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5. AHHOTHpOBaHHOC OonmucaHue CoaAcpKanusd pasacjaoB U TEM TUCHUIIJIHHBI

Historical developments of Microbiology and its connections with other biology disciplines

Scope of Microbiology
Definition of Microbiology and its foundational concepts. The leading role of Microbiology in solving the main
problems of biology: the origin of life; the nature of biological processes such as fermentation, decay,
decomposition; the causes of infectious diseases. Spontaneous generation versus biotic generation of life.
Contributions of Microbiology to medicine, environmental science, agriculture and food production,
pharmaceutical industry and biotechnology.

Contributions of great microbiologists
Overview of history of Microbiology. The discovery of microorganisms by Antony van Leeuwenhoek
(1632-1723) and further progress in microscopic techniques — the descriptive period of Microbiology. The role
of Louis Pasteur (1822-1895) in developing medical, technical and agricultural Microbiology. The "Golden age"
of Microbiology — contributions of R. Koch (1843-1910), M.W. Beijerinck (1851-1931), I.I. Mechnikov
(1845-1916). The method of pure cultures of Robert Koch and Koch’s postulates. Introduction of elective
cultures and discovery of autotrophy by Sergey Vinogradsky (1856-1953). Discovery of viruses by Dmitry
Ivanovsky (1864-1920) and Martinus Beijerinck (1851-1931). The work of Russian microbiologysts: L.S.
Zankovskey (1822-1887), I.I. Mechnikov, D.I. Ivanovsky (1864-1920), V.L. Omelyanskiy (1867-1928), V.S.
Butkevich (1872-1942), F. Gamaleya (1859-1949), G.A. Nadson (1897-1939), B.L. Isachenko (1871-1948),
V.N. Shaposhnikov (1884-1968), N.D. Jerusalemskey (1901-1967), N.A. Krasil'nikov (1896-1973), etc.

Problems of prokaryote taxonomy. Characteristics of the main systematic groups

Diversity of prokaryotic and eukaryotic microorganisms
Microbial diversity under the Convention on Biological Diversity and Agenda 21. Roles of microbial culture
collections in the conservation and sustainable use of microbial resources. Diversity of prokaryotic
microorganisms: Bacteria and Archaea. Brief description of eukaryotic Algae & Fungi and protozoa.

Problems of prokaryote taxonomy. Classification, nomenclature and identification. Species concept
in microbiology
Classification, nomenclature and identification of microorganisms. Whittaker’s five kingdom classification of
living system. Problems of prokaryote taxonomy. International Code of Nomenclature of Bacteria. Species
concept in microbiology. Bergey’s Manual of Systematic Bacteriology. Phenotypic classification systems based
on morphological, cultural, physiological and biochemical properties. Numerical analysis: general principles,
possibilities and limitations in the classification and identification of bacteria.

Advances in polyphasic taxonomy and molecular phylogeny
Advances in polyphasic taxonomy and molecular phylogeny. Chemotaxonomy, including chemical composition
and diagnostic components of the bacterial cell wall: peptidoglycan structure and lipid composition (fatty acids,
phospholipids, menaquinones etc.). Genotypic characteristics: G+C composition of DNA, genome size,
DNA-DNA and DNA-rRNA homology. Homology of 16S rRNA gene sequences in the phylogeny of bacteria.
Analysis of complete bacterial genome sequences and genome signatures in bacterial classification and
identification.

Organization and structure of microorganisms. Morphological differentiation and levels of prokaryotic
cell organization.

Bacterial morphology
Bacterial cell morphology and classification: definition, shapes & arrangements. Three basic shapes: coccus, rod
or bacillus, and spiral. Coccus shape 5 arrangements: diplococcus, streptococcus, tetrad, sarcina and



staphylococcus. Bacillus shape three arrangements: single bacillus, streptobacillus and coccobacillus. Spiral
shape three arrangements: vibrio, spirillum and spirochete. Unusual forms: sheathed, stalked, filamentous,
square, star-shaped, spindle-shaped, lobed, trichome-forming and pleomorphic bacteria. Bacterial cell sizes and
ultrasmall bacteria.

Laboratory practice: Obtaining pure cultures of bacteria — Streak plate. Examination of the morphology of
bacterial colonies. Light microscopy: principles, parts & function, operation. Preparation of smears and simple
staining / Gram staining. Bacterial cell microscopic observation & morphometry.

Structure and function of prokaryotic cell and its components
The structure of typical prokaryotic cell: nuclear zone (nucleoid), in which a single chromosomal, circular,
double-stranded DNA molecule is located, plasmids, ribosomes, inclusions, plasma membrane, cell wall,
capsules, regularly structured S-layers. Cell wall of Gram-positive and Gram-negative bacteria. Differences in
prokaryotic and eukaryotic cell organization. Chemical components of a bacterial cell. Flagella, pilus, fimbriae.
Bacterial motility and gliding. Resting forms of prokaryotes. Spores and spore forming, endospores &
exospores; roles of sporulation.

Membrane structure and transport
Models of membrane structure. Membrane lipids, proteins and carbohydrates. Water and ion transport. Solute
transport by simple diffusion, facilitated diffusion and active transport.

Microbial growth and reproduction
Microbial nutrition and growth, estimation of microbial numbers. An overview of cell cycle. Components of
cell cycle control system, intracellular and extra-cellular control of cell division. The kinetics of microbial
growth: generation time and growth curve. Factors affecting microbial growth. Growth in multicellular
microorganisms, reproduction patterns. Direct measurement of microbial growth: serial dilution and pour and
spread plate, membrane filtration and microscopic count. Indirect methods: spectrophotometry (turbidity) and
dry weight.

Physical organization of bacterial genomes, mechanism of gene regulation
Structure and function of genetic material in bacteria. Elements and scales of genome organization. Interplay
between the nucleoid and genome organization and expression. Bacterial chromosome structure and
architectures. Gene regulation: operon theory. Operon’s regulatory region includes both the promoter and the
operator. Repressible and inducible operons. The trp operon: a repressible operon. The lac operon: an inducible
operon.

