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Program: Biology 
 
Section 1. Cell Biology  
Abiogenesis. Characteristics of living organisms. Thermodynamics of living systems. Non-
equilibrium of living systems. Matter-closed ecosystems as self-sufficient living objects. Biotic 
cycle as a way of life existence. Flows of matter and energy in the biotic cycle. Structure of 
eukaryotic and prokaryotic cells. Cell division. Cell cycle, its characteristics in pro-and 
eukaryotes. Mitosis, its phases. Characteristics of mitosis in animal and plant cells. Diversity of 
cells, their differentiation and interaction in a multicellular organism. Elemental composition of 
cells. Role of macro- and microelements in the chemistry of living  things. Polymers as the main 
form of the living matter organization in cells at a chemical level. Types of chemical bonds in 
living systems. Protein structure and functions in the cell. Enzymatic catalysis, its stages and 
kinetics. Michaelis- Menten equation. Inhibition of enzymatic reactions. Irreversible and 
reversible inhibition. Description of the reversible inhibition mechanism using Michaelis-
Menten theory. Allosteric regulation of enzymes. Classification of enzymes.  Lipids: common 
features of the structure. Phospholipids. Structure and properties of biological membranes. 
Carbohydrates: general properties and structural formulae. Nucleic acids. DNA replication. 
Replication fork. Replication enzymes and their functions. Protein synthesis as realization of 
genetic information. Genetic code and its characteristics. Transcription, the role of the 
promoter. Processing of the messenger RNA. Structural features of structure genes in 
eukaryotes, introns and exons, splicing, ribozymes. Translation and its stages. Transfer RNA, its 
role and structure. Energetics of protein synthesis. Post-translational modification of proteins. 
DNA repair.  Recombination. Genetic and genomic mutations. Genomics. Gene and genome 
mapping. Chromosome structure in eukaryotes. Mendel’s laws. Heredity and variability. Types 
of variability.  Main provisions of Ch. Darwin’s theory of evolution, its differences from 
Lamarck’s theory. Forms of selection, types of speciation, main evolutionary pathways. Main 
principles of bioenergetics. Types of work in living systems. ATP and its structure.  Conjugation 
principle. Role of NADH in biological oxidation. Main types of redox reactions in the cell. 
Catabolic funnel, its scheme. Cellular respiration, the main characteristics. Chemiosmotic 
conjugation of electron transport and ATP synthesis on the membrane. Mitochondria, their role 
and structure. Transport processes in the cell. Passive and active transport of small molecules 
across membranes.   Transport of non-electrolytes. Transport of ions. Carriers. Functioning of 
the sodium-potassium pump in biomembranes. Role of sodium and potassium gradients. 
Vesicular transport in the cell. 
 
Section 2. Botany & Plant Physiology 
Basics of cytology: protoplast and its derivatives, cell biochemical composition, tissue 
classification by function. Plastid system of plant cells. Plant mitochondria. Membrane systems 
of plant cells. Ontogenesis of plant cells. Anatomy of the vegetative organs of shoots.  Plant 
morphology. Vegetative organs of higher plants: features of the root structure and types of 
root systems, formation of shoots, types of buds, structure of stems and leaves, leaf 
arrangement, characteristics of reproductive organs and reproduction of plants, embryology of 
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flowering plants, morphological diversity of flowers, flowering and pollination, types of fruits, 
principles of their classification. Features of the composition and metabolism of carbohydrates 
of plants. Saturated and unsaturated fatty acids in plants: classification, synthesis, catabolism 
and function. Structural features of unsaturated fatty acids of plants. Biological membranes, 
specificity of various plant cell membranes. Plant secondary metabolites: alkaloids, isoprenoids, 
phenolic compounds. Biosynthetic pathways of the main classes of secondary metabolites. 
