


Bunécny cyklus — uhly pohledu

 Strukturni udalosti (replikace DNA,
segregace chromozomu, cytokineze)

» ZacClenéni do ontogeneze
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Regulace BC: historicko-metodicky vylet
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Medicine 2001
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Obecné schéma eukaryotniho bunééného cyklu
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{a) Different cell-cycle lengths
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{b) Different cell-cyde phases
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Currant Qpinicn in Plant Biology

Many different cell-cycle modes are executed in plants. {a) The
different cell-cycle modes can vary with respect to cell-cycle phase
lengths, ranging from a rapid, proliferative mode to an exit from cell
cycle in either G, or Gy. (b) The composition of different cell-cycle
modes can also differ; for example, there is no mitosis inan
endareplicating mode.



{a) Different cell-cycle lengths
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Currant Qpinicn in Plant Biology

= opak.
S-faze bez M.

Endomitosa = opak.
M-faze bez S (po
endoreduplikaci). Pr.
bunécné cykly fas —
Scenedesmus
(Setlik, Vondrejs 70-
1éta)

Many different cell-cycle modes are executed in plants. {a) The
different cell-cycle modes can vary with respect to cell-cycle phase
lengths, ranging from a rapid, proliferative mode to an exit from cell
cycle in either G, or Gy. (b) The composition of different cell-cycle
modes can also differ; for example, there is no mitosis inan
endareplicating mode.
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Many different cell-cycle modes are executed in plants. {a) The
different cell-cycle modes can vary with respect to cell-cycle phase
lengths, ranging from a rapid, proliferative mode to an exit from cell
cycle in either G, or Gy. (b) The composition of different cell-cycle
modes can also differ; for example, there is no mitosis inan
endareplicating mode.



Otazky (pro ,,1dealni cyklus®):

Jak je zajiSténo, Ze ke zdvojeni struktur
dochazi prave jednou za cyklus?

Co udrzuje poradi a vzajemnou koordinaci
zdanlivé nepiibuznych procesu?

Co zajiStuje koordinaci rustu a déleni?
Jak bunka vi, kam ma dat nov¢ struktury?

(Wheals, 1976)



Metabolicko-energetické podminky
postupu bunééného cyklu

The Journal of Cell Biology, Vol 37, 773-780, Copyright © 1968 by Rockefeller University Press

CONTROL OF CELL PROGRESSION THROUGH THE

MITOTIC CYCLE BY CARBOHYDRATE PROVISION

I. Regulation of Cell Division

in Excised Plant Tissue*

JACK VAN'T HOF

From the Biology Department, Brookhaven National Laboratory, Upton, New York 11973
ABSTRACT

A stationary phase in the root meristem of excised pea roots was established by prolonged
carbohydrate deprivation in sterile culture medium. When the stationary phase had been
established, cells that had collected in the G1 period of the mitotic cycle were induced to

enter the S stage by subjection to relatively short intervals of carbohydrate provision (sucrose
spurts). Progression and cycle location of the G1 cells induced to enter S were measured

with tritiated thymidine and radioautography. The results indicated that the number of

G1 cells induced to enter S increased directly with the spurt duration and that cells could be
positioned and retained in the S and/or G2 periods by varying the duration of the spurt.

The data support the hypothesis that S and maybe M stages have a relatively larger dependence
on carbohydrate availability, and presumably a greater energy requirement, than

G1 and G2.
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Figure 6 Schematic representation of postulated
cell distribultions in the mitotic cyele of stationary
phase roob Lips that received no sucrocse spurt, a,
n B-hr spart b, and o 12 he spurt of suerose, o, durng
the 72 hr stationary phase. d-f represent cell distreibu-
tions of tritiated thymidine-labeled interphass oells:
alter no suerose spurt and a 12 hr labeling period, J;
after w & he spurt with sucrose and simultaneous label-
ing with tritiated thymidine, ¢; and after a 12 he suerose
spurt amd Eritiated thymidine labeling, f. The shaded
porticns in d-f represent tritiated thymidine-babeled
interphase cells.



Otazky (pro ,,1dealni cyklus®):

Jak je zajiSténo, Ze ke zdvojeni struktur
dochazi prave jednou za cyklus?

Co udrzuje poradi a vzajemnou
koordinaci zdanlivé nepribuznych
procesu?

Co zajist'yje koordinaci rustu a déleni?
Jak bunika vi, kam ma dat nov¢ struktury?

