
PROGRAM OF ENTRANCE EXAMS 

OF THE GROUP “CHEMICHAL SCIENCES” 

FOR THOSE WHO APPLY FOR THE PHD 

 

During the exam you will be asked questions on the final graduation thesis as well as questions 

corresponding to the subject of the future research. 

Questions on the final graduation thesis (master’s and specialist’s) 

1. General provisions. 

2. Novelty. 

3. Relevance of the research activity an applicant. 

 

Bioorganic chemistry. 

 

1. Chemistry as the basis of biology. Water as a medium for biochemical reactions. 

Electrolytic dissociation, buffer components, polyelectrolytes. 

2. Bioorganic chemistry as a science that studies the structure and mechanisms of functioning 

of biologically active molecules. History of the development of the chemistry of natural 

compounds and bioorganic chemistry. Practical use of natural compounds of biological 

origin by man and progress in the development of organic chemistry. The place of 

bioorganic chemistry among the natural sciences and its role in solving problems in various 

areas of the national economy. 

3. Amino acids. Peptides. Squirrels. Classification, structure, functions. Role in biological 

systems. Levels of spatial organization of proteins. Protein research methods. 

4. Chemical synthesis of peptides. Methods for the protection of functional groups. Creation 

of a peptide bond: methods of mixed anhydrides, activated esters, carbodiimide and 

carboxyanhydride condensation methods. The concept of block and stepwise synthesis of 

peptides. Racemization problem. Solid phase peptide synthesis. 

5. Chemical modification of proteins. Problems solved with the help of chemical 

modification. Basic reactions of functional groups of proteins. bifunctional reagents. 

Introduction of fluorescent, spin and photoaffinity labels. Post-translational modification 

of proteins. 

6. Spatial structure of proteins. Electronic structure and configuration of the peptide bond. 

Angles φ, ψ, ω. Ramachandran cards. Types of interactions that determine the spatial 

structure of polypeptides. Relation of the spatial structure of a protein to the sequence of 

amino acid residues. 

7. Secondary structure of peptides and proteins. α-helix, β-structure, β-bend, other types of 

regular structures of the polypeptide chain. Circular dichroism and optical rotation 

dispersion as methods for determining the secondary structure. Super secondary structure 

of proteins. The concept of domains. 

8. Tertiary structure of proteins. X-ray diffraction analysis as a method for studying the spatial 

structure of proteins. Nuclear magnetic resonance as a method for studying the 

conformation of peptides and proteins in solutions. Denaturation and renaturation. 



9. Quaternary structure of proteins. Examples of subunit structures. Methods for studying the 

quaternary structure. 

10. The biological role of proteins. Enzymes. Classification. Introduction to biocatalysis. 

Principles of enzymatic kinetics. Factors affecting the rate of enzymatic reactions. The 

concept of the active center. Enzyme-substrate complex. Protein hormones. The 

mechanism of action of peptide-protein hormones. Structure and properties of the 

adenylate cyclase system. insulin, growth hormones. 

11. Nucleotides. Nucleic acids. Nucleic acid research methods. 

12. Primary structure of polynucleotide chains. 3'--5' phosphodiester bond. Chemical disparity 

of 3'- and 5'-terminal groups. 

13. Double-stranded nucleic acids. Base pairs, polarity and complementarity of chains. 

Secondary structure of DNA. Various forms of double-stranded molecules, their 

conformational characteristics and mutual transitions. Denaturation and Renaturation of 

Double Helix Structures. 

14. Single-stranded nucleic acids. The idea of the secondary and tertiary structure of tRNA and 

macromolecular RNA. Chemical and enzymatic methods for studying the secondary 

structure of ribonucleic acids. 

15. Chemical synthesis of nucleic acids. Phosphodi- and triester methods in solution and on 

polymers. Methods based on the use of compounds of trivalent phosphorus 

(amidophosphite, H-phosphonate). Protective groups and condensing reagents. Methods 

for the removal of protective groups. Purification of the final product. Synthesis of 

polynucleotides using enzymes. 

16. Application of genetic engineering to study the structure of genes and genome regions. 

Cloning as an integral part of the determination of DNA sequences. 

17. Monosaccharides. Structure and stereochemistry. Cyclic forms. Stereochemistry of the 

anomeric center. Conformations of open and cyclic forms. Chemical properties of 

monosaccharides. 

18. Oligo- and polysaccharides. Synthesis and chemical properties of glycosides. Methods for 

determining the structure of oligosaccharides (NMR spectroscopy; mass spectrometry; 

chemical, enzymatic and combined approaches). General principles for establishing the 

structure of polysaccharides. Carbohydrate containing biopolymers. Glycoproteins: 

structure and main functions. Methods for establishing the structure, types of carbohydrate 

N- and O-chains, the concept of “glycosylation site”. 

19. Polysaccharides of animal, plant and bacterial cells; bacterial lipopolysaccharides. 

20. Biological membranes. Composition, structure, functions. 

21. Membrane transport, passive and active. Artificial membranes: monolayer, flat bilayer; 

liposomes (vesicles). 

22. Immunocompetent cells: origin, types, role in immunity. Antigens and antigenic 

determinants. 

23. Antigen-recognizing receptors of lymphocytes: structure specificity. 

24. Interferons. 

25. Alkaloids. A group of opium alkaloids. The concept of opiate receptors and their 

endogenous ligands. Tropane alkaloids: groups of cocaine and atropine. Painkillers and 

sleeping pills. Drugs and hallucinogens. Psychotropic drugs of the phenothiazine group. 

Tranquilizers of the benzodiazepine series and natural ligands of their receptors are β-



carboline alkaloids. Tubocurarine and synthetic muscle relaxants. Cinchona alkaloids and 

purine alkaloids. 

26. Antibiotics. Penicillins, cephalosporins and related antibiotics. The concept of the 

mechanism of biosynthesis of the bacterial cell wall and the mechanism of action of 

penicillins. Tetracyclines - structure and mechanism of antimicrobial action. Antibiotics as 

tools for studying protein biosynthesis: the main stages of this biosynthesis and related 

antibiotics. Understanding the biosynthesis of nucleic acids and the antibiotics that affect 

it. Nucleoside antibiotics and synthetic nucleoside derivatives are inhibitors of the herpes 

virus and HIV. Antibiotics - tools for studying ion transport across membranes (polyene 

macrolides, gramicidins, cyclodepsipeptides). 

27. Steroids. Biosynthesis and functional role. Structure and biological significance of the 

main representatives of steroid hormones. Features of the reception of steroid hormones. 

28. Toxins. Mycotoxins. Blue-green algae toxins. Amphibian and fish toxins. Use of toxins in 

bioorganic chemistry and neurophysiology 

29. Phytohormones and other plant regulators. Pesticides. insecticides and herbicides. 

Superecotoxicants of the dioxin series. 

30. The main methodological techniques used in the process of isolating biomolecules. Ways 

of destruction of tissues and cells, salting out, dialysis, ultrafiltration, lyophilization. 

Properties of biomolecules that determine the methods for their separation. sedimentation 

methods. Basic concepts of the theory of centrifugation. The choice of method and method 

of centrifugation to solve a specific experimental problem. Extraction as a method of 

isolation. Distribution coefficient. Extraction with organic solvents and detergents. 

31. Mass spectrometry. Ways of ionization of organic molecules. Application area of mass 

spectrometry. 

32. Spectral methods and corresponding areas of electromagnetic radiation. 
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