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Cytokinin Signaling Pathway

Bruno Muller and Jen Sheen*
(Published 9 October 2007)

Cytokinins are key regulators of a large number of
processes in plant development, which is highly
plastic and adaptive, and remarkably resilient and
self-perpetuating. Cytokinin signaling involves a
multistep two-component system, also called a
phosphorelay signaling system. Genes encoding the
central components to build the cytokinin phospho-
relay system are found in diverse plant species, re-
sulting in the establishment of a canonical model of
cytokinin signaling that is likely representative and
conserved in plants. The cytokinin signaling path-
way can be modulated by nutrients, stress, and other
hormones, and is integrated into a signaling network
in both shoots and roots.

Description
This record contains general information about the Cytokinin
Signaling Pathway collected across species.

Cytokinins are essential plant hormones that control cell divi-
sion, shoot meristem initiation, leaf and root differentiation,
chloroplast biogenesis, stress tolerance, and senescence (/-S8).
Together with another plant hormone, auxin, cytokinins can repro-
gram terminally differentiated leaf cells to stem cells and can sup-
port shoot regeneration indefinitely in plant tissue culture. Thus,
cytokinins are important regulators of plant growth and develop-
ment, processes that are highly plastic and adaptive, as well as re-
markably resilient and self-perpetuating. There are four major
steps of the cytokinin phosphorelay: (i) ligand sensation and signal
initiation by a histidine kinase (HK), (ii) histidine phosphotransfer
protein (HPT) nuclear translocation, (iii) transcriptional activation
of response regulator (RR), and (iv) a negative-feedback loop
through cytokinin-inducible RR gene products (2, 3, 5-7).

The first plant hormone belonging to the class now called
cytokinins was discovered more than 50 years ago, based on its
ability to strongly stimulate growth and cell division in cultured
tobacco cells (9, 10). Since then, many additional roles have
been attributed to cytokinins. These include control of the stem
cell pool in the shoot apical meristem, leaf and root differentia-
tion, vasculature patterning, chloroplast biogenesis, photomor-
phogenesis, fertility, seed development, senescence, and stress
tolerance (/—7). Thus, cytokinins control key aspects of plant
growth and development.

Cytokinin signaling is mediated by a multistep two-component
circuitry through histidine (His) and aspartate (Asp) phosphorelay
(Fig. 1). Two-component systems are prevalent in bacteria. Typi-
cally, they are composed of two proteins: The HK and the RR.
Simple HKs contain two functional domains, a variable ligand
sensor and a conserved His-containing catalytic protein kinase.
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The RRs harbor a conserved Asp-containing receiver domain and
a variable output domain. Upon signal reception, phosphoryl
groups are transferred from His to Asp. In a more complex multi-
step system like the cytokinin pathway, they are transferred from
His to Asp to His to Asp. The multistep phosphorelay results from
the addition of (i) a receiver domain to the HK to form a hybrid
HK, and (ii) a phosphotransfer protein basically consisting of a
conserved His-containing domain. These multistep systems facili-
tate signaling links in the different cellular compartments that
have evolved in eukaryotes and provide more points of regulation
and integration to other signaling networks (/7).

Cytokinins are a class of ligands that bind to a CHASE
(cyclase- and HK-associated sensing extracellular) domain of
transmembrane receptors with a hybrid HK. Cytokinins include
a large array of natural adenine derivatives that are produced by
plants and some bacteria through specific enzymatic pathways
and nucleic acid degradation, as well as some that are artificial-
ly generated by chemical synthesis, such as phenylurea deriva-
tives (/, 8, 12). Ligand binding triggers phosphorylation at the
conserved His residue within the receptors. In cytokinin signal-
ing, the phosphoryl group is first transferred from His to a con-
served Asp residue in the receptor’s receiver domain. It is fur-
ther transferred to a His phosphotransfer protein (HPT) that
translocates to the nucleus, where the phosphoryl group gets
passed over to a conserved Asp residue in
the receiver domain of a RR protein. There
are two types of cytokinin RRs: A- and B-
type. Both have a conserved receiver do-
main at the N-terminus. B-type RRs contain
extra C-terminal domains for DNA binding
and transcription activation. In contrast, A-
type RRs have a short and poorly defined
C-terminal domain, and they inhibit cy-
tokinin signaling. Because A-type RRs also
represent immediate-early transcriptional
targets, they establish a negative-feedback
loop in the pathway (2, 3, 5—7). Interesting-
ly, some response regulators are structurally
and functionally similar to the A-type, but
the genes are not transcriptionally induced
by cytokinin (13, /4). Genes encoding the
key components to build a phosphorelay
system can be found in a variety of plants,
including Arabidopsis thaliana, maize, rice,
wheat, and poplar, suggesting a conserva-
tion of the cytokinin signaling mechanism
in plants (2, 3-7, 15, 16).

Fig. 1. Pathway image captured from the dynamic graphical dis-
play of the information in the Connections Maps available 13
September 2007. For a key to the colors and symbols and to
access the underlying data, please visit the pathway (http://
stke.sciencemag.org/cgi/cm/stkecm;CMP_9724).
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Specific pathway URL

Arabidopsis cytokinin signaling pathway

http://stke.sciencemag.org/cgi/cm/stkecm;CMP_10021

Species

Plants: Arabidopsis

Table 1. Specific examples of the cytokinin signaling pathway in the Database of Cell Signaling. These specific pathways are based on the canonical
Cytokinin Signaling Pathway.

Pathway Details
URL.: http://stke.sciencemag.org/cgi/cm/stkecm;CMP_9724
Scope: Canonical
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