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I. COURSE CONTENT
The aims of the discipline “Biophysics and Bioinformatics”: The discipline Biophysics and Bioinformatics aims to provide students with an integrated understanding of the physical, physicochemical, and computational principles that underlie biological systems. The course introduces the fundamental mechanisms of biological thermodynamics, the structure and function of biopolymers, membrane biophysics, electrophysiology, bioenergetics, intracellular signaling, and photobiological processes, while simultaneously covering the theoretical and methodological foundations of modern bioinformatics and genomics.

II. MAIN THEORETICAL SECTION (LECTURE SESSIONS)

The course includes the following topics:
Module 1. Semester 5 – Biophysics.
Topic 1. Introduction to biophysics and thermodynamics of biological systems
Goals and objectives of biophysics; Object and research methods of the science; Main sections of biophysics; connection with sciences Application of the achievements of biophysics in practice. Creation of the Department of Biophysics in Uzbekistan; Biophysicists who contributed to the development of science.
Topic 2. Kinetics of biological processes: Theory and laboratory applications
Fundamentals of chemical kinetics. Kinetics of enzymatic reactions. Michaelis-Menten equation. Influence of temperature on reaction rate. Principles of mathematical modeling of biological processes. Mathematical models describing dynamical systems, their geometric solutions. Biological triggers. Oscillatory processes in biology. Self-oscillation processes
Topic 3. Fundamentals of molecular and quantum biophysics
Spatial structure of macromolecules and bonds involved in structure formation (Vanderwalz forces, electrostatic, hydrophobic, hydrogen bonds) and the forces acting on them. Activity of macromolecules, ligands, and cooperative properties.
Topic 4. Structure and functional organization of biological membranes
Structural foundations of cell membrane structure. Membrane lipids and proteins. Artificial membranes. Liposomes. Spatial transitions, viscosity, and electric charge in a membrane. Model membranes
Topic 5. Passive and active transport across membranes
Active transport of substances. Primary active transport. Transport of amino acids and sugars. Regulation of substance transport. The role of carriers in the active transport mechanism. Energy supply for active transport.
Topic 6. Bioelectrogenesis and electrical properties of cells
Mechanisms of ion channel regulation, activators and inhibitors. Mechanisms of operation of ion channels. Representation based on ionophores and channel formers. Rest and action potentials and their mechanisms of origin
Topic 7. Synaptic transmission and electrical conductivity in cells
Transmission of excitation along a nerve fiber. Transport of nerve impulses through non-minlin and minlin fibers. Synapses and synaptic processes. Electrical conductivity of cells and tissues. Cell impedance.
Topic 8. Biophysics of muscular and non-muscular movement
Structure of muscle fiber. Mechanism of muscle fiber contraction. Amplitude and speed of muscle contraction. Dependence of calcium ions on electromechanical processes. Intracellular structure of Ca2+ channels
Topic 9. Biophysics of photobiological and photochemical processes
Classification of photobiological processes. Primary photophysical and photochemical reactions. The mechanism of photobiological processes and energy transformation. Photodestructive processes and molecular mechanisms of biological systems.
Topic 10. Fundamentals of bioenergetics and mitochondrial respiration
Natural sources of free energy. Structure and function of mitochondria as ATP generators.  Mitchell's memiosmotic theory. Alternative functions of cellular respiration. Energy transformation in mitochondria. Cellular oxygen consumption
Topic 11. Cellular signal transduction systems
The concept of primary and secondary messengers. Receptors, their types. G-proteins. Phosphorylation is the quality of modification of mature protein activity. Protein kinases. Phosphatases. Adenylate cyclase system in intracellular signaling.
Topic 12. Modern laboratory instruments and microscopy methods
Familiarization with modern laboratory equipment, learning to prepare solutions, learning to determine percentage, molar, normal, molar, and titer concentrations
Topic 13. Physical and chemical methods in biophysics: Solutions, optical density, surface tension
Ion kanallarning boshqarilish mexanizmlari, aktivatorlar va ingibitorlar. Ion kanallarining ishlash mexanizmlari. Ionoforlar va kanaloformerlar asosida tasvirlanish. Tinchlik va harakat potensiali va ularning kelib chiqish mexanizmlari
Topic 14. Recording and analysis of biopotentials: Ecg, myograms, and action potentials
Structure of muscle fiber. Mechanism of muscle fiber contraction. Amplitude and speed of muscle contraction. Dependence of calcium ions on electromechanical processes. Intracellular structure of Ca2+ channels. Ions involved in muscle contraction, ion channels, and their regulation mechanisms. Ca2+ - Structure and function of ATPases. Nonmuscular formula of motion.
