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Bunécny cyklus je posloupnost udalosti,
kterymi z jedné bunky vznika vétsi pocet
bunek, zpravidla dve.

» typicka biologicka definice
 BC je (také) ,minimalni ontogeneze* - v€etné
morfogenetickych aspektu!







Bunéény cyklus — uhly pohledu

o Strukturni udalosti (replikace DNA,
segregace chromozaincytokineze

o Z&leréni do ontogeneze
mnohobug¢ného organismu

 Reqgul&ni stranka_—
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Obecné schéma eukaryotniho Btmého cyklu

Mitosis ‘

(GO)

Gap 2 gey. &8 Gap 1

Interphase

DNA synthesis

(1. pozorovani - Howard and Pelc, 50. |éta, rost)iny!
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{a) Different cell-cycle lengths
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{b) Cifferent cell-cyde phases
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M 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 G;. (b) The composition of different cellcycle

modes can also differ; for example, there is no mitosis in an

Current Cpinicon in Plant Biology endoreplicating mode.

Endomitosis




{a) Different cell-cycle lengths

5, = check point

Re-entry

{b) Cifferent cell-cyde phases
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Current Opinicn 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 G;. (b) The composition of different cellcycle
modes can also differ; for example, there is no mitosis in an
endareplicating mode.



(Ohad et al. 1999) ‘
fie (fertilisation-independent endosperm),

Arabidopsis

(Sullivan et al., www)




Otazky (pro ,idealni cyklus"):

Jak je zajistno, ze ke zdvojeni struktur
dochazi pra¥ jednou za cyklus?

Co udrzuje ptadi a vzajemnou koordinaci
zdanlive negibuznych proces?

Co zajiguje koordinacifistu a dleni?
Jak buika vi, kam ma dat nové struktury?

(Wheals, 1976)



Odpowd’: 2 alternativnhi modely!

dependent pathway medel (domino)
A -B -C-D-E - F

independent pathways medel (hodiny)

(Hartwell 1974)



Model typu ,domino* (L. Hartwell)

Vychodisko: mutace biu cyklu Saccharomyces

O,

/ IND
)i
(ﬂ NM

\

Fig. 1. The sequence of evenls in the cell
division cycle of yeast: ¢D§, initiation of
DNA - synthesis. BE, bud emergence. DS,
DMNA synthesis; NM, nuclear migration;
mND, medical nuclear division: IND, late
nuclear division; CK, cyvtokinesis: Ch, cell
separation. Other abbreviations: GI, time
interval between  previous  cytokinesis  and
initiation of DNA synthesis: &, penod of
DMNA synthesis: 2, time between DNA
synthesis and onset of mitosis; and M, the
period  of mitosis.



cdcmutace
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Paradi funkce CDC gahn

e \Vz éje M né (C) Mapping the point when CDC gene
. function red
Z4vislost a unction is require
poradi
;s - = - Arrest occurs
i ZaV|S I OSt = o - at checkpoint
v £ 0w © = in the cell cycle.
poradi Vicl & ,
mistu &¥inku < -

Inhibitora
) t Point when the gene function is required
° Syn Ch Fonni at restrictive temperature

Cells are at a uniform point in the
ku Itu ry cell cycle at the start of experiment.
Vyh Od ou (n e Temperature is shifted at different times.

podminkou)



Mapa funkci CDC gein

CDCZQ\; Start

\ . rd
Fig. 3. The circuitry of the yeast cell IDE
cycle. Events connected by an arrow are
proposed to be related such that the distal |
event 15 dependent for its occurrence upon 2

E‘H Mhe prior completion of the proximal bt
'I\L\ [I a = 1 1 - e a J a X d E
edent. The abbreviations are the same as
in §ig. |. Numbers refer to cde genes that TR

i arg wkgquired for progress from one event

a L

synthests_inhibitors hydroxyurea and {reni-
mon, respectively: MF refers to the mating
factor. @ Mctor.
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to the qext: HU and TR refer to the DNA D 5
E

(Hartwell 1974)



Modely typu ,hodiny“ (T. Hunt, M. Kirschner, A. Muay)

(A)

Induce cell division
in frog eggs-

Mitotic extracts mduce

division in GZ cells.

Isolate proteins from

cells in mitosis.

Inject proteins E(— O )
into cells in G2.



MPF - maturation promoting factor

Sperm entry,

incraased lﬂ:_"-? I;.
Maturaten stimulus C&F mactivation
iprogesterone or MPF)

el 5F gstabilizes MPF—

ngh
BAFF
activity
L
: o First Second
immalure  Menss mensis maluis
pocylas I If oocyle cleavago 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)
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Dalsi doklad pro ,hodiny“: fUze buk

(Ad o Observations Conclusions
. Vo r . i e ~ Gl nucleus replicates. Gl nucleus is competent
|:r o. Vo4 ¥ B _._'___. o. 'BH —_— o a , Early S-phase nucleus to replicate. S-phase
M J - i J <€ " continues replication. cells contain activator,
- S . ) . )
Gl cell S-phase cell — )
G2 nucleus does not G2 nuclei are not
e . P, - - replicate. 5-phase competent and do not
r MH". e 3 [ o L & ° % nucleus continues re-replicate. (G2 cells
L o J + \ o . e TR 9 | replication. G2 do not inhibit replication.
ey N L e = nucleus does not S-phase nuclei retard
G2 cell S-phase cell e progress into M phase., mitesis in G2 nuelet.
——— o, LAl - T Gl nucheus peplicates G2 cells do not suppress
" - & f e hy
|'f (1] o+ (2} e o L e | atnormal time; G2 Sephase entry of Cl-
N S o st 9 ] h /' nucleus does not phase nuclei.
— — L 4 ) o licate.
Gl cell G2 cell - i

. (ol nuclens . S-phase nucheus . (12 muclens (Rao and JOh nSO n)

(B}
Wheat cell in M phase Rice cell in interphass Wheat=rlce fusion cell
AT -

Rice chromosomes

4,

Wheat chromosomes

(D. Dudits)



Scientists need to earn the trust and
confidence of the public if we are to retain
our “license to operate.” But to do that we
have to be accurate about what science
can do. It is no good exaggerating what
science can deliver, as happened when
the Director of the National Cancer
Institute, Dr. Andrew von Eschenbach,
announced the Institute’s challenge goal
in 2003 as “To eliminate the suffering and
death due to cancer by 2015.” This
cannot be justified even as a statement of
aspiration because when we fail to
deliver, as we surely will with such a
claim, we will lose the confidence and
trust of both the politicians and the public.

