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Jasmonate (JA) is a lipid-derived hormone that regulates diverse
aspects of plant immunity and development. An amino acid-
conjugated form of JA, jasmonoyl-isoleucine (JA-lle), stimulates
binding of the F-box protein coronatine-insensitive 1 (COI1) to, and
subsequent ubiquitin-dependent degradation of, jasmonate ZIM
domain (JAZ) proteins that repress transcription of JA-responsive
genes. The virulence factor coronatine (COR), which is produced by
plant pathogenic strains of Pseudomonas syringae, suppresses
host defense responses by activating JA signaling in a COI1-
dependent manner. Although previous data indicate that COR acts
as a molecular mimic of JA-lle, the mechanism by which JA-lle and
COR are perceived by plant cells remains unknown. Here, we show
that interaction of tomato COI1 with divergent members of the JAZ
family is highly specific for JA-lle and structurally related JA
conjugates and that COR is ~1,000-fold more active than JA-lle in
promoting this interaction in vitro. JA-lle competes for binding of
COR to COI1-JAZ complexes, demonstrating that COR and JA-lle
are recognized by the same receptor. Binding of COR to the
COI1-JAZ complex requires COI1 and is severely impaired by a
point mutation in the putative ligand-binding pocket of COI1.
Finally, we show that the C-terminal region of JAZ3 containing the
highly conserved Jas motif is necessary and sufficient for hormone-
induced COI1-JAZ interaction. These findings demonstrate that
COI1 is a critical component of the JA receptor and that COR exerts
its virulence effects by functioning as a potent agonist of this
receptor system.
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asmonate (JA) and its bioactive derivatives, collectively re-

ferred to as jasmonates (JAs), regulate a wide range of
physiological processes in higher plants. JAs have a well-
established role in orchestrating genome-wide transcriptional
changes in response to biotic stress and developmental cues
(1-4). In general, JAs promote defensive and reproductive
processes, as well as inhibit the growth and photosynthetic
output of vegetative tissues. These juxtaposing activities suggest
a general role for the hormone in controlling resource allocation
between growth- and defense-related processes, thus optimizing
plant fitness in rapidly changing and hostile environments.

Recent studies indicate that JA controls the expression of
early response genes by promoting the ubiquitin-dependent
degradation of jasmonate ZIM domain (JAZ) proteins (5-7).
The JAZ family of proteins in Arabidopsis consists of 12 mem-
bers, which have been classified as a subgroup of the larger family
of TIFY proteins that share a conserved TIF[F/Y]XG motif
within the ZIM domain (8). A second defining feature of JAZs
is the highly conserved Jas motif, which has a
SLX,FX,KRX,RXsPY consensus sequence near the C terminus
(5-7). Genetic analysis indicates that coronatine-insensitive 1
(COI1), an F-box protein that determines the target specificity
of the E3 ubiquitin ligase SCFC©!! (where SCF indicates Skp/
Cullin/F-box), is required for most, if not all, JA-signaled
processes (9-11). Arabidopsis JAZ3 (also known as JAI3) in-
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teracts with and presumably represses the activity of the MYC2
transcription factor that promotes the expression of JA-
responsive genes (6). Current models indicate that degradation
of JAZ repressors by the SCFCCll_ubiquitin-proteasome path-
way in response to a bioactive JA signal relieves the inhibition of
MYC2, thereby activating the expression of early response genes.
Functional analysis of the tomato homologs of COI1, JAZ, and
MYC2 (5, 11, 12) indicates that this general mechanism of JA
signaling is conserved in the plant kingdom.

The JARI gene encodes a JA—amido synthetase that catalyzes
the formation of jasmonoyl-L-isoleucine (JA-Ile) (13-15). The
JA-insensitive phenotype of jarl mutant plants indicates that
JA-Ile is an active signal in the JA pathway. Analysis of jar
mutants also showed that JA-Ile is important for the regulation
of plant defense responses to attack by pathogens and insects (14,
16, 17). Thines et al. (5) recently showed that formation of both
Arabidopsis and tomato COI1-JAZ1 complexes is stimulated by
JA-Ile but not by jasmonic acid, methyl-JA (MeJA), or the JA
precursor 12-oxo-phytodienoic acid (OPDA). Endogenous JA-
Ile levels increase within minutes of tissue damage, coincident
with the expression of early JA-response genes (18). It is not
known whether the JA-Ile-dependent interaction with COI1 is
unique to JAZ1 or is more generally applicable to other mem-
bers of the JAZ family.

