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Course: Modeling of Interactions of Biological Molecules
Lecturer: Assoc. Prof. Dr. Leandar Litov
	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	30

	
	Seminars
	

	
	Practical exercises (school internships)
	30

	Total in-class work
	60

	Out-of-class work
	Individual training for practical exercises
	45

	
	Courses project
	30

	
	Presenations
	15

	Total out-of-class work
	90

	TOTAL ACADEMIC WORK
	150

	ECTS credits in-class work
	2,0

	ECTS credits out-of-class work
	3,0

	TOTAL ECTS CREDITS
	5,0

	№
	Grade components

	% of the grade

	1. 
	Practical exam (examination in practical skills)
	20

	
	Final exam
	80

	Outline of the course:

	This course is an introduction to the modern methods of in-silico modeling of the interaction of biological molecules and computer aided drug design.
The course aims at introducing students to the methods of molecular dynamics and quantum mechanical description of the interaction between active sites of biological molecules.
The labs include working with software for visualization of 3D structures of proteins and results of molecular dynamics simulations, working with PDB (Protein Data Bank) for protein structures, knowledge of software packages to simulate the interatomic and intermolecular interactions.


	Preliminary requirements:

	Students have passed a basic course in general physics (mechanics, molecular physics, thermodynamics and nuclear physics). Have basic knowledge of mathematics (integral and differential calculus).


	Key competences acquired:

	After completing the course students should be able to work with:
· databases for proteins and other chemicals to extract the necessary information from them.
· software for visualization of 3D structures of proteins and molecular dynamics simulations.
· software packages for simulating interatomic and intermolecular interactions.


Lessons plan 
	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Introduction:
· Proteins. Primary, secondary, tertiary and quaternary structure of proteins. Database for known structures of proteins.
· Drug design.
· Computer methods for the design of drugs and their meaning.
· Modeling the interaction of biomolecules
	4

	2
	· Fundamentals of molecular dynamics:
· The main idea of molecular dynamics.
· Molecular mechanics force field.
· Energy minimization.
· Applicability of molecular dynamics.
· Simulation box. Periodic boundary conditions.
· Thermodynamic ensembles. Free energy.
· Controlling the temperature and pressure in the simulation box.
· Molecular dynamic simulations.
	12

	3
	Protein Folding:
· Protein structure.
· Predicting the protein structure.
· Algorithms for protein aligment.
	4

	4.
	Quantum mechanics methods
· Born-Oppenheimer approximation.
· Hartree approximation. Hartree-Fock equation. Rutan-Hall equation.
· Hohenberg and Cohn theorem. Density functional theory.
· Potential energy surface.
· Car-Parinelo molecular dynamics.
	6

	5.
	QM/MM hybrid methods
	2

	6.
	Protein-drug candidates interactions
	2

	
	Seminars/Practical exercises
	

	1
	Software packages for visualization and modeling of 3D structures of protein and how-to: VMD, PyMol, etc. Using the Protein Data Bank.
	6

	2
	Introduction to GROMACS and work with the software package:
· Input data.
· Setup of a molecular dynamic simulation.
· Running a  molecular dynamic simulation.
· Trajectory analysis.
	14

	3
	Introduction to NAMD software package.
	6

	4.
	Introduction to CPMD software package.
	2

	5.
	Hybrid QM/MM simulations with GROMACS and CPMD
	2


	Topics Covered on the Final Exam
№
	Topic

	1
	Biological macromolecules - properties and modeling.

	2
	Basic concepts in molecular dynamics.

	3
	Thermodynamic ensembles and statistical physics.

	4.
	Hybrid QM / MM methods.
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�	 Depending on the course specificity and on the requirements of the teacher, other types of activity can be added or the unnecessary ones can be removed. 






