CYTOKININ - Metabolism

Synthesis — IPT genes
Degradation — CK-oxidase

Conjugation



Cytokinin — substance crucial
for sustain of cell proliferation
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Agrobacterium tumefaciens — IPT (isopentenyltransferase)
gene for cytokinin biosynthesis

Cytokinin production/ Opine synthesis

Auxin production g7 F o _ Right T-DNA border

Oncogenic genes

Left T-DNA border ~ Conjugative transfer

Ti plasmid
(Octopyne type)

Virulence region ~ Opine catabolism

Origin of replicétibn
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Cytokinin biosynthesis
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Arabidopsis IPTs (8)

Differential expression patterns

Differently responsive promotors
(cytokinin, auxin, nitrate, combinations)

mutants, overexpression ???

Kakimoto 2004



|solation of CK-oxidase (AtCKX)

Clone AtCKX1- Clone AtCKX3-
AWT2827262515118 WT 21 18 14 9

. w -

b "yl 1L

Clone AtCKX2- Clone AtCKX4-

WT 40 39 38 28 25 18 3 WT 30 28 27 14 7 3

» W .
N

N
(6)]
@

vy

Tobacco C Yeast Aawckx

1000

4000

‘I' 4-18

500

CKX activity (% of WT)
2000

CKX activity (% of WT)

WT  AICKX1 AICKX2 AtCKX3 AtCKX4 Cells  Medium

Werner et al., 2001



AtCKXs overexpression in tobacco
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Effect of AtCKX on tobacco root
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Cytokinin
—signal perception and transduction



Isolation of CK independent (ckil) mutant
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http://www.sciencemag.org/cgi/content/full/274/5289/982/F1

ldentification of CKI1 gene
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http://www.sciencemag.org/cgi/content/full/274/5289/982/F3
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His kinase transduction pathway
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Cytokinin receptors — what else?

3 CRE1 homologous proteins (AHKS)

multiple mutant phenotypes — additive
(not lethal)

What does CKI|17?



His kinase transduction pathway
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His kinase pathway

In Arabidopsis
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Response Regulators in Arabidopsis
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Fold induction

Fold induction

wn

CK responsive genes —  *

S
3
=
3
15 £
Qe QePHe eSS
2.57 7.5
10
S 77 S
7.5 °
=1
o
R=
P =
S LE 2.5 E 10
S
3
A=)
2.5 =
RPN
0 I 1 I
0 -4 T T I 10 100 1000
1 10 100 1000 : ;
) ) Time (min)
Time (min)
D
C
= 5
2 E
=] =
g S
e £
i)
=

CHX . ) 2

BA - ' : : Brandstatter and Kieber, 1999




rResponse regulator ARR type A
negative regulators of cytokinin signalling
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AHPs mediate transfer of cytokinin signal between
cytoplasm and nucleus
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Phenotypes of arr type B positive regulator

Primary root length (cm) >
w

—t ek
0o O N
o O O

Root grewth (%)
()]
o

20

of CK sig

100

—a— arrt-1
—e— wild-type
—— 358/ARR1

30

10

2,4-D (ng ml-1)

100

w
o

10 100 1,000 10,000

2,4-D (ng ml)
o

BA (nM)

nallino
.'.LA A % ‘. s

0 1
BA (nM) .
0
—m— arrt-t
—e— wild-type C .00
—a—355::ARR1
- T 3
£
- 2 10 (SRR
________ : Dl ¥, !
L : :. 3
| |
i | | 0
| | |
l 1 N o 1 3 10 30
0 1 10 100 1,000 10,000 Kinetin (ng mI*)

100

S 35S::ARR1

300 1,000

Sakai et al., 2001



Games with protoplasts
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Opposite effects of two classes
of ARRs on CK signalling
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Regulation of plant development
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Mutant screens for ethylene pathway genes




Screen for ethylene mutants
|. Genes involved In regulatlon of biosynthesis

Vild type’a Nild type/ethylene 1-1/ethylene 1-21/ethylenc

|

r1-3lethy en2-1ethylene ethylene enb5-1/ethylent

Roman et aI 1994
* phenotype rescued by inhibitor of ethylene biosynthesis




eto mutants — constitutive triple response
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Screen for ethylene mutants
ll. Genes invoved In signalling pathway

HENNENE
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Roman et al., 1994




B. Double mutants®
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ETR1 codes for histidine kinase
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His-kinases in Arabidopsis

Ethylene receptors
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Cytokinin receptors Phytochromes



Ethylene signalling
— homology to two component system ?
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Ctrl — codes for protein kinase of Raf family

cird-7 K69IN
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ETR1 interacts with CTR1

326 583 612 738

55

ETR1 | - N CTR1 |
326 587 613
ERS |
DB FUSION AD FUSION lacZ B-gal units
1 ETR1 293729 CTR1 53568 e | 71 £50
" CTR1 538-821 0.10 =0.02
" vector 0.07 £ 0.02
2 ETRi 293610 CTR{ 53-568 0.10 + 0.02
" vector 0.04 + 0.00
3 [ERS 261-613 CTR1 53568 44 1020
" vector 0.05 + 0.01
lamin CTR1 5568 0.05 + 0.01

821

Clark et al., 1998



CTR1 has protein kinase activity

CTR1 ctrl-1

ctrl-7 K69IN
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Current Biology

-ethylene receptor dominant mutation > ethylene insensitivity
-ethylene receptor loss of function mutation > constitutive ethylene response
-ctrl loss of function mutation > constitutive ethylene response
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Ethylene signal transduction pathway

ETR1 ERS1 ETR2 EIN4 ERS2 3% CeHa
. _ Marmirana

D CTA1

EIMS?
EING?
EER17?
ISR17?

= ] ==

ElM2

EINIEIL1EILZ

il i
1
-
DA DB ERFT
F “y
ERF1+cthar EREBPs? -

d—d

i

athyleng recepiors

r '

]| =

GO @l Ganes
|

'

Ethylenes Responses Differential Growth

AlR

ETRI
ETR2
ERS1
ERS2
EIN4

CTRI

EIM2

EIN3
EILI

ERFI

CjH_;

|

ETRI
ETR2
ERS1
ERS2
EINg

CTRI

EIMN2

EIN3
EIL1 —

ERFI




MODELS

proteasome
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