generalni feditel Imperial Cancer Research
Fund, Londyn; nositel Nobelovy ceny ...
nyni Rockefeller University
18. 10. 2001 — UK - doktor honoris causa
pfirodnich véd ,za zasadni pfispévky k
poznani regulace bunééného déleni, které
PrOf' PaUI M ) Nurse vyznamné posouvaji poznani v biologii a
lekarstvi“ (na navrh PfF UK)




Sjednoceni mod@l(P. Nurse):

Fig. 5 Western blot analysis of 5. pomhe and
H.sapiens protemn. Equivalent protein samples
loaded: a. lane 1, human ¢olonic carcinoma cell
line HT29; b. lane 1. human colonic carcinoma
cell line HT29: lane 2. § pombe wild type: lane
3, 5 pombe. cdeld overproducer: c. lane [ 5.
pombe wild tyvpe: lane 2. S, pombe germinated
spores deleted for «de28p; lane 3. S, pombe
deleted for ede2Sp containing pSAB2Hs. d| lane
[. S, }HJI”!H’ deleted for cdc2SP L'unl;lil‘ling
pSAB2Hs; lane 2, human J& T cell: lane 3.
human Heh7a,HeLa-derived; lanc 4. human
Daudi B cell: e, lane ¥, human J&6T cell: lane
2. human Heb7a,Hela-derived; lane 3. Human
Daudi B cell. Blots a, b, ¢, f were made  using
affinity purified antibodies against the peptide
EGVPSTAIRELLKE and & using serum
against the carboxy-terminal 99 amino-acid
residues of ede2Sp. The arrowhead marks the
position of the 34k protein.

il

K !

Methods. Extraction of proteins and preparation of peptides conjugates for rabbit immunization were as described 1n ref 9 Western blot
. procedures were performed using GeneScreen and GeneScreen Plus membranes according to the manufacturer™ INE N nstructions

(Simanis a Nurse 1986)

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

(dil¢i procesy mohoudzet podle modelu ,domino)
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Drestruction of Contimaoas synthaesis
Clb-type of Gl Clncyclins
mitetic cyclins
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Komplex CDK
cyklin - CKI
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PSTAIRE
motif

Activator

Cellular
functions

PSTAIRE

cyelin A
cyelin BI-3

PSTAIRE

cvelin A
cyvelin E

cell cycle

PSTAIRE PISTVRE

cvelin D1-3

cell evele

cell cyele 7

PSSALRE PLSTIRE

evelin DI

Neurite
L'.\I_]lj__T]'n'J‘.".'l]I
Rac (G1)

signalling

cell evele

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

NRTALRE

cvelin D1-3

Transcription

MSACRE PITALRE

cvelin K

cyvelin € —
! cevelin T1

cyelin H

transcription transcription

cell eycle

(Doerner lab 2005)
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Guo and Stiller 2004
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CDK-like kinazy a transkripce

. TFIIH
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CDK: rozmanitost sekvenci | funkci

e Kromé ,jadrové” funkce i dalSi (CLN,
meiotické ...)

o Spriznénost s transkrignim aparatem
(TFIIH, CTD kinazy)

 ALE rodina CCC (cell cycle control) kinaz
stard, CDK jsou mladé&etev, divergence az
v eukaryotech ... aéiwve dosti slusé
konzervovany.

(Guo a Stiller 2004; Krylov et al., Curr. Biol. 13:3-177, 2004)



Evoluce cyklini

Cykliny z Arabidopsis — Wang et al. 2004



Cykliny - délba prace
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Souwasny stav u rostlin

(Francis 2007)

CDKs

A 1 &1/5 and G2

B 1:1 G2

B 1:2 Q2N

B 21 o2

B 22 o2

C -1 Regulation of transcripfion

D 1:2:3 CAK

E Regulates RNA polymerase I

F CAK

G 7
D 1:1 COMGSS
D 2:1 CO/G/S
D 31 COMGSS
D 3:2 CO/G1/S
D 3.3 CO/G/S
D 4:1 G2/
D 42 G2/
D 5:1 CO/G/S
D a1 CO/G/S
D 7:1 GO/G1/S

Cyclins

N R T R

1:1
1:2
21
22
23
i
EM
32
33
34
1:1
1:2
1:3
1:4
21
272
23
2:4
31

Q175 (G2/M)
G175 (G2/M)
G175 (G2/M)
G175 (G2/M)
G175 (G2/M)
G175 (G2/M)
G175 (G2/M)
G175 (G2/M)
Q175 (G2/M)
G175 (G2/M)
G2 or G2/M
G2 or G2/M
G2 or G2/M
G2 or G2/
G2 or G2/M
G2 or G2/
G2 or G2/M
Q2 or G2/
G2 or G2/M



Cirowith CDK4/CYCD
L complex
Quiescent cel] ——————= Synthesis of D- —p-
and E-type cyelins

APC Activation of

pathway Gl progression
\'\ | CDK2/CYCE
Commuitment n:nmplu.‘!

to mitosis
Commitment \
to Gl progression

CDEK1/CYCB
complex

DNA replication Commitment to
DMA replication

" ” CDKZ/CYCA
oy complex
=y

(priklad ovsem zivéisn

Ve

V...

)



Cykliny jsou sprlznene s TFIIB a pRDb!

n plo?
BR/pidT eonae
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Nucleic Acids Res. 1994 March 25; 22(6): 946-952.



,Pocket proteins® - fibuzenstvo cyklifi: pRB a spol.







Transkri@ni regulace - E2F, pRB

%
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(a)

wero [N ] T e

] |

- [l DNA-hinding domain O Dimerization domain
O Transactivation dormain B Rb-kinding comain
B Marked box B Fotential COK—CycA-binding site

«  Potential COK—cyclin phosphaorylation site (TF or SF)

-

AP
E2F-binding site

(b)

Transcription

'] . T 3 '[: Pl bl

L N L UL LIS N
E2F-hinding site

TRENDS i Plamt Sciencs

F19. 1. Structural organization and DN A-Binding properties of the
Aratidopsis E2ZF-ramily proteins., (a) The DN A-DIinding, dimerization,
Marked-ox and transactivation domalns of the E2F-ramily

proteins, The Rb-binding domain and the potential cyclin-dependent-
kinase- cyclin-A (COK- CycA)-binding domain and COK- cyclin
phosphorylatlon site are also Indicated, Based onthe conservation
of different domalns, the elght Arabidopsis protelns are classiflec
Into E2F DF and DEL groups incmenclature according to Rer, [ 1771
by DMNA-pIinding properties of Arabidopsis E2F, DP and DEL proteins.
E2F-group proteins bind DNA as heterodirmers with DP-group
proteins, whereas DEL-group proteins bind DMA as monomaers.

