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KonebaHua. O6uwme nogxoabl K onpeaeeHnto BpeMeH!
M npoueccos. Ob6patumocTb U  HeobpaTUMOCTb
npoL,eccos. KonebaHus: rapmoHuyecKkme n
arapMmoHu4yecKkune, nepunognyeckme m Henepmnogunveckme
npoLeccsbl. MoscemecTHan pacnpocTpaHeHHOCTb
KonebaHun. Mpumepbl KonebaHUn B BMONOTMYECKUX U
He6wonorw4ecr<mx cnucTemax. BpEMEHHaﬂ LUKana
cKopocTen PpU3MYECKMX U BUONOTMYECKUX MPOLLECCOB.
Obuee 3HayeHMe KonebaHuit B dmanonornm. 3HaueHue

KonebaHnin B nogdepKaHuM romeoctasa. Posb
KonebaHnin B OpraHM3auMu MU3HEHHOTO U WHbIX
6uonorMyeckux  LUMKnoB. KonebaHma u©  Bpems.

Buonormyeckne KonebaHwus.
Buonoruyeckme TaMmepbl U KOHTPOJAbHbIE  TOYKM.
Mpumepbl  KOHTPOJIbHbIX TO4YEK B  OMOJOrMYECKMX
cuctemax. MNpeaen Xendbnuka. Tenomepasa. CoyetaHue
OEeVNCTBUA Ko/lebaHMI U KOHTPOJIbHBIX TOYEK B COXKHOM
perynaumm  GUONIOTMYECKMX  MPOLLECCOB:  KNETOYHbIN
LMK, GOTOCUHTES.

Buonornyeckoe Bpems.

Moaxoabl K onNucaHUIO KosebaTenbHbIX CUCTEM.
OuvHammnueckaa cuctema. @Pas3oBoe MNPOCTPAHCTBO:
onepaTop pPa3BUTUA CUCTEMDbI, 3aKOH Pa3BUTUA CUCTEMDI.
ATTpakTop, bacceiH aTTpakTopa. TOYEYHbIN aTTPaKTop,
CTPaHHbIN aTTpaKkTop. PaboTta 3.H./lopeHua: aTTpakTop
JlopeHua n nctopusa ero usydeHms. «Ipopekt 6aboUkmn»,
ero 3HayeHue B b6uonorMn. [eTepMUHUCTUYECKUI W
CTOXaCTMYECKUX NOAXOAbl K ONMCaHUID BMONOrnMyecknx

cncrtem,  UX  B3aMMOAOMNONIHAEMOCTb. JInHeNHble W
He/IMHeNHble CUCTembl, matemaTnyeckme noaxoabl K nx
Mmo4ennpoBaHuto. anILIVIHbI HEeMHENHOCTU

61oN0orMYecKnx cucTem.

Xumunueckne KonebaHua. 3aKoH AEUCTBYIOLLMX MacCC,
anemMeHTapHble XMMUYECKHne peakuum,
dbepmeHTaTUBHbIE peaKkuuu, ypaBHeHue Mwuxaanuca-
MeHTeH. Annoctepumyeckne ¢depmeHTbl. CnNOHTaHHble
KonebaHna depmeHTaTUBHOM aKTUBHOCTU: KonebaHuA
AT®a3HOl  aKTMBHOCTM B pacTBOpax  MWO3MHA.
KorepeHTHble KonebaHuUA aKTUBHOCTM B pacTBopax
¢depmeHTOB. CTOXacTMyeckne d¢aktopbl B pabote
dbepmeHTaTUBHbIX cuctem. Peakuma b.MM.6enoycosa,
peakuusa benoycosa-HKaboTUHCKOro, UCTOPUA OTKPBITUA.
Xumuueckuin ocumanaTop " Bropoiw 3aKOH
TepMmoguHamnkun. Obwmii 063o0p mexaHnsma KonebaHui

“Cyclic processes in
physiology and
immunology”
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Course description

Oscillations. General approach to determining
timing and a process. Reversible vs.
irreversible  processes.  Harmonic  and
nonharmonic oscillations. Periodic and non-
periodic processes. Timescale of rates of
physical and biological processes. General role
of oscillations in physiology. Role of
oscillations in maintaining homeostasis. Role
of oscillations in lifecycle and other biological
cycles. Oscillations and time. Biological
oscillations. Biological time. Biological timers
and checkpoints. Examples of checkpoints in
biological systems. The Hayflick limit.
Telomerase. Joint effects of oscillations and
checkpoints in complex regulation of biological
processes: cell cycle, photosynthesis.

