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ABSTRACT
The plant hormone abscisic acid (ABA), a key regulator in many crucial developmental and physiological
processes, recruits diverse components into precisely regulated signaling network. We recently discovered
that MAPKKK18, an ABA-activated kinase, is regulated by the protein phosphatase type 2C (PP2C) ABI1
and the kinase SnRK2.6, both components of the ABA core signaling pathway. ABI1 acts to inhibit
MAPKKK18 kinase activity, but also affects MAPKKK18 protein turnover via the ubiquitin-proteasome
pathway. SnRK2.6 kinase also seems to be important for the regulation of MAPKKK18 function. In this
review we summarize the mechanisms that are exclusively involved in MAPKKK18 kinase regulation and
that ensure specificity in its activation.
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Plants use 3 types of effectors to modulate the phosphorylation
cascades that are fundamental to the transmission of the ABA
signal. The core ABA pathway comprises ABA receptors (the
PYR/PYL/RCAR family of START proteins),1-4 together with 2
of these effectors, the group A PP2Cs5-9 and the group 2
sucrose nonfermenting-related protein kinases (SnRK2s).10-12

The third type of effector consists of mitogen-activated protein
kinases (MAPKs), which, along with other kinases, are also
involved in the ABA network,13-16 thus increasing the complex-
ity and diversity of ABA signaling.

Very recently, the MAP3K17/18-MKK3-MPK1/2/7/14 cas-
cade regulated by ABA has been shown to be involved in both
senescence14 and the response to stress.15 Thus, MAP3K17 and
MAPKKK18 kinase activity significantly increases during the
late stages of ABA treatment.15,16 In addition, a positive correla-
tion is observed between the transcription levels of the genes
encoding ABA core complex members and those of the
MAP3K17/18 genes. MAP3K17 and MAPKKK18 transcription
is abolished in Arabidopsis ABA receptor quadruple pyr1pyl1-
pyl2pyl4 mutant, as well as in the hab1G246D line (a dominant
ABI1-1-like mutation of the HAB1 phosphatase).15 Our latest
work focused predominantly on MAPKKK18. For example, we
found that MAPKKK18 gene expression is regulated by ABA
in specific tissues, e.g. guard cells and root meristem.16

MAPKKK18 expression is also significantly decreased in inde-
pendent ABI1 knockouts (abi1td and abi1-2), which is consis-
tent with a role for the ABA core pathway in transcriptional
activation of MAPKKK18. In fact, MAPKKK18 kinase activity
is also increased in the abi1td compared to WT Col-0.16

Apart from transcriptional regulation,15 MAPKKK18 is also
strictly controlled at the protein level by ABI1 PP2C. ABI1 not
only inhibits MAPKKK18 kinase activity, but is also responsi-
ble for targeting MAPKKK18 for degradation by the

ubiquitin–proteasome pathway (UPS). Similarly, MAPKKK18
protein accumulation is also affected by ABA, as ABA treat-
ment blocks MAPKKK18 degradation. Because ABA inhibits
ABI1 protein phosphatase activity, this suggests that ABA uses
ABI1 to regulate turnover of MAPKKK18.16

One important element of the ABA core pathway, the
SnRK2 kinase, was not deeply investigated in our earlier study,
but is most likely also involved in transcriptional regulation of
MAPKKK18. Indeed, MAPKKK18 activity is abolished in the
snrk2.6 mutant,16 supporting a role for SnRK2.6 in the control
of MAPKKK18 expression. We hypothesize that SnRK2.6 phos-
phorylates a yet unknown transcription factor that drives
MAPKKK18 transcription in response to ABA. However, this
does not exclude the possibility that SnRK2.6 and MAPKKK18
interact to regulate certain biological processes. To check for a
direct interaction between these key kinases, we performed
pull-down assays and BiFC analysis and found that, indeed,
SnRK2.6 can bind MAPKKK18 (Fig. 1A–B). SnRK2.6 and
MAPKKK18 interaction occurred mostly within the nucleus,
but minor signals were also observed in the perinuclear cyto-
plasm. Interestingly, the active form of MAPKKK18 is found
within the nucleus, which is where MAPKKK18 also interacts
with ABI1. These findings suggest that nuclear localization of
MAPKKK18 results in its rapid activation and a consequent
resetting of the downstream signaling pathway. The signifi-
cance of cytoplasm-specific interactions is not yet clear, since
only the inactive form of MAPKKK18 should reside in this
compartment.

Based on the proposed role of the ABA core in the regula-
tion of MAPKKK18, we considered possible functions of
SnRK2.6 in this regard. Phosphorylation of particular serine/
threonine (Ser/Thr) residues by SnRK2.6 might modulate
MAPKKK18 protein activity or stability. However, another
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exciting hypothesis is that MAPKKK18 might regulate
SnRK2.6. It will be interesting to investigate whether this inter-
action is beneficial for both protein partners and whether other
relationships might exist.

In conclusion, current results demonstrate that regulation
of signal transduction via the MAPKKK18 cascade is com-
plex. Specificity of MAPKKK18 regulation is achieved by 2
exclusive mechanisms: one mechanism ensures activation of
MAPKKK18 by ABA through coordinated MAPKKK18
gene expression regulated by the core ABA pathway; the
second, more complex mechanism for MAPKKK18 signal
inactivation is based on proteasomal degradation, which is
regulated by ABA via the ABA core pathway. These mecha-
nisms demonstrate the dependence of MAPKKK18 regula-
tion on the components of the ABA core pathway and
show the importance of MAPKKK18 in signal transduction.
Identification of all the players in the MAPKKK18 network
that affect its activation or inactivation, as well as the iden-
tification of MAPKKK18 cascade substrates, is a major chal-
lenge in the near future.
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