The mechanism by which JA-Ile promotes COI1 binding to
JAZ proteins remains to be determined. In yeast and animal
cells, target recognition by E3 ubiquitin ligases typically depends
on phosphorylation or other posttranslational modifications of
the substrate (19). Notably, COI1 is homologous to TIR1, which
functions as a receptor for the plant hormone auxin (20). Auxin
regulates gene expression by binding to TIR1 and stimulating the
ubiquitin-proteasome-dependent degradation of Aux/IAA tran-
scriptional repressors (21, 22). Despite the many similarities
between auxin and JA signaling, the identity of the JA receptor
and its physiological ligand(s) is not known.

Coronatine (COR) is a phytotoxin produced by some plant
pathogenic strains of Pseudomonas syringae (23). Several lines of
evidence indicate that COR exerts its virulence effects by
activating the host’s JA signaling pathway (9, 24-27). The
insensitivity of coil mutants of Arabidopsis and tomato to COR
demonstrated that COI1 is required for the action of the toxin
(9, 24). These observations, together with the structural simi-
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larity of COR to JA-Ile, support the notion that this virulence
factor acts as a molecular mimic of JA-Ile (14, 28).

To test directly the hypothesis that JA-Ile and COR share a
common molecular mechanism of action, we used an in vitro
pull-down assay to assess the ability of COR, JA-Ile, and
structurally related JA conjugates to promote the interaction of
tomato COI1 with two divergent tomato JAZ proteins. Here, we
provide evidence that COI1, or possibly a COI1-JAZ complex,
is a receptor for JA-Ile and that COR exerts its virulence effects
by functioning as a potent agonist of this receptor system. We
also show that the Jas motif-containing C-terminal region of
JAZ3 is necessary and sufficient for hormone-induced interac-
tion of COI1 with JAZ3.

Results

Evidence That JA-lle Directly Promotes COI1-JAZ1 Interaction in Vitro.
We previously used an in vitro pull-down assay to demonstrate
that JA-Ile stimulates interaction between tomato COI1 and a
purified JAZ1-His fusion protein in the absence of intact cells
(5). Because these experiments used supernatants of tomato leaf
extracts, after low-speed centrifugation, as a source of epitope-
tagged COI1 (i.e., COI1-Myc), a potential role for cell mem-
branes or membrane-bound proteins in JA-Ile action could not
be excluded. However, depletion of cell membranes from COI1-
Myc-containing tomato leaf extracts by high-speed centrifuga-
tion did not affect the amount of COI1-Myc recovered by
JAZ1-His [supporting information (SI) Fig. S1]. This finding
indicates that JA-Ile action in this cell-free system is mediated
by soluble components.

The potential involvement of phosphorylation in JA signaling
(29, 30) led us to test whether COI1-JAZ1 binding is modulated
by reversible protein phosphorylation. The addition of protein
kinase (staurosporine) and phosphatase inhibitors to pull-down
assays did not affect the recovery of COI1-Myc by JAZ1-His
(Fig. S2). This result indicates that COI1-JAZ1 interaction in
response to JA-Ile likely occurs independently of protein phos-
phorylation or dephosphorylation. To test further whether JA—
Ile action depends on an enzymatic activity in 355-COI1-Myc
leaf extracts, we investigated the effect of temperature on
JA-Ile-dependent recovery of COI1-Myc by JAZ1-His. Recov-
ery of COI1-Myc in reactions incubated at 16 and 30°C was
severely diminished in comparison with a reaction carried out at
the standard assay temperature, 4°C (Fig. S3). This finding
argues against the possibility that enzymatic activity is required
for JA-Ile-mediated COI1-JAZ1 interaction. It is possible that
loss of COI1-JAZ1 interaction at higher temperatures results
from JA-Ile metabolism or instability of the receptor complex.
Collectively, these results suggest that COI1-JAZ interaction
does not require a JA-Ile-induced enzymatic modification of
either protein but rather that JA-Ile directly promotes the
protein—protein interaction.