Cultivation and storage of microorganisms

Microbial culture methods, growth media
Isolation and cultivation of microorganisms. Enriched, selective and diagnostic media. Most common growth
media for microorganisms: nutrient broths and agar plates. Growth media: chemically defined and undefined
(complex). Types of media according to sources of energy, carbon, electron donors and acceptors. Batch and
periodic (continuous) cultures, chemostat (turbidostats and auxostats). Synchronous cultures as a method of
studying the life cycle of microorganisms. Cultivation of immobilized microbial cells. Aerobic vs. anaerobic
cultivation. Microorganism growth control. Methods for assessing the viability of cells and microbial
populations. Strategies for culture of 'unculturable' bacteria.

Laboratory practice: Determination of bacterial growth with hydrocarbons — Testing the ability of bacteria to
assimilate hydrocarbons in Petri dishes with mineral agar and hydrocarbons.



Preservation and storage. Role of culture collections in microbial diversity conservation
Preservation and maintenance methods for bacteria, fungi and yeasts. Sub-culturing, cryopreservation,
freeze-drying, spray drying. Cryoprotective additives (lyoprotectants) and the use of stressful bioprocessing
conditions. Novel emerging preservation technologies: microencapsulation and gel immobilization,
electrospinning and electrospraying. Methods for assessing the success of preservation methods. History and
types of microbial culture collections, services & databases. The role of biological resource centers (BRC) in
providing a basic infrastructure for microbial research and biotechnology. International Depositary Authority
(IDA) for the deposition of patent cultures. Biobanking genetic resources and DNA barcoding. Networks of
Culture Collections: WFCC and ECCO. Regional Specialised Collection of Alkanotrophic Microorganisms
(WDCM # 768) as an example of bioresource centre.

Metabolic diversity of microorganisms

Energy metabolism
Overview of cell metabolism: anabolism and catabolism. Energy generating principles and patterns. Adenosine
triphosphate (ATP), phosphorylation and dephosphorylation. Oxidation-reduction or redox reactions, NAD+
and NADP+. Enzymes and catalytic activity & enzyme—substrate interaction. Major classes of enzymes and
their specificity. Cofactors and coenzymes. Environmental factors affecting enzyme activity.

Oxygen and nutrient requirements, nutrition types
Oxygen requirements: aerobes, obligate and facultative anaerobes, microaerophiles. Primary nutritional groups:
classification of organisms based on their metabolism (energy source, electron donor, carbon source).
Autotrophs (photosynthetic and chemoautotrophic bacteria) and heterotrophs (saprophyte and parasite). Most
prokaryotes are chemoheterotrophs. Catabolic pathways in heterotrophs. Alternative energy generating patterns:
chemolithotrophic metabolism.

Main metabolic pathways (glycolysis, anaerobic respiration and fermentation)
Aerobic and anaerobic respiration. Embden—Meyerhof pathway, glycolysis. Entner—Doudoroff pathway. Pentose
phosphate pathway (hexose monophosphate shunt). Tricarboxylic acid (TCA) cycle (Krebs cycle) and role of
acetyl-Coenzyme A. Anaplerotic reactions: glyoxylate cycle (glyoxylate shunt or bypass). Fermentation
pathways: alcoholic fermentation & lactic acid fermentation and mixed acid fermentation. Metabolism of lipids
and proteins.

Respiratory chain and oxidative phosphorylation. Photosynthesis
Oxidative phosphorylation and the electron transport chain. Chemiosmotic theory of Peter Mitchell: an active
transport of protons across the membrane creates a gradient of charge and concentration (proton motive force),
mechanism of ATPase. Bacterial photosynthesis: oxygenic (cyanobacteria) and anoxygenic (purple and green
photosynthetic bacteria), main differences. Bacteriochlorophylls & accessory pigments (carotenoids and
phycobilins). Bacteriorhodopsin of halophilic members of the Archaea. Photosystem I and photosystem II,
non-cyclic and cyclic photophosphorylation. Calvin cycle: carbon enters the cycle as carbon dioxide and leaves
as glyceraldehyde-3-phosphate, from which hexoses are formed. Biosynthesis of carbohydrates, lipids and
amino acids. Regulation of metabolism & feedback inhibition.

Major and minor biogenic elements, growth factors
Macro or major mineral nutrients: O, H, C, N, P and S. Minor (micro) nutrients or trace elements and their
cellular functions. Growth factors (essential metabolites): amino acids, purines & pyrimidines, and vitamins.

Detection and identification of microorganisms



Ex situ methods
Ex situ methods of detection and identification of microorganisms: agar medium plating, pure culture obtaining,
establishment of microbial collections, microscopy (optical, electronic, confocal, AFM, etc.), functional
diagnostics (physiology and biochemistry), immunochemistry, respirometry, PCR with genus- & species-
specific primers, mathematical modeling, etc.

Laboratory practice: Identification of bacteria using the species-specific polymerase chain reaction (PCR) -
Testing PCR with given primers and identifying Rhodococus sp. strains based on PCR results.

In situ methods
In situ methods of detection and identification of microorganisms: denaturing gradient gel electrophoresis
(DGGE), real-time PCR, pyrosequencing, T-RFLP, FISH, Microarray, immunoblotting, microscopy, ecological
modeling, etc. Isolation & identification steps: enriched culture (using complete media, e.g. Nutrient Agar, or
hyrocarbon media, e.g. diesel agar), isolation of pure culture (single colony), macromorphology (culture
properties), micromorphology (cell properties), physiology/biochemistry, chemotaxonomy (cell wall structure)
and molecular (16S rRNA sequencing).

Genetics of bacterial diversity

Genetic variability of bacteria. Mutations
DNA replication in procaryotes and action of specialized enzymes: helicases, DNA topoisomerases, DNA
polymerase I and I1I, DNA primase, DNA ligase. Replication fork. Mechanism of DNA replication — rolling
circle model & Theta structure - bidirectional replication. Transcription in procaryotes: role of the promoter and
a terminator sequence. The molecular basis of mutations, spontaneous and induced mutagenesis, mutagenic
agents. Carcinogenicity testing: the Ames test with auxotrophic Salmonella.

Gene recombinations in bacteria (transformation, transduction, conjugation)
Molecular mechanisms and natural strategies of genetic variation in microorganisms. Horizontal genetic transfer
in microorganisms: transformation, transduction, conjugation. Discovery of bacterial transformation:
transformation experiment of Fred Griffith. Gene transfer in conjugation: F (fertility) conjugative plasmids.
Conjugation with an Hfr cell results in transfer of chromosomal genes. Bacteriophage-mediated transduction:
generalized & specialized. Transposable elements and insertion sequences (IS), a relatively short piece of
chromosomal or plasmid DNA which contains a gene for the enzyme transposase. Bacterial
restriction/modification systems limit horizontal gene transfer.