Topic 15. Structure and function of sensory receptor membranes: Photoreception and ca²⁺ metabolism
Receptors, their types. G-proteins. Phosphorylation is the quality of modification of mature protein activity. Protein kinases. Phosphatases. Adenylate cyclase system in intracellular signaling.
Module 2. Semester 6 – Bioinformatics.
Topic 1. Bioinformatics: Fundamentals, Development, and Future Perspectives
Introduction to the bioinformatics course. The concept and history of bioinformatics. Stages of development of the field. Its formation as a scientific discipline, scope, and objectives. Achievements in the field of biological databases.
Topic 2. Modern Bioinformatic Databases
Molecular markers and their applications in practice. Restriction Fragment Length Polymorphism (RFLP) markers. Simple Sequence Repeats (SSR) as DNA markers.
Topic 3. Biological Databases
Application of scientific research methods in various fields of biology and the formation of biological databases. Study of observational, comparative, historical, experimental, and mathematical modelling methods in biology and their use in database development.
Topic 4. Meta-Databases of Biological Information
Meta-databases as databases about databases. Meta-databases search data from multiple sources and integrate them into user-friendly formats for easier access and interpretation.
Topic 5. Comparison of Biological Sequences. Use of GenBank and BLAST Tools
The BLAST algorithm, types of BLAST, and the use of BLAST at the National Center for Biotechnology Information (NCBI).
Topic 6. Pairwise and Multiple Sequence Alignment
Hidden Markov Models. Determination of phylogenetic relationships among species based on gene sequence comparisons.
Topic 7. Genome Analysis and Prediction of Gene Structures in Eukaryotic Organisms. The Human Genome Project
The Human Genome Project. Transmission of genetic information. Gene localisation within the genome. Well-studied genomes of prokaryotes and eukaryotes. Single Nucleotide Polymorphisms (SNPs). Genetic diversity and genome evolution.
Topic 8. Methods for Predicting Gene Structures. Modelling of Protein Biosynthesis
Homologous sequences. Exons and introns. Identification of open reading frames. Use of the ORF Finder tool.
Topic 9. Types of Phylogenetic Trees. Construction of Phylogenetic Trees Using the UPGMA Method. Molecular Phylogenetics (Clustal W2, T-Coffee)
Types and classification of phylogenetic trees. Identification of phylogenetic relationships and reconstruction of evolutionary relatedness.
Topic 10. Determination of Phylogenetic Relatedness Based on Gene Comparisons
Analysis of phylogenetic relationships and establishment of evolutionary kinship among organisms.
Topic 11. Modern Methods for Visualisation of Biological Macromolecules
Working with PyMOL and I-TASSER. Basic principles of three-dimensional structural visualisation. Use of the RasMol program. Visualisation of biological macromolecules based on their primary structure. Deposition of generated structures into PDB and MMDB databases.
Topic 12. In Silico Analysis of Protein Structure and Properties
Modern approaches to protein structure prediction and analysis. Ramachandran plots. Protein stability and folding. Hydrophobicity profile analysis. Structural alignments.
Topic 13. Neural Networks and Their Construction
Neurons and principles of signal transmission. Concept of artificial neuron types. Logic and architecture of neural networks.
Topic 14. Application of Bioinformatic Approaches in Drug Development
Pharmacological targets. Target identification and validation. Structure–activity relationships. Computer-aided design of new drug compounds. Rational drug design and personalised medicine. Modelling of protein–ligand interactions. Modern drug-design databases and software tools.

III. GUIDELINES AND RECOMMENDATIONS FOR LABORATORY SESSIONS
Recommended topics and instructions for conducting laboratory sessions:
Module 1. Semester 5 – Biophysics.
Laboratory session 1. Entropy of a stable stationary state of an open system.
Familiarization with open, closed, and isolated systems, studying the changes in entropy within a system in a stationary state.
Laboratory session 2. Kinetics of biological processes.
Study of chemical processes in living systems through first, second, and zero-order reactions.
Laboratory session 3. Familiarization with modern microscopy methods. Fluorescent microscope device and working with it.
Study of modern microscopy methods using optical (light), electron, atomic force, superresolution, Raman, confocal laser scanning microscopy and fluorescence microscopy methods
Laboratory session 4.  Determination of the optical density of a liquid using the photoelectrocalorimetry method.
Study of determining the optical density of liquids using the photoelectrocalorimetry method.
Laboratory session 5. Model membranes. Liposomes Formation of micelles in solutions of surfactants.
Familiarization with the structure of model membranes and liposomes, studying micelle formation.
Laboratory session 6. Determination of surface tension of various liquids using the Rebinder device.
Learning to determine the surface tension of liquids using the Rebinder device, familiarization with the Rebinder device
Laboratory session 7. Methods of recording biopotentials. Electrocardiogram, myogram.
