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Molecular interaction between powdery mildew fungi and Arabidopsis has been widely used as a model system to study
plant immunity. Arabidopsis EDR2 (enhanced disease resistance 2) is a well characterized negative regulator in powdery
mildew resistance and mildew-induced cell death. Recently, we showed that a mutation in BSK1 (br-signaling kinase
1), suppressed edr2-mediated disease resistance.! And the bski-1 single mutant displayed enhanced susceptibility to
multiple pathogens, indicating that BSK1 plays important roles in plant immunity. BSK1 is a receptor-like cytoplasmic
kinase and localizes on plasma membrane; loss of the membrane localization signaling disrupts BSK1 functions in edr2-
mediated resistance. Significantly, BSK1 physically associates with the PAMP receptor FLS2 (flagellin sensing 2) and is
required by FLS2-mediated ROS burst.! Here we show that disruption of BSK1 membrane localization affects the BSK1-
FLS2 interactions, suggesting the membrane association of BSK1 is important for both edr2-mediated signaling and the
BSK1-FLS2 complex formation. Previously, it was shown that BSK1 is a substrate of the brassinosteroid (BR) receptor BRI1
(brassinosteroid insensitive 1) and plays critical roles in BR signaling.? Further exploration of signaling transductions
downstream of BSK1-FLS2 complex will not only shed new light on how BSK1 regulates plant immunity, but may also
help to dissect the connections between plant growth and defense.

SHORT COMMUNICATION

Powdery mildew fungi are biotrophic pathogens that infect many
plant species, such as wheat, barley and tomato, causing signifi-
cant economic losses.> Powdery mildew fungi also infect model
plant Arabidopsis and a number of Arabidopsis genes involved in
powdery mildew resistance have been identified through mutant
screen in recent years. For instance, edrl (enhanced disease resis-
tance 1), edr2 and edr3 mutants all exhibit enhanced disease
resistance to powdery mildew Golovinomyces cichoracearum.**
The resistance correlates with a more rapid activation of host
defenses compared with wild type plants, such as enhanced PR
(pathogenesis related) genes induction and accompanied by mil-
dew-induced cell death. EDR2 encodes a protein that localizes
mainly on endomembrane system.® edr2-mediated resistance is
dependent on salicylic acid, but not jasmonic acid or ethylene.®®
In an edr2 suppressor screening, we recently identified a muta-
tion in BSK1, that suppressed the powdery mildew resistance and
programmed cell death caused by edr2. The bskI-1 single mutant
displayed enhanced susceptibility to a number of pathogens and
accumulated lower levels of SA and defense marker genes upon
infection with G. cichoracearum and Pseudomonas syringae. BSK1
is also involved in edrl, mlo2 (mildew resistance locus O,) and
pmrd (powdery mildew resistance 4)-mediated powdery mildew
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resistance. These data indicate that BSK1 plays important roles
in plant immunity.

BSK1 belongs to a receptor-like cytoplasmic kinase subfam-
ily RLCK-XII and previously was shown to be a substrate of the
brassinosteroid (BR) receptor BRI1 (brassinosteroid insensitive
1).2 BSKI displays kinase activity in vitro and this kinase activ-
ity is required for its function.! BSK1 has a N-terminal myris-
toylation site, which is a potential membrane localization signal.’
The disruption of myristoylation site (G2A) affects BSK1 mem-
brane association and, in contrast to wild type BSK1, the mutant
form of BSK1 (BSK1 G2A) was unable to complement the bskI-1
phenotype, indicating membrane localization is essential for
BSK1 function. Further co-immunoprecipitation assays indicate
that BSK1 physically associates with the PAMP receptor FLS2
both in Arabidopsis and in N. benthamiana.'

To further explore the role of BSKI membrane association,
we examined the physical association of FLS2 and BSK1 G2A,
a mutant form of BSK1 that lost the membrane localization. We
performed co-immunoprecipitation assay by expressing BSK1
G2A-GFP and FLS2-FLAG in Arabidopsis protoplasts. We co-
expressed BSK1-GFP and FLS2-FLAG as a positive control and
expressed FLS2-FLAG alone as a negative control. Total proteins
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Figure 1. Disruption of BSK1 membrane localization affects BSK1 and
FLS2 association in Arabidopsis protoplasts. Co-immunoprecipitation of
BSK1 G2A and FLS2 from Arabidopsis protoplasts transiently expressing
BSK1 G2A-GFP and FLS2-FLAG before (-) or 10 min after (+) elicitation
with 1 wM flg22 as indicated. FLS2-FLAG alone was used as a negative
control. Total protein was subjected to immunoprecipitation with GFP
antibody, followed by immunoblot analysis with anti-FLAG antibody.
These experiments were repeated three times with similar results.

were extracted from protoplasts and BSK1 G2A protein was
immunoprecipitated with GFP antibody. In the precipitate, we
were unable to detect any FLS2 protein with FLAG antibody,
whether or not treated with flg22, which was in contrast to the
strong interactions detected between the wild type BSKI and
FLS2 proteins (Fig. 1), indicating that membrane association is
important for BSK1 and FLS2 complex formation in Arabidopsis.
In the Co-IP assay, we repeatedly saw that the association of BSK1
and FLS2 was reduced upon flg22 treatment (Fig. 1), which sug-
gests that BSK1 maybe released from FLS2 receptor complex to
transduce flg22 signaling to downstream upon flg22 elicitation.
Together with previous finding,”* BSK1 has dual roles in
both BR signaling and plant immunity. Several lines of evi-
dence suggest there is crosstalk between BR signaling and plant
immunity.""> For instance, BAK1, an important component in

BR signaling, physically associates with both BRI1 and FLS2;
disruption of BAK1 compromises basal defense in plants.'*!®
Recently, it was shown that FLS2-mediated immune signaling
was inhibited by activation of BR signaling, in contrast, flg22 has
no effect on BR-induced responses, suggesting a unidirectional
inhibition of PTI by BR.0.!"'? Increased BR signaling led to
enhanced susceptibility to oomycete AH. 2. Noco2 in the presence
of BAKI, but enhanced resistance to the same pathogen at the
absence of BAKI, suggesting that BR can affect plant immunity
by BAK1 dependent and independent mechanisms."

It was shown that the amino acid Ser230 of BSK1 is a major
site that is phosphorylated by BRI.? However, the S230A muta-
tion fully restored edr2 bskI-1 to edr2-like phenotypes in response
to powdery mildew infection,' suggesting that the phosphoryla-
tion of Ser230 is dispensable for BSK1 function in edr2-mediated
defense responses.! One possibility is that BSK1 has dual func-
tions in both BR signaling and defense responses and these func-
tions could be uncoupled. Interestingly, recently it was shown
that a mutant allele of bakI-5, has strong defects in FLS2 and
EFR-mediated PTI, but is not impaired in BR signaling, indi-
cating the BR signaling and immune responses are differen-
tially regulated.”® Considering that the bsk/-I mutant displays
enhanced susceptibility to multiple pathogens, and BSK1 is a
substrate of the BR receptor BRI, it would be very interesting to
dissect whether BSK1 is a point of crosstalk between BR signal-
ing and defense pathways and what is the relationship between
BSK1 and BAKI1 in both BR signaling and immune response.
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