(Wheals, 1976)



Odpoved’: 2 alternativni modely!

dependent pathway model (domino)

A - B -C -D - E - F

independent pathways model (hodiny)

[
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B —

= F

(Hartwell 1974)



Model typu ,,domino* (L. Hartwell)

Vychodisko: mutace buni. cyklu Saccharomyces

@ Fig. 1. The sequence of events n the cell
division cycle of veast: ¢D§, initiation of

/,-f"'@ DNA synthesis. BE, bud emercence. DS,

-\\ DMNA synthesis: NM, nuclear migration;

cs @ mND, medical nuclear division: IND, late

CK nuclear division: CK, cytokimnesis: 5, cell

/ iDs separation. Other abbreviations: GI, time

mterval between previous cytokinesis and

initiation of DNA synthesis: §, period of

DNA synthesis: &2, time between DNA

synthesis and onset of mitosis; and M, the
period of mitosis.




cdc mutace

cdc4, kont. ts mut. v rest. tepl.
(A) Cell division cycle (cdc) mutants arrest uniformly : P it T 2
after temperature is raised. : : LR T L.

Arrest occurs at specific
point in the cell cycle after
temperature is raised.

-y
——’

Cells are at random
points in the cell cycle

before temperature is raised (B) Other temperature-sensitive mutants arrest randomly after
temperature is raised.

S G2 M G1 S G2 M Eumme

Co———]
P |
"“—”';I_ | Arrest occurs at random
T @@ points in the cell cycle

u‘—\_:ll after temperature is raised.
O

Cells are at random @ -]
points in the cell cycle
before temperature is raised.




Poradi funkce CDC genu

¢ VZéJ emna (C) Mapping the point when CDC gene
function is required

zavislost a

poradi
;e o - Arrest occurs
« Zavislost - | " atcheckpoint
v 17 .. 0w @ - in the cell cycle.

poradi vuci -

mistu uCinku :\

inhibitor 3

Point when the gene function is required

o Synchronni at restrictive temperature

Cells are at a uniform point in the
kl’lltury cell cycle at the start of experiment.

V}”hOdOu (ne Temperature is shifted at different times.
podminkou)



Mapa funkci CDC genu

CDE28 \> Starf
\ N5

T
\
\ i rd
Fig. 3. The circuitry of the wyeast cell IDE
cycle. Events connected by an arrow are
proposed to be related such that the distal [ |
event 1s dependent for its occurrence upon )

E‘H he prior completion of the proximal ) E'
eMent. The abbreviations are the same as E
in §ig. 1. Numbers refer to cde zenes that TR

1 are rgquired for progress from one event

=D to the gext; HU and TR refer to the DNA D 5

5 s;_-‘nthca& inhibitors hydroxyurea and trend-

maoi, |'cs;\:c1iwl}-'.‘ MF refers to the mating
factor, & Nctor.

\

IND N

X

(Hartwell 1974)



Modely typu ,,hodiny* (T. Hunt, M. Kirschner, A. Murray)

(A)
G1 S G2 M a1 L\ —

Mitotic extracts mduce

division in GZ cells.

e’ .h H :
MPa: -
Isolate proteins from

cells in mitosis.

Induce cell division
in frog eggs-

Inject proteins (=
into cells in G2.




MPF - maturation promoting factor

Sperm entry,

incraased i.ﬂ:_"-?1 l;.
Maturaten stimulus C5F mactivation
iprogesterane or MPF)

s DEF atabilizes MPF—

ngh
BPE
activity
L
; 5 t Firsi Second
immalure  mMedss mensis matufs
pocyles I Ir Qocyte cleavage cleavage

FIG. 1 MPF levels during early Xenopus embryonic development. The
fluctuation in MPF levels as an immature oocyte passes through meiotic
maturation. fertilization and the first two mitotic cell cycles is shown. For
further details see the text,



MPF = p34 + , cyklin®
(B)

Time after fertilization (min)

65 70 75 80 85 90 95 100 105 110 115 120 125
Cyclins s P =1k 17 %

= Cyclin abundance ‘ MPF activity



Dalsi doklad pro ,,hodiny*: fuze bunék

(A) o Observations Conclusions
T Y . N Far- T Gl onucleus replicates. G1 nucleus is competent
( o It' + |: B | — l.__ o B‘H_ —_— o e | Early S-phasze nucleus to replicate. S-phase
S . e 7 / b ' continues replication. cells contain activator.
_ . _— % E — W
Gl ocell Sphase cell N
g G2 nucleus does not G2 mucled ane not
e | e e - replicate, S-phase competent and do not
o \‘-. I “‘-._ [ o i ./f_o % mucleus continmes re-replicate. G2 cells
% G / + o, N e = B J replication. G2 do not inhibit replication.
e o = / I\a = nudleus does not S-phase nuclei retard
G2 cell S-phase cell . progress inlo b phise. mitosis in G2 nucled.
p— - o .3 T
S o N 4 L1 nuchous replicates G2 oells do not suppress
,"f o o+ | o — o é\ — o e Y at pormal time; G2 S-phase entry of C1-
A% , b . j l“‘x ff" nucleus does not phase nuclet.
T — o . .\\'\-H = eee smsssmeeas — I.t\fatﬂ.
Gl cell G2 cell - "

. Ca2 muclens

. S-phase nucleus (RaO and JOhnSOn)

(B}

Wheat cell in M phase Rice cell in interphasze Wheat=rice fusion cell

i U b, =

-

Rice chromosomes

Wheat chromosmmes

(D. Dudits)