Uniqueness of the energy processes in plants: photosynthesis and respiration. Chemistry of 
carbon assimilation in photosynthesis. Assimilation of carbon dioxide in the leaf. Electron 
transport chain (ETC) features of plant respiration. Functions of respiration in plants. Water 
transport throughout the plant. Ecology of water exchange in plants. Essential elements of 
mineral nutrition for plants. Features of nitrogen metabolism in plants. Sulfur intake in the 
plant. Features of phosphorus intake and transport of its compounds in the plant. Content and 
distribution of potassium in the cell, tissues and organs of the plant. Accumulation, forms of 
compounds, characteristics of calcium ion intake and movement in the plant. Content and 
compounds of magnesium in plant tissues. Microelements and metabolic disorders in the plant 
due to a lack of microlements. Definition of the concepts "growth" and "development" of 
plants. General patterns of growth. S-shaped growth curve, its phases. Life cycle of higher 
plants. Hormonal regulation of plant growth and development. Photoregulation in plants. 
Photoperiodism. Phytoimmunity. The role of secondary metabolites in the vertical and 
horizontal resistance of plants. Plant ecology: ecological groups of plants, life forms, ecological 
groups of plants in relation to moisture, light, temperature, soil, periodization of plant 
ontogenesis, plant phenology. Plant systematics: features of the structure and life cycle of 
algae, fungi and lichens, their classifications, bryophytes and vascular spore plants, structural 
features and life cycle of seed plants, modern classifications. Plant geography: ranges, their 
species, flora elements, fundamentals of phytocenology (geobotany), floristic geography of the 
world. 
 
Section 3. Zoology & Physiology  
Principles of modern animal systematics. Main taxonomic ranks in zoology. Species as the basic 
elementary unit of taxonomy. Biological and typological concept of the species. Ecological 
systems of animals and systems of life forms. Geographical distribution of animals. Concept of 
the range. Zoogeography. Theory of the centers of origin of animals. Main trophic groups of 
animals. Types of biocenotic relationships between animals and between animals and other 
organisms. Main types of organization of animals. Unicellular and multicellular organisms. 
Multicellular lower and higher organisms: diploblastic, triploblastic (parenchymal, 
pseudocoelomates, coelomates). Archaeostomatous and deuterostomatous organisms. Types 
of symmetry in animals. Formation of ontogenesis stages of multicellular organisms. 
Complication and simplification of ontogenesis in different groups. Direct development and 
development with metamorphosis. Skin types. Nervous system and sense organs. Sense organs 
of animals. Humoral and nervous regulation. Nature of neuroexcitation. Nerve cell and the 
functional significance of its parts. Theory of the reflex. Nature of the unconditioned reflex. 
Musculoskeletal system. External and internal skeleton. Evolution of locomotion methods and 
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locomotor apparatus in animals. Muscle fiber structure. Muscle fiber excitation. Digestive 
system. Nutrition and regulatory systems of the body. Biologically active substances of the 
gastrointestinal tract. Digestion in the mouth. Digestion in the stomach. Secretory function of 
the pancreas. Bile formation and secretion. Digestion in the duodenum. Digestion in the small 
and large intestines. Respiratory system. Biomechanics of respiration. Work of the respiratory 
muscles. Gas exchange between the lungs and the blood, the blood and the tissues. Role of the 
vagus nerve in respiration. Self-regulation of inhalation and exhalation. Excretory system. Self-
regulation of body temperature. Kidneys, their structure and excretory function. Excretory 
function of the skin and the sweat glands. Perspiration. Excretory function of the liver, the lungs 
and the gastrointestinal tract. Mechanism of urination. Hormonal regulation. Hormone 
synthesis sources. Glands. Diffuse endocrine system. Body cavity and its functions. Circulatory 
system. Structure and physiological functions of red blood cells. Physiological properties and 
functions of certain types of white blood cells. White blood cell count. Blood function. 