The DMNA sequences specifically recognized by E2F- DP dimers

and by DEL monomers are similar and match the antmal E2F-inding
sites, with the consensus sequence TTTICG)HCIS)CGE. Because

of the lack of a transactivation domalin, the DEL proteins are

unable to actlvate transcription. Thelr co-production Inhibits

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



(a)

L ] & kdkE dAv4A A & B rd A%
AtRb [] [ ] 1013 aa
Leucine rich Focket domain & Pocket domain B

(b)

COK-CycA
CDK—LCyeD

O A

51 phase

TRENDS in Plant Science

Flg. 2. {a) Structural crganization of the Arabidopsis retinoblastoma (Rbj protein, showing the
conserved pocket domalns, the leucine-rich reglon and the potentlal cyclin-dependent-kinase- cyelin
phosphorylation sites (asterisks). (b Modeltor activation of the plant E2F- Rb pathway at the
G1to-5-phase transitton. The madel 1s based on results obtained i plants and on parallels with the
mammallan E2F- Rb pathway. In growth-arrested cells and during early 1 phase, iy pophosphorylated
Fb binds E2F- DP dimers and consequently Inhlkits the E2F transcriptional activity, During late ST and
carly S phase, Rb s {hwperjphos phorylated, rirst by COE- cyelin-D {(CyeDjandthen by COK- cyelin-A
(CycAl kinases, resulting Inthe dissoclation of Eb from the Rb- E2F-DF complex. The released E2F- DP
complex actively promotes transcription of E2F-target genes iInvolved incell-cycle requlation, DMNA
synthesls and replication, and chromatin assemoly.



Mechanismus represe je mozna trochu sifsit..

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

Rb I”dUkUJedeacetyIaCI pathway and on our current research. In this latter research a

. o o , ZmRBR1 HDAC-independent ability to repress transcription has
h IStom COZ branl also emerged, probably due to association of ZmRBR1 with other
! co-repressors  and/or to interference of ZmRBRlwith RNA

polymerase 11 holoenzyme (Harbour and Dean 2000). This

tranSkrlpC mllSIlJé. Oblastl mechanism and the possible participation of additional compo-

. nents of the RBR/Epd3 complex (e.g. SWI1/SNF-like ATPases) are
Ch romatl n u indicated in the figure by a guestion mark. Small purple and small
white circles represent acetylated and deacetylated histone tails,
respectively. The light blue line wrapped around E2F depicts the
promoter E2F-site. RNAPH RNA polymerase 11, TAFy compo-
nents of the general transcriptional machinery, Co-rep putative
ZmRBR1 co-repressors. The description 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 i ARR4!

| == . (pres kondensaci
ARP7-RI BN oo B . . ’
| | chromatinu — pleiotropni,
v vliv téZ na kveteni a
senescenci ki ...)

(h}
Chramatin-level contrel via ARP4-,
ARPE- and ARP7-complaxes = RBR

'J~ F::Ft.ez. r—TZ'X

Transcription of [Pa, PR,
cyclin and cyclin- .~ MADZ
depandant Kinases

v | [
. Leaf cell division and T
"4 expansion and ofan Caontrol of the cell cycle,
differantiation andoduplication and diferantiation

(Meagher et al. 2005, 2007) FRENDS o By



Reqgulace CDK: napfosforylaci

' [cde2s
Weel kinase phosphatase
. - ( \ - \ -
24ATP: 2ADP 2@,

Active Inactive Active



A to jest neni vSechno: CDK maiji i dalsi
fosforylacni mista.
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Exprese kvasinkoveho Cdc25 v rostikaéich ma fenotyp

Spedc25EC

Na celych rostlinach
,cytokinin-like*
efekty...

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



Proteolyza v regulaci BC
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Ikvitinem regulovana proteolyza



Amatomie APC/cyklosomu (cyclosome)

E3 Ubi-ligasa

Podjednotky: Cdcl6, e’
Cdc23, Cdc26, Cdc27, o

BimE + 3 dal& kvasinka: mND fenotyp

RegulaceCdc20neboCdhl

— Cdc20 sam degradovan via
APC

— Cdh1 je substratem CDK
(inaktivacni(P)ace!)




DalSi role APC: separace chromosom

Sesterské chromatidy drzi pohromiad
kohesinovée komplexy.

anaphase

q Smcl

cl

(kleisin)

SMC (structural

misto maintenance of
proteolyt chromosomes)
Stpeni

SCC (sister chromatid

cohesion
on) (C. H. Haering)






Ustiredni hodiny bunééného cyklu

centralni oscilator
(,cell cycle engine®)

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

Jak vibec Ize zajistit pravidelny chod - oscilace?



Minimalni oscilator (jeden z mnoha)

Af 'Fﬂr?iF'F r&'ﬂ t
= Yo =
T i l N I
: | . |
! - /
ol
Fl-”/ APD S PerrTim —
Minemal oscillatar Embryanic call Circadian
descriptsan cyele oscillatar ascillator

Je lepsSi nez jiné?? Problém robustnosti!

(Ingolia a Murray, Curr. Biol. 2004)



Oscilator v kontextu tradniho pohledu

M

[anaphase)

Imem p]ms-e}

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



Dva stavy ,cyklovych hodin®

Rust /v Start \
Gl SIM

Stav
CDK \ 4
APC ) }

DNA (ORC) | prereplik. postreplik.

Nedoreplikovana DNA \ /
Neuplna metafaze | Finish

(Novak et al., Phil.Trans.R.Soc.Lond.B 353:2063&0098)



Model minimalniho cyklu

o Jadro:.CDK/cykKliny
+ APC

o Start regul.istem

* Finish reqgul.
dokortenim
replikace + veténka
prostednictvim
,2aktivatoru“ APC
(ACT)

e Osciluje v Sirokém
rozmeZII parameit ML h .-III;I_. a.r:l : u.n .”u'm ; :a-:n:n | ziﬂ

Time {min}

(Novak et al., Phil.Trans.R.Soc.Lond.B 353:2063&0098)




Vstupy a vystupy - (nejen) ,rostlinna specifika“

centralni oscilator
(,cell cycle engine®)

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




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

Unattached .
Cytokinesis
chromosomes A\
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Cell growth
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DNA
damage

DNA replication



Ontogeneticka kontrola BC - rostlina viadneikam
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Developmental
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trends in Cell Sicogy

FIGURE 1

Options for G cells in plants. Mewborn 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 more readily de-differentiate and re-enter the cell cycle,

given the appropriate signals.