Approaches to describing oscillatory systems.
Dynamical system. Phase-space (state space):
evolution operator, evolution rule. Attractor,
basin of attraction. Fixed point, strange
attractor. Work of Edward Norton Lorenz:
Lorenz attractor and the history of its
description. “Butterfly effect”, its biological
meaning. Deterministic and  stochastic
methods in describing biological system,
complementarity of the two. Linear and non-
linear systems, mathematical approaches to
modeling. Causes of non-linearity of biological
systems.

Chemical oscillations. The law of mass action,
elementary chemical reactions, enzymatic
reactions. Michaelis—-Menten kinetics.
Allosteric enzymes. Spontaneous oscillations
of enzymatic activity: oscillations of ATPase
activity in  myosin  solutions. Coherent
oscillations of activity in enzymatic solutions.
Stochastic factors in function of enzymatic
systems. Belousov reaction, reaction of
Belousov-Zhabotinsky,  history.  Chemical
oscillator and the Second law of
thermodynamics. General review of the
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B peakuuun Benoycosa-*KaboTUHCKOro. Xumuueckue
Taimepsbl. Tpvmepbl UCKYCCTBEHHbBIX XUMUYECKUX W
OU3NKO-XMMUNYECKUX OCLUINATOPOB.

FAMKONUTHMYECKMA  ocumanatop.  AnjocTepuyeckas
perynaumMa  Kaw4yeBoro ¢epmeHTa  [IMKonaMsa —
dochodpyKTOKMHA3bI AMO® 7 ALD.
JKcnepumeHTanbHoe HabnoaeHne paboTbl
TIMKOIMTUYECKOTO OCLMANATOPA Y APOXKNKEN in vivo u B
MOAE/NbHbIX  cucTemMax. BO3MOXKHble  MexaHW3MbI
CMHXPOHM3ALUMU  T/IMKOIMTUYECKOTO  OCUMANATOpa B
Ky/IbType MUWKPOOPraHM3MOB, OCYLLLECTBAAOLWMX
bpoxeHue no cnuptoBomy nyTn. Cuctema c ABymA
napameTpamu (cybctpaT M MNPOAYKT): TOPMOKeHue
cybCcTpaTOM M aKTMBAUMA  MPOAYKTOM. 3HauyeHue
obpaTHOWM CBA3M B  KoMebaTeNbHbIX  CUCTEMAX.
YCTONUMBOCTb ABYX- U MHOTOKOMMOHEHTHbIX CUCTEM K
CTOXaCTMYECKMM BO34EMCTBUAM.

BHYTPUKNETOUHbIE U  MEXKNEeTouHble KonebaHusa
KOHLEHTPaAuUM MOHOB Kanbuua. Nctopua usyyeHus,
pabotbl  B.A.JHrenbrapara, OTKpbiTMe  ATdasHow
AKTUBHOCTH MMO3UHa. CapKkonaasmaTnyecKkui
petTukynym. 3bdeKkTopbl M UHIMOUTOPbLI Ka/bLMEBOrO
KaHana. NHo3uton-1,4,5-tpudocdat KaK
BHYTPUKAETOUYHbIN MeamaTop, ero yHMBepcaabHasa posib
M MexaHuM3m Jaenctema. PuaHoanHOBBLIM peuenTop.

MesKKneTouHble  BO/MHbI  KalbuuMa W npobnema
CUHXPOHU3ALIMM KNETOK B Ky/IbType 1 TKaHW.
3HaueHue KonebaHuii B oOpraHM3auuM C/IOXKHOTO

}KM3HEHHOro UuuKna amébbl Dictyostelium discoideum.
NcTopua OTKPbLITUA opraHusma Bpedenaom,
nepBoHayasbHble CNOXKHOCTU CUCTEMATUKMN.
CeKkcyanbHblIi, BereTaTUBHbIN u couMnanbHbIv
U3HEeHHble UuuKnbl. [lceBgonnasmoguii. BHewHue
daKTopbl, BAMAKOWME Ha MOBeAeHWEe C/M3EeBUKa:
TemnepaTtypa, CneKkTpanbHbIA cocTaB cBeTa. KonebaHua
KOoHUeHTpauum UAM®, MexaHU3M BO3HWKHOBEHMUA.
BcnomoraTenbHble xumuyeckme perynatopbl: ulMO,
Ca2+, NH,". BauaHue xapaKTepucTMk cybcTpata WU
CKOpOCTH anododysnm perynaTopos.
BHyTpunonynsaumMoHHbii ot6éop M LAM®. [Moaxoabl K
MOAENNPOBAHUIO MU3HEHHOrO UWMKNA, AOCTUXNEHWUA U
orpaHu4yeHus.

