The circle of life...|

KnetouHbin yukn. leneHme u
POCT pacTUTE/NIbHOU K/1IeTKN




Y10 TaKkoe KNeTOYHbIU LUKA?

KneTouHbIM KA — 3mo nepuod cyu,ecmsosaHuUs
K/iemku om momeHma eé obpaszosaHusa nymem oeneHus
mamepuHckou ksaemku do cobcmseHH020 desleHUA uiu
eubenu.

Bce av kneTkm npoxoaaTt NoAHbIW LMk (BCe Pasbl)?
3aday4u knemku 3asucam om ee cydbbui (cell fate):
MepucTemaTmyeckas KaeTka A0/HKHA KPYTUTb LUK C
MaKCMMaJIbHOM CKOPOCTbIO U He ownbunTbCs;
CrneuunannsnpoBaHHas KaeTka 40/KHa GOPMUPOBATh
cneympuyeckmne CTPYKTYpbl M BbINOJIHATL Apyrue
dYHKL MU, HE CBSI3aHHbIE C Ae/IEHUEM.



mitosis preprophase and prophase
As the cell approaches prophase of mitosis, the cytoplasmic

i strands shorten, pulling the nucleus to the middle of the cell
Interphalse gap 2 h N forming a disk or cytoplasm across the division plane called the
The nud e‘l’: containing loose ch m”;:'s'l';:"‘ﬂ: phragmosome. Most of the cell's golgi stacks move into the

?hragmosome. Along the edge of the phragmosome, actin
ilaments and microtubules collect to form the prephophase
band. Inside the nucleus, i d into ch

and the nucleolus disappears. The nuclear envelope generates
the mitotic spindle, which is organized into two poles by the
preprophase band.

cell's large central vacuole, Transvacuolar
cytoplasmic strands containing actin filaments
radiate from the nucleus, cutting through the
vacuole to connect the nuclear cytosol to the
cortical cytosol. N

ucleus
Nuclear envelope . F-actin filaments

Preprophase band
Phragmosome e &
F-actin filamen

ro|
Cytoplasmicstrand  Nucleolus — mitosis prometaphase
Atp hase, the ch finish cond 1g and
the nuclear envelope gulckry breaks down, followed by the
preprophase band and its actin, leaving behind an actin-
depleted zone. Kinetochores form at the centromeres of
the ch llowing mic bules to attach.

Kinetochore
Nuclear cytosol &
interphase S-phase

Chromosomes
The cell replicatesits DNA.  Chromatin

Mitotic spindle

Golgi stack

mitosis metaphase
After some of the spindle microtubules attach to all the
ch h are aligned along an
imaginary plane called the metaphase plate.

) About a fifth of the golgi stacks in the cell migrate into

interphase gap 1 the mitotic spindle area and start to secrete vesicles of cell
The cell grows and ds. O lles like plate materials, and another fifth gather where
chloroplasts and mitochondria (not shown) divide the preprophase belt used to be. The remaining stacks

throughout interphase.

return to the rest of the cortical cytosol.

plant cell division =

in vacuolated cells

Organelles and cell structures shown Not to scale For example, there can be over
Nucleus one thousand golgi stacks per plant cell.
Vacuole

Golgi apparatus
Cell membrane

cytokinesis cell plate maturation Cell wall
Wnen the cell pla':e membrane comes into (odnncl with the Parts ofithe cytoskeleton mitosis early anaphase
cel the two t use, an lul N N 7 N
synthesizing enzymes found in the cell membrane flood into the I?:::;‘ :ﬁi’éﬂ,’:}:ﬂ: (ar::tb':gli:::\h:'h‘?gl :ﬁgg&m:: ds
fluid mosaic cell plate membrane, making cellulose that replaces each sister chromatid pull them along the spindle
the callose in the cell plate. The galgl stacks make the n microtubules, carrying the sister chromatids to opposite
that also goes into the cell wall. The new cell )Nall divides the ends of the cell. Meanwhile, a structure made out of
parent cell into two daughter :el!s. / bules and actin fil forms b them,
" b - called the phragmoplast. Golgi stacks line up at the
chll llnem rane edges of the phragmoplast, releasing vesicles full
(;II: sg“ cell plate building materials like xyloglucans.