Composition and significance of lymph. Lymph formation. Importance of blood circulation for 
the body. Structure and differentiation of blood vessels. Structure of the heart and its role in 
the blood circulation. Nervous and humoral regulation of the heart activity. The reproductive 
system. Reproduction and life cycles. Evolution of eukaryotes from prokaryotes. Lower 
multicellular organisms (Placozoa, sponges). Pseudocoelomates and roundworms. Ringed 
worms. Arthropods. Mollusca. Echinoderms. Chaetognatha. General characteristics of the 
Vertebrata or Craniata subtypes. Features of organization and development. Cyclostomata. 
Osteichthyes. Origin of terrestrial vertebrates. Amphibians. Reptiles. Birds. Mammals. 
 
Section 4. Microbiology & Virology  
History of the development of microbiology. Structure and branches of modern microbiology. 
Morphological types of bacteria (shape, size). Bacterial cell structure: capsules, flagella, pili, cell 
wall, cytoplasmic membrane, cytoplasm, inclusions, nucleoid and plasmids. Spores and spore 
formation: the process of spore formation (stages), properties of spores, spore germination. 
Other resting forms of prokaryotes. General information about the taxonomy of 
microorganisms. Concepts of species, clone, strain, isolate. Modern kingdoms. Domain 
Prokaryotes. Differences between Achaea and Eubacteria. Morphology of virions. Properties of 
virions. Virus: structure and symmetry. Taxonomy of viruses. Brief information about gene 
expression in viruses. Interaction of the virus with the host cell. Characteristics of individual 
groups of viruses. Hereditary factors of microorganisms. Concept of polynucleotide, nucleotide, 
bacterial chromosome, structural gene, regulatory gene, plasmid, locus. Transposons. 
Mechanisms causing changes in genetic information. Mutations (gene, chromosomal, 
dissociation, spontaneous). Recombinations: recipient, donor, parasexual process. 
Transformation. Conjugation. Bacterial transduction. Osmophilic, halophilic microorganisms. 
Classification of microorganisms by temperature. Classification of microorganisms by the 
culture medium acidity. Classification of microorganisms by molecular oxygen. Types of 
nutrition and uptake of different substances by the cell. Transport of nutrients: active, passive. 
Microbial metabolism types. Energy production. Fermentation. Respiration: aerobic, Krebs 
cycle. Oxidative phosphorylation. Photosynthesis. Biosynthesis of the microbial cell substances. 
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Metabolism regulation. Bacteria cell cycles. Bacterial growth curve. Growth Rate and 
generation time. Classification of fermentation processes. Main parameters of batch 
fermentation. Kinetic characteristics of microorganisms fermentation. Macrostoichiometric 
characteristics of fermentation. Nitrogen fixation by free-living microorganisms. Associative and 
symbiotic nitrogen fixation. Biochemistry of nitrogen fixation. Biological cycle of sulfur 
compounds: oxidation of sulfur compounds, reduction of inorganic sulfur compounds. 
Transformation of organic phosphorus compounds. Transformation of inorganic phosphorus 
compounds. 
 
Section 5. Biotechnology  
Basics of modern biotechnology. Key applications of modern biotechnology. Fermentation 
processes: basic characteristics. Classification of fermentation processes. Cell and enzyme 
immobilization. Main parameters of batch fermentation. Kinetic characteristics of 
microorganism fermentation. Macrostoichiometric characteristics of fermentation. Microbial 
metabolism. Relationship between biosynthetic and energy processes. Concept of "biological 
oxidation." Features of electron transport systems of microorganisms. Anaerobic oxidation 
processes. Anaerobic respiration. Fermentation. Aerobic respiration. Synthesis of lipids, 
polysaccharides and other cell components. Biologically active substances of microorganisms: 
enzymes, antibiotics, vitamins, toxins. Primary and secondary metabolites. Practical use. 
Selection, genetic basis of selection. Concepts of genotype and phenotype. Heredity, variability, 
selection of microorganisms. Concepts of population genetics and population variability. 
Selection of microorganisms. Forms of relationships between microorganisms. Molecular basis 
of heredity. Nature of the genetic material. Genetic code and its properties. Mutation process. 