Kontrola cyklu fytohormony

Sucrose,
auxin,

cytokinin

v

CDK/CYCD |

Abscisic
acid

g~

CDK/CYCB |

t

Cytokinin

CDK/CYC

p




ABA —» K1

L Auxin
Cytokinin — EyeD3 /
SuCrose ~ CDK-a|- ICKA

EZ2F inactive

cycD) g |*>
cyeD coKal-@ S-phase genes

CDK-a f

E2F active

\lS-mhase genes

START G1/5 transition

&1

itrena g i el O ioogy

FIGURE 2

Model for G1-5 transition in plants. Cytokinin- and sucrose-induced D-type cyclins bind to cyclin-
dependent kinase-a (COK-a) to form inactive heterodimers. Regulation of kinase activity after binding
the cyclin might ocour either by an inhibitor (ICK1) or by phosphorylation by an activating kinase
(CAK). Phosphorylation of the retinchblastoma protein Rb by CDK-a complexes releases the
transcription factor E2F, which is the active molecule required to enter & phase. The phosphorylation
of plant COK-a by CAK and the presence of RE-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.
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rmi1/cad2
\ ABA
PARP
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trends in Cell Biclogy
FIGURE 3

Potential signalling pathways feeding into the G1-5 transition in plants. Genome
instability transcriptionally activates poly(ADP-ribose) polymerase (PARP). In
rmammalian systems X = p53 and Y= p21, but their homologues have not been
identified in plants. The rmil/cad2 gene encodes the first enzyme of glutathione
(G5H) biosynthesis. When the intracellular G5H concentration falls below a threshald
level, the G1-5 transition is blocked in dividing roct cells. Depletion of auxin arrests
cells in G, and abscsic acid (ABA) induces the inhibitor ICK1 transcriptionally. [CK1
can interact with both cycD 3 and CDK-a (cdc2a). Cytokinin activates cycD3
transcription, and constitutive cycD3 expression can rescue the cytokinin
requirement of callus.
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Rekapitulace:
Ustiedni hodiny bungéného cyklu

centralni oscilator
(,cell cycle engine®)

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

Jak vibec Ize zajistit pravidelny chod - oscilace?



Minimalni oscilator (jeden z mnoha)

Af 'Fﬂr?iF'F r&'ﬂ t
= Yo =
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Fl-”/ APD S PerrTim —
Minemal oscillatar Embryanic call Circadian
descriptsan cyele oscillatar ascillator

Je lepsSi nez jiné?? Problém robustnosti!

(Ingolia a Murray, Curr. Biol. 2004)



Oscilator v kontextu tradniho pohledu

M

[anaphase)

Imem p]ms-e}

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



Dva stavy ,cyklovych hodin®

Rust /v Start \
Gl SIM

Stav
CDK \ 4
APC ) }

DNA (ORC) | prereplik. postreplik.

Nedoreplikovana DNA \ /
Neuplna metafaze | Finish

(Novak et al., Phil.Trans.R.Soc.Lond.B 353:2063&0098)
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Vstupy a vystupy ... b k cyklu

centralni oscilator
(,cell cycle engine®)

vstupy

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




Replikace genomu

Early \Intemediaﬁ: Late
ORC

Jr— .--‘L%‘t-_._._—f’#f-_ EE— -7-:.'\.‘_:____;_____?..—- — R 5
\DNF&/
polymerase

- klicova uloha replikénich pa@atka!

Funkce zavisi na kontextu: zithé chromosomy v triéic&ivaji 4x
vic patatkia nez v zi¢



ARS versus pg&atek replikacen vivo

autonomous replicating
seguence

A B /
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Figure |: The molecular combing process.
DMNA molecules with a random-caoil
configuration attach to the silanised coverslip
by their extremities (A). The coverslip is
then removed at a constant speed (B).
Molecules are uniformly stretched and
aligned by the receding air—water meniscus
(B, C). Molecules also attach to the coverslip
along their length preventing retraction. An
array of thousands of combed molecules is
produced (D). Bar = 20 pm

Prima vizualizace: DNA combing
(Lebofsky and Bensimon 2002)

—m

(Al)

(AZ)

}

ori

*---------- ----------*

(€ Progression of the replication forks

Figure 5: DNA replication studies on combed fibres. In the above
experiment, CldU is added at the beginning of S phase followed by
addition of IdU at time of 30 minutes for an additional 25 minutes. As
replication forks proceed from an origin, the nucleotide analogues are
incorporated into newly synthesised DMNA. FISH on combed molecules
then reveals incorporated CldU for the entire labelling period (A1) with
incorporated ldU for the last 25 minutes (A2). From the fused images (A)
and the relevant schematic (B 1), an origin with active bidirectional
replication forks can be inferred (C). Abbreviations: CldU, chloro-
deoxyuridine; IdU, iodo-deoxyuridine. Reprinted with permission from
ref. 77
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Kazdy ORI

ma své cykliny

Cl b5, 6
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bud
A CLB eImergence a | |
"start
s |
Gl 2
e - !l - -;\/Idl f the Ability of B-T Cyclins t
o odel of the Ability of B-Type Cyclins to
ass Promote S Phase and Activate Replication
HITHITHNT Clb6 Origins(A), (B), and (C) show time lines (not to
scale) representing the cell cycleGhB, clb5, and
clb5 clb6strains, respectively. Arrows indicate the
B. ¢lb> l time of bud emergence during the cell cycle, and
the duration of S phase in each case is drawn as an
- O 0 _open box. Firing of the various replication origins
— is shown by shaded circles. Light shading
HITITI Clb6 represents origins activated early in S phase, and
darker shading those origins activated later.
Hatched bars represent the proposed capability of
. _ different Clb-Cdk1p activities to promote timely
C. clbd clbo l firing of early and late replication origins.
O0C 0O ® e

Clbd, 3,2 | e

(Donaldson et al. 1998)




Saccharomycesv bohatem médiu 1,5-2 h
e Drosophila 6 min az 10 hod " »

0 Q C

6 min 10 h
zde pouzivany specifické embryonalni ORI!




ORC - origin recognition complex

S. cerevisiae
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Haploidni mitosa v bikach bez Cdc6
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Je Cdc6 ,licensing factor”?
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Observations

Gl nucleus replicates.
Early S-phase nucleus
continues replication.

G2 nucleus does not
replicate. S-phase
nucleus continues
replication. (G2
nuclews does mot

progress into M phase.

Gl nucleus replicates
at normal time; G2
nucleus does mot
replicate.

