prepare analytical information on genetically modified biomaterials.
19.  Conduct a comprehensive analysis of gene diagnostics and gene therapy, providing definitions and conclusions.
20.  Develop project skills by preparing tests, discussion questions, and assignments on bioethics and its significance.

Guidelines and responsibilities for independent study in the course
When completing independent study assignments, students are required to:
a) Actively work with textbooks and instructional materials in order to gain an in-depth understanding of the covered topics.
b) Prepare in advance for lectures, practical classes, and assessment activities (tests and examinations), and use time efficiently.
c) Submit each independent study assignment within the prescribed 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 comply with the requirement to avoid plagiarism (copying) 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 (an essay) on the given topic.
2.  Complete calculation and drawing (design) work.
3.  Prepare an analytical presentation on a specific topic.
4.  Conduct a comprehensive analysis of the assigned problem, providing definitions and conclusions.
5.  Study the assigned topic in depth and perform high-level analysis.
6.  Prepare graphic and design project materials.
7.  Develop project-based skills by identifying solutions to practical problems and preparing tests, discussion questions, and assignments.
Independent study assignments are assessed during practical sessions and are taken into account in interim assessments.
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	V. Learning outcomes / Professional competencies
[bookmark: _GoBack]Upon successful completion of the discipline Bioengineering at the bachelor’s level, the student will demonstrate an understanding of the integration of biological and engineering principles. The student will be able to apply basic engineering approaches to the analysis and solution of biological problems, understand the functioning of living systems from an interdisciplinary perspective, and use foundational bioengineering concepts in innovative and high-technology application contexts.
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	VI. Teaching technologies and methods
· Lectures;
· Performing practical work and drawing conclusions;
· Interactive case studies;
· Group work;
· Individual projects;
· Delivering presentations;
· Team-based projects with presentation 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 makes independent conclusions and decisions, thinks creatively, reasons independently, applies acquired knowledge in practice, understands the essence of the subject (or topic), knows it, can express and explain it, and gains a clear understanding of the subject (or topic).
ECTS B (4): The student reasons independently, applies acquired knowledge in practice, understands the essence of the subject (or topic), knows it, can express and explain it, and gains a clear understanding of the subject (or topic).
ECTS C (3): When the student is able to apply acquired knowledge in practice, understands the essence of the subject (or topic), knows it, can express and explain it, and has a clear understanding of the subject (or topic).
ECTS D (2): The student has not mastered the curriculum, does not understand the essence of the subject (or topic), and does not have a clear understanding of the subject (or topic).
Interim Assessment: Conducted once per semester in written form.
Students are regularly evaluated during practical  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.
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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