Sjednoceni modelu (P. Nurse):

CDC28 koduje p34!
,,cyclin-dependent kinase*, CDK

(dil¢i procesy mohou béZet podle modelu ,,domino)
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Komplex CDK -
cyklin - CKI
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CDKS CDK7

L 'T_\I_BE : PSTAIRE PSTAIRE ) PSSALRE PLSTIRE
motif

evelin A
eyelin E

cvelin K

Activator -
cyvelin Tl

cvelin D1-3 cvelin D1-3 eyelin €
eyelin DI
Neurite

cell evele

Cellular , ) .
(¢ S, cell eycle 7

functions

outgrowth cell evele oy ot
- transcription transcription

signalling

exocytosis via NSF
(PCTAIRE! — Liu et al. 2006)

(Doerner lab 2005)




PSTAIRE
moftif

Activator

Cellular
functions

Diversita CDK a cyklinu

(Z1voC€iSna terminologie)

CDK1

[\

CDK7

CDKS8

PITALRE

PSTAIRE PSTAIRE PSTAIRE PISTVRE PSSALRE PLSTIRE NRTALRE MSACRE
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CDK: rozmanitost sekvenci 1 funkci

« Krom¢ ,;jadrové funkce i dalsi (CLN,
mei1oticke ...)

* Sptiznénost s transkripnim aparatem
(TFIIH, CTD kinazy)

* ALE rodina CCC (cell cycle control) kinaz
stara, CDK jsou mlada vétev, divergence az
v eukaryotech ... a vétve dosti slusSné
konzervovany.

(Guo a Stiller 2004; Krylov et al., Curr. Biol. 13:173-177, 2004)



Evoluce cyklinu

Cykliny z Arabidopsis — Wang et al. 2004



Cykliny - délba prace

« Mitoticke* - klasicke: Pt
%?9 4 animal G _E é’n__
— A - S faze ezl s £ §aEERy.
— B - mitosa

e ,,GI* - heterogenni
skupina; cell cycle
commitment a ???



Cykliny - délba prace

o _Mitoticke® - klasické:
— A - S faze
— B - mitosa

e ,,GI* - heterogenni
skupina; cell cycle
commitment ...

* Urost. Cyc D v Gl




Soucasny stav u rostlin

(Francis 2007)
CDKs Cyclins
A -1 G1/5 and G2 A
B 11 G2/M A
B 1:2 G2/M A
B 21 o2 A
B 2;2 G2 A
C - Regulation of transcription A
D 1:2:3 CAK A
E Regulates RNA polymerase If :
F CAK A
G 7
:
:

D 11 GO/G1/S B

D 2;1 GO/G1/S g

D 3,1 CO/G1/S .

D 3;2 TR A B

D 3.3 CO/G1/S B

D 4:1 G2/M B

D 4:2 G2/M

D 5.1 CO/G1/S

D 6,1 CO/G1/S

D EN TR A

11
1:2
21
2:2
23
2:4
3:1
32
33
34
11
1;2
1.3
1.4
21
22
2:3
2:4
n

G175 (G2
G175 (G2
G175 (G2
G175 (G2
G175 (G2
G175 (G2
G1/5 (G250
G5 (G2
G175 (G270
G175 (G2
G2 or G2/M
G2 or G2/M
G2 or G2/M
G2 or G2/M
G2 or G2/M
G2 or G2/M
G2 or G2/M
G2 or G2/M
G2 or G2/M



Cirowth CDK4/CYCD

AEIOS complex
Quiescent cell ——————= Synthesis of D- ——
and E-type cyeling
APC Activation of
pathway \ Gl progression
CDK2/CYCE
Commitment complex
to mitosis
Commitment \
to Gl progression
CDEL/CYCE
comprlex

DMA replication Commitment to
pre DNA replication
‘ ” CDE2/CYCA
o= complex
=y

(ptiklad ovSem zZivocisny ...)



GO Cirowth CDK4/CYCD

LS complex
uiescent cell Synithesis of [ ———
and E-type cyeling
APC Activation of
pathway \ Gl progression
CDK2/CYCE
Commitment complex
to mitosis
Commitment \
to Gl progression
CDEL/CYCE
comprlex

DMA replication Commitment to
pre DNA replication
‘ ” CDE2/CYCA
o= complex
=y

(ptiklad ovSem zZivocisny ...)



,,Pocket proteins* - pribuzenstvo cyklinu: pRB a spol.




Transkripcni regulace - E2F, pRB

E2F promoter
[y

Early G1 E2F promoter inactive ‘ E2F

ME@ .

2 ponoc: () BT

[ E2F promoter active ‘ E2FE

E2F gene

E2F gene |
lSynthesis of E2F

>\

S-fazni geny: TK, RNR ...
A. th. zeus — 1. zygotickée déleni, TK!