Microbial genomics and bioinformatics
Theoretical and practical issues in microbial genomics and metagenomics. Bacterial genomes: from DNA to
protein function using bioinformatics. Bioinformatics tools, DNA and protein sequences. Retrieving DNA and
protein sequences from public repositories (GenBank, SILVA etc). Methods used to assemble, annotate and
analyze microbial genomes. Comparative microbial genomics. Metabolic reconstruction from a complete
genome sequence. Phylogenomics and the reconstruction of the Tree of Life.

Basic concepts of Virology

General characteristics and classification of viruses
Definition of viruses, their general characteristics as obligate intracellular parasites. Fundamental difference
between RNA- and DNA-viruses. Classification and taxonomy of viruses according to the International
Committee on Taxonomy of Viruses (ICTV): families and genera based on viral genetics, chemistry,
morphology and mechanism of multiplication in host cells.



Physical and chemical structures of viral particles
Virions (viral particles) consist of a nucleic acid, DNA or RNA, but not both, surrounded by a protein capsid.
There may also be a phospholipid membrane surrounding the capsid. Naked (nonenveloped) and enveloped
viruses. General characteristics of viral life cycles: lytic and lysogenic. Differences between bacteriophages,
plant viruses and animal viruses. Cultivating viruses.

Viroids and prions
Viroids, virusoids and their unique characteristics. Viroids consist of small, naked ssRNAs that cause diseases
in plants. Virusoids are ssRNAs that require other helper viruses to establish an infection. Discovery of prions
by Stanley Prusiner. Transmissible spongiform encephalopathy (TSE) in human and animals.

Role of viruses in horizontal gene transfer. Bacteriophages
Viruses as mobile genetic elements: polymorphic host sequence insertions in viral genome populations. Viruses
as vectors of horizontal transfer of genetic material in eukaryotes. The horizontal transfer of genes by viruses
and other means is essential for evolutionary progress. Brief history of bacteriophage discovery and research.
Phage abundance and diversity. Isolation and characterization of Archaeal viruses.

Protective immunity, vaccines and antiviral treatment
Common pathogenic viruses and their clinical features. Airborne transmission: influenza. Transmission by
water or food: viral gastroenteritis. Latent and slow (persistent) viral infections, viruses and cancer. Virus
vaccines: attenuated (=‘weakened’), inactivated, subunit and DNA vaccines. Principles and methods of
production and control of vaccines. Viral variability and its consequences for protective immunity, vaccines and
antiviral treatment.

Microbial evolution and ecology

Microbial interactions (symbiosis, competition, parasitism)
Types of microbial interaction. Positive interaction: mutualism, proto-cooperation, commensalism. Negative
interaction: Ammensalism (antagonism), parasitism, predation, competition. Competitive exclusion principle
and resource partitioning.

Microbes in extreme environments
Microbial life in extreme environments: thermophiles, psychrophiles, acidophiles, alkaliphiles. Extreme
microbial habitats: hydrothermal vents, cold and hot hydrocarbon seeps, deep subsurface, Arctic and Antarctic.
Beneficial and harmful effects of microorganisms in the environment. Synthetic extreme environments as
sources of potential biotechnologically relevant microorganisms.

Pathogenic microorganisms
Medically important microorganisms including bacteria, fungi and viruses. Pathogenic bacteria categorized by
disease, source & transmission. Emerging and reemerging infectious diseases. Human microbiome and
host-parasite interactions. Microbial pathogenicity and virulence factors. Role of the immune system in
pathogenesis and protection. Microbiological stains for infection agents: bacteria — Gram stain (mycobacteria —
acid fast stains), fungi — KOH, lactophenol blue, India ink, silver stains in tissue, parasites — trichrome stain,
Wright’s stain, viruses — antibody conjugated dyes. Diagnostic immunology: complement fixation, agglutination
assay, neutralization/hemagglutination assay, enzyme immunoassays (EIAs, ELISAs), radioimmunoassays
(RIA), fluorescent antibody techniques. Molecular diagnostics: nucleic acid probes, signal amplification
methods (PCR, RT-PCR, nested PCR, multiplex PCR).

Microorganisms in biogeochemical cycling
Biogeochemical cycling entails three processes: production, consumption and decomposition. Microbial



contributions to the Earth atmosphere: microbes are responsible for cycling life essential elements (O, N, C, S,
and H). Microbial regulation of global biogeochemical cycles. The oxygen cycle: oxygenic photosynthesis
(microalgae and cyanobacteria) and aerobic respiration (most microorganisms). The carbon cycle: CO2 fixation
by photoautotrophs and chemoautotrophs; methanogenesis by Archaea methanogens; organic compound
biodegradation anaerobically (fermentation) or aerobically (respiration). The nitrogen cycle: nitrogen fixation
(growth aerobic, fixation anaerobic), ammonification (aerobic or anaerobic), nitrification (aerobic) and
denitrification (anaerobic). The sulfur cycle: sulfur oxidation (aerobic) by many chemolithotrophs, (anaerobic)
by purple & green photoautotrophs; assimilatory sulfate reduction; desulfurylation; H2S oxidation (aerobic) by
Thiobacillus, Beggiotoa (chemolithotrophs) and anaerobic by Chlorobium, Chromatium (anoxigenic
photoautotrophs); dissimilatory sulfate and sulfite reduction by Desulfovibrio and related organisms; elemental
sulfur reduction by Desulfuromonas, thermophilic archaea, cyanobacteria in hypersaline sediments. The
phosphorus cycle: conversion of P from organic to inorganic forms and P solubilization. The cycling of metals:
Fe2+, Zn2+, Cu2+, Cd2+, Mg2+.

Microbial biotechnology

Products from microorganisms (bioactive metabolites, enzymes, antibiotics)
Distribution of bioactive compounds derived from microbiological sources. Pharmaceutically active secondary
metabolites of marine actinobacteria. The historical approach to microbial product screening and possible
improvements: high-throughput and high-quality screening, genome mining and Naicons technology. Search for
new antibiotics and chemical modifications of natural antibiotic structures. Microorganisms as source of
antimicrobial proteins (bacteriocins as biopreservatives), cancer chemotherapeutic agents, enzyme inhibitors and
immunomodulators. Microbial enzymes and their applications in industries and medicine.