MPUHLMNbI OPraHN3aLMM KNETOYHOrO LKA NPOKapUoT
Ha npumepe Caulobacter crescentus Kak npeacTaBuTens
a-noapasnena npoteobaktepuit. Yaobctso u3yveHus,
WCTOPUA UCCNELOBaHNA. ACMMMETPUYHOE KJ/IETOYHOE
feneHne y 6akTepuii, ero npuvmepbl U POJb.
XemoTaKTuyeckas poswanca u ctebenbkosan Gopmbl, nX

mechanism of oscillations in Belousov-
Zhabotinsky  reaction. Chemical timers.
Examples of artificial chemical and physic-
chemical oscillators.

Glycolytic oscillator. Allosteric regulation of
glycolysis key enzyme — phosphofructokinase
— by AMP and ADP. Experimental observation
of the glycolytic oscillator in yeast model
systems in vivo. Possible mechanisms of
synchronization of glycolytic oscillator in
microorganism cultures performing alcoholic
fermentation. Two-parameters system
(substrate/product): inhibition by substrate
and activation by product. Role of feedback in
oscillatory systems. Stability of two- and
multicomponent systems against stochastic
influences.

Intracellular and intercellular calcium ions
concentration oscillation. History of
detection; works by V. Engelgardt; discovery
of ATPase activity of myosin. Sarcoplasmic
reticulum. Effectors and inhibitors of Ca-
channel. Inositol-1,4,5-triphosphate as
intracellular messenger, its universal role and
mechanism of action. Intercellular waves of
Ca** concentration and the problem of
synchronizing of cells in culture and tissue.

Importance of oscillations for organization of
complex lifecycle of Dictyostelium discoideum
amoeba. Discovery by Brefeld, original
obscurity of systematics. Sexual, vegetative
and social lifecycle. Pseudoplasmodium.
External factors affecting slug behavior:
temperature, light spectrum. Oscillations of
cAMP concentration, mechanism.
Supplementary chemical factors: cGMP, ca”,
NH,". Effects of substrate and rate of diffusion
of the factors. Intrapopulation selection and
cAMP. Approaches to modeling of lifecycle:
achievements and limitations.

Principles of prokaryotic cell cycle in
a—proteobacteria represented by Caulobacter
crescentus. Ease of study, history of research.
Asymmetric cell division in bacteria, examples
and role. Chemotactic swarmer and stalk
forms, mutual transitions and phases of cell
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B3aMMHble nepexoabl M ¢Ga3bl KAETOYHOrO  LMKAa.
OpHOKpaTHaa W MHOrokpatHaa penavkauma [AHK y
npokapuoT Ha npumepe C. crescentus w Escherichia coli,
3Ha4yeHne AnAa CUHXPOHU3aUUMN KNEeTOYHOro uukna.
CekBeHnpoBaHne noaHoro reHoma C. crescentus w
onpeaeneHne reHoB, Y4YacTBYHLWMX B OpraHM3aLuu
KNETOYHOro umkna. Ctaaum BUOCUHTE3a KIyTUKa: reHbl
knaccos I-IV. KackagHble npoueccol. ®aktop CtrA, ero
ponb B 6MOCMHTE3e 6eNKOB KryTuka. MCTUAMHOBbIE
KMHa3bl KaK perynaTopbl KAeTouHbiX npoueccos. CtrA
KaK MOCTTPAHCKPUMLMOHHbIN aKTMBATOP W penpeccop,
MHOroypoBHeBas perynauus ero aencTeus:
TpaHCKpUNuua, npoteonus, pochopuanpoBaHue.