Late S

S-phase promot! S-phase gene
(7

S-phase Active
promoter
active

Synthesis of
S-phase proteins

x,@ .\@:

S-phase promoter S-phase gene

S-phase promoter inactive




(a)

AtEEFa * Ak * & hhkk | | & I & & | 483 aa

AtDPa [ T | | 292 aa
woeo [N | e

L3

355 aa

AtDELZ

AtDELS

-l DNA-binding domain [l Dimerization domain
[0 Transactivation domain B Rb-kinding domain

B Marked box B Fotential COK—CyoA-binding site
«  Potential COE—cyclin phosphorylation site (TP or SF)

@ Transcription @
‘4 e a
el 1 L -

(b}

|0 g I L L L L I L

CMA, o
E2F-hinding site E2F-binding site

TRENDS in Plant Science

Dim.Prot.

Komp. inh. Jako monom.

F1g. 1. Structural organization and DN A-Binding properties of the
Arabidopsis E2F-family proteins. (a) The DN A-Binding, dimerization,
Marked-Box and transactivation domalns of the E2F-ramily

proteins. The Rb-inding domain and the potential cyclin-dependeant-
kinase- cyclin-& (COK- CycAj-binding domain and COK- cyelin
phosphorylation site are also Indicated. Based onthe conservation
of different domalins, the elght Arabidopsts proteins are classifled
Into E2E OP and DEL groups (nomenclature according to Rer, [17])
(b} DNA-BIndIng properties of Arabidopsis E2F DP and DEL proteins.
E2F-group proteins bind DNA as hetercdimers with DP-group
proteins, whereas DEL-group prateins bind DA as monomers.

The DNA sequences specifically recognized by E2F-DP dimers

and by DEL monomers are similar and match the animal E2F-binding
sltes, with the consensus sequence TTTIC/GHCIG)CGE. Because

of the lack of a transactivatlon domain, the DEL proteins are

unable to activate transcription. Thelr co-production Inhibits

E2F- DP-mediated transcription, probably throughtitration of the
E2F-pinding site [14].



(a)

atrs [ [ ] | | | 1012 aa

Leucine rich Focket domain & Pocket domain B

(b} PXFPREFIP

LD

COK-CyoA
COK—CyeD

@ F|  Transcription
— MY = ﬁ.—-

51 phase = phase

TRENDS in Plant Scisncs

Flg. 2. ia) Structural organization of the Aratidgogsis retino blastoma (BB protein, showing the
conserved pocket domalns, the leucine-rich reglon andthe potential cyclin-dependent-kinase- cyclin
phosphorylation sites (asterisks). o) ModeTor activation of the plant E2F- R patheeay at thie
51-to-5-phase transition. The model s based onresults obtalned In plants and on parallels with the
mammallan E2F- Rb pathvweay. In growth-arrested cells and during early 1 phase, iy pophosphorylated
Fb binds E2F- DP dimers and consequently Inhieits the E2F transcriptional activity. During late 1 and
carly S phase, Ro sy perijphos phorylated, first oy COK- cyelin-DiCyeDj and then by COK- cyelin-A
(Cyochl kinases, resulting inthe dissoclation of B rom the Rb- E2F- 0P complex. The released E2F- DP
complex actively promaotes transcription of E2F-target genes involved Incell-cycle requlation, DMNA
synthesls and replication, and chromatin assemoly,



Mechanismus represe je mozna trochu slozitési ...

Fig. 2 Molecular model illustrating the mechanism of maize
retinoblastoma repression of the G1/8 transition by recruiting an
Rpd3-type histone deacetylase. This model is based on results
obtained in different studies on plant components of the pRb/E2F

Rb lndUkUJC deacetYIaCI pathway and on our current research. In this latter research a

. o o , ZmRBR1 HDAC-independent ability to repress transcription has
also emerged, probably due to association of ZmRBR1 with other

hlStonu9 COZ branl co-repressors  and/or to interference of ZmRBRIwith RNA
polymerase [T holoenzyme (Harbour and Dean 2000). This

. N7 W .

tranSkrlpC prISIHS, Oblastl mechanism and the possible participation of additional compo-
nents of the RBR/Rpd3 complex (e.z. SWI/SNF-like ATPases) are
: indicated in the figure by a gwestion mark. Small purple and small
Chromatlnu white circles represent acetylated and deacetylated histone tails,
respectively. The light blue line wrapped around E2F depicts the
promoter E2F-site. RNAPI RNA polymerase I, TAFy compo-
nents of the general transcriptional machinery, Co-rep putative
ZmRBR1 co-repressors. The deseription of the chromatin structure
and the amino acid regions involved in protein interactions is
schematic: no attempt has been made to accurately portray these

structures



Na kontrole transkripce a cyklu se podileji ARP4,6,7!

(ptfes kondensaci
chromatinu — pleiotropni,
vliv t€Z na kveteni a
senescenci kvetu ...)