Requirement of Jasmonoyl-Amino Acid Conjugates for COI1 Interac-
tion with Two Divergent JAZs. Recovery of COI1-Myc by JAZ1-
His was not promoted by jasmonic acid (at concentrations up to
1 mM; data not shown), MeJA, or the JA precursor OPDA (5).
Other plant hormones, including salicylic acid, abscisic acid, and
indole-3-acetic acid, were also inactive (Fig. S4). To further
define the specificity of JA-Ile as a signal for COI1-JAZ1
interaction, we compared the activity JA-Ile with other naturally
occurring jasmonoyl-amino acid conjugates. JA—amino acid
conjugates containing small hydrophobic amino acids stimulated
COI1-JAZ]1 binding to varying degrees, with the relative order
of activity being JA-Ile — JA-Val — JA-Leu (Fig. 1a). JA-Ala
was very weakly active, whereas JA-Phe and JA-GIn were
inactive at the highest concentration tested (10 uM).

To determine whether the signal specificity of JAZ1 extends
to other members of the tomato JAZ family, we identified a
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Fig. 1.  Specificity of JA-amino acid conjugates in promoting COI1-JAZ

interaction. Pull-down assays were performed with recombinant JAZ1-His (a)
or JAZ3-His (b) and extracts from 355-COI/T-Myc plants. Assays were supple-
mented with various JA—amino acid conjugates at the indicated concentration
and incubated for 30 min at 4°C. Protein bound to JAZ1-His or JAZ3-His was
analyzed by immunoblotting for the presence of COI1-Myc. The Coomassie
Blue-stained blot in each panel shows the recovery of JAZ-His by the Ni affinity
resin.

tomatoJ4Z cDNA whose sequence is significantly diverged from
JAZI. BLAST and phylogenetic analyses indicated that the
tomato protein encoded by this cDNA is most similar to Arabi-
dopsis JAZ3 (Fig. S5). We therefore refer to this tomato protein
as SIJAZ3 (or hereafter simply as JAZ3). The sequence simi-
larity between tomato JAZ1 and JAZ3 (~27% amino acid
identity) is restricted mainly to the ZIM domain and C-terminal
Jas motif. Pull-down assays performed with a JAZ3-His fusion
protein showed that the chemical specificity for COI1-Myc
binding to JAZ3-His is very similar to that for JAZ1-His. For
instance, the COI1-JAZ3 interaction was strongly promoted by
JA-Ile, whereas no stimulatory effect was observed with jas-
monic acid, MeJA, OPDA, JA-Phe, or JA-GIn (Fig. 1b; and
data not shown). JA-Leu, —Val, and —Ala stimulated recovery of
COI1-Myc by JAZ3-His to various extents, with the relative
order of activity being JA-Ile ~ JA-Val — JA-Leu — JA-Ala.
JA-Val and JA-Ala were more effective in stimulating COI1-
Myc binding to JAZ3-His than to JAZ1-His, suggesting that
formation of COI1-JAZ1 complexes in vitro may be more
selective for JA-Ile than for COI1-JAZ3 complexes. We con-
clude that recruitment of two divergent JAZ proteins by tomato
COI1 is promoted specifically by JA-Ile and structurally related
JA conjugates.