Phragmoplast
Golgi stack—

Golgi vesicles with pectin

mitosis and cytokinesis teloplase and cell plate expansion

As the chromosomes unravel and nuclear membranes reform at
opposite ends of the cell, the phrag moplas! continues to move

outward as the cell plate grows. Some late anaphase

reorien(ﬁrointing toward where the preprophase belt used to be. Guided by the microfil. of the pt I
Callose fills the cell plate and the golgi stacks add to the cell plate the %olgl-derlved vesicles align at the metaphase place
at the edges. and fuse into a flimsy cell plate. Callose begins to ﬁe

la
) " | synthesized within the (elr late. The rhragmoplast
= expands outward toward the cell wall.
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KneTouHbIM LUKAN: BCemMy cBOe BpemMs

Cell Cycle G1: pOCT KNeTKU

pacTsXKeHMeM, AeNeHne
naacTna v
MUTOXOHAPWUMN, CUHTES
6enka, otnoxeHne KC,
POCT BaKyOJIN.

S: penaunkauyma AHK.

G2: PacnonoxeHue aapa
M LUTOMAA3Mbl HA

B 3KBaTOpe (PpparmMocoma),

Anaphase CUHTe3 benka ans

Telophase
MWTO3a, obpasoBaHue
MK

3-8 yacos




NHTepdasza: nepedbiwka unu aspan?

3aja4a mepucmemamuyeckou Kaemku:
ONpPaBUTbCA NOC/Ie NpoLeLero Ae/IeHNS U
NoAroTOBUTLCA K C/IEAYIOLEMY.

PocT, cuHTes MPHK 1 6enka

AeneHne asymembpaHHbix opraHenn (Gi)
CuHTes AHK (S)

Pa3smeTka nnockocTum bygyuero genenms (Gz2).



NHTepdasza: nepedbiwka unu aspan?

3aja4e cneyuanu3uposaHHoOU Kaemku:
noaroToBMTbLCA K paborTe.

PocTt, cnHTe3s MPHK 1 6enka

[leneHve gBymemMbpaHHbIX OpraHes
Bakyonunsauyus,

CnHTtes BTopmyHom KC

PaszButre Heobxoanmbix Ans paboTol
opraHesnn (Hanpumep, lflonbaxn, IM1P,
XJ10POMN/1acToB).
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YTO Mbl BUAUM

NHTepdasa
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dnnaepmMmc cemMagom NyKa, NonepeyH. U Npo4. cpesbl



NHTepdasza: 4yto Mmbl BUAUM?

LuTonnasma rycrtasa c xopowo pa3sutbiM 3M1P, menkune
Bakyo/11; 6oabluoe Kom4ecTBo pnbocom
(NnpenmMyL,ecTBeHHO cBOOOAHbIX); MHOFO MUTOXOHZAPUU,
KOTOpble AeNATCA UIU TOJIbKO YTO NoAe/INANCE (Menikne),
NPonNaacTUAbI TaKXe AensaTcs.

A4P0 OTHOCUTENBbHO HEDBONBLLOrO pa3mepa, C KPYMHbIM
a4pbIlKoM. Hykieonsiazama — romoreHHas,
MesIKO3epHMCTasA. XpOMATMH B BUAE HATEU U MbIOOK.
[lepBMYHan kneTovyHasa 060104Ka TOHKAA, NMPOHM3aHA
nsa3mojecMamMum.

B nepuog mexay AeneHnsmMm B KNeTKe UAYT MHTEHCUBHbIE
npoueccbl obmeHa Bew,ecTB — akKTUBHbIN CUHTES,
MHTEHCUBHOE AbIXaHMe.



S-¢asza: ymobbl nodenums, Hado ydsoums!