(h}
Chromatin-level contral via ARP4-,
ARPE- and ARP7-complexes ~ = RBR

Y l F_:}a_ G, HT:ZJ

Transcription of  DPa, DPB,
cyclin and cyclin- g MAD2
dependent kinases

: 11

Leaf cell division and
" expansion and organ Gentral of the csll cycle,
differantiation endoduplication and differantiation

(Meagher et al. 2005, 2007) FRENDS s Gl iy

£



Regulace CDK: naprt. fosforylaci

'Cde25

Weel kinase  phosphatase
25ATP: 2(ADP 2@,
Active Inactive Active

Weel kinasa a Cdc25 pusobi proti sobé.



A to jesté neni vSechno: CDK maji 1 dalsi
fosforyla¢ni mista.
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Exprese kvasinkoveho Cdc25 v rost. bunikkach ma fenotyp

Spedc25EC

(Orchard et al. ... Suchomelova, Lipavska ... 2005)



Proteolyza v regulaci BC

APC-dependent proteolysis f .aﬁ' : SCF-dependent
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Proteolyza v regulaci BC

APC-dependent proteolysis f .aﬁ' : SCF-dependent

-9 &

nsi::ﬁ:}: ATP AP proteolysis
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Amatomie APC/cyklosomu (cyclosome)
E3 Ubi-ligasa

Cdc23, Cdc26, Cdc27, I I

Podjednotky: Cdcl6,
BimE + 3 dalsi

Regulace: Cdc20 nebo Cdhl

— Cdc20 sam degradovan via
APC

— Cdhl je substratem CDK
(inaktivacni(Pace!)

kvasinka: mND fenotyp




Dalsi role APC: separace chromosomu

Sesterské chromatidy drzi pohromadé
kohesinové komplexy.

anaphase

q ' Smcl metaphase

SMC (structural

misto maintenance of
proteolyt chromosomes)
Stépeni

SCC (sister chromatid
cohesion)

(C. H. Haering)



Ustiedni hodiny bunééného cyklu

centralni oscilator
(,,.cell cycle engine®)

vstupy vystupy
velikost gen. exprese
signaly mitosa,
poskozeni ... cytokinese ...

Jak viibec lze zajistit pravidelny chod - oscilace?



Minimalni oscilator (jeden z mnoha)

Ty
Al M PF---
| | .
| .
Fl-"'/l APC o
Minmmal oscillator Embryanic call
descriptsan oyele oscillatar

@EW I-_-"""-..
|

s

Fer'Tim -

Circadian
ascitlatos

Je lepsi nez jiné?? Problém robustnosti!

,,Luring v ¢ase

(Ingolia a Murray, Curr. Biol. 2004)



Oscilator v kontextu tradi¢niho pohledu

s ¥ ) ®)
(metaphase)

Tyson and Novak, J. Theor. Biol. 210:249-263, 2001



Dva stavy ,,cyklovych hodin*

Rust >/> Start \'
S/M

Stav Gl
CDK v A
APC 4 4

DNA (ORC) | prereplik. postreplik.

Neuplna metafaze

Nedoreplikovana DNA \ /
| Finish

(Novak et al., Phil.Trans.R.Soc.Lond.B 353:2063-2076, 1998)



Model minimalniho cyklu

» Jadro: CDK/cykliny
+ APC

 Start regul. rustem

* Finish regul.
dokoncenim
replikace + vieténka
prostifednictvim
,,aktivatoru“ APC
(ACT)

e Oscilyje v Sirokem
rozmezi parametru!
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(Novak et al., Phil.Trans.R.Soc.Lond.B 353:2063-2076, 1998)



Vstupy a vystupy - (nejen) ,,rostlinna specifika

centralni oscilator
(,,.cell cycle engine®)

vstupy vystupy
velikost gen. exprese
signaly replikace
poskozeni ... mitosg,
cytokinese ...




Obecné cyklus regulovan téz v zavislosti na
poskozeni (,,checkpoints*)

Unattached

chromosomes Cytokinesis

- ~(®

Metaphase
to anaphase @ l I/_\I
transition '-\_?;/’

g
(27,
‘é/’l

Cell growth

DNA damage; ________.J‘

incomplete
DNA replication
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DNA replication



Ontogeneticka kontrola BC - rostlina vladne bunkam

(A)
Developmental

Hormones programs

v
ZH — T

AtCYCBI1::GUS

V ranném embryu
temer mizi G1 faze.




&0

Frogrammed
cell death

P

Differentiate

_h..
- — -
De-differentiate
=1 =1
'stem cell’

trands in Cell Bicdogy

FIGURE 1

Options for G1 cells in plants. Newborn G cells can start another round of division
{‘stern cell’) or exit the cyde (non-cycling cells). These cells die (programmed cell
death), return into the cell cycle or differentiate. In contrast to animals, differentiated
plant cells can maore readily de-differentiate and re-enter the cell cyele,

given the appropriate signals.