MPUHLMNbI OpraHn3aLMM KNETOYHOrO LMK/ 3yKapuoT.
NcTtopus  u3ydeHun, npucyxageHne Hobenesckoi
npemun Jf1.Xapteenny, T.XaHTy u [l.Hepcy B 2001 .
3HayeHMe  KOOpAMHAUMM  OCHOBHbIX  MPOLECCOB:
penankaumm OHK, pacxoxaeHua XPOMOCOM,
KNETOYHOro neneHus " KNeTo4yHOoro pocrTa.
MHoroobpasne MexaHM3MOB OpPraHM3aUMM KAETOYHOro
UMKNQ Yy 3yKapuoT. Cuctema UMKAMHA U LUMKAUH-
33aBMCMMOIN KMHa3bl B KneTKax amdubuii, mexaHusm
aenctena. Bsaumogenctane AByX LUKANYECKUX CUCTEM.
Ponb  B3aMMHOrO  MHIMOMPOBaHWA, BO3MOXHOCTb
CTpaHHOro atTpakTopa. Obuwas oueHKa 0cobeHHOCTU
OpraHu3auMmn  KNETOYHOFO  UMKNA Y  [APOXKIKeN,
UTNOKOXMUX, MAEKONUTAOLWMX. dakTop MPF.
MapKnpoBKa YBMKBUTUHOM, «MoLLenyin cmepTu». banaHc
aAKTMBATOPA TPAHCKPMMLUMKM P53 B KNETKE, €ro 3HayeHne
M NOCNeACTBMA HapylweHuA AAA KAETOYHOro LMKAa.
UunKknnyeckune KonebaHun CUCTEMDI ¢dakTOpOB
p53/Mdm2.

UuKn pasBuTMA ManApuitHOro nnAasmoaua W ero
B3aMmogeiictane c UMMYHHOI CUCTEMOMN.
dBONOLMOHHOE NosoXKeHue Plasmodium falciparum w
€ro  XM3HeHHbIn uukn. OcobeHHOCT aHcambns
NMOBEPXHOCTHbIX MapKépos 3pUTPOLUTOB,
ocNoXHsAWMe 6opbby € nNnasmoamem. XapaKTepHas
KAMHUYECKass KapTMHa C  UMKAMYECKUM  TeyeHuem
60ne3HU. CUHXPOHM3AUMA NONYAALMM NNAa3MOAMNEB KaK

CTpaTerna  CHWXKEHUA  YA3BUMOCTM K MMMYHHbIM
peakuuam.

LipkagHble pUTMbI, nx yHUBepcanbHoe
pacnpoctpaHeHve U ponb. Mctopua HabawgeHua wu
N3yyeHus. KpuTepun LUMPKagHbIX PUTMOB:
TemnepaTypHas He3aBUCMMOCTb, BO3MOMHOCTb

nepesanycka BHELWHUM CTUMYIOM, nepuos 6Au3Kui K
24 yvacam. LMpKagHbIA ocumnnatop umaHobaKTepwuii:

cycle. Single and multiple passes of DNA
replications in prokaryotes as in C. crescentus
n Escherichia  coli. Importance  for
synchronizing cell cycle. Sequencing of
complete genome of C. crescentus and
identification of genes participating in the cell
cycle administration. Stages of flagellum
assembly: genes of I-IV classes. Cascade
processes. CtrA factor, its role in
synchronization of flagellum assembly stages.
Histidine kinases as intracellular regulators.
CtrA as posttranscriptional activator and
repressor; multilevel regulation of its activity:
transcription, proteolysis and
phosphorylation.

Principles of eukaryotic cell cycle. History of
research, Nobel prize awarded to Hartwell,
Hunt and Nurse, 2001. Importance of
coordination of basic processes of DNS
replication, chromosome segregation, cell
division and cell growth. Diverse mechanisms
of cell cycle organization in eukaryotes.
System of cyclin/cyclin-dependent kinase in
amphibians, its function. Interaction of two
oscillators. Role of reciprocal inhibition,
strange attractor possible. General
characteristics of peculiar cell cycle in yeast,
echinoderms and mammals. MPF factor.
Ubiquitination and a “kiss of death”. The
balance of p53 in the cell, and possible
consequences for its disruption. Fluctuations
in p53/Mdm2 system.

Plasmodium malariae and its interactions
with immune system. Evolutionary position of

Plasmodium falciparum, and its lifecycle.
Peculiar surface markers in erythrocytes
entangling fight with plasmodium.

Characteristic clinical picture with cyclic
exacerbations. Synchronization of plasmodia
across population as a strategy of decreasing
susceptibility to immune response.