Conclusions

Gl nucleus is competent
to replicate. S-phase
cells contain activator,

G2 nuclei are not
competent and do not
re-replicate. (G2 cells

do not inhibit replication.
S-phasze nuclei retard
mitosis in G2 nucle.

G2 cells do not suppress
S-phase entry of G1-
phase nuclei.

(Rao and Johnson)



Kontrola replikace: 2 stavy ORC
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Konce - telomery
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Telomeraza

biochemicky dkaz:

» pridani (TTGGGG) ve vysoke koncentraci do
burecného extraktu 4 etrahymena #dGTP

o produkty na gelu atSujici se o 6 bazi

* vlozeni telomerové sekvence kvasinek (TTGGG) do
TetrahymendTTGGGG) — rozdil 1 baze a tedy
posun v kazdem opakovani
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Telomery: dalSi Nobelova cena za BC!

The Nobel Prize in Physiology or
Medicine 2009

"for the discovery of how chromosomes are protected by
telomeres and the enzyme telomerase’

4

’

"

=

r'  YWed
, ;;,.-
Elizabeth H. Carol W. Greider Jack W. Szostak
Blackburn

& 173 of the prize B 173 of the prize 1/3 of the prize

(Lasker prize 2006)



Zpet ke strukturnim udalostem cyklu ...

1. Segregace chromozdma
karyokinese

2. Cytokinese

... anebcytoskeletalni efektory CDK
(hlavne MT)
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Mitotické vietenko a segregace chromosiom

(A) Animal spindle (B) Plant spindle
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Kondensace a rozchod chromosom
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Fig. 2. A model of the matze meiotic Kinetochore showing the
centromeric recion of a meiosis 11 chromosome, The kinetochore
15 depicted as a spherical structure with two subdomains. The inner
(ereen) domain contains the maize protgin CENP-C and the outer
(red) domain contains the MADZ protein and the 3F3/2 antigen.
The chromatids. indicated by wavy lines, are attached by chromo-
some cores (blue). Microtubules are shown in purple.



Table 1. Plant kinetochore components

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

CBF5 Unknown Vicia faba, Hordeum vulgare Yes Yes (Hordeum vuleare) 27
CENPC Structural Zea mavs, Vicia faba, Hordewm vl pare Yes Yes (Zea mavs) 26,27
CENPE Chromosome motility Vicia faba, Hordewm vulgare Yes No 27
CENPF Unknown Heordewm vuleare Yes No 27
MAD2 Spindle checkpoint Zeg mavs Yes Yes 19
Meiotic Histone Unknown Liliem longiflorum Yes Yes 48 .49
MPM2 antigenis) Unknown Vicia faba Yes No 15
SKPI Unknown Vicia faba, Hordewm vulgare Yes Yes 27
ZWID Spindle checkpoint Arabidopsis NAP Yes 45
3F3/2 antigen Spindle checkpoint Zed mavs Yes No 19
6C6 antigen MTOC Allium sativam, Tulbaghia violacea Yes No 17
~-tubulin MTOC Vicia faba Yes Nof A5
“The protein has been localized to the kinetochore by immunofluorescence.

NA, information not availahle.
“y-tubulin DNA sequences from other plant species are available in GenBank.
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Lokalizace chromozoinv jadre neni nahodna!

B

telomeres

Figure 4, The Rabl Configuration in Somatic Muclkei.

(A} Projections of wheat root tis=sue double labslad by FISH with probes to centromeres igreen and telomeres (red).

(B Inter pretation of the labsling presentsd in (A). The RadH configuration is suggested by chromosomes Iying paralkel to each ather, with cen-
trameres clustered on one side ol the nuckus and telomeres an the ather side.

Barin (A} = 10 pm lor both panels. Figure courtesy of Peter Shaw (John Innes [nstitute, Noreich, LK) adapted from Abranches et al. (19498],

Rabl, C.{1825]. Uber Zeltheilung. Morphal. Jahrb, 10, 214-330.



Mitosa vs. melosa

Middle Late ] Metaphase

Diakinesis | Early Middle |

Prometaphase

Figure 3. Diagram of Spindle Develapment in Meiotic versus Mitatic Cells.

(A} Mitotic spindle Formation (adapted from Smimowa and Bajer, 1998). During prophase, radial microibale arrays accumulate as a cage arcund
the nuclear envelope. These arrays then are transformed into a multipolar and ultimately a bipolar array, After nuclkear envelope breakdown, mi-
crotubules are captured by the kinetochores, and the bipolarity of the array is reinforced by the bilateral symmetry of the kinetochores attached
ta the sister chromatids. A key early stepin the process is the fomation of MTCCs near the nuclear envelope, which aggregate into two caps
during prophase.

(B} Meiotic spind ke formation {ada pted from Chan and Cande, 1968, At diakinesis, the microtubules are organized as a cytoplasmic network, Af-
ter nuclear envelops breakdown during early prometaphase, the presxisting microtubules and newly forming microtubules interact with chroma-
tin and are stablized. With the imokement of mobors, such as kinesin-related proteins and dynein, during late prometaphase, the microt bule
arrays become organized into antiparallel assemblies, and pole material is recruited to the ends of the microtubules. At this stage, plus ends of
microtubules also are captured by the kinetocchores, By mataphass |, the spindle extends the width of the call, and the spindle poles may inter-
act with the plasma membrane, bacoming more focused ower time.



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

(&) to (D) The distribution of microtubules in somatic spindles, as viewed by using the immunogold-enhanced siver technique in Haamanihus
endosperm cells at early prophase (&), midprophase (B), late prophase (C), and prometaphase (0). Bar in (&) = 10 wm. (&) to (D) courtesy of
andrew Bajer and adapted from Smirnova and Bajer (1924, 1295),

{E) to (H) The distriizution of microtubules 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 shaown in green. Bar in {(E} = 10 pm. (E) to (H)
adapted from Chan and Cande (19598),
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mesl+(asi) koduje kompetitivni inhibitor APC

current Biology

(Peters 2005)




Cytokinese

rust (A) Animal cell (B) Plant cell

- Jak rozcelit bunku ...



Je rozdil mezi rostlinami a zivhy opravdu tak zasadni?