Familiarization with the methods of recording biopotentials: electrocardiogram (ECG), electroencephalography (EEG), electromyography (EMG), electrooculography (EOG), magnetoencephalography (MEG).
Laboratory session 8. Action potential in a nerve impulse. Comparison of conduction in myelinated and unmyelinated nerve fibers.
Study of the action potential in a nerve impulse, the difference in conductivity in myelinated and unmyelinated nerve fibers, the phenomenon of reinforcement block and refractoriness.
Laboratory session 9. Action potential in a nerve impulse. Comparison of conduction in myelinated and unmyelinated nerve fibers.
Study of the action potential in a nerve impulse, the difference in conductivity in myelinated and unmyelinated nerve fibers, the phenomenon of reinforcement block and refractoriness.
Laboratory session 10. The cell's resting potential and action potential.
Study of rest and action potentials, distribution of Na, K, Cl ions.
Laboratory session 11. Determining the relationship between muscle excitability amplitude and stimulus strength.
Learning to determine the relationship between muscle excitability amplitude and stimulus strength
Laboratory session 12. Study of the structure of visual receptor membranes and signal transmission processes.
Studying the structure of the membrane of visual receptors and determining the signal transmission process
Laboratory session 13. Determination of mitochondrial respiration using polygraphy.
Learning to detect mitochondrial respiration using polygraphy
Laboratory session 14. Application of ultraviolet rays in biological research.
Study of the use of ultraviolet rays in biological research using a fluorescence microscope, in the phenomenon of photosynthesis, in the processes of sterilization and disinfection.
Laboratory session 15. Modern methods of studying Ca 2+ metabolism.
Familiarization with modern fluorescence and luminescence, electrochemical, radioactive, and spectroscopic methods for studying Ca metabolism.
Module 2. Semester 6 – Bioinformatics.
Laboratory session 1. Modern Bioinformatic Databases
This laboratory session introduces students to modern bioinformatic databases and web-based platforms. Students learn to search and retrieve relevant biological data from international databases such as NCBI, EMBL, and DDBJ in order to address specific biological research questions.
Laboratory session 2. Biogeographic Databases and Text-Based Data Retrieval Tools
This session focuses on biogeographic data platforms such as GBIF and iNaturalist. Students acquire skills in downloading datasets using filters and APIs, with particular attention to data reliability, coordinate accuracy, and metadata quality.
Laboratory session 3. Meta-Databases of Biological Information
Students explore meta-databases that integrate data from multiple biological sources. Using platforms such as UniProt, KEGG, and ENSEMBL, they learn integrated data search strategies and methods to manage information overload while maintaining biological context.
Laboratory session 4. Comparison of nucleotide and amino acid sequences using BLAST
This session introduces the BLAST tool for sequence similarity searches. Students learn to identify homologous genes and proteins and interpret alignment scores, E-values, and sequence identity levels.
Laboratory session 5. Identification of translational products using BLAST
Students apply BLAST to identify translated protein products corresponding to nucleotide sequences. Emphasis is placed on evaluating match quality and understanding biological relevance based on statistical parameters.
Laboratory session 6. Identification of homologous domains in protein molecules
This laboratory focuses on domain-based protein analysis using Pfam, SMART, and InterPro. Students learn to infer protein function from domain architecture while distinguishing between homology and orthology.
Laboratory session 7. Identification of open reading frames using ORF Finder
Students work with the NCBI ORF Finder tool to detect translation start and stop sites. The session highlights differences between prokaryotic and eukaryotic gene structures and ORF prediction challenges.
Laboratory session 8. Annotation of gene and protein functions
This session develops skills in functional annotation of genes and proteins using UniProt and Pfam databases. Students analyse annotated features and compare functional predictions across databases.
Laboratory session 9. The central dogma of molecular biology
Through theoretical explanations, laboratory simulations, and animations, students examine the DNA → RNA → protein pathway and discuss exceptions to the central dogma, including reverse transcription in retroviruses.
Laboratory session 10. Genome analysis and evolutionary interpretation
Students analyse annotated genomes to identify coding sequences (CDS), exons, introns, SNPs, and INDELs. Bioinformatic tools are used to infer phylogenetic relationships and assess genetic variation and evolutionary processes.
Laboratory session 11. Molecular evolution and phylogenetic analysis
This session introduces phylogenetic analysis using MEGA, ClustalW, and T-Coffee. Students construct phylogenetic trees and explore the impact of evolutionary model selection on analytical outcomes.
Laboratory session 12. Sequence analysis and phylogenetic tree construction
Students perform multiple sequence alignments and build phylogenetic trees based on real biological datasets. Attention is given to alignment accuracy, sequence similarity assessment, and error identification.