B S-da3ze TpaHCcKpMnumMa NpMoCcTaHaB/IMBaeTCs, YTObObI
«AaTb J0POry» F(POMO34KOWN MAaLIMHE peninkawmu.
ORC - origin of replication. PaboTtatoT: noanmepasa
(yABauBaeT GparMeHTbl), iMrasa (CLUMBaeT).

[eHOM HaZ0 y4BOUTb, @ FEHOM Y pacTeHun 6onbLion!



KL : ele pa3 Bce BMecTe

Plant Cell Cycle ~ cytokinesis

mitosis
Interphase nucleus looks PMAT
normal with intact nuclear
envelope, chromatin,
nucleolus, active

transcription
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V.G interphase lighter, one
7 I nucleolus

binary fission of

nucleus larger, mitochondria,
chromatin darker, chloroplasts (and
centriole) in

two nucleoli - .
DNA synthesis interphase!



MonekynspHblie ocHoBbl peryasauuun KL

LIII/IKJ'Il/IHbI N UNKJ/TIMH-3aBUCUNMblI€ KNHA3bl
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MonekynspHblie ocHoBbl peryasauuu KL

CDK — umknmH-3aBnCMan KMHasa, Kotopas
aKTUBMPYETCSA, CBA3bIBASICH C ONPeAEe/IEHHbIM
UnKAnHOM n ATO.

LlnknmHbl — nabunbHble 6enkn, KoTopsble C
HaCcTynJIeHNEM caegytouen gasbl LMK nogaexar
Aerpagaumm B npoTeacome.

3HaYeHMe umeeT Takxe PochopuampoBaHme
komnaekca unkanH-CDK. 3tnum 3aBegyioT
KnHa3bl/docPaTasbl.



«BbIXxoa» U3 yukKna: kyga v korga?

M-

| G 5 o - Checkpoint N21
/ Checkpoint N22 - Gl

| Y >XMBOTHbIX «BbIXOA» U3 LLMKa BO3MOXEH
TONbKO B G1 dase, Ao yasoeHumsa AHK.
MosToMy BCe coMaTUUecKme KAETKM
MMeroT ognHakoBoe koandectso AHK.
Y pacTeHnm BO3BMOXEH «BbIXOA» Kak B (1,
Tak 1 B G2 ¢a3e; NM0O3TOMY KOIMYECTBO
AHK Mox@T 6b61Tb pasnyHbIM.
Y10 ecTb «BbIX0A»? [nddepeHumnayms!



Ecau mMbl «BbIWAKY», TO NOpa pacTu!

LlnTonna3ma CTAaHOBUTCSA MEHee BA3KOMW.

K membpaHnam IIMC npmkpenastoTcs pnbocomsl.
B MTX popMunpytoTCs pa3BuUTbIe KPUCTDI.

A4p0 NPMHUMAET HeNnpaBu/bHYO GOPMY, UTO
YBE/IMYNBAET NOBEPXHOCTb €ro CONPMKOCHOBEHMSA C
LMUTOMNIa3MON. A4PbILKO YMEHbLLAETCS.

Menkune Bakyoinm CAvBaKOTCH, M 0bpasyeTcs ogHa
LLleHTpa/ibHada Bakyo/b. B 3ToM Takxe yqaCTBerT

ny3blpbky, oTaenawuwmeca ot Al.
®)| |




MwuTO3: eCc/iM He BbILJIN, TO NOpa

AennTbcs!

CyYMTalOT, YTO B MEPUCTEMATUNYECKOW K/1eTKE
A,0/KHO BbITb ONpeseneHHoe COOTHOLLEHME
MeXAy pa3mepaMu A4pa 1 LUTOoMNaa3mbl
(AaepHO-N1a3MeHHOe oTHoweHue). Korga 31o
OTHOLLEHME HMXE ornpesesIeHHOr0 YPOBHS, AAPO
Kak Bbl y>Ke He MOXET «yMnpaBasATb» BO3POCLIEN
MaCCOM LLUTOMNJIa3Mbl U KJ1€TKa NepexoamT K
AeneHuto.