(b)

(a)

Distal

Plants
TRENDS In Cel Sigiogy

Figure 1. Owvarview of animal and plam cytokinesis. (a) Oytokinesis in animal calls. The spindle mideona’midbody Torms whan microlwbules [MTe) ram o pposite poles
overlap. i consEts of the averlapping microtubules as well as ass oo sted proteins that bundle these MTs and other proteins that together form & dense protein matnis. This
matrix excludes antibodies against MTs, giving a stereotypical region devoid of staining. As the furrow ing resses, the midsone s sweplt into one langer structure called the
mid body. TheGalg and endoplasmes reéticulum [ER) membranes ane also hound in the midbody duning telophass 1o cytokinesis. It s proposed that vescles (V] traffic along
e mad oy’ i erobubules tovwand the ingressing furmow. |b) Cytokinesis in somatic plant calls. The formdng cell plate is assisted by the phragm oplast & the future site of the
mew cell wall. Two topographic regions can be disting uis hed in the phragmoplast: the phragmop last midline (Ph M), w here the o pposing st of microtubules imerdigitate,
and the distal phragmoplast |distal Phl at both sdes of the phragmopl &t medhine. & hilamentous call-plate assambly matnx |CPAM) accumulates at the phragmoplast

mad ling. Key: MT, microtubule (grean ) N, nucleus tan); WV, vescls [yallow); Golgi |pale blue): midbody matnix |gray bou): CPAM (gray circkes).



Golgi stacks

@
Recycling? O

o

Endosome

Kinesin
related
protein?

) Vesicles

Cell plate
assembly

matrix \

F.d

Clathrin-coated Cell plate

( DRP2a ‘ | |

Cortical
division
site

_Actin
Filaments

Cell
wall

o Tubulo- Planar
: Tubular
TS vesicular fenestrated
network network sheet

Membrane dynamics during cell plate development. Golgi-derived vesicles (orange) are delivered along
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 mbular network and a planar fenestrated sheer. Lateral expansion of the cell plate (large
fl] Z e Vé k o arrow) toward the cortical division site is guided by actin filaments. Endocytosis from the tubulo-vesicular

u network and tubular network removes excess membrane, which is delivered 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 (blue, green, orange), possibly
including recycling to the margin of the cell plate.
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Figura 7. Solid Phragmoplast with CPAM and TVN Stage Call Plate.




Figure 2. Two Different Tvpes of Vesicles inthe 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 <£DC48




,Cytokineticke" kinesiny

+ end-directed:
— rodina TKRP125 — posun mt?

— rodina PAKRP (,phragmoplast —
associated")

- end-directed:
— rodina ATK1/KatA & _
—_ KCBP (Ca2+-ca|modu“n reg) Prophase  Malaphase an-ﬂl:ﬂasaanal:ﬂu.-aa El:luhaae phase

— HINKEL (HIK) a NACK1 ..III.
NACKZ1 nutny pro lokalizacNPK1

(nucleus- and phragmoplast-loce:

protein kinase 1) MAPKKK

(Arabidopsis ma 3 homology)
lokalizace zavisi na fazi cyklu!

Merpad



Kde by mohla psobit kontrola BC?

(a) i)

Microtuouie

MAPK kaskada ..srv. NACKs!!l ~CDK



Vstupy - (nejen) ,rostlinna specifika*

centralni oscilator
(,cell cycle engine®)

vstupy

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




Kontrola cyklu fytohormony

Sucrose,
auxin,

cytokinin
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DMA

damage
rmi1/cad2
\ ABA
PARP
\ Auxin Cytokinin
GSH
X
\ K /
Y X:chS.-'C DK-a
\ ¥
G1 5
trends in Cell Biclogy
FIGURE 3

Potential signalling pathways feeding into the G1-5 transition in plants. Genome
instability transcriptionally activates poly(ADP-ribose) polymerase (PARP). In
rmammalian systems X = p53 and Y= p21, but their homologues have not been
identified in plants. The rmil/cad2 gene encodes the first enzyme of glutathione
(G5H) biosynthesis. When the intracellular G5H concentration falls below a threshald
level, the G1-5 transition is blocked in dividing roct cells. Depletion of auxin arrests
cells in G, and abscsic acid (ABA) induces the inhibitor ICK1 transcriptionally. [CK1
can interact with both cycD 3 and CDK-a (cdc2a). Cytokinin activates cycD3
transcription, and constitutive cycD3 expression can rescue the cytokinin
requirement of callus.



ABA —» K1

L Auxin
Cytokinin — EyeD3 /
SuCrose ~ CDK-a|- ICKA

EZ2F inactive

cycD) g |*>
cyeD coKal-@ S-phase genes

CDK-a f

E2F active

\lS-mhase genes

START G1/5 transition

&1

itrena g i el O ioogy

FIGURE 2

Model for G1-5 transition in plants. Cytokinin- and sucrose-induced D-type cyclins bind to cyclin-
dependent kinase-a (COK-a) to form inactive heterodimers. Regulation of kinase activity after binding
the cyclin might ocour either by an inhibitor (ICK1) or by phosphorylation by an activating kinase
(CAK). Phosphorylation of the retinchblastoma protein Rb by CDK-a complexes releases the
transcription factor E2F, which is the active molecule required to enter & phase. The phosphorylation
of plant COK-a by CAK and the presence of RE-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.
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Na urovni buiky jasné priority???

Zakladem je ,cell cycle engine*
Reqgulace vstujpa vystu jsou ,privésky”
Vime, ze rostliny rakovinu nemivaji
ALE...



Mutace a zriny exprese centralnich regulatayklu
(A) (B)

Plant over-
Wild  expressing
type

a f}'::ljn







Typicky fenotyp cyklovych mutaci?
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Cell size
Zurret Ciplnion in Flant E!l:ll:l_]!i

Weaakl loss-of-function mutants in the central call-oyois Kinasa COKA
[} are much smalar than wikd-typs Arabdopss plants with much fawer
calls [a), Howsevar, call sixa of apidermal pavamant calls is strongly
incragsed nwaak bes-ol-function mulants of COKA;T (d} m comoansan
with wild tyipe (&) as saan m DIC ighl micrographs overdaying an DAP]
apiflucrascenca maga of the sama leal. DAP| stainad leaves showing a
trichamea (laal hal) that = a by pecal exampe lor an ehdoreplicating call,
nota tha larga nucleus (8), A mduction of endorapiication {pleasa note
the smallar nucleus) resuits in smallar Inchomes with fewear branches
[f). [g) Tha ralationship batwean call siza and nuclaar 5128 = Naxibla and
at a grian DNA content calls can reach vary diferant sizas, as saan in
[c}) and [d]. Howsevear, the DNA conlant of a cell apparently 2ats an upper
limit for call expansion asin tinchomes on weak loss-al-lunction mutants

of COKA: ).