Laboratory session 13. Multiple sequence alignment using Clustalw and T-Coffee
This session focuses on detailed comparative analysis of multiple sequence alignments. Students evaluate alignment quality and identify common alignment errors affecting downstream phylogenetic interpretation.
Laboratory session 14. Visualisation of biological macromolecules
Students learn protein structure visualisation and modelling using AlphaFold, RasMol, Modeller, and I-TASSER. The session compares predicted structures with experimentally determined models to assess prediction accuracy.
Laboratory session 15. Ligand–receptor interaction and molecular docking
This laboratory introduces molecular docking using AutoDock. Students model protein–ligand interactions, calculate binding energies, and evaluate docking results in the context of rational drug design, with emphasis on interpreting energetic parameters.
IV. INDEPENDENT STUDY AND ASSIGNMENTS
Independent Study Tasks
1. Analysis of biological molecules using sequencing methods
2. Study of biodiversity databases and preparation of a short analytical essay
3. Analysis of biological molecules using Hidden Markov Models
4. Analysis of biological molecules using the Monte Carlo method
5. Study of phylogenetic tree construction algorithms and development of phylogenetic trees for plants and animals
6. Study of the operating principles of I-TASSER and Modeller software and visualisation of protein structures
7. Multiple sequence alignment and construction of phylogenetic trees using ClustalW and T-Coffee
8. Study of the concept of bioinformation in the modern world and its practical applications
9. Working with MetaBase and ConsensusPathDB databases
10. Assessment of biological diversity for the analysis and understanding of evolutionary biology
Independent Study Requirements
When completing independent study assignments for the course, students are required to fulfil the following duties and responsibilities:
a) actively work with textbooks and learning materials in order to study the covered topics in depth;
b) prepare in advance for lectures, practical classes, seminars, and assessment activities (tests and examinations), and manage time effectively;
c) submit each independent study assignment within the established 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 strictly comply with the requirement to avoid plagiarism (academic dishonesty) when completing independent study assignments.
Forms of Independent Study Assignments
Independent study assignments for the course are recommended to be completed according to the principle of alternative choice, using the following formats:
preparation of an analytical report (essay) on a given topic;
completion of computational and graphical assignments;
preparation of an analytical presentation on a specific topic;
comprehensive analysis of an assigned problem, including definitions and conclusions;
in-depth study and advanced analysis of a selected topic;
conducting experimental or applied research activities;
preparation of calculation, graphical, and project-based design works;
preparation of scientific articles, abstracts, and reports.
Independent study assignments are assessed during practical classes and are taken into account in the evaluation of mid-term (interim) assessments.
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	[bookmark: _GoBack]V. Learning outcomes / Professional competencies
Upon successful completion of the discipline Biophysics and Bioinformatics at the bachelor’s level, the student will demonstrate knowledge of fundamental principles of biophysics and bioinformatics. The student will be able to explain physical processes in biological systems at the molecular level, apply introductory bioinformatics tools for biological data analysis, interpret results using quantitative and modeling approaches, and clearly present scientific findings in written and oral academic formats.
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	VI. Teaching technologies and methods
· Lectures
· Interactive case studies
· Laboratory sessions
· Group work
· Presentations
· Individual projects
· Team projects and their defense
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	VII. STUDY AND EXAMINATION REQUIREMENTS
Credits are awarded upon successful completion of all prescribed course assessments. Student performance in the discipline Biophysics and Bioinformatics is evaluated through interim assessment (IA) and final assessment (FA) in accordance with the approved academic schedule.
Assessment Criteria
Excellent (5): The student demonstrates a comprehensive understanding of biophysical and bioinformatic principles, independently applies acquired knowledge in practical and analytical contexts, critically analyzes biological systems at the molecular and cellular levels, and formulates well-reasoned scientific conclusions.
Good (4): The student shows a solid understanding of the course material, correctly applies biophysical and bioinformatic concepts in practice, and clearly explains key theoretical and methodological principles.
Satisfactory (3): The student demonstrates a basic understanding of the discipline and is able to apply fundamental concepts and methods with limited analytical depth.
Unsatisfactory (2): The student has not mastered the course content and is unable to demonstrate an adequate understanding of biophysical and bioinformatic concepts.
Interim Assessment: Conducted once per semester in written form.
Students are regularly evaluated during 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 test form at the end of the semester according to the approved schedule.
When developing test versions for the final assessment, strict compliance with the requirements specified in the approved sample is mandatory. In each test version, 40% of the questions are based on classroom activities, while the remaining 60% are based on independent study materials.
Test versions are completed in a computer-based format, whereby each student is provided with an individual test version generated by combining questions from a common test bank. For students with disabilities who are unable to complete assessments in the specified format, an appropriate alternative assessment format is determined with the approval of the Dean of the Faculty.
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