Cell cycle

DNA replication and cell division
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Regulation of cell division

+ cell cycle:
- cell division
- cell growth

» control of the progeny (daughter
cells) quality

* fransfer of incompletely replicated genomes
to daughter cells prevented -..checkpoints®
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Cell cycle 4
in steps

specialized protein kinases, phqsaha‘rqses, proteases functionas
switches, couple cell cycle with environmental conditions, facilitate
quality control

Saccharomyces, Schizosaccharomyces, Drosophila models

cellular machinery of the cell cycle highly conserved in eukaryots:
protein kinases
enzymes of DNA replication
cytoskeletar struktures (mitosis - chromosome movements)
components of ubiquitin-dependent pathway for protein degradation
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Cell division
specifics in plants:

separation by cell walls - plate formation at the equator
(not constriction)

replicaton of 3 genomes (nuclear and organellar)

repeated organ formation, demaged or dead organs
replaced (controlled cell proliferation)
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interphase x mitosis

Gap 2 gey

S
DNA synthesis
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very strict

iniciation of DNA Mitosis
synthesis M
inhibited in G2, M

and G1

Gap 2 geyi

synthesis from
discreet origins
(dicots a 66 kb,
monocots @ 47 kb) .

DNA synthesis
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*  throughout CC bound by ORC (origin recognition complex)

* Orc proteins interact with other proteins:
- Cdc (cell division control)

- MCM (initiation of replication only once per cycle -,licencing
factor")

- DNA polymerase
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Arabidopsis, product Mcm7, mutation lethal

Fig. 3. PROLIFERA 15 localized in the nucleus during the G phase

of the cell cycle. (A) Whole mount of root tip from pri/+ plant
stamned with X-Gluc, showing GUS localized in the nucleus of
individual files of cells. (B-D) Accumulation of PRL::GEP fusion in
root tip nuclei. The time between mmages in B and C 15 4 minutes.
The time between the tmages in C and D 15 28 minutes. The arrow in
B marks a cell that has PRL::GFP localized to the nucleus.
Localization is then lost (C), and refurns in daughter nuclei (D)
following mitosis.

Springer et al. (2000) Development 127; 1815.
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Other replication proteins

establish conditions favorable for DNA
replication

e.qg. pathways required for synthesis of dNTPs
%DNA synthesis substrates) - stimulated just
before the onset of S-phase

ear'IK S-phase - new histones synthesized
(chromatin)
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Histone RNA 1 4

Histone
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budding yeast

Cdcé interacts

with ORC
complex
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absence of
mitotic
kinase
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Assembly
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mitosis initiated in S-
phase

full condensation of
chromatin in prophase

kinetochoes -protein
complexes bound to
centromeres, attachment
points for spindle
microtubules

APC (anaphase-promoting
complex) tags mitosis
inhibitor (Pdslp) for
proteolysis

destruction of cohesion
proteins joining sister
chromatids

Chromatin
partially folded
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by activity changes of
CDKs (cyclin-
dependent kinases)

CDK complexes:

'.-"' |‘I it

catalytic . G«
subunit ol sl s ”.‘“;Hm
activated -
by
association
with cyclin

Inactive

{Thrlad-phosphorylated) (CDE-Cyelin-CEI complex)
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required for CDK
activity

confer substrate
specifity to the
cyclin-CDK
complexes

determine
subcellular
localization of

CDKs

19

cyclins

small group of
proteins which
accumulate and
disappear during
the cell cycle,

Lucie Perry

Institute of Experimental Botany, Academy of Sciences of the Czech republic



20
cyclins
1. mitotic
B-type/M .....G2 to M
A-type/S .....S phase

2. 61 cyclins
(D-type and E-type)

.cyclin box"

mainly D-type - in 61,
degraded at beginning of
S-phase (some in low
amounts throughout the
CC

central cyclin box less
conserved

.mitotic destruction
box"
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kinases, phosphatases, specific inhibitors - example from yeast

Active Inactive Active

CDK phosphorylation inhibits protein kinase activity of the enzyme
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CDK activity control by inhibitors ce

CKIs: inhibitors of CDKs

associate with the activated CDK-
cyclin complex to prevent it from
phosphorylating substrates

Arabidopsis - gene ICK1

encodes a CKT, induced by ABA, . . il 1
probably mediates .cell cycle arrest” g smater mnd coveop favee

ae lobed and grealy

enlangad

in frichomes acts in concentration- . i o (2005) plant cell 17: 1704

dependent manner: blocks G1-S
transition at high conc., G2-M at low
conc.
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proteolysis of CKIs o | al proteoy
(61-S transition) o [N - it

Mitotic

degradation of cohesion cyclin
proteins (metaphase-
anaphase)
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Eukaryotic DNA Replication:

The limited time for DNA replication (6-8
hours) combined to the increased size of
the genomes (>107 base pairs) explain the
requirement for multiple replication origins
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organization of
meristems (SAM)

genes for proper function of
meristems:

. establish and maintain ;i:ﬁ:rﬂ?;:].:i-.-|
the indeterminate central zone N
(self-renewal of meristem)

. direct differentiation in
organ primordia

. localize cell division in
organ primordia

r
Organ primordia
(determinate)
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Rapidl}r divit,ling cells: Sluwl:.-' :.Iiw.-ir.iing cells:

fewer ¢h [l;}rupl.’l&t:i, more ¢h lurup].’lﬁl;:i,
higher genome lower genome
copy number copy number
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Sucrose,

auxin,
cytokinin
regulation of i
cell cycle by CDK/CYCD |
plant
hormones Abscisic
and other acid

regulators

CDK/CYCB | ‘
f CDK/CYCA |

Cytokinin
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