Bacterial degradation of xenobiotics and bioremediation
Application of microorganisms for the biodegradation of xenobiotics: pesticides, fuels, solvents, alkanes,
polycyclic hydrocarbons (PAHs), antibiotics, synthetic azo dyes, dioxins and polychlorinated biphenyls,
polyaromatic, chlorinated and nitroaromatic compounds. Biodegradation pathways: aerobic vs. anaerobic,
co-metabolic pathway. Parameters influencing bioavailability and the rate of biodegradation. Pathways of
hydrocarbon degradation (aliphatic, aromatic, polycyclic compounds), convergence of microbial catabolism.
Catabolic gene location and organization. Evolution of catabolic pathways and bacterial adaptation to
xenobiotic compounds. Bioremediation strategies: natural attenuation, biostimulation and bioaugmentation.

Antimicrobial resistance (AMR) and its prevention strategy
Antimicrobial resistance (AMR or AR): definition and examples. Multidrug resistant (MDR) or “superbugs”;
Methicillin-Resistant Staphylococcus aureus (MRSA). Modes of action and mechanisms of antibiotic resistance:
enzymatic modifications of drug (e.g. -lactamases, glycosylation, phosphorylation and ADP ribosylation) or
target (target overproduction or mimicry, enzymatic bypass), prevention of drug penetration (cell wall and outer
membrane) or accumulation (efflux pump). The WHO Global Strategy for Containment of Antimicrobial
Resistance and national action plans. UN General Assembly high-level meeting (2016) on antimicrobial
resistance; alliance to support UN resolution against antimicrobial resistance formed. Strategies for more
focused applications of antibiotics. Antimicrobial stewardship and associated key roles of microbiology
laboratories. Cutting-edge approaches for detection of resistance and antibiotic discovery, chemical
optimization, and usage that minimizes the development of resistance.

Laboratory practice: Antibiotic sensitivity disk diffusion test — Performing the Kirby-Bauer antibiotic disk
diffusion test and evaluating the effects of antibiotics on different bacterial cultures.

Concept of sterilization and sterility testing



Physical methods of controlling microbial growth: heating (moist and dry heat, boiling, autoclaving and
pasteurization), refrigeration & ultra-low freezing, high-pressure treatment and desiccation (lyophilization),
ionizing irradiation (X-rays, gamma rays, and high-energy electron beams) and nonionizing radiation (UV
light), and filtration (HEPA and membrane filters). Chemical agents employed in control and management of
microbial growth — disinfectants: variants and critical evaluation. Concept of sterilization and sterility testing:
critical factors, guidelines and necessary details. Sterility tests for pharmaceutical products: membrane filtration
and direct inoculation of culture media. Biological risks and biological safety cabinets (BSCs) classes I-1V.

Introduction to GLP, GMP and GPP
Introduction to the requirements and basic concepts of quality control for microbiological testing laboratories
operating under good laboratory practice (GLP) guidelines. The OECD Principles of Good Laboratory Practice
(GLP). Non-clinical laboratory studies — in vitro or in vivo experiments to determine the safety of products:
food and color additives, human and animal drugs, medical devices for human use, biological products and
electronic products. Basic elements of GLP: personnel and facility, documents, test and control articles. General
GLP requirements: objectionable microorganisms, waste disposal and housekeeping, sample and material flows.
Introduction to current good manufacturing practices (cGMPs): maintaining product quality, cleaning and
sanitation, proper documentation, essential packaging and production controls, personal hygiene requirements.
Introduction to good pharmacy practice (GPP): evolution of GPP in hospital setting, preparation of sterile
medication and hazardous drug handling. Joint FIP/WHO Guidelines on Good Pharmacy Practice: Standards for
Quality of Pharmacy Services.



6. MeToanueckue YKa3aHus /151 00yYaIOUIMXCH 10 OCBOCHHIO JUCIHUIIIHHBI

OcBoeHme JUCIUIUIMHBI TPeOYeT CUCTEMATHYECKOT0 U3YUEHHUs BCEX TEM B TOM IOCIIE0BATEIBHOCTH, B
KaKoW OHM yKa3aHbl B paboueil mporpamme.

OcCHOBHBIMU BUAAMH y4€OHOU pabOTHI ABJISIOTCS ay IUTOpPHBIE 3aHATUA. VX 1ensb - pacmmputh 6a3oBbie
3HaHUA 00yYaIOIIKXCs 10 OCBAMBAEMOM AUCLHUIIIIMHE U CUCTEMY TEOPETHUECKUX OPUEHTHPOB IS
HOCJIEAYIOIEro 6osee riry00Koro OCBOSHHUs IIPOrpaMMHOT0 MaTepualia B X0/1€ CaMOCTOSATEIbHOM PaboOTHI.
OOyuaronieMycst BAXKHO IOMHHUTb, YTO KOHTaKTHas1 paboTa ¢ mpernoaBaTeneM 3(h(HEeKTUBHO TOMOTAET eMy
OBJIa/IETh MMPOTPaMMHBIM MaTepUaioM Ojarogaps pacCTaHOBKE HEOOXOIUMBIX aKLIEHTOB U yAECPIKaHUIO
BHUMAaHMS MHTOHAIIMOHHBIMH MOJTYJISIIIUSIMH TOJIOCA, A TAKXKE MOAKIIIOUYCHUEM ayAHO-BH3YalbHOTO MEXaHU3Ma
BOCIIPUATHS HHPOPMALIUY.

CamocrodTenbHas paboTa MpecienryeT ClIeAyIoHe Heu:

— 3aKpEeIUIEHNE U COBEPIIEHCTBOBAHUE TEOPETUUECKUX 3HAHHUM, TIOTYYEHHBIX Ha JIGKLIMOHHBIX 3aHATHAX;

- (hopMupoBaHKE HaBBIKOB MOATOTOBKU TEKCTOBOW COCTABIIAOLIEH HHpOpMALUK y4eOHOTO U HAy4YHOTO
Ha3HAYEHUs JUIsl pa3sMELCHHs] B PA3JINYHBIX MH(POPMALMOHHBIX CUCTEMAX;

- COBEPIIIEHCTBOBAHUE HABBIKOB [TOMCKA HAYYHBIX MyOIMKaluil 1 00pa30BaTENIbHBIX PECYPCOB,
pa3MeleHHbIX B cetn HTepHeT;

- CAMOKOHTPOJIb OCBOEHUS IIPOrPaMMHOI0 MaTepHaa.

Ooyuatomiemycst HEOOXOAUMO MOMHUTB, YTO PE3YJIbTAaThl CAMOCTOSTENIFHON paOOThl KOHTPOIUPYIOTCS
MIPEeroIaBaTeNIeM BO BPEMSI IIPOBEICHHSI MEPOTIPUSATHIA TEKYIIETO KOHTPOJIS M YUUTHIBAIOTCS TIPH
IIPOMEKYTOYHON aTTECTaLUN.

Ooyuatonmmces ¢ OB3 1 nHBaNMMI0B MPEIOCTaBIAETCS BO3MOXKHOCTh BbIOOpa (popM nmpoBeeHust
MEPONPUATHIA TEKYIIIETO KOHTPOJIS, aTbTEPHATUBHBIX (OpMaM, MPEAyCMOTPEHHBIM pabodel MporpaMMoii
aucuuIuinHel. [IpegycmarpuBaeTcss BO3SMOXKHOCTD YBEJTMUEHUS B Ipejienax | akaJeMHUuecKoro yaca BpeMeHH,
OTBOJIMMOTO Ha BBIIIOJIHEHUE KOHTPOJIBHBIX MEPOIIPUATHI.

ITponetypa onieHMBaHUS Pe3yJIbTATOB 00YUEHHS MHBAJIUAOB U JIUI C OTPaHUYEHHBIMU BO3MOXKHOCTSAMU
3JI0POBbsI [0 JUCLUIUIMHE MPEeIyCMaTPUBAET MPeA0CTaBIeHUE HHPOpMaLH B (popMax, aTanTHPOBAHHBIX K
OIPaHUYEHUSM UX 310pPOBbS U BOCIIPUATHSA HHPOPMALIUY.

ITpu npoBeieHNH TEKYyIEro KOHTPOJI IPUMEHSIOTCS OLIEHOUHBIE CPEACTBA, 00eCIeUnBaroLIe nepeaavy
nH(popMalnu, OT 00yyaroLIerocs K IpernoaaBaTesio, C y4eToM ICUX0(PU3N0IOTHYECKUX 0COOEHHOCTEN
3I0POBBST O0YJAFOIITIXCS.

7. llepedyeHb y4eOHO-MeTOAMYECKOT0 00ecTiedeH s AJIsl CAMOCTOSAITEIbHOM PadoThI
o0y4aromuxcs o JUCIUIINHE

[Ipu camocTosTeNbHON paboTe 00yUaIOMIUMCS CIETYET UCIOIB30BaTh!

— KOHCIIEKTHI JIEKITHIL,

— JINTEPATypy U3 MEePEYHSI OCHOBHOU U JOTOJTHUTEIHHOM Y4eOHOH TUTEpaTyphl, HEOOXOIUMOMN ISt
OCBOCHMS TUCIUIUIUHBI (MOJTYJIST);

— TEKCT JIEKIUN Ha SJIEKTPOHHBIX HOCUTEISX;

— pecypchl HH()OPMAITMOHHO-TEIIEKOMMYHHUKAITMOHHOH ceTn "MHTepHeT", HEOOXOAMMBIE JIIST OCBOCHUS
JTUCIUTUIUHBL,

— JIMIIEH3UOHHOE U CBOOOIHO pacpOCTpaHIEMOE MPOrpaMMHOE 00eCTIeUeHNEe U3 TIEPEUHSs
MH(OPMALIMOHHBIX TEXHOJIOTHH, UCIIOJIb3YEMbIX IIPHU OCYIIECTBICEHUH 00pa30BaTeIbHOrO MpoIecca mno
JUCIUIUINHE;

— METOAMYECKHE yKa3aHUs i1 00y4arOIIUXCs 0 OCBOSHUIO AUCIUILTUHBIL.



8. [lepeyeHb OCHOBHOM M IONOJHUTEIbHON YUeOHOM JIUTEPATYPbI
OcHoBHas:

1. Eugene Rosenberg. "The Prokaryotes". / Eugene Rosenberg, Edward F. DeLong, Stephen Lory, Erko
Stackebrandt, Fabiano Thompson // Publisher Name:Springer, Berlin, Heidelberg. - 2013. - 607 p. ISBN 978-3-
642-30194-0. https://link.springer.com/referencework/10.1007/978-3-642-30194-0

JdomosHuTebHAA:

1. Eugene Rosenberg."The Prokaryotes. Human Microbiology" / Eugene Rosenberg, Edward F. DeLong,
Stephen Lory, Erko Stackebrandt, Fabiano Thompson // Publisher Name: Springer, Berlin, Heidelberg. - 2013. -
554 p. ISBN 978-3-642-30144-5. https://link.springer.com/referencework/10.1007/978-3-642-30144-5

2. Henrik Christensen. "Introduction to Bioinformatics in Microbiology" / Henrik Christensen // Springer,
Cham. - 2018. - 213 p. ISBN 978-3-319-99280-8. https://link.springer.com/book/10.1007/978-3-319-99280-8

3. Susanne Modrow. "Molecular Virology" / Susanne Modrow, Dietrich Falke, Uwe Truyen, Hermann
Sch&#228;tzl // Springer, Berlin, Heidelberg. 2013. - 1016 p. ISBN 978-3-642-20718-1
https://link.springer.com/referencework/10.1007/978-3-642-20718-1



9. Ilepeuenn pecypcoB cetu UHTEpHET, HEOOXOAUMBIX /IJII OCBOCHHUSA TUCIUILINHBI

[Ipu ocBOEHUYU JUCHUILIMHBI UCIIOJIB30BAHUE PECYPCOB ceTH VIHTEpHET HE MPEeyCMOTPEHO.

10. Ilepeuyenb MHGOPMANIMOHHBIX TEXHOJIOTHIA, HCTIOJIb3yeMbIX NP OCYIIECTBJIEHUH
00pa3oBaTeJIbHOI0 IpoLecca Mo JMCHUILJINHE

O6pazoBaTenbHBIN poriecc no auciuiinae Microbiology npeanonaraeT UCONb30BaHUE CIICTYIONIETO
MIPOrpaMMHOTO 0OecTieueHUst U UHPOPMAITMOHHBIX CIIPABOYHBIX CUCTEM:
Presentation materials (slides on the topics of lectures and practical classes);
on-line access to the Electronic library system (ELS);
access to the PSU electronic information and educational environment.

List of required licensed and / or freely distributed software:

1) office suite of applications (word processor, a program for the preparation of electronic presentations);
2) video demonstration program (player);

3) an application that allows to view and play the media content of pdf files;

4) programs for viewing and editing digital images;

5) programs for viewing and editing DjVu files.

The discipline does not imply the use of specialized software.

HpI/I OCBOCHHU MaTCpHraa U BbIITIOJTHCHHUA SaZ[aHI/If/'I Mo JUCHUIITIMHE PEKOMCHAYCTCA UCIIOJIB30BAHUC
MaTepHasoB, pa3MeleHHbIX B JInunbix kabuHetax oOyuatonuxcs ETUC IITHUY (student.psu.ru).

[Tpu opranu3anuu JUCTAaHIIMOHHON paObOTHI M MPOBEACHUH 3aHATUH B pEKUME OHJIAWH MOTYT
UCIIOJIb30BATHCSL:

cucTeMa BUJICOKOH(pepeHIICBsI3U Ha ocHoBe 1atdopmel BigBlueButton (https://bigbluebutton.org/).

cucrema LMS Moodle (http://e-learn.psu.ru/), koTopas nojaepKxuBaeT BO3MOKHOCTb HCIIOJIb30BaHUS
TEKCTOBBIX MaTE€PUAJIOB U MPE3CHTANNH, ayJHO- U BUJCOKOHTEHT, a TaK )K€ TECTHI, IPOBEepsieMbIe 3a1aHMUs,
3aJaHus Ul COBMECTHOM palboTHI.

cuctema tectupoBanus Indigo (https://indigotech.ru/).

11. Onucanue MaTepraJbHO-TEXHUYECKOH 0a3bl, HE00XOAUMOM /ISl OCYIIEeCTBJICHHS
00pa30BaTeJbHOIO MpoIecca Mo AUCHUIINHE

For conducting lectures, it is necessary to have a classroom equipped with specialized furniture, demonstration
equipment (projector, screen, computer / laptop) with appropriate software, chalk (s) or marker board.
For laboratory, practical training and current control, a classroom equipped with specialized furniture,
demonstration equipment (projector, screen, computer/laptop) with appropriate software, chalk (s) or marker
board is required.
For intermediate control activities, group and individual consultations, a training room equipped with
specialized furniture, chalk (s) or marker board is required.
For independent work, the facilities of the PSU Scientific Library are necessary that provide access to local and
global networks.

[Tomemenust nayunoi 6mbmuorexku [ITHUY mist oGecriedenust caMoCTOSITEIbHON PaboThl 00yYarOIIMXCS:

1. Hayuno-Oubnuorpagpuueckuii otaen, kopm.l, aya. 142. OGopynoBaH 3 nepcoHalbHbIMU KOMIIBIOTEPA C
JOCTYTIOM K JIOKaJIbHOM U T7100aIbHON KOMIIBIOTEPHBIM CETSIM.

2. YnTanpHBIN 3aJ1 TYMaHUTAPHOM JUTEpATyphl, KOpI. 2, ayad. 418. O6opynoBaH 7 nepcoHaTIbHBIMU
KOMITBIOTEPAMH C JOCTYTIOM K JIOKaJTbHOW U TTI00aThHONH KOMIBIOTEPHBIM CETSIM.



3. UnuTanbHBIN 331 €CTECTBEHHOH JIUTEpaTyphl, KOpIL.6, aya. 107a. O6opyaoBaH 5 nmepcoHaIbHBIMH
KOMITBIOTEPAMH C JOCTYTOM K JIOKaJbHOU U TT100aTbHONH KOMIBIOTEPHBIM CETSIM.

4. Otnen MHOCTPAHHOM HUTEpaTyphl, Kopm.2 aya. 207. O6opynoBan 1 mepcoHaIbHBIM KOMITBIOTEPOM C
JOCTYTIOM K JIOKaJIbHOM U T1100aIbHONW KOMIIBIOTEPHBIM CETSIM.

5. bubnuoTteka opunnyeckoro axynprera, kopn.9, aya. 4. O6opynoBana 11 nepcoHabHBIMU
KOMITBIOTEPAMH C IOCTYTIOM K JIOKaJIBbHOH H TTT00AIBHON KOMIIBIOTEPHBIM CETSIM.

6. YuTtanbHbll 3a1 reorpaduueckoro ¢gaxynibrera, kopn.8, aya. 419. Obopynosan 6 nepcoHaIbHbIMU
KOMITBIOTEPAMH C IOCTYTIOM K JIOKaJIbHOHM H T7T00AIBbHOM KOMIIBIOTEPHBIM CETSIM.

Bce xoMIbroTephl, yCTaHOBIICHHBIE B TOMEUICHUSAX HAyYHOU OMOINOTEKH, OCHAIIIEHBI CIICAYIOIINM
IIPOTPaMMHBIM 00€CTIeYeHUEM:

Omnepanuonnas cuctema ALT Linux;

Oducusiii maker Libreoffice.

CrmpaBouno-npaBoBas cucteMa «Koncynsrantlinrocy



@oH/IBI OIIEHOYHBIX CPEICTB JIsl ATTECTANMH MO JUCHHUIIJIHHE
Microbiology

I[lnannpyembie pe3yabTaThl 00y4eHHsl 0 TUCHUILIHHE IS GOPMUPOBAHUS KOMIIETEHIIUM.
NuaukaTopbl M KPpUTEPUU UX OLleHMBAHUS

ITK.6

I'oToB K NpoBeAeHNIO M PYKOBOACTBY HAYYHO-HCCJIEA0BATENbCKOI padoToii B 001acTH
(hapManuu, y4acTHIO BO BHE/IPEHUHM HOBBIX METOAUK B c(epe pa3paboTKu U NPOU3BOACTBA
JIEKAPCTBEHHBIX CPEJCTB

Komnerenuus Inanupyembie pe3yabTaThl KpuTepuu oneHUBaHUs pPe3yabTaTOB
(MHaUKaTOP) o0y4eHus o0y4eHus
K.6.1 To know the achievements of HeynoBierBopures
[TpoBoaut Microbiology in historical The student does not know the achievements of
SKCIIEPUMEHTAIILHbIE periods; have a basic knowledge | Microbiology in historical periods; does not

paboThI IO CUHTE3Y U
UCCIICIOBAaHHUIO CBOMCTB
BEIIECTB, MPOSBIISIONINX
(hapMaKOJIOTUUYECKYIO
aAKTUBHOCTb

of the organization of prokaryotic
and eukaryotic cells, microbial
diversity and microorganism
importance for medicine and
biotechnology.

have a basic knowledge of the organization of
prokaryotic and eukaryotic cells, microbial
diversity and microorganism importance for
medicine and biotechnology.
YnoBi1eTBOPUTEIbH

The student knows only some achievements of
Microbiology in historical periods; has a basic
knowledge of the organization of prokaryotic
and eukaryotic cells, but cannot explain the
differences between prokaryotic and eukaryotic
cells and microbial diversity importance for
medicine and biotechnology.

Xopomuo
The student knows the main achievements of
Microbiology in historical periods; has a general
but not structured knowledge of the organization
of prokaryotic and eukaryotic cells, can outline
the differences between prokaryotic and
eukaryotic cells with some gaps of knowledge
on the microbial diversity importance for
medicine and biotechnology.

OT1iu4HO
The student knows the achievements of
Microbiology in historical periods; has a
systematic knowledge of the organization of
prokaryotic and eukaryotic cells, can explain the
differences between prokaryotic and eukaryotic
cells, understands the microbial diversity
importance for medicine and biotechnology.

I1K.6.1
[IpoBoaut
AKCIIEPUMEHTAIbHBIE

To know the genetic structure and
reproduction mechanisms of
bacteria; have a basic knowledge

HeynosiaerBopurei
The student does not know the genetic structure
and reproduction mechanisms of bacteria; does




KoMnerennus
(MHAUKATOP)

IInanupyemble pe3y/bTaThl
o0y4eHust

Kpurepun oneHuBanus pe3yibTaToB
o0y4eHust

paboThI 1O CUHTE3Y U
UCCIICIOBAaHHUIO CBOMCTB
BEIIECTB, MPOSBISIONINX
(hapMaKoJIOTUUYECKYIO
AKTUBHOCTH

of the mutagenesis and horizontal
gene transfer, genomics and
bioinformatics, molecular
detection of pathogens.

HeynosierBopureJ
not understand the mechanisms of mutagenesis
and horizontal gene transfer, does not have a
basic knowledge on genomics and
bioinformatics, molecular detection of
pathogens.

YnoBj1eTBOPUTEIbH
The student has a basic knowledge of the
genetic structure and reproduction mechanisms
of bacteria, but cannot explain the mechanisms
of mutagenesis and horizontal gene transfer; has
only a partial understanding of genomics and
bioinformatics, molecular detection of
pathogens.

Xopouo
The student has a general but not structured
knowledge of the genetic structure and
reproduction mechanisms of bacteria,
understands the mechanisms of mutagenesis and
horizontal gene transfer with some gaps of
knowledge, can outline genomics and
bioinformatics, molecular detection of
pathogens.
OtanyHo

The student knows the genetic structure and
reproduction mechanisms of bacteria; has a
systematic knowledge of genomics and
bioinformatics, molecular detection of
pathogens, can explain the mechanisms of
mutagenesis and horizontal gene transfer.

I1K.6.1

[IpoBoauT
SKCIIEPUMEHTAaIbHbIE
paboOTHI IO CUHTE3Y H
HUCCJIEIOBAHUIO CBOVCTB
BEIIECTB, MPOSIBIISTIOIINX
(hapMaKOJIOTUYECKYIO
aAKTUBHOCTb

To know the basics of writing a
scientific report, to know the
requirements of bibliographic
culture, to be able to make a
report with taking into account the
requirements of bibliographic
culture.

HeynosiaerBopurei
The student does not know the basics of writing
a scientific report, does not understand the
requirements of bibliographic culture, is not able
to make a report taking into account the
requirements of bibliographic culture.

YoB/1€TBOPUTEIbH
The student does not know enough about the
basics of writing a scientific report, does not
fully understand the requirements of
bibliographic culture, is not able to
independently compose a report taking into
account the requirements of bibliographic
culture.

Xopouo




Komnerenuust IInanupyemble pe3y/bTaThl Kpurepun oneHuBanus pe3yibTaToB
(MHAUKATOP) o0y4eHust o0y4eHust
Xopomuo

The student knows the basics of writing a
scientific report with small gaps, understands
the basic requirements of bibliographic culture,
is able to independently compose a written
report if there are minor shortcomings in it.
OtiamnuyHo
The student perfectly knows the basics of
writing a scientific report, fully understands the
basic requirements of bibliographic culture, is
able to independently compose a written report
taking into account all the requirements of
bibliographic culture.




OueHoYHbBIE CPEACTBA TEKYIIEr0 KOHTPOJISI M IPOMEKYTOUYHOM aTTecTanun

Cxema nocTaBku ;. ba3zoBas

Bupx MeponpusiTusi NPOMeKYTOYHOM aTTeCTALMH © 3a4eT
Crnoco0 npoBeneHust MepoONPHUATHS IPOMEKYTOYHOM aTrTecTanuy : OlLEHKa 110 JUCHUIUIMHE B paMKax
IPOMEKYTOUHON aTTeCTallUU OIPEIENIIeTCsl Ha OCHOBE 0aJIoB, HAOpAHHBIX 00YUYaIOIIUMCS Ha KOHTPOJIbHBIX
MEpOTNPHUATHSAX, IPOBOJUMBIX B TEUEHUE YUEOHOT 0O MEPHOAA.
MaxkcumanbHoe Koan4yecTBo 6a0B : 100

KonBepranusi 60a/uU10B B 0TMETKH

«oTianyHo» - ot 81 1o 100
«xopowo» - ot 61 1o 80

«Y0BJIETBOPUTEJIBbHO» - 0T 50 10 60
«HEeYIO0BJIETBOPUTEIbHO» / «He3auTeHo» MeHee 50 Oaia

KoMmnerenuus
(uHaAMKATOP)

Meponpusitue
TeKYILero KOHTPoJIs

Kountposmpyemblie 3jieMeHTbI
pe3yJibTAaTOB 00y4eHHs

BxoaHoii KOHTPOJIb

Scope of Microbiology
BxoaHoe TectupoBanue

Solution of the proposed input test on
general Microbiology.

IIK.6.1

HpOBOI[I/IT OKCIICPUMCHTAJIBHBIC
paboThI 1O CUHTE3Y U
HCCIICIOBAHUIO CBOMCTB BEIIIECTB,
MPOSABJIAIOIIUX
(hapMaKoIOTHIECKYI0 aKTHBHOCTh

Microbial growth and
reproduction

ITncbMeHHOe KOHTPOJIbHOE
MeponpusiTue

Solution of the proposed input test.

K.6.1

[IpoBoaUT 3KCIEpUMEHTAIIbHbBIE
paboThI IO CUHTE3Y U
MCCJIETOBAaHHUIO CBOWCTB BEIIECTB,
MIPOSIBIISIOLIUX
(bapMaKoJIOTHYECKYI0 AKTUBHOCTh

Microbial genomics and
bioinformatics
3amumaeMoe KOHTPOJIbHOE
MeponpusiTue

Preparing a presentation on one of the
suggested topics on the "Microbial
metabolism and growth".

I1K.6.1

[TpoBoauT SKCIIEpUMEHTAIbHBIE
paboThI IO CUHTE3Y U
HCCIICIOBAHUIO CBOMCTB BEIIECTB,
IMPOABIAIOIIUX
(hapMaKoJIOTUYECKYIO0 aKTUBHOCTh

Introduction to GLP, GMP
and GPP

HUTorosoe KOHTPOJIbHOE
MeponpusiTue

Solution of the proposed test on the topic
"Genetics of bacterial diversity".

Cneunpukanusa MeponpusTHH TEKyIIero KOHTPOJIS

Scope of Microbiology

IIpo0mKUTENTBEHOCT IPOBENCHMS MEPOIIPUATHUS IIPOMEKYTOUHOM aTTecTanuu: 1 yaca
VYcnoBus npoBeeHUSI MEPONIPUATHUS: B YAChI CAMOCTOSITEIbHON PadoThl
MaxkcumanbHbIH 0aln, BEICTABIISIEMbIH 32 MEPOPUSATHE TPOMEKYTOUHOM aTTecTanuu: 0

[Tpoxoanoii 6amt: 0




Iloka3aTey OLEHUBAHUSA

Bajaasl

Correct answers to 80-100% questions.

30

Correct answers to 70-79% questions.

25

Correct answers to 60-69% questions.

15

Correct answers to 50-59% questions.

10

Microbial growth and reproduction

[TpoaomKUTET HOCTD MTPOBECHUS MEPOTIPUATHS IPOMEXKYTOUHOM aTrTecTanuu: 1 yaca
YcnoBus mpoBeaeHUS MEPOTIPUATHUS: B YAChl ayIMTOPHOI padoThI

MakcumanbHBIH 0ajll, BRICTABISEMBIN 32 MEPOTIPUATHE MPOMEKYTOUHOM arTecTanun: 30
[Tpoxoanoii 6amt: 15

IToxa3zaren oeHUBAHUA

Bajaabl

Correct answers to 80-100% questions

30

Correct answers to 70-79% questions

25

Correct answers to 60-69% questions

20

Correct answers to 50-59% questions

15

Microbial genomics and bioinformatics

[Ipo10mKUTENBHOCTS TPOBEACHUS MEPOIIPUATHUS TPOMEKYTOUHOM aTTecTanuu: 1 yaca
YcnoBus mpoBeaeHUS MEPOTIPUATHUS: B YAChl ayIMTOPHO padoThI

MakcumanbHbIi 0ajul, BRICTABISEMBIN 32 MEPOTIPUATHE MMPOMEKYTOUHOM arTectanun: 30
[Tpoxoanoii 6amt: 15

IToxa3zaren oeHUBAHUA

Bajaabl

Presentation on one of the proposed topics. The results indicate that the student consciously owns
knowledge on the topic and is able to use external sources of information. A complete and
informative presentation of the problem under study is given, the scientific material is presented
correctly in a logical sequence. The presentation and text meet all the quality requirements, the
answers to the questions are extended, the student is fluent in terminology and concepts.

30

Presentation on one of the proposed topics. The results indicate that the student consciously owns
knowledge on the topic. A substantial, but containing some gaps, presentation of the studied
problem is given, the scientific material is presented in general competently and consistently. The
presentation and text meet the basic quality requirements, the answers to the questions are
incomplete, the student knows the basic terms and concepts.

25

Presentation on one of the proposed topics. The results indicate that the student consciously owns
knowledge on the topic. A substantial, but containing some gaps, presentation of the studied
problem is given, the scientific material is presented in general competently and consistently. The
presentation and text meet the basic quality requirements, the answers to the questions are
incomplete, the student knows the basic terms and concepts.

15

Presentation on one of the proposed topics. The results indicate the assimilation of only some
elementary knowledge on the topic. There is no idea about the problem under study, the material
is not presented or is plagiarism. The presentation does not meet the generally accepted quality
requirements, the answers to the questions are unsatisfactory, the student does not know the

10




scientific terminology.

Introduction to GLP, GMP and GPP

IIpoOmKUTENBHOCT IPOBENCHMS MEPOIIPUATHUS IIPOMEKYTOUHOM aTTecTanuu: 1 yaca
VYcnoBus npoBeaEHUS MEPONIPUATHUS: B 4AChl ay/IMTOPHOM padoThI

MaxkcuMaibHbIi 0aJu1, BEICTABIIIEMBIH 3a MEPONIPUSATUE IPOMEKYTOUHON aTTecTauuu: 40
[Tpoxoxanoii 6amm: 20

IToxa3aTeiu onleHUBAHUS Baaasl
Correct answers to 80-100% questions. 40
Correct answers to 70-79% questions. 30
Correct answers to 60-690% questions. 20
Correct answers to 50-59% questions. 15