Kontrola cyklu
sacharosou a
fytohormony



L£T)

Gz

Gq

Fistie 6 Schematic representation of postulated
eell distnbutions in the mitotic cyele of stationary
phaze roob tips that received no sucrose spurt, a,
w B-hr spurt &, and a 12 hr spurt of sucrose, o, dudng
the 72 hr stationary phase. d—f represent cell distribu-
tioms of tritiated thymidine-labeled interphase cells:
alter no suerose spurt and a 12 hr labeling period, d;
after w & e spurt with suerose and simultaneous label-
ing with tritiated thymidine, #; and after a 12 he sucrose
spurt amd tritiated thymidine labeling, f. The shaded
portisns in d-f represent fritiated thymidine-labeled
interphase cells.



Kontrola cyklu sacharosou a

fytohormony

Suc{'nse,

auxin,

cytokinin

v
CDK/CYCD |

Abscisic
acid
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CDK/CYCA 1
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ABA — | KA

J_ Auxin
Cytokinin — »/

Sucrose —ﬂp CDK-al- ICK1
l EZ2F inactive

D) - rx»
Lo ma in S-phase genes

COK-a A
®,7
|
CAK E2F active
- |5—,[:'.|l'.'35£' genas
START G1/S transition
G1 | | o
o
frends T CeTBology
FIGURE 2

Maodel for G1-5 transition in plants. Cytokinin- and sucrose-induced D-type cyclins bind to cyclin-
dependent kinase-a (CDK-a) to form inactive heterodimers. Regulation of kinase activity after binding
the cyclin might occur either by an inhibitor (ICKT) or by phosphorylation by an activating kinase
(CAK). Phosphorylation of the retincblastoma protein Rb by CDK-a complexes releases the
transcription factor E2F, which is the active malecule required to enter 5 phase. The phosphordation
of plant CDK-a by CAK and the presence of Rb-E2F complexes on the promoters of 5-phase genes
have not been shown to occur in plants but are based on the mammalian G1-5 model.



AtCYCBI

AtCYCDI1

- odpovéd’ na auxin (A. th. kofeny)



DNA

damage
rmid/cad?
\ ABA
Sacharosa
PARP
Auxin Cytokinin
GSH
¥
\ ICK 1 %
Y X:chS.-‘E DK-a
\, y
G1 5
trends in Cell Biclogy
FIGURE 2

Potential signalling pathways feeding into the G1-5 transition in plants. Genome
instability transcriptionally activates poly(ADP-ribose) polymerase (PARP). In
rmammalian systemns X = p53 and ¥ = p21, but their homologues have not been
identified in plants. The mmfT /cad2 gene encodes the first enzyme of glutathione
(G5H) biosynthesis. When the intracellular GSH concentration falls below a threshold
level, the G1-5 transition is Blocked in dividing roct cells. Depletion of auxin arrests
cells in G1, and absdsic acid (ABA) induces the inhibitor ICKT transcriptionally. 1CK1
can interact with both cycD 3 and CDK-a {cdc2a). Cytokinin activates cycD3
transcription, and ¢ itutive cyc[d3 expression can resc ini
requirement of callus,




Na urovni bunky jasne¢ priority...

» Zakladem je ,,cell cycle engine

« Regulace vstupu a vystupu jsou ,,priveésky*
* Vime, ze rostliny rakovinu nemivaji
 ALE...?



Mutace a zmény exprese centralnich regulatoru cyklu
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masivni overexprese KRP (inhibitor CDK): malé rostliny, mén¢ bunék

Zhou et al. 2002




Intercellular and subcellular localization of Arath;KRP1

pGL2:GFP

Verkest, A., et al. Plant Physiol. 2005;139:1099-1106

(protein je v jadie a leze do sousednich bunck!)

Copyright ©2005 American Society of Plant Biologists



Umirnéna overexprese KRP: mala rostlina, velké bunky!

pSTM:KRP

pTMM:KRP

Copyright ©2005 American Society of Plant Biologists Verkest, A., et al. Plant PhySIOl 2005,1391 099-1106



Velké bunky jsou polyploidni!
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Figure 6. Ploidy Level Distribution of the First Leaves of Wild-Type (Col-0; Left) and STM:KRP2CF (Line 5; Right) Plants during Development as

Measured by Flow Cytometry.

(A) Eight DAS.

(B) Ten DAS.

(C) Twehe DAS.

Histograms represent average data of two to four independent measurements.

(Verkest et al. 2005)



KRP kontroluji endoreduplikaci

CDKB1 ;1

KRP2 —» KRP2-P

7  proteolysis

CDKA:1

Mitotic cell cycle ————————p Endocycle

high oA
CDKA: activity DA activity

Figure 9. Model |llustrating the Role of CDK Activity in Controlling the
Onset of Endoreduplication.



Mutanti v odpovédi na hormony

(A) (B) (O

superroot vpl (no ABA

brassinosteroid. L
(auxin ++) response

deficience






Vstupy a vystupy ... zp€t k cytoskeletu

centralni oscilator
(,,.cell cycle engine®)

vstupy vystupy
velikost gen. exprese
signaly replikace
poskozeni ... mitosa,
cytokinese ...