Ha MosiekynsipHOM ypOBHe nepexos K MUTO3Y
KOHTpoaunpyetca uunkanH-CDK komnnaekcom.



Pro Pro Pro Prometa

Prometa Meta Meta Ana

Ana Ana Telo Telo

Telo Telo Telo




[Tpodasa: Hajo0 BCe NOArOTOBUTD!

OcTaHOBKa TPaHCKPUMLUM
KoHAaeHcauusa XxpoMocom
MicuesHoBeHMe A pblLLKa
®OparmeHTaumna agepHor 060104KN —
XPOMOCOMbI OKa3bIBAOTCA B LUTO30/1€.

DNA Organization in Chromosomes

Koo %§§§§§ %

DNA wrapped around
Highly condensed and nucleosomes
supercoiled DNA

Supercoiled DNA




Metadasa: Ha 3KkBaTop!

KNtoueBOM yyacTHUK — BepeTeHo . w = —

AesleHuns. B
%, R %
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Kutanckasa urpyiuka

CBsi3b MeXAY KMHETOXOPAMM U MUKPOTPYHOOoUYKamMM it
CTaHOBUTCA bonee cTabUAbHOWM, €C/IN OHU HAXOAATCS
NoA AENCTBUEM TAHYLLEW CUADI

OTKpPbIBWNM 3TO YYEHbIN CPABHMBAET
cTabuansupyollee HaTAXEHME C KUTAUCKOU UTPYLLKOW

«JloByluKa A9 Na/ibLa» — YeM CU/IbHEE Bbl CTAapaeTech g e
BbITALLUTb M3 HEe MajibLibl, TEM CU/IbHEE OHa UX —at—9
YAEPXMNBAET.

Takas 3aBMCKMMAsA OT HaTSAXeHUs cTabuansaums

MOMOraeT XpOMOCOMaM Pa3fe/iaTbCs, Kak NMoJIOXEHO. y \

KnHeToXOpbl ABAAIOTCA HE TO/IbKO MEXaHU3MOM
CBA3bIBAHWUS, HO M BbIMOJHAKT QYHKLUIO
perynaTopHoro ueHTpa. OHM «4yBCTBYHOT» U
MCNPaBASIOT OWNOKM B NPUKPENAEHNN N NOCbINAOT
CUTHabl «KAATb» A0 TeX Nop, Noka puUaMeHTbl
MUKPOTPYbOUEeK He NPUKPenATCA K KUHETOXOPaM B
MPaBU/IbHbBIX MOJIOXEHUSIX.




AHadasa: npouwan, cectpmua’

HWTK BepeTeHa HauMHaloT
YKOPaumMBaTbCs, pa3bumpasch C
KOHL,0B

OHU TAHYT 32 COOON LLeHTpOMEpBbI,
M Te nogaatotcs (moTomy UTo Henku
aAresnn paspyLLeHbl NpoTeasamm):
CecTpuMHCKUe XxpoMaTuabl
paccTaroTcs

XpomaTtuabl (CTaBLMe OTAEbHbIMU
XPOMOCOMaMM) PACTArMBaKTCA K
NOJ/IlRCaM.
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Tenodasa. LlnToknHes.

[leKoHaeHcaums XpomaThHa =
DopmMurpoBaHmne aaepHoOM
060104KM

BoccTtaHoBNeHMe
TpaHCKpUnuum

[loaBneHne aapbliek

S — early
ve 11
ﬁﬁé” 3
LF A )cell plate cytoklne5|s

e Telophase



LiluToKnHe3

CTpONTENbCTBO HOBOM CTEHKM MPOUCXOAUT YETKO Ha
TOM Xe mecTe, rae 6bi1o MNMNK

CaMble nepBble BELWECTBA, KOTOPble POPMUPYHOTCA B
HOBOM «pa3Ae/INTe/IbHOM C/1I0e» — MEKTUHbI —
NOJIMMeEpPbl ra/IAaKTYPOHOBOW KUCAOTHI.

