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No Entry: SIF2 Closes Stomatal “Doors” to Bacteria by Making
Guard Cells SLAC(1)°™"

Bacteria use stomatal pores as a point of
entry to invade plant leaves. As a first line
of defense, plants attempt to counteract
this attack by restricting bacterial entry
simply by closing the stomata. This hap-
pens via reduction in turgor pressure of
the two guard cells flanking the stomatal
pore, the “double doors” of the entryway,
causing the guard cells to become slack
and thereby reducing the pore size.

It is well known that this stomatal im-
munity mechanism in Arabidopsis (Arabi-
dopsis thaliana) occurs when the FLAGELLIN
SENSING2 (FLS2) and BRASSINOSTEROID
INSENSITIVE1-ASSOCIATED KINASE1
(BAK1) receptor complex recognizes the
flg22 moiety (a pathogen-associated mo-
lecular pattern [PAMPY)) of bacterial flagellin
and transmits downstream signals bring-
ing about PAMP-triggered immunity (Sun
et al., 2013). And, for almost 15 years, it
has been recognized that virulent bacterial
strains can re-open the stomatal pores as
a counter measure to the initial stomatal
closure mediated by defense, perpetuat-
ing plant invasion by the microbes (Melotto
et al., 2006).

But only now have Chan et al. (2020)
identified another plant defense partnerto
FLS2 and BAK1: STRESS INDUCED FAC-
TOR2 (SIF2). The authors compellingly
demonstrate that SIF2 promotes stomatal
immunity by interacting with FLS2 and
BAK1 to phosphorylate and activate the
SLOW ANION CHANNELT1 (SLAC1) pro-
tein in the guard cell plasma membrane.
Activation of anion channels in guard cells
allows anions to leak out, depolarizing the
membrane, thereby preventing influx of
K* and the downstream increase in turgor
pressure necessary to cause guard cell
swelling and stomatal pore opening. Sto-
matal immunity in plants converges with
the well-known abscisic acid (ABA)-
mediated pathway classically known to
close stomata in response to drought
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SIF2 Is Required for Stomatal Immunity to Virulent Bacteria.

The sif2-1 mutant is more susceptible than the wild type (Col-0) to Pst DC3000 (A) and fails to close
stomata after 1 h of exposure to the bacterial pathogen (B). Black bars, mock treatment; light bars,
Pst DC3000 treatment. (Adapted from Chan et al. [2020], Figures 1A and 1C.)

(see Munemasa et al., 2015 for a review),
and SIF2-induced stomatal closure is like-
wise ABA dependent.

The positive role of SIF2 in stomatal
immunity was shown by the finding that
compared to the wild type, the sif2-1
knockout mutant was more susceptible
and SIF2 overexpression lines were more
resistant to the bacterial pathogen Pseu-
domonas syringae pv. tomato (Pst) DC3000
(see figure). These phenotypes were ob-
served when plants were surface inocu-
lated with Pst DC3000, but not when the
bacteria were directly delivered into the
apoplast, demonstrating the role of SIF2
in preventing pathogen invasion. In epi-
dermal peels exposed to Pst DC3000,
rapid stomatal closure occurred in the
wild-type, but not in sif2-1 plants (see
figure). The sif2-1 mutant was also de-
fective in stomatal closure to ABA and
specifically to flg22, but not to chitin and
lipopolysaccharide, two other PAMPs, while
the wild type displayed stomatal closure in
all cases.

Coimmunoprecipitation and bimolecu-
lar fluorescence complementation ex-
periments demonstrated that SIF2 not
only interacts with FLS2 and BAK1 but
also with SLAC1, in an flg22-independent
manner. Mechanistically, SIF2 action re-
quires a functional kinase domain, as the
wild-type form, but not a kinase-inactive

form, of SIF2 complemented both the
immunity and the stomatal aperture phe-
notypes of the sif2-1 mutant. Indeed, ki-
nase assays and patch-clamp analyses
demonstrated that the wild-type SIF2,
but not the kinase-inactive SIF2, phos-
phorylated and activated SLAC1. When
SLAC1 was mutated to abolish putative
phosphorylation sites identified with lig-
uid chromatography/tandem mass spec-
trometry, it exhibited reduced anion channel
current. On the other hand, a phospho-
mimic mutant form of the SLAC1 protein
exhibited constitutive high current and
stomatal closure phenotypes. Addition-
ally, ABA induced S-type anion channel
currentsinthe wild type, but notin the sif2-
1 mutant. Importantly, while overexpress-
ing SIF2 in the wild type caused constitu-
tive stomatal closure, stomata remained
open when SIF2 was overexpressed in
the slac 7-4 mutant, indicating that stoma-
tal closure by SIF2 requires functional
SLACH1.

Taken together, the authors propose
amodel by which plants fend off bacterial
invaders by initially sensing bacterial fla-
gellin via the FLS2-BAK1 coreceptor
complex that then activates SIF2 kinase
activity that, in turn, phosphorylates the
anion channel SLAC1. This last phosphor-
ylation step triggers the outflow of anions
and hence the deflation of guard cells,
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slamming the doors shut on unwanted
guests.
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