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Abstact Two-componentsystenms, consistingofahistidine (His) proteinkinase thatsensesasignal
inputanda response regulator that mediates the output, are involved invarious signal transduction
pathways inmany prokaryotes, fungi, slimemolds, and plants. While inplants, therealsoexistmore
complex signal ing systems that include a hybrid His kinase, a phosphorelay intermediate and a
response regulator, which is referred to as multiple step two component systems. Recent studies
indicated that two-component systems play important roles in signal transduction in response to
environmental stimuli andgrowthregulators (suchasethylene, cytokinin), lightandosmoticstress.
Key words Two component systems, Signal transduction, Ethylene, Cytokinin

Ser/Thr Tyr His His
(Parkinson and Kofoid, 1992)
two-component system

(KSCX2-SW-117)
Author for correspondence.

, 1957 )
2003-01-13 2003-04-16



Hpt Hpt
(Lohrmann and Harter, 2002)

2004 217
Ninfa Magasanik (1986) (E- coli) (nitrogen
regulatory protein, NR) Nixon (1986)
sensory system NR (Vighl et
al., 1993) 30 (Chang
and Stewat, 1998) (Ota and Varshavsjy, 1993) (Galcheva
etal., 1994) (Chang and Stadeler, 2001)
1 His-Asp
(histidineproteinkinase,HPK) (response-
regulator protein, RR) HPK 1 2
(Bourretet al., 1991) HPK
(input module) (catalytic module) HPK
HPK 250
(transmitter module)
His (Wurgler-Murphy and Saito, 1997)
RR (receiver module) 110 Asp
(output domain) HPK
RR (Appleby and Parkinson, 1996) ( 1A) RR
DNA DNA Asp
DNA RR
(
, 2000) EnvZ-OmpR
(Stock et al., 1990) EnvZ-OmpR OmpF
OmpC OmpF  OmpC
OmpF OmpC
OmpF OmpC OmpC
OmpF EnvZ-0mpR EnvZ HPK
RR  OmpR
Asp OmpR  OmpF  OmpC
2 > His-Asp-His-Asp
C (hybrid histidine kinase)
(histidine-containing phosphotransfer domain)  Hpt ( 1B)



218

212
(yeast) 3 SLN1 YPD1
SSK1 SLN1 SLN1
Asp YPD1 His
SSK1 Asp SLN1-His 576 (H1) — SLN1-Aspl 144 (D1) - YPD1-His 64 (H2)
- SSK1-Asp (D2) SSK1 HOG1 MAPK
SLN1 SSK1 HOG1 MAPK
gpdl (3- ) (Posaset al ., 1996)
HPK HPK RR HPK
HPK HPK
HPK (Stock et al ., 2000)
3
(Arabidopsis thaliana) 13 000 17 (AHK) 5
Hpt (AHP) 23 (ARR) (Hwang et al., 2002)
3.1
(Hua and Meyerowitz, 1998)
A
ATP
Signaﬁ/’-\
p P
% g
Input Transmitter Receiver Output
Histidine kinase Response regulator
B
ATP )
Slgna_l\'m/_\/‘ \
P P P P
Input Transmitter Receiver Hpt domain Receiver Output
Hybrid kinase Hpt protein Response regulator
1 (A) (B) (Lohrmann and Harter, 2002)
(H)
(P (A)
(B) (D)

(Hpt)

Fig.1 Schematic representation and basicfestures of the smple (A) and the multistep (B) two component
signaling systems (L ohrmann and Harter, 2002)
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1
Table 1 Planttwo-component signaling systems
Two component element Plants Inputsignals Structure
Histidinekinase
ETR1 Arabidopsis Ethylene TM KD RD
ETR2 Arabidopsis Ethylene ™M KD (H/E) RD
EIN4 Arabidopsis Ethylene TM KD RD
ERS1 Arabidopsis Ethylene ™ KD
ERS2 Arabidopsis Ethylene ™™ KD (H/D)
CKI11 Arabidopsis Cytokinin TM KD ——RD
ATHK1 Arabidopsis Osmosis stress TM KD——RD
NR Tamato Ethylene ™ KD
LeETR1 (= eTAEl) Tamato Ethylene TM KD RD
LeETR2 (= TFE27) Tamato Ethylene TM KD RD
Cm-ETR1 Cucumis melo Ethylene TM KD RD
Cm-ETR2 Cucumis melo Ethylene ™ KD
RP-ERS1 Rumex palustris Ethylene ™ KD
DC-ERS1 Dianthus caryophyllus Ethylene ™ KD
DC-ERS2 Dianthus caryophyllus Ethylene ™ KD
Phosphorelay intermediates
ATHP1 (=AHP2) Arabidopsis HPt
ATHP2 (=AHP3) Arabidopsis HPt
ATHP3 (=AHP1) Arabidopsis HPt
ZmHP2 Maize HPt
Response regulators
A Type A
ARR3 Arabidopsis RD
ARR4 (= ATRR1, IBC7) Arabidopsis RD
ARR5 (= ATRR2, 1BC6) Arabidopsis RD
ARRG6 Arabidopsis RD
ARR7 Arabidopsis RD
ARR8 (= ATRR3) Arabidopsis RD
ARR9 ( =ATRR4) Arabidopsis RD
ZmRR1 Maize RD
ZmRR2 Maize RD
B Type B
ARR1 Arabidopsis RD
ARR2 Arabidopsis RD
ARR10 Arabidopsis RD
ARR11 Arabidopsis RD
ARR12 Arabidopsis RD
ARR13 Arabidopsis RD
ARR14 Arabidopsis RD
™. ; KD. ; RD. ; HPE. ;- 50 100 ; H/D.
; H/E. (Urao et al ., 2000)

TM. Transmembrane region; KD. Kinase region; RD. Receiver domain; HPt. Histidine-containing phosphotransfer
domain; . corresponds to 50 100 amino acids in length; H/D and H/E represent the amino acid substitutions of
histidine (H) to aspartate (D) and to glutamate (E), respectively (Urao et al., 2000)
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Fig. 2 Modd of an Arabidopsis multistep phosphorelay , demonstrating signa transduction from the
extranuclear membranesto thenucleus (L ohrmann and Harter, 2002)
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Fig. 3 Model of the two-component signal transduction pathways in Arabidopsis (Hwangetal ., 2002)
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