Ee cuHTe3sunpyet annapat [0/1b4XKN, @ BE3UKY/Ibl
AO0CTaBAAOT HA MeCTO, U O4HOBPEMEHHO GOPMUPYIOT
MembpaHy. HanpaBneHune 3agatoT MT.

[lo3aHee HAUYMHAOT OTKNAAbIBATLCSA
MUKpoPumbpuanbl uenntonosel. Obpasyercs
nepsuyHasa KC.



Ocobble cnyyau: menos

Mewnos npomncxoamt
B 0CODObIX KneTkax —
MaTEePUHCKMX
kneTtkax. [1pn aTom

obpasytoTcs
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MEIOSIS 4 MEIOSIS
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Megametophyte 0
pe3yn bTaTe MMTO3a (Embryo sac) | -

B rameTtoduTe. |
. @

obpa3yoTca B v

(pollen)




nP0¢a3a Menosa
CUZIbHO OT/INYAETCHA

oT I-IPOC|>a3b| MUTO3a:

NOMUMO O6bI4YHOM
NOArOTOBKM, B HEW
NponCxXoanT
KOHbOraums u
KPpOCCMHIroBep.

B npodase

BbIAENAOT 5 CTaAUMN.

(e) Diakinesis
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(h) Later anaphase |



Mpodasa menosa

JlenToTeHa — ynakoBka XpoMocoMm, koHaeHcauua AHK ¢
obpa3oBaHMeEM XPOMOCOM B BUAE TOHKMX HUTEU
(XpOMOCOMBI YKOPAUMBAOTCA).

3uroTteHa — NPONCXOAMUT KOHbIOrauma — coejuHeHmne
FOMOJIOMMYHBIX XPOMOCOM C 0bpasoBaHneM CTPYKTYP,
COCTOSALWMX U3 4BYX COEAMHEHHbLIX XPOMOCOM, Ha3blBaeMbIX
TeTpagaMun nam buBasieHTamMm U UX gaJbHenwas
KOMMaKTMn3aLuus.

[TaxuTeHa — B HEKOTOPbIX MeCTax rOMOJIOFNYHbIE
XPOMOCOMbI MI0THO COeanHAOTCA, 0bpasysa xmasmbl. B HMX
MPONCXOAMNT KPOCCUHIOBED

NENTOTEHa 3WroTEHA naxvureHa AUnnoTeHa AW3KUHE3 metacgasa |
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Mpodasa menosa

AvnnaoTeHa - NponcxoauT YacTUYHAA AeKOHAeHcaLms
XPOMOCOM, NpM 3TOM YaCTb reHOMa MOXeT paboTaTb,
MPOMCXOAAT NPOLECChl TPAHCKpUMNLUMM (0bpa3oBaHMe
PHK), TpaHcnsumm (cuHTe3 6enka); roMoN0rnyHble
XPOMOCOMbI OCTAIOTCHA COeAUHEHHBIMM MeXay cobon.
AwvakuHes - /1HK cHoBa MakcMMaibHO KOHAEHCUPYEeTCS,
CUHTEeTMYeCKMe nNpoLecChbl NpekpaLLaroTCcs, pacTBOpPAETCH
aAepHas 060/104Ka; LEHTPMOM PACXOAATCA K MOAOCAM;
rOMOJIOrMYHble XPOMOCOMbI OCTaKTCA COeAUHEHHbBIMU
Mexay cobowu.
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Kak 3To BbIr19AUT Ha caMOM aene?

https://wikispaces.psu.edu/dis
play/Biology/Mitosis-Cell+Cycl

e+Requlation
http://se.plantphys.net/article
.php?ch=&id=22xg
http://plantphys.info/plant ph

ysiology/cellcycle.shtml
http://www.nature.com/nrm/j
ournal/ve/naa/full/nrma746.ht
ml
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