Coronatine Binds Directly to COI1-JAZ Complexes. The ability of the
P. syringae toxin COR to activate JA signaling in a COI1-
dependent manner (9, 24, 26, 27), together with the structural
similarities between COR and JA-Ile (Fig. 2a), led us to
hypothesize that COR exerts its virulence effects by promoting
COI1-JAZ interactions. We found that COR promotes COI1-
Myc binding to JAZ1-His in a dose-dependent manner and,
remarkably, that this stimulatory effect was apparent at concen-
trations of COR as low as 50 pM (Fig. 2b). Direct comparison
of the activity of COR with that of JA-Ile showed that the toxin
is ~1,000-fold more active than JA-Ile (Fig. S6), which is in
agreement with the previous observation that 50-500 nM con-
centrations of JA-Ile are required to stimulate COI1-JAZ1
interaction in this assay (5). COR was at least 100-fold more
effective than JA-Ile in promoting the COI1-JAZ3 interaction
in the JAZ3-His pull-down assay (data not shown).

To determine whether COR is a ligand that directly binds to
the COI1-JAZ complex, we performed binding assays in which
crude leaf extracts containing COI1-Myc were incubated with
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Fig. 2. Coronatine promotes formation of COI1-JAZ complexes. (a) Molec-
ular structures of JA-lle and COR. (b) JAZ1-His-containing pull-down assays
supplemented with buffer (indicated by 0) or various concentrations of COR
were processed as described in the legend to Fig. 1. The Coomassie blue-
stained blot shows recovery of JAZ1-His. (c) Pull-down reactions containing
extracts from 355-COI1-Myc plants and JAZ3-His (filled circles) or JAZ1-His
(open circles) were incubated with [3H]COR in the presence of increasing
concentrations of unlabeled COR. Radioactivity recovered with JAZ-His is
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[*H]COR and either JAZ1-His or JAZ3-His. The results in Fig.
2¢ show that both JAZ1-His and JAZ3-His retain [*H]JCOR
after isolation of the fusion protein by Ni affinity chromatog-
raphy and subsequent washing steps. The ability of unlabeled
COR to compete with [*’H]JCOR for binding indicates that the
binding is specific. Binding of [*’H]COR to JAZ3-His complexes
was competed by the addition of 10,000-fold excess unlabeled
JA-Ile but not by the addition of the same amount of jasmonic
acid (Fig. 2d), indicating that the COR receptor eluting with
JAZ3-His also binds to JA-Ile. Similar results were obtained in
pull-down assays performed with JAZ1-His (Fig. S7). Scatchard
analysis of saturation binding data obtained with the JAZ3-His
pull-down assay showed that the apparent dissociation constant
(Kq) of the receptor for COR was ~20 nM (Fig. 2e).

Specific binding of COR to the JAZ3-His complex was
observed in pull-down reactions supplemented with crude leaf
extract from WT tomato leaves (Fig. 3a). Thus, like COI1-Myc,
endogenous COI1 interacts with JAZ3-His in a COR-
dependent manner. To determine whether COI1 is required for
COR binding, pull-down reactions were performed with leaf
extracts from the COIl-deficient jail-1 mutant of tomato that
harbors a deletion in the SICOII gene (11). As shown in Fig. 3a,
jail-1 extracts failed to promote recovery of [PH]JCOR by
JAZ3-His. Binding assays performed with JAZ3-His in the
absence of tomato leaf extract showed that COR does not bind
specifically to JAZ3-His (Fig. 3a). We thus conclude that COI1
is an essential component of the COR/JA-Ile receptor and that
JAZ protein alone is not sufficient for high-affinity ligand
binding.

Homology between COI1 and the TIR1 auxin receptor pro-
vides indirect evidence for the idea that COIl is a JA receptor
(20, 31). To define further the role of COI1 in COR binding, we
used the jail-3 tomato mutant that harbors a point mutation
(L418F) in the leucine-rich repeat domain of COIl and, as a
consequence, is partially insensitive to JA (Fig. S8). Northern
blot analysis of the JA-inducible proteinase inhibitor II gene
showed that jail-3 leaves are ~100-fold less responsive than WT
leaves to exogenous MeJA (Fig. 3b). The mutated Leu residue
in jail-3 aligns with an Ile residue (Ile-406) in TIR1 that contacts
the Aux/TAA peptide substrate within the auxin-binding pocket
of TIR1 (20) (Fig. S9). We hypothesized that jail-3 might impair
COI1 interaction with either the ligand or the JAZ substrate. As
shown in Fig. 3¢, