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HOACHUTEJ/IBHASA 3AIIMCKA

Henn u 3apaun y4e0HOH TUCUUILTHHBI

Henb yueOHOM AMCHUIUTMHBL — CPOPMUPOBATH Y CTYIEHTOB LIETIOCTHYEO CUCTEMY
TEOPETUYECCKHAX W MPAKTHUECKMX 3HAHWA O XMMUYECKUX CBOWCTBAX, MPEBPALICHUSIX B
KJIETKE ¥ (PU3UOJIOTUYECKUX (PYHKIUSAX CBOOOJHBIX PAIUKAIOB B KUBBIX CUCTEMAX.

3agavu y4eOHOH TUCUHMILUIHHBI.

B 3agaun QUCIMIUIMHBI BXOIWUT OCBOEHHE OCHOB XUMWYECKOIO CTPOEHUS,
HE(PEPMEHTATUBHOIO U (DEPMEHTATUBHOIO CHUHTE3A, a TAKKE MEXAHU3MOB OCHOBHBIX
OMOXMMUYECKHX M (PU3HOIIOTMYECKMX MPOLIECCOB, B KOTOPBIX YYACTBYKOT AKTMBHBIC
(GOopMBI KHCIIOPOJA, a30Ta W XJIOPA, a TaKke APYrHe (PU3NOJIOrMYECKU-3HAUMMBIC
okucimren, O- ©  C-LIEHTPUPOBAHHBIE  PAIMKAIBI M PEIOKC-AKTUBHBIC
(epmeHTaTuBHBIE cUCTeMbl. Kpome TOro, B pamMkax [JaHHOH JUCLMILUIMHE
paccMaTpuBacTCs XUMHMUYECKas MpUpoJa W (PyHKIMM AHTHOKCUAAHTOB. B 3amaum
JUCLUAIUIMHEL TAaK)KE BXOAUT W3JIOKEHUE [MIPUHIUIIOB COBPEMEHHBIX I10JIXO0B
WCCIIEOBAHUS, HCTIONIb3YEMBIX B PEIOKC-OMOJIOTHHA PACTEHUI W KMBOTHBIX. BaykHOIA
3aa4el TAKKE SBIIETCA PACCMOTPEHHME KOHKPETHBIX IPUMEPOB HCIIOIB30BAHUSA
3HAHWH MO CBOOOJAHOPAAMKAILEHONW M PEIOKC-OMONIOTHA B LENSIX B (PyHAAMEHTATBHBIX
UCCIIEAOBAHUI, MEULIMHE, CEIBCKOM XO3SHCTBE, SKOJIOTMH U OMOTEXHOJIOTHH.

MecTo y4eOHO I TUCIUIIHHBI B CHCTEME MOATOTOBKH CICIIMATCTA C BHICIITUM
oOpa3zoBaHUEM (MarucTpa)

Y4yeOHas IUCIUIUIMHA OTHOCUTCS K KOMIIOHEHTY YUYPEKICHHS BBICIIETO
oOpa3oBaHusl y4ueOHOTO TMJjiaHa AHTJIOA3BIYHONW MarucTparypbl M BXOAMT y4EOHBIH
MoayJab «OHKOMMMYHOJIOTHS M CBOOOJHO-pAJMKANIbHBIE TPOIECCHl B JKHUBBIX
CUCTEMAX).

CBs131 ¢ ApyrumMu y4eOHBIMU TMCHUTUIMHAMY, BKJIFOYAst y9€OHBIC TACHUATIIMHBL
KOMIIOHEHTA YUPEKIACHHSI BBICIIETO 0OPa30BaHUS U AP.

YueOHas mnporpaMMa COCTAaBI€HA C YYETOM MEKIPEAMETHBIX CBA3CH C
yueOHbIMU JucuuIinHaMu «Knerounas Ouonorusy, «CUTHaIbHAs TPAHCHIYKLUsS,
«[TpakTUKyM O KIETOYHOW U MOJIEKYJIIPHOH OMOIOTUIY.

TpeOoBaHus K KOMIIETCHIUAM

OcBoenne yueOHoit nucummmnsl «Free Radical Biology» coBmecTHO ¢ yueOHOM
IUCHUIIMHON «Oncoimmunology» A0kHO obecnieunTs GOPMUPOBAHUE CIIEAYFOLICH
CIeNHAJIN3HPOBAHHOI KOMIIETCHIIWN:

CK-5. Bnamete COBpEMEHHBIMH 3HAHWUSIMH B OOJACTH OHKOMMMYHOJIOTHH,
HECEM(PUUECKOH W cneuupUUecKod WMMYHOTEpanuu, OBITh  CIOCOOHBIM
QHAJIM3UPOBaTh W NPOTHO3MPOBATh  MATO(PU3UOJOTUUYECKUE  MOCIEICTBUS
OKHCITUTENIBHOTO CTPECCA Ha YPOBHE KJIETOK, TKAHEH M LIETTOr0 OPraHu3Ma.

B pesynbrare ocBoeHHs yUeOHON TUCHUILTUHBI CTYACHT TOJDKEH:

3HATD:

— XMMHMYECKUE CBOMCTBA M peakK 00pa30BaHKs U1 OCHOBHBIX IMPEBPALLECHHIA B



KJIETKE AKTHBHBIX ()OPM KHUCJIOPOAA, APYTMX PAJWKAIOB M AKTHBHBIX MOJIEKYJ W
AHTUOKCHU/IAHTOB,

— MEXaHU3Mbl 00pa30BaHUsl U OCHOBHBIC MYTH JETOKCHKALIMA OMOPAIUKAIIOB;

— (U3MONOTrMYECKOE 3HAUCHUE OMOPAJIMKAIIOB U aKTUBHBIX (POPM KUCIIOPOJAa,
naTo(QU3NOJOTHYECKHE TOCIEACTBUS WX W30BITOYHOrO OOpa30BaHMsI HA YPOBHE
KJIETOK TKaHEH M LENIOro Opraiu3Ma >KMBOTHOTO U PACTEHUS,

— METOAMKH UCCIIEI0BaHHs OMOPAIMKAJIOB B JKMBBIX CUCTEMAX W MOAXOMbI K
W3YYCHUIO MPOLECCOB CBOOOJHOPAAMKAIBHOIO OKHCIEHUS M CBA3aHHBIX C 3THM
(PU3NOTOTUYECKUX SBJICHUM.

ymems:

— CTaBUTh M pelarh (PyHAAMEHTAIBHBIC W MPUKIAJHBIE 3a7a4d B 00nacTh
CBOOOIHOPAIMKAIBEHONW OMOJIOTMH )KUBOTHBIX U PACTEHUI, CO31aBaTh U UCIIOJIb30BaTh
METOJMYECKUE MATEPHABl U MPEMOJABAHUS AUCLMIIINH, CBA3AHHBIX C PEHAOKC-
OHMOJIOrHel KUBOTHBIX W PACTEHUH, aHATU3WPOBATH W MCIOJB30BAaTh B HAYYHOM W
NEAArOTUYECKOM IMPOLECCE HAYYHYIO JIMTEPATypy W APYIyK HHPOPMALMIO MO
npoOiemMam CBOOOTHOPAIMKAIBHON OMOJTOTHH.

é1aoems:

— HaBbIKAMM W 3HAaHUSAMHU B OOJACTH CBOOOJHOPANMKAIBHOW M PEIOKC-
OMOJIOTMH PACTeHHsT W >KMBOTHBIX; METOJAMM HMACHTU(MKAUMKA AKTUBHBIX (HopM
KHACJIOPOJ1a, TCPMUHOJIOTUEN W MOHATUIHBIM anmnapaTtoM peAaoKC-OHOIOTHH.

CTpykrypa y4eOHOI AUCHMIVINHBI

JuciunvHa wu3yvaercss B 3 cemecTpe. Bcero Ha wusyueHue y4deOHOM
muciuuinabl «Free Radical Biology» oTBeneHo:

— JUIs. OYHOW (pOPMBI MOJTYUYEHMs BbICIIEro 0Opa3oBaHus — 198 dacos, B TOM
yncne 54 ayIMTOPHBIX Yaca, U3 HUX: JICKUUU — 20 4acoB, MPAKTUYECCKUE 3AHATUS —
8 4acoB, ynpaejseMas caMOCTosITe/IbHas padoTa — 26 4acoB (B TOM YMCJIE KOHTPOJIb
yOPaBJISIEMOM caMOCTOATENIbHON padoThl — 12 wacos (/1O), BHeay IMTOPHBIHA KOHTPOJIb
— 14 gacoB).

TpynoeMKocTs y4eOHOH AUCIUIUIMHBI COCTABIISIET 6 3aYETHBIX CAMHMUII,

dopma TEKyLICH aTTECTAllMH — 3K3aMEH.



COAEPKAHUE YYEBHOI'O MATEPHAJIA
Theme 1. INTRODUCTION TO FREE RADICAL AND REDOX BIOLOGY

Activation of triplet oxygen, general chemistry of reactive oxygen species (ROS)
and free radicals. Oxygen and its forms in living nature. Evolutionary aspects of ROS
and free radicals. Definition of ROS, free radicals and active forms of nitrogen (RNS).
Non-radical and radical ROS. Concepts of oxidant, reductant, oxidative and reducing,
oxidative-reducing (redox) and standard oxidative redox potentials. The most important
formulations of IUPAC related to redox processes, ROS and related chemical
interactions. The most important ROS in living systems, the concept of oxidative stress,
antioxidants and ROS-dependent regulation. The major ROSs found in biological
systems. Chemical and physical properties of ROS, which have biological activity.
Hierarchy of importance of individual ROSs from a physiological point of view.
Relationship (crosscut) between individual ROSs. A diagram of the ways of formation
of ROS in various cellular combinations and tissues. The definition of oxidative stress,
its nature and consequences. The concept and classification of antioxidants. General
ideas about the regulatory role of the ROS. ROS generation as a side mechanism and
synthesis of ROS for regulatory purposes de novo.

Theme 2. THE BIOCHEMISTRY OF MAJOR REACTIVE OXYGEN SPECIES
AND FREE RADICALS

Superoxide anion radical: the physical and chemical properties and registration
technique 1n different experiment systems. Superoxide formation - the central reaction
of free-radical and ROS-dependent transformations in living systems, and one of the
most important physiological and pathophysiological processes of the cell. The chemical
characteristics of superoxide, properties and reactions, in which it can enter. Role as a
precursor to other ROS and RNS, and as reductant of transient metals. pH-dependent
formation of hydroperoxyl radicals, their dismutation with the formation of hydrogen
peroxide. Interaction of superoxide with nitrogen monoxide. The methods of detecting
superoxide and studies of the spatial localization of its synthesis in cells and tissues:
colorimetric, spectrophotometric, spectroscopy of electron paramagnetic (spin)
resonance (EPR), fluorescent and fluorescent probes, inherited indicators (HyPer) and
others. Localization of superoxide synthesis cells and plant tissues. Overview of key sites
of intracellular superoxide production. Sites generating superoxide in electron
transporting chains (ETC) of chloroplasts. "Leak" of electrons on triplet oxygen in ETC
of mitochondria. General principles of superoxide detoxification with antioxidants in
chloroplasts, mitochondria and peroxisomes. Structure, function and physiological roles
of NADFH-oxidases in eukaryotes. Oxidative burst in the cell wall and apoplast:
discovery, mechanism, the role of NADFH-oxidase, peroxidase and other enzymes.
NoX/Rboh structural analysis in different organisms. Ca?*-dependent activation and
transfer of electrons by NADFH-oxidase. Features of expression and functioning of
NOX/Rboh in Arabidopsis thaliana. Polar localization of NOX/Rboh, its relationship
with Ca** transport systems and its role in growth of plant cell. The most important
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physiological roles of NOX/Rboh in different cell types, tissues and different plant
species.

Hydrogen peroxide as the most stable ROS in living systems. Properties,
biological activity and physiological significance of hydrogen peroxide. Localization
and mechanisms of hydrogen peroxide formation in tissues. Estimated "lifetime" of
hydrogen peroxide in biological systems, phenomena of local accumulation and
localization of H>O; in hotspots. Hydrogen peroxide reactions in plant cells. Functioning
of H,O, as autocrine and paracrine regulator. Hypothesis of systemic stress resistance
involving H,0O,. Theory of intracellular retrograde signaling. Antioxidants that
decompose H,O,. Detection of hydrogen peroxide in different objects.

Hydroxyl radical: synthesis, chemical properties, reaction with organic molecules
and involvement to physiological processes. Hydroxyl radical - the most active ROS and
the key player in pathophysiological changes induced by the ROS. Experiments of
Fenton, Haber and Weiss. Non-fermentative and enzymatic synthesis types of hydroxyl
radicals in plants. Transition metal centres in proteins. The theory of local hydroxyl
radical synthesis. Examples of critical physiological reactions involving hydroxyl-
radical synthesis: growth, softening and restructuring of the cell wall.

The role of transition metals in free-radical processes. Definition of transition
metals by [UPAC. Free metals and their complexes in plant and animal systems. Types
of coordination complexes and their biochemical properties. Heme and other important
redox-active metal-containing proteins. The concept of catalytic activity of transition
metals. Effects of hydroxyl on proteins and polysaccharides. The structure and
characteristics of metallothioneines and phytochelatines, their role in scavenging excess
redox-active metals.

Singlet oxygen, active forms of nitrogen, chlorine and bromine, their synthesis,
properties and role in plant physiology. The chemical nature and pathways of singlet
oxygen biosynthesis in chloroplasts. Potential sources of singlet oxygen in others cell
compartments. The chemical nature of active forms of nitrogen, chlorine and bromine.
Interaction of nitrogen monoxide (NO) with superoxide. Reaction of peroxynitrite and
CO; as a source of nitrite and carbonate radicals. The role of different ROS in the
physiological reactions. Evidence of the potential role of active forms of nitrogen,
chlorine and bromine in plant and animal life.

Theme 3. OXIDATIVE STRESS AND DAMAGE OF MOLECULES IN LIVING
SYSTEMS

Definition of the oxidative stress. The impact of ROS on proteins: modification
of essential amino acids, reversible and irreversible modifications of amino acids,
oxidation of sulfur-containing amino acids, oxidative carbonylation. Influence of ROS
on lipids: hydroperoxidative oxidation, chemical chain reactions of lipid oxidation,
fragmentation reactions. The special role of hydroxyl radicals and transition metals in
cell lipid oxidation. ROS-induced modification of DNA and RNA, and carbohydrates,
their potential role in physiology. Methods of detecting oxidative damage in different
tissues and cells.



Theme 4. ANTIOXIDANT AND ANTI-RADICAL SYSTEMS: MAJOR
GROUPS, FUNCTIONAL ACTIVITY AND PHYSIOLOGICAL ROLES

The most important non-enzymatic (low-molecular weight) and enzymatic
antioxidants in plants and other organisms, their structure, localization and function.
Asada-Foyer-Halliwell cycle, his role in the detoxification of ROS in photosynthetic
tissues. Catalases, superoxide dismutases and peroxidases as the most important
enzymatic antioxidants of plants and animals. Ascorbic acid and reduced glutathione -
key low-molecular antioxidants of plants. Other plant substances with an established
antioxidant activities. The role of transition metal binding systems, reparation of proteins
and nucleic acids in protecting cells from oxidative stress.

Theme S. THE ROLE OF THE ROS AS SIGNAL AGENTS AND
REGULATORS OF THE ONTOGENESIS

Synthesis of ROS for the signaling needs of the cell, their potential role n
transmission of hormonal signals and encoding of abiotic stimuli. Modern ideas about
potential ROS-encoding receptor signals. Interaction between ROS- and Ca**-dependent
signaling processes and their combined role in encoding and strengthening regulatory
and stress signals in plants. ROS-Ca?*-hub on plasma membrane as a central mechanism
for coordinating physiological functions of the plant organism. ROS participation in the
regulation of autophagy and programmed cell death. The role of ROS-Ca**-hub in the
signaling in plants and animals. ROS-Ca*" signal network. The generation of ROS as a
central link in stress reactions in plants. Synthesis of ROS and RNS under stress,
relationship with stress hormones. Redox-dependent regulation in the development of
response to pathogens and abiotic stress. Redox reaction control of hypersensitivity to
pathogens. Balancing and choosing between adaptation and cell death. Future of
research on ROS in living systems.

Theme 6. CURRENT ADVANCES IN RESEARCH ON FREE RADICALS AND
APPLICATIONS OF REDOX BIOLOGY IN BIOTECHNOLOGY AND
OTHER DISCIPLINES

Latest research in free-radical biology plants and their practical use. The redox-
regulation system as the main target of genetic modifications, breeding and phenomics
analyses. Using knowledge in the field of free radical biology in biotechnology and
bioengineering. Disclosure of the potential role of receptor kinase in the ROS reception
as a new ability to control physiological processes. Practical aspects of gene expression
regulation under ROS action.

Theme 7. FORMATION OF BIORADICALS AND ACTIVE MOLECULES IN
AN ANIMAL ORGANISM

Physiologically significant pathways for the formation of bioradicals, the role of
flavoproteins, cytochromes, and other electron carriers. Sources of superoxide in
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acrobes: auto-oxidation reactions; haem proteins; mitochondrial electron transport;
endoplasmic reticulum. Fenton and Haber-Weiss reaction. Radicals formed by the
action of radiation. Radiolysis and photolysis. The concept of photosensitizers and
photosensitized oxidation. Photodynamic effect and possibilities of its practical use.
Radicals formed during the metabolic activation of xenobiotics in the microsomal
oxidation system. Toxification.

Theme 8. REGULATION OF THE PROCESSES OF FREE RADICAL
OXIDATION IN THE ANIMAL ORGANISM

The main mechanisms of the physiological antioxidant protective system. Biochemical
mechanisms of antioxidant protection. Classification of antioxidants. Antioxidant
enzyme system: molecular mechanisms of action and functional role of superoxide
dismutase, catalase, glutathione-dependent peroxidases, phospholipases. Low molecular
weight antioxidant system. Fat-soluble (vitamins A, K, tocopherols, ubiquinones, steroid
hormones, cholesterol) and water-soluble (glutathione, ascorbic acid, uric acid,
serotonin, histamine). The specificity of the action of water-soluble antioxidants and
antioxidants inhibiting the development of chain reactions in the lipid phase. Synergism
in the action of antioxidants. Methods and model systems for studying antioxidant
activity. Practical use of antioxidants, bioflavonoids and nutritional supplements.
Epidemiological evidence of the appropriateness of the use of antioxidants as a means
of therapy and prevention. The mechanism of the antioxidant action of chelators.
Structural antioxidant effect. Mechanisms for eliminating the consequences of free
radical DNA damage.

Theme 9. PARTICIPATION OF BIORADICALS IN PHYSIOLOGICAL
PROCESSES AND DEVELOPMENT OF PATHOLOGICAL REACTIONS

The role of bioradicals in biosignaling processes. Nitric monoxide, ways of formation,
nitric oxide cycle, types of NO-synthetases. Physiological role of nitrogen monoxide
produced in the nervous system, endothelial cells and the immune system. Signaling
role of bioradicals in inflammation processes, chemoattractants. Hydrogen peroxide 1s
a signaling molecule. The regulatory role of endoperoxides: prostaglandins and
leukotrienes.  Li-poxygenase and cyclooxygenase. Physiological role of
cyclooxygenase 2. Bioradicals in the system of nonspecific immunity. The
phenomenon of respiratory burst in phagocytic cells and NADPH-oxidase complex.
Physiological role of myeloperoxidase. Oxidative stress and human disease. The
concept of oxidative stress, its criteria. Factors contributing to the development of
oxidative stress: avitaminosis, lack of selenium in food, adverse effects of ionizing and
UV radiation. Radical-initiating action of xenobiotics and mineral fibers, chronic
inflammation. Oxidative stress and apoptosis. The role of oxidative stress in the
development of atherosclerosis, cataracts and other eye diseases, neurodegenerative
diseases, diabetes beta. The role of free radical processes in carcinogenesis. Free



radical processes and ischemia-reperfusion syndrome, tissue hypoxia. The problem of
peroxidation in the preservation of organs and tissues.

Theme 10. THE ROLE OF BIORADICALS AND ANTIOXIDANTS IN
AGING AND DEATH OF CELLS

The main ways of cell death. Apoptosis and necrosis. The biological significance
of apoptosis. Morphological signs of apoptosis and necrosis. Biochemical signs of
apoptosis and necrosis. Inter- and intracellular signaling of cell death. The role of
bioradicals in the initiation of death cascades in mammals. The relationship between
oxidative stress, mitoptosis and apoptosis. Free radical theory of aging. Prospects for
the use of antioxidants in gerontology (geriatrics).



YUYEBHO-METOJJUYECKASI KAPTA YUEBHON JUCOUTLJIAHBI

Ounas (hopMa nonyueHus 00pa3oBaHus C MPUMEHEHUEM JTUCTAHIIMOHHBIX 00pa30BaTENbHBIX TEXHOJIOTHI
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1 Introduction to free radical and redox biology 2
2 The biochemistry of major reactive oxygen species 2 4 Y CTHBII Onpoc
and free radicals
3 Oxidative stress and damage of molecules in living 2 4 (10) Pedepar Ha  oOpasoBarenbHOM
systems 4 Bueayn. | mopraine bI'Y LMS Moodle
4 Antioxidant and anti-radical systems: major groups, 2
functional activity and physiological roles
5 The role of the ROS as signal agents and regulators 2
of the ontogenesis
6 Current advances in research on free radicals and 2 4 Y CTHBIIT orpoc
applications of redox biology in biotechnology and
other disciplines
7 Formation of bioradicals and active molecules in an 2
animal organism
8 Regulation of the processes of free radical oxidation 2 4 (10) Pedepar Ha 06pa3oBaTeIbHOM
in the animal organism 4 BHeayn. | moprane BI'Y LMS Moodle
9 Participation of bioradicals in physiological 2 4 (I[O) Pe(bepaT Ha O6pa30BaTeJ'IbHOM
processes and development of pathological 6 BHeayA. | moprane BI'Y LMS Moodle
reactions
10 | The role of bioradicals and antioxidants in aging 2
and death of cells
Bcero 20 8 12 (10)
14 BHeayn.

10




NHPOPMAIMNOHHO-METOANYECKAA YACTD
IlepeyeHs OCHOBHOI JHTEPATYPHI

1. Halliwell B. Free radicals in biology and medicine / B.Halliwell., J.M.C.
Gutteridge 4th edition, Oxford University Press, Clarendon, UK, 2007.

2. Halliwell, B. and Gutteridge, J.M.C.) Free radicals in biology and medicine. 5th
Edition, Oxford University Press, New York, 2015.

3. Denisov E.T., Afanas'ev 1. B. Oxidation and Antioxidants in Organic Chemistry
and Biology. CRC Press, 2005 p.1024.

4. Demidchik V. Mechanisms of oxidative stress in plants: from classical chemistry
to cell biology / Environmental and experimental botany. —2015. —109. —P. 212-
228

IlepeyeHb AONMOJHHTEIBHOI JTUTEPATYPbI

[E—

Lusis A.J. Atherosclerosis // Nature. 2000; Vol 407, No 6801: 233-41.

2. Lazarevic-Pasti T., Leskovac A. Vesna Vasic V. Myeloperoxidase inhibitors as
potential drugs // Current Drug Metabolism, 2015, 16, 168-190

3. Kostyuk, V.A. Potapovich, A.I. Mechanisms of the suppression of free radical
overproduction by antioxidant. // Front Biosci (Elite Ed). 2009. 1:179-88.

5. Korkina LG, De Luca C, Kostyuk VA., Pastore S. Plant polyphenols and tumors:
from mechanisms to therapies, prevention, and protection against toxicity of anti-
cancer treatments // Curr Med Chem. 2009. 16(30):3943-65.

6. Potapovich A.L, Kostyuk V.A. // Comparative study of antioxidant properties

and cytoprotective activity of flavonoids. Biochemistry (Moscow) 2003. 68, 514-

519.

IlepevyeHb HCMOJIB3YyEMBIX CPEICTB AHATHOCTHKH U METOIHKA
(popMuUpOBaAHUSA UTOTOBOII OLICHKH

OneHka 3a OTBEThl Ha MPAKTHYECKUX 3aHATUSX MOKET BKIIFOUATh B ceOs
NOJTHOTY OTBETA, HAJIMYKME APTYMEHTOB, TPAMEPOB U3 MPAKTUKH U T.JI.

[Ipn oueHumBanum pedepaToB OOpAINACTCS BHUMAHUE HA COACPKAHHE W
NOJTHOTY PACKPBITASL TEMBI, CTPYKTYPYy H MOCIEIOBATEIbHOCTh W3JIOKEHUS,
VCTOYHUKHU U UX UHTEPIPETALNIO, KOPPEKTHOCTH O(OPMIICHHS | T. 1.

DOpMUPOBAHUE OLIEHKH 3a TEKYLIYIO YCIEBAEMOCTb!

— YCTHBIE ONPOCHI HA MPAKTAYECKUX 3aHATUAX — 50 %

— pedepar — 50 %;

®dopmoit Tekymed arrecraimu no guciuuinHe «Free Radical Biology»
y4€OHBIM TIJIAHOM IPEIYCMOTPEH SK3aMEH.

[Tpn popMHpOBAHMKM UTOTOBOM OLICHKH MCIONB3YETCS PEUTHHIOBAS OLICHKA
3HAHWHA CTYJCHTA, AAIOMAs BO3MOXKHOCTb MPOCIEAWTh M OLEHUTh AWHAMHKY
npouecca JOCTHKEHUS 1esiei 00ydeHusI.
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PeitituHroBas oreHka Mo JUCHUIIIMHE PACCUMTHIBACTCS HA OCHOBE OIEHKH
TEKYHIEH YCMEBACMOCTH M SK3aMCHALMOHHON OIEHKH C YYETOM HUX BECOBBIX
kod(pduirieHToB Bec olneHka mo Tekyileld ycmneBaeMocTH coctaisieT 40 %,
AK3aMEHAIMOHHAs OlcHKa — 60 %,

IIpuMepHbIii nepevyeHs 3aaaHuii
JJIS1 YIIPABJISIEMOI CAMOCTOATE/IbHOM padoThl 00y4aromuxcst

Theme 3. Oxidative stress and damage of molecules in living systems

Comparison of oxidative stress in plants and animals.

dopma KoHTpoJIs — pedpepar Ha oOpazoBarenbHOoM noprane bI'Y LMS Moodle.

Theme 8. Regulation of the processes of free radical oxidation in the animal
organism

Antioxidants as vitamins: mechanisms of action in animals.

dopma KoHTpoJI — pedpepar Ha oOpazoBarenbHOoM noprane bI'Y LMS Moodle.

Theme 9. Participation of bioradicals in physiological processes and
development of pathological disease.

Oxidative stress and human diseases.

dopma koHTpos —pedepar Ha oOpazoBarenpbHOM nopTasie BI'Y LMS Moodle.

IIpumepHasi TeMAaTHKA NPAKTHYECKHX 3AHATHI

[Tpaktueckoe 3anstue Ne 1. Fluorescent imaging of H,O, using microscopy
(4 yaca).

[Tpaktuueckoe 3anstue Ne 2. Basic principles of electron paramagnetic
resonance spectroscopy and measurements of hydroxyl radical generation using spin
traps (4 yaca).

Onucanue HHHOBALMOHHBIX MMOAX0A0B H METOI0B
K NPENnoAABAHUI0 Y4eOHOI AUCHUNIIMHBI

[Tpn opranm3anmu 00pa30BATENBHOIO MPOLECCa MO YYCOHOW TUCIUIIIMHE
«Free Radical Biology» ucnons3ytores:

RPAKMUKO-0OPUEHMUPOBAHHbII ROOX00, KOTOPBIN IMPEANOIAracT:

- OCBOCHHE COJACPKaHMs 00pa30BaHUs Yepe3 PEIICHUE MPAKTUYECCKUX 33124,

- MPUOOPETEHUE HABBIKOB 3()()EKTHUBHOIO BBHIMOJIHECHUS PA3HBIX BHIIOB

NPOPECCUOHATEHOM NEITENIBHOCTH,

- OPHCHTAMI0 HA TEHEPUPOBAHWE WICH, pealM3alvi0 WHIWBHIYAJIbHBIX

CTYJAEHYECKHX MPOEKTOB,;

- ACTMOJIB30BAHMIO MPOLIETYP, CIIOCOO0B OLICHUBAHUS, (PUKCHPYOIINAX

c(OPMUPOBAHHOCTH MPOPECCHOHATBHBIX KOMITETEHIIHIA.

Memoo NPOEeKmHO20 00y4eHuUA, KOTOPBIA MPEATOIIaracT:
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- cmoco0  opraHu3alMM  y4eOHOM  JAEATEIBbHOCTH  O0OydYarouuxcs,
PA3BUBAKOIIMI aKTyaJIbHBIE Ui Y4eOHOM M NpPOo(eCCHOHANBHOM AEATENbHOCTH
HABBIKM TUTAHUPOBAHUS, CAMOOPraHU3aluu, COTPYIHUYECTBA U TTPEANOJIararoImii
CO371aHNE COOCTBEHHOTO MPOYKTA;

- MPUOOPETEHUE HABBIKOB JUTSl PELICHUS UCCIIEI0BATENIbCKUX 33a4.

MeTtoanyeckue peKOMEHIAIUH 110 OPraHu3aluu
CAMOCTOSITE/ILHOI PadoThl 00yYAKOIIUXCH

[Ipy wu3yyeHMH y4YeOHONH JUCHMILIMHBI PEKOMEHAYETCS MCIMOJb30BaTh
crneaytoume (GopMbl CAMOCTOSATENIBHOM PaOOTHI:

— NOMCK (Mmoadop) U 0030p JAUTEPATYPbl M SJIEKTPOHHBIX MCTOYHHUKOB IO
WHJMBUTyAJTEHO 33/IaHHOM MpoOiieMe Kypcea;

— BBINIOJTHEHUE JIOMAIITHETO 3a/1aHus,;

— U3YYCHUE MaTepHajia, BHIHECEHHOTO Ha CaMOCTOSITEbHYIO TPOPabOTKY;

— MOATOTOBKA K MPAKTUUYECKUM 3aHSATHSIM,

— MOATOTOBKA U HanKMcaHue pedeparos, MPEe3CHTALMIM Ha 3aJaHHBIC TEMBI;

— MOATOTOBKA K IKAMEHY.

Tembl pepepaTuBHBIX padoT

1. Structure of heme-containing antioxidants.

2. The role of reactive oxygen species in developmental processes in
animals.

3. Functions of reactive oxygen species in plant pollen incompatibility.

4. Involvement of free radicals in cancer.

IIpuMepHbIii nepevyeHb BOMPOCOB K IK3aMeHY

1. Hydroxyl radical: synthesis, chemical properties, reaction with organic
molecules and involvement to physiological processes.

2. Synthesis of ROS for the signaling needs of the cell, their potential role in
transmission of hormonal signals and encoding of abiotic stimuli.

3. The most important formulations of [UPAC related to redox processes, ROS
and related chemical interactions.

4. Properties, biological activity and physiological significance of hydrogen
peroxide.

5. The definition of oxidative stress, its nature and consequences.

6. The methods of detecting superoxide and studies of the spatial localization
of its synthesis in cells and tissues: colorimetric, spectrophotometric, spectroscopy of
electron paramagnetic (spin) resonance (EPR), fluorescent and fluorescent probes,
inherited indicators (HyPer) and others.

7. The major ROSs found in biological systems.

8. The concept of catalytic activity of transition metals.
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9. Structure, function and physiological roles of NADFH-oxidases in
eukaryotes.

10. Catalases, superoxide dismutases and peroxidases as the most important
enzymatic antioxidants of plants and animals.

11. Non-enzymatic and enzymatic synthesis types of hydroxyl radicals

12. Influence of ROS on lipids: hydroperoxidative oxidation, chemical chain
reactions of lipid oxidation, fragmentation reactions.

13. The role of oxygen and biological oxidation in the vital processes of acrobic
organisms. Development of ideas about the mechanisms of the toxic action of
oxygen.

14. The main mechanisms of the physiological antioxidant defense system.

15. Nomenclature of organic and inorganic radicals.

16. Biochemical mechanisms of antioxidant protection. Classification of
antioxidants. Antioxidant enzyme system.

17. The concept of the ground and excited state of molecular oxygen.
Bioradicals and their classification.

18. The system of low molecular weight antioxidants, fat-soluble and water-
soluble representatives. Synergism in the action of antioxidants.

19. Formation of bioradicals in the body, physiologically significant pathways
for the formation of bioradicals

20. Methods and model systems for studying antioxidant activity.

21. Radicals formed by the action of radiation. Radiolysis and photolysis. The
concept of photosensitizers and photosensitized oxidation.

22. Practical use of antioxidants, nutritional supplements. Epidemiological
evidence of the appropriateness of the use of antioxidants as a means of therapy and
prevention.

23. Radicals formed during the metabolic activation of xenobiotics in the
microsomal oxidation system. Toxification phenomenon.

24. The role of bioradicals in biosignaling processes. Nitrogen monoxide, ways
of formation, nitric oxide cycle, types of NO synthases.

25. The concept of free radical (peroxide) oxidation as a fundamental
mechanism of cellular pathology. The significance of A.N. Bach, N.N. Semenova,
N.M. Emmunuel. General scheme of reactions of chain oxidation of organic
compounds.

26. Physiological role of nitrogen monoxide produced in the nervous system,
endothelial cells and the immune system.

27. Initiation of chain oxidation. Fenton and Haber-Weiss reaction. Chain
propagation reaction, its dependence on membrane viscosity and oxygen
concentration. Branching and chain termination reactions; the role of antioxidants.

28. Signaling role of bioradicals in inflammation processes, chemoattractants.
The regulatory role of endoperoxides: prostaglandins and leukotrienes.

29. Consequences of lipid peroxidation of cell membranes

30. Lipoxygenase and Cyclooxygenase. Physiological role of cyclooxygenase

31. Free radical oxidation of nucleic acids and proteins. Mutagenesis.
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32. Bioradicals in the system of nonspecific immunity. The phenomenon of
respiratory burst in phagocytic cells and the NADPH-oxidase complex.

33. Methods for detecting bioradicals and studying the processes of free radical
oxidation.

34. The role of bioradicals and antioxidants in aging and cell death.
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MPOTOKO.I COIJIACOBAHHS YYEBHOI ITPOT'PAMMBI YBO

Hazpanue yueOHoli | Ha3Banue [Ipennoxenus Pewenne, npunsaroe
JIMCLIMITJIMHBI, kadeapbl 00 N3MEHEHNIX B KaeapoH,
C KOTOpOH COAECPIKAHUA pazpadoTaBieci
TpeOyeTcs y4eOHOH mporpaMmbl | y4eOHYHO
COIJIACOBAHUE YUPEKACHUS nporpammy (¢
BBICILIETO YKa3aHUEM JaThl U
oOpa3oBaHHMs 1O HOMEPA MPOTOKOJIA)
yueOHOM
JUCLIATITINHE
IIpakTuKyM 1o Knerounoii OTCYTCTBYIOT YTBEPAUTH
KJIETOYHOH 1 OMONOTHH U COIJIACOBAHUE
MOJIEKYISIPHOMN OMOMHKEHEPU T (mpotokost Ne 20 ot
OHONOrNK pacTeHHI; 02 urons 2020 1.)
DOU3NOJIOTUN (mpotokos Ne 17 ot
YEJIOBEKa U 20 mas 2020 1.)
YKUBOTHBIX
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JOIOJIHEHUSA 1 I/BMEUHEHI/ISI K Y‘IEBHOﬁ IMPOI'PAMME I1O
N3YYAEMOU YUYEBHOU JUCHUIIJIMHE
Ha / y4eOHBIH TOJ

No JIOTIOJIHEHU S ¥ UBMEHEHU St OcHOBaHUWE
n/m

VY4eOHasi mporpaMmMa NepecMoTpeHa U 0100peHa Ha 3ace1aHuu Kaeapbl
(mpotokos No oT 201 1)

3aBenyroumii kadeapoi

YTBEPXIAIO
JlekaH ¢axynpTeTra
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