Spontaneous and induced mutagenesis. Mutagen classification. Extrachromosomal genetic 
elements. Plasmids, their structure and classification. F sex factor. Formation of Hfr and F 
donors. Bacteriophages, their structure and life cycle. Virulent and temperate bacteriophages. 
Formation of  Hfr and F donors. Bacteriophages, their structure and life cycle. Virulent and mild 
bacteriophages. Migratory genetic elements: transposons and IS-sequences, their role in 
genetic exchange. Positive and negative control of gene expression. Control at the level of 
transcription termination. Basics of genetic engineering. Restriction and modification enzymes. 
Isolation and cloning of genes. Molecular cloning vectors. Principles of recombinant DNA 
construction and their introduction into recipient cells. Enzymatic catalysis, its stages and 
kinetics. Stationary kinetics of enzymatic reactions, Michaelis-Menten equation. Inhibition of 
enzymatic reactions. Irreversible and reversible inhibition. Description of the reversible 
inhibition mechanism using Michaelis-Menten theory. Effect of inhibitors and activators on the 
rate of enzymatic reactions. Temperature and pH-dependence of enzyme activity, inactivation 
of enzymes. Kinetic characteristics of microbiological processes. Macrostoichiometric 
characteristics of microbiological processes. Exponential growth. Mathematical model of 
fermentation process kinetics: periodic culture, turbidostatic culture and chemostat culture. 
Kinetics of the death of microorganisms. Kinetic description of product biosynthesis by 
microorganisms. Main biological objects of biotechnology: plants, animals and humans, 
microorganisms, cells and tissues, biocatalysts, including reconstructed producers of 
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biologically active substances (selection, recombinant DNA method, hybridoma technology). 
Raw materials for biosynthesis and evaluation of its biological value. Main sources of carbon, 
nitrogen, phosphorus, microelements. Characteristics of obtaining immobilized bioobjects and 
their application in biotechnology. Agricultural biotechnology. Designing genetically modified 
(transgenic) plants. Quality, safety and certification of genetically modified raw materials and 
food products on their basis. Use of genetic engineering in animal breeding. Biotechnology in 
animal feeding. Production of microbial preparations for crop production. Biotechnology for 
food and light industry. Medical biotechnology. Technologies for transformation of organic 
compounds by enzymes of microbial cells. Biotechnologies for providing energy for the power 
generation sector. Biotechnology for oil and mining and mineral processing industry. 
Biotechnological methods in environmental protection. 
 
Section 6. Ecology 
Ecology as a science. Subject matter, content and objectives of ecology. Biosphere as a specific 
shell of the Earth. Boundaries of the biosphere in the lithosphere. Functional communications 
in the biosphere. Environment-forming role of living organisms, the diversity of life forms on 
planet Earth, the diversity of forms of matter and energy transformation. Levels of living matter 
organization: organism, population, community, zonal ecological systems (biomes), biosphere. 
Biogenic circulation of matter and energy. Environmental factors of organisms (environmental 
factors): abiotic, biotic, anthropogenic. Temperature, water, light and mineral salts as 
environmental factors. Space role of green plants. Ozone screen. Greenhouse effect. 
Adaptations at the level of organisms. Population ecology. Concept of a population. Spatial 
structure of populations. Demographic structure of populations. Population dynamics and 
population cycles. Ecology of communities. Main types of interpopulation relationships in 
communities. Trophic and spatial structure of the community. Food (trophic) chain. Flow of 
matter and energy along the trophic chain. Main functional groups of organisms (trophic levels) 
in ecosystems: producers, consumers, decomposers. Ecological succession. Zonal ecological 
systems. Factors determining natural zonality and altitudinal zonality of ecosystems. Human 
impact on the biosphere. Population explosion, start time and root causes. Human activity as 
an environmental factor. Human pollution of air, water and soil. Main sources of pollution. 
History of environmental management from early farming to the present day.  
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