Replikace genomu

Early Intermediate Late
ORC
S p— _F_ﬁ :ﬁ:}%‘::- U ﬂ_ﬁ —_‘h\\-. B T — ¥ 3
\ DNA /
polymerase

- klicova uloha replikacnich pocatku!

Funkce zavisi na kontextu: zitné chromosomy v triticale uzivaji 4x
vic pocatkt nez v zité
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Konce - telomery
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Zpét ke strukturnim udalostem cyklu ...

1. Segregace chromozomu a
karyokinese

2. Cytokinese

... aneb cytoskeletalni efektory CDK
(hlavné MT)
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cortical array

preprophase band spindle




fragmoplast
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Mitoticke vieteénko a segregace chromosomil

(A) Animal spindle (B) Plant spindle
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Kondensace a rozchod chromosomu
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Fig. X A model of the maize meiotic kinetochore showing the

centromeric region of a meiosis 1l chromosome. The kinetochore

5 depicted as a spherical structure with two subdomains. The mner
(ereen) domain contains the maize protein CENP-C and the outer
(red) domain contains the MADZ2 protein and the 3F3/2 antigen.
The chromatids. indicated by wavy lines, are attached by chromo-

some cores (blue). Microtbules are shown in purple.




Kinetochore Apparent Plant Kinetochore Gene Refs
component function species localization® cloned

CBF5 Unknown Vicia faba, Hordeum vulgare Yes Yes (Hordewm vulpare) 27
CENPC Structural Lea mays, Vicia faba, Hordeum valgare Yes Yes (Lea mays) 26.27
CENPE Chromosome motility Vicia faba, Hordewm valgare Yes Mo 27
CENPF Unknown Heordeum vilpare Yes MNo 27
MAT2 Spindle checkpoint Lea mavs Yes Yes 19
Meiotic Histone Unknown Lilivim longiflorum Yes Yes 48,49
MPM2 antigen(s) Unknown Vicia faba Yes Mo |8
SKPI Unknown Vicia faba, Hordeum vulgare Yes Yes 27
WD Spindle checkpoint Arabidopsis NA" Yes 45
3F3/2 antigen spindle checkpoint Lea mavs Yes Mo 19
6C6H antigen MTOC Allicem satbvum, Tilbaghia violacea Yes Mo 17
y-tubulin MTOC Vicia faba Yes No® 35
The protein has been localized to the Knetochore by immunofluorescence,

NA, informabon not available,

“y-tubulin DNA sequences from other plant species are available in GenBank.




Co pohani pohyb chromosomu?
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Motor protein al Depolymerization Depolymerization Motor protein or
kinetochore al kinetochore at poles contractile clements
in spindle “matrix”



Lokalizace chromozomu v jadie neni nahodna!

B

centromeres

telomeres

Figure 4. The Rabl Configuration in Somatic Nuclkei.

(A} Projections of wheat root tissue double labsled by FISH with probes to centromeres (green) and telomeres [red).

(B} Interpretation of the laksling pressnted in (A). The Rabl configuration is suggested by chromosomes lying paraliel to each othaer, with cen-
tromeres clusterad on one side of the nuclkeus and elomeras an the ather side.

Barin iAj = 10 pm for both panels. Figure courtesy of Peter Shaw (John Innes Instiite, Morawich, LK) adapted from Abranches et al. {19598).

Habl, C.{1825]. Uber Zellthellung. Morphal. Jahrb, 10, 214-330.



Mitosa vs. me1osa

Middle

Metaphase

Prophase I
Leptotene
Zygotene

Pachytene

Dlplotene Diakinesis | Early Middle | Metaphase
Prometaphase

Figure 3. Diagram of Spindle Development in Meiotic wversus Mitotic Cells,

[A) Mitotic spindle Formation {adapted from Smimowa and Bajer, 1992). During prophase, radial microtubule arrays accumulate as a cage arcund
the nuclear envelope. These arrays then are transformed inko a multipolar and ultimately a bipolar array. After nuclear envelops breakdown, mi-
crotubules are captured by the kinetochores, and the bipalarity of the array is reinforced by the bilateral symmetry of the kinetochores attached
to the sister chromatids, A& key early step in the process is the formation of MTCCs near the nuclear envelope, which aggregate into two caps
during prophass.

(B Meiatic spind ke formation (ada pted from Chan and Cande, 1988). &t diakinesis, the microtubules are organized as a cytoplasmic network. AF-
ter nuclear envelops breakdovwen during early prometaphase, the presxisting microtubu ks and neswly forming microtubales interact with chroma-
tin and are stablirad. With the invalvement of motars, such as kinesin-related proteins and dynein, during late prometaphase, the microi bule
arrays become organized into antiparallel assemblies, and pole material is recruited to the ends of the microtubuoles. &t this staoe, plus ends of
microlubules also are captured by the kinetochores, By metaphasse |, the spindle extends the width of the call, and the spindle poles may inter-
act with the plasma membrane, becoming more focusad over time.



Figure 2. The Pathway of Spindle Assembly in Mitotic and Meiotic Plant Cells.

(A) to (D) The distribution of microtubules in somatic spindles, as viewed by using the immunogold -enhanced silver technique in Haamanthus
endosperm cells at early prophase (&), midprophase (B), late prophase (C), and prometaphase (0). Bar in (&) = 10 pm. (A) to (D) courtesy of
Andrew Bajer and adapted from Smirnova and Bajer (1994, 1295).

(E) to (H) The distrizution of micratubules in maize meiocytes. Single optical sections taken by confocal laser scanning microscopy of a meio-
cyte in diakinesis (E), early prometaphase (F), metaphase | {G), and anaphase | (H). The chromosomes, stained with propidium iodide, are
shown in red, and the microtubules, stained with a monoclonal antibody against tubuling are shown in green. Bar in (E) = 10 pm. (E) to {H)
adapted from Chan and Cande (19598),
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mes 1+ (as1) koduje kompetitivni inhibitor APC!

Current Biology

(Peters 2005)




Cytokinese

rust (A) Animal cell (B) Plant cell

- jak rozd¢lit bunku ...



Je rozdil mezi rostlinami a zivo¢ichy opravdu tak zasadni?

{a) 1]

Animals Plants
TRENDS inn Cel Bisiogy

Figure 1. Overview of animal and plan cylokinesis. |a) Cytokinesis in animal cells. The spindle midoone’'midbody Torms when microwbules (MTs) rom opposite poles
ovarlap, i consists of the overlapping microtubules & well as ass ooisted proteins that bundle thesse MTSs and other proteins that together lorm & denss protein matrix. This
matrix excludes antibodies against MTs, giving a stereotypical region devoid of staining. As the furrow ingresses, the midsone is Swepl into one langer structure called the
midbody. The Gaolgi and endoplasmic reticulum |ER) membranes are also found in the midbody during telo phase to cytokinesis. It is proposed that vesicles (V) traffic along
e i oy’ i erotubules toward the ingressing furrow. (b) Cytokinesis in somatic plant cells. The forming cell plateis assisted by the phragmoplast &t the future site of the
mawy call wall. Two topographic ragions can be disting uished in the phragmaoplast the phragmop last midline [Ph M), where the o ppo sing set of micrstubulas i mendi gitate,
and the distal phragmaoplast |(distal Phl at both sides of the phragmoplast midline, A filameanous cell-plate assembly matrix [CPAM] accumulates at the phragmaoplast
mid line. Kay: MT, microtubule [green); N, nucleus ftan); VW, vesicle [yellow]; Golgi (pale blue); midbody matrix (gray box]); CPAM (gray circles].



Golgi stacks

Neyciing? ’/).

Endosome
) vesicles
Cse“ pl%iie Clathrin-coated Cell plate
assemply h
matnx\ © B,fds DRP2a

Cortical [
division

site Actin
Tubula- Planar

Filaments ' ' -; '
Cell
wall \
"\ vesicular network  fenestrated
Membrane dynamics during cell plate development. Golgi-derived vesicles (orange) are delivered along

Tubular
network sheet

phragmoplast microtubules (red), by a putative kinesin-related protein (blue), to the cell plate assembly
matrix. Vesicle fusion generates fusion tubes and tubulo-vesicular networks as a result of the constricting
activity of class I dynamin-related proteins (DRP1) (magenta). The tubulo-vesicular network is successively
transformed into a tubular network and a planar fenestrated sheet. Lateral expansion of the cell plate (farge

4 rwvt,-° arrow) toward the cortical division site is guided by actin filaments. Endocytosis from the tubulo-vesicular
fuZ e VaCku network and tubular network removes exfess memybrane, which is deliverzz to endosomes via clathrin-coated
buds and vesicles. Dynamin-related protein 2a (DRP2a; green) is involved in the formation of clathrin-coated
vesicles. The endosome sorts proteins for trafficking to various destinations (bluwe, green, orange), possibly
including recycling to the margin of the cell plate.



Vyvoj fragmoplastu a CP

(electronmicroscopic
tomography, Staechelin
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Figure 7. Solid Phragmoplast with CPAM and TWN Stage Cell Plate.




Homotypicka fuze vacku: SNARE et al., Exocyst?
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Figure 2. Two Different Types of Vesicles in the Vicinity of the Cell Plate.

(Segui-Simarro et al. 2004)

KNOLLE : syntaxin (v-SNARE)

prislus. t-SNARE asi redundantni
(SNAP33, SNAP29, SNAP30)

KEULE : Secl-related, interakce s
KNOLLE

KNOLLE a syntaxin SYP31:
interakce s CDC48




,,Cytokineticke® kinesiny

+ end-directed: TKRP125 (tabak)
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lokalizace zavisi na fazi cyklu!
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TRENDS in Caif Biology

MAPK kaskada ... srv. NACKs!!! —TCDK