(Harashima(9)



masivni overexprese KRP (Kip-related protein, inimibCDK):

malé rostliny, me&buntk
Zhou et al. 2002



Intercellular and subcellular localization of Arath:KRP1

pGL2:GFP
PGL2:KRP1:GFP

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

(protein je v jadke aleze do sousednich biid)

Copyright ©2005 American Society of Plant Biologists



Umirnéna overexprese KRP: mala rostlina, velkélou

PSTM:KRP

pTMM:KRP

Copyright ©2005 American Society of Plant Biologists Verkest, A., et al. Plant Physiol. 2005;139:1099-1106



Velké buiky jsou polyploidni!

A

counts

counts

counts

Col-0 £ | STM:KRP2CF
2C 8 c
4G 4
8C BC
Col-0 £ | STM:KRP2PE
: 3 4C
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Figure 6. Ploidy Level Distribution of the First Leaves of Wild-Type (Col-0; Left) and STMKARP2CF (Line 5; Right) Plants during Development as
Measured by Flow Cytometry.

{A) Eight DAS.
(B) Ten DAS.
(C) Twele DAS.

Histograms represent average data of two to four independent measurements.

(Verkest et al. 2005)



KRP kontroluji endoreduplikaci

CDKE1:1

KRP2 —»= KRP2-P

L

?  proteolysis

CDKA;1

Mitotic cell cycle ———————p Endocycle

high o
CDEA activity CDEAT activity

Figure 9. Model lllustrating the Role of COK Activity in Controlling the
Onset of Endoreduplication.



JAtypické E2F pro endoreduplikaci?

Nuclear and
i celular division

e &

&2 Gl — G2

5
DMA replication
~E2Fe/DEL1:
Contralz endoreduplication by Maintains endocycle prograssion by
praventing premature endocycle onsel  preventing abberant karyokinesis
Mitosis =  Transition to = Endoreduplication

endocycle cycles

TRENDS in Call Biokgy

... hap@. kontrola exprese aktivatpAPC...



FZR2/CCS52

Full-length RT-PCR segment
° ] e g b

Arabidopsis: v T .

fzr2-1

FZ R 2 / C C S 5 2 5' RT-PCR segment ¥ RT-PCR segment fzr2-1 WT  fzr2-2 WT

endocycle

specif. APC aktivator =k

mutace inhibuje endoredup e

10 30 50 ¥O 90 110
RFU

(6002‘uigqey-uosie)

- A, Diagram of theFZRZlOCUSdepicting. B,. C, Flowering wild-type (WT; left)
(d eg rad ace Cyklﬂn???) andfzr2-1(right) plants. D and E, ESEM micrographs of leafttomes offzr2-1
(D) and wild-type (E) plants. Scale bar = 300. F, Summary of leaf trichome
branch production. Error bars represent SEs. GlaRe&presentatives of DAPI-
stained trichome nuclei é£r2-1(G and H) and wild type (I and J). The branch
number for each trichome is given in the lower tdfeach picture. Scale bar = 15
pum. K, Summary of in situ fluorescence measuremehFAPI-stained trichome
nuclei, given in relative fluorescence units (RFU).



Rozhoduje | porér isoforem CDK!

A

Arabidopsis:

CDKB1;1 +CYCAZ2;3

endocycle

dominant neg. cdkb1:1
iIndukuje endored.
e suprese ox CYCAZ2;3

NS =
P
[

courls

ac

20

DNA content ' ONA content

Figure 2. Effect of coexpression of CYCAZ:3-nGFP and COKBI T
cGFP. Col-0 seedlings (A and C) and plants coexpressing CYCAZ; 3-
nGFEP and COKB1;1-cGFP (B and D) were grown for 12 DAG on agar
medium, and cotvledons were harvested. The cotyledons were stained
with Pland observed with a confocal laser-scanning microscope (A and
B) or subjected to flow cvtometry (C and D),

Plant Physiol. Vol. 150, 2009

(6002't002 ‘Ie 1° jjopnog)



DalsSi faktory ovinaujici endoreduplikaci

The Plant Cell, Vol. 21: 2284-2297, August 2009, www.plantcell.org @ 2009 American Society of Plant Biologists

SUMO E3 Ligase HIGH PLOIDY2 Regulates Endocycle Onset
and Meristem Maintenance in Arabidopsis™"

Takashi Ishida,® Sumire Fujiwara,® Kenji Miura,® Nicola Stacey,® Mika Yoshimura,® Katja Schneider,®
Sumiko Adachi ® Kazunori Minamisawa,? Masaaki Umeda,” and Keiko Sugimotoa<.1
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Research Article [

Auxin modulates the transition from the mitotic cycle to the
endocycle in Arabidopsis

Takashi Ishidal, Sumiko AdachiZ, Mika Yoshimural, Kohei Shimizu<,

Masaaki UmedaZ and Keiko Sugimoto:

+ Author Affiliations

* Author for correspondence (sugimotof@psc.riken jp)

Summary

Amplification of genomic DMA by endoreduplication often marks the initiation of cell
differentiation in animals and plants. The transition from mitotic cycles to endocycles
should be developmentally programmed but how this process is regulated remains largely
unknown. We show that the plant growth regulator auxin modulates the switch from mitotic
cycles to endocycles in Arabidopsis; high levels of TIR1-ALK/AA-ARF-dependent auxin
signalling are required to repress endocycles, thus maintaining cells in mitotic cycles. By
cantrast, lower levels of TIRT-AURAAA-ARF-dependent auxin signalling trigger an exit fram
mitotic cycles and an entry into endocycles. Our data further demonstrate that this auxin-
mediated modulation of the mitotic-to-endocycle switch is tightly coupled with the
developmental transition from cell proliferation to cell differentiation in the Arabidopsis root
meristern. The transient reduction of auxin signalling by an auxin antagonist PEO-1AA
rapidly downregulates the expression of several core cell cycle genes, and we show that
owverexpressing one of the genes, CYCLIN 4253 (CYLAZ D), partially suppresses an early
initiation of cell differentiation induced by PEO-IAA. Taken together, these results suggest
that auxin-mediated mitotic-to-endocycle transition might be part of the developmental
pragrammes that balance cell proliferation and cell differentiation in the Arabidopsis root
meristem.
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K cyklu (volne) pafi |

Jposledni ¥ci bunky*




Neni smrt jako smrt

Comparison of morphological features of apoptosis and necrosis.

Apoptosis Necrosis

Single cells or small clusters of cells Often contiguous cells

Cell shrinkage and convolution Cell swelling

Pyknosis and karyorrhexis Karyolysis, pvknosis, and karyvorrhexis
Intact cell membrane Disrupted cell membrane

Cytoplasm retained in apoptotic bodies Cytoplasm released

Mo inflammation Inflammation usually present

,Kritéria apoptozy” - DNA zebik, fragmentace (TUNEL),
aktivita kaspaz...