Circadian cycles, their universal occurrence
and role. History of research. The criteria for
circadian oscillators: temperature
compensation, possibility to be entrained by
environmental cues, ~24h periodicity.
Circadian oscillator in cyanobacteria. History
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NUCTOPUA  OTKPbITUA, (GM3NONOrMYEeCcKoe 3HayeHue B
pa30obWweHnn NpPoLLeCCOB OKCUreHHOro ¢oTOoCUHTE3a W
asoTouMKcaumm. Bo3morKHble OO6BACHEHWUA OTKJAOHEHWI
nepvoa UMpKagHbIX pUTMOB B BONbLUYIO UAN MEHbLLYHO
CTOPOHY. TPAHCKPUMLMOHHO-TPAHCAAUMOHHAA MoAenb
LMpPKaZHOro ocumnnAaTopa y LMaHObaKTepuit.
MuHMManbHan «BuoxMmuyeckas» MogeNb UMpKagHoro
ocumnnaTopa Yy Synechococcus elongatus, onbIT
PEKOHCTPYKUMM  in  vitro. AHanorMa  UMPKaLHbIX
OCUMNIATOPOB PA3/IMYHbIX TPy OPraHU3MOB: CXOACTBO
APXMUTEKTYPbI W PasiMumMa B opraHusaumn. LiMpKagHobiii
ocuunnaTop y rpmbos Ha npumepe Neurospora crassa:
MEeXaHM3M [OeNCTBUS, BaXKHOCTb HOYHOM pennKaumu
OHK. O630p uMpKagHbIX OCLMANATOPOB Yy pacTeHuit (Ha
npumepe Arabidopsis sp.), Hacekombix (Ha npumepe
Drosophila melanogaster), mnekonuratowmx.

MexaHusm ¢popmmnpoBaHUA COMMTOB Yy MO3BOHOYHbIX
XUBOTHbIX. OO630p CermeHTauuMu Yy pasHbIX Trpynn
XMBOTHbIX  (aHHENWZ, YNEHUCTOHOTMX U  TMUSBOK,
NMo3BOHOYHbIX). B3ammogeilicTBue rpaaveHTa ¢akTopa
FGF8 u uumKnmMuyeckon 3Kcnpeccunm reHoB. Mogenb
«4acoB 1 BoAHOBOro ¢ppoHTa» Kyka 1 3eemaHa. Cucrema
C oTpuLaTeNbHOMN 0bpaTHOM cBA3blo ¢ ydyacTem Notch-
peuenTopos.

BpemeHHas perynsaumna aktMBaumm TPAHCKPUNLMOHHOIO
¢akTopa NF-KB. Ponb TpaHcKpunumnoHHoro ¢aktopa NF-
KB B MHMUMALMM UMMYHHOTO OTBETA, KNETOYHOM LMKe,
peakuMn Ha CTpecc M anonTo3e, pacnpoCTPAHEHHOCTL B
MBOTHOM  mupe. MWctopua  OTKpbITMA  [aBuaom
Bantumopom. Ctumynbil, peryauvpyouine 7
akTuBmnpytowme NF-kB. Tonn-nogobHble peuenTopbl.
Cemeicteo uHrMbutopos IkB. Perynauma NF-kB Kak
npumep KonebaTenbHOM CUCTEMbI C MHOMKECTBEHHOW
oTpULaTENIbHOM 06PATHOM CBA3bIO.

of discovery, physiological significance in
separating processes of nitrogen fixation and
oxygenic photosynthesis. Possible
explanations of period deviations.
Transcription/translational model of circadian
oscillator in cyanobacteria. Minimal
biochemical model of circadian oscillator in
Synechococcus elongatus and its
reconstruction in vitro. Analogous circadian
oscillators in various groups of organisms:
similarity of architecture and differences in
realization. Circadian oscillator in fungi
(Neurospora crassa): mechanism, importance
of night DNA replication. Review of plant
circadian oscillator (as in Arabidopsis sp.),
insects  (Drosophila  melanogaster), and
mammals.

Somitogenesis in vertebrates. Review of
segmentation processes in various taxons
(annelids, arthropods and leeches,
vertebrates). Interaction of FGF8 gradient and
cyclic gene expression. A “Clock and
wavefront” model. Negative feedback system,
involving Notch receptors.

Temporal regulation for NF-KB transcriptional
factor activation. Role of NF-kB transcriptional
factor in initiation of immune response, cell
cycle, reaction to stress, and apoptosis.
Distribution across animal regnum. History of

discovery by David Baltimore. Stimuli to
activate and regulate NF-kB. Toll-like
receptors. IkB inhibitor family. NF-kB

regulation as an example of oscillatory system
with multiple negative feedbacks.
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