... ale toto pro (fagocytujici mnohohi#mé) zivaichy
... tedy otazka obecnosti ...



U rostlin to mize byt i jinak ...

Internucleosomal fragmentation of tobacco
genomic DNA during 7 d after different
treatments. (A) Untreated control BY-2 cells
in the exponential phase of growth, (B) BY-
2 cells treated with 50 pM CdgC) BY-2
cells treated with 1 mM CdSQ(D) BY-2

cells killed by freezing in liquid nitrogen

and further cultivated after thawing at 25 °C,
(E) BY-2 cells killed by liquid nitrogen and
further cultivated at 25 °C in the presence of
1 mM CdSQ, (F) tobacco leaves frozen in
liquid nitrogen and cultivated at 25 °C, (G)
BY-2 cells killed mechanically by
homogenization in a mixer mill and further
cultivated at 25 °C, (H) BY-2 cells treated
with 5% Triton X-100DNA isolated from

the cells ... was separated in 1.8% agarose
gel. Line markers: M, molecular mass
marker; C, untreated control leaves; 0.5, 1,
3, 7, d of culture (exposure in case of C¢SO
and Triton X-100 treatments).

&, Mot B M 1 3 7 L M1 37

T00bp
S00bp TOOhE
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100bp 20004
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A 4 A

(Kuthanova, Opatrny, Fischer - J. Exp. Botany 2008)



Cesty k apoptose ... u zi&iohu

Extrinsic Pathway Intrinsic Pathway Perforin/Granzyme
radiation, toxins, hypoxia, etc. Pﬂlhwa}*
.l Cytotoxic T eells

dwath ligand e
dealhl [ecepton -«

E—
l perforin

’ / N
adaplors mitochondrial changes (MPT)

granzyme B  granzyme A

disc formation apoptosome forms

caspase B activation caspase 9 activation caspase 10  SET complex
\ f / activation l

caspase 3 activation
(Execution Pathway) DNA cleavage

endonuclease activation — degradation of chromosomal DNA
protease activation —- degradation of nuclear and cytoskeletal proteins — cytoskeletal reorganization
4

cytomorphological changes:
chromatin and cytoplasmic condensation, nuclear fragmentation, etc.

formation of apoptotic bodies
(Elmore 2007)
Figure 3,

Schematic representation of apoptotic events. The two main pathwayvs ofapoptosis are extrinsic
and mtrinsic as well as a perforin/granzyme pathway. Each requires specific triggering signals
to begin an energy-dependent cascade of molecular events. Each pathway activates its own
initiator caspase (8. 9, 1) which in turn will activate the executioner caspase-3. However,
granzyvme A works in a caspase-independent fashion. The execution pathway results in
characteristic cytomorphological features including cell shrinkage, chromatin condensation,
formation of cytoplasmic blebs and apoptotic bodies and finally phagocytosis of the apoptotic
bodies by adjacent parenchymal cells, neoplastic cells or macrophages.



Napojeni na regulaci cyklu

Cdk1 indukuje apo T-lymfocut(inhibitory
chrani)

Ox Cyc B1 dtto(u rostlin endoreduplikace!)
Badlp (pro-apo) fosforylovan CDK1/CycB
ALE Cdk2 ox chrani vlas. folikly fied apoptosou

CDK2 downstream od kaspazy? (dnCdk2 v HelLa
- kondenzace chrom. bez aktivace kaspaz)

2-hybrid interakce CycD3-kaspaza 2




Napojeni na checkpointy

e p53 antionkogen: mismatch signalling/repair

DNA damage
Cell cycle abnormalities

Hypoxia

-
e Omey

+ Apoptosis

\

Death and elimination of

damaged cells
Cell cycle restart

\/

CELLULAR AND GENETIC STABILITY

DNA repair



... a jest detektivka na zar:
rostlinny p53?

FEBS 26371 FEBS Letters 526 (2002) 53-57

A tormentor in the quest for plant p33-like proteins

Henrie A.A.J. Korthout®, Martien P.M. Caspers, Marijke J. Kottenhagen, Quinta Helmer,
Mei Wang
Center for Phyiotechnology TNOIUL, Wassenaarseweg 04, 2333 AL Leiden, The Netherlands
Received 10 June 2002; revised 17 July 2002; accepted 17 July 2002
First published online 29 July 2002
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Proc by rostliny mohly/mély mit
537
MkADb Pab240 x 5 aa motivu mysiho p53

Rozpoznava 53-100 kDadea mays
Pisum sativum

Antigen koreluje s DNA repair enzymy v
klicicich semenech

53, 73, 110 kDa v janeni ... purifikace



barle sion
o ntp:n - ammaeonium sulfate precipitation
homogenisation v
differential % NHS0, 5055808570
centrifugation 110
Sh.0og 53
— supernatant He
L Y
D c 73
o Resource (0 53
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3 Lo
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o mild trypsin
ﬁ Preparative PAGE digrstion
MW 100 110
110

v

ab240
: Fig. 1. Purification protocol for the isolation tbfe 110 kDa Pab240 cross-reactive polypeptide frartey

—® GAM-HRP embryonic suspension cells. After differential céngation, a 600g pellet was obtained consisting of cellular
debris (D; organelles and nuclei) and a 50 @¥uxpernatant containing the cytosolic fraction (B)e cytosolic
fraction was subjected to a purification protocoammonium sulphate precipitation, anion exchgiRgsource Q)
and Preparative PAGE. The 110 kDa polypeptide @9 subjected to mild trypsin digestion (+) andtBeand 53
kDa bands were excised from gel and used for seguamalysis. The antibody ... was Pab240. Non-B8petoss-
reaction caused by the secondary antibody (GAM-HR& found mainly to be present in the cellularrteb




Sekvenovani:
2-oxoglutarate dehydrogenase E1 subunit !
... a ma epitop i na dalsi MKAD ...
...degradani produkty 53 a 73 kDa

... korelace s kienim dava smysl

83

64 >

475 1

A

005 1 2 4 8

Fig. 4. A: Behaviour of the Pab240 cross-
reactive polypeptides in cytosolic extracts of
barley embryonic suspension cells after heat
shock (10 min, 42°C). Cytosolic extracts were
made prior to heat shock (0) and after 0.5, 1, 2,
4 and 8 h recovery at 28°C. B: Trypsin
treatment of a cytosolic extract obtained from
heat-shocked cells after 4 h recovery; (-)
before trypsin treatment, (+) after 50 min
incubation with 2Qug/ml trypsin at 23°C. Both
Western blots were probed with the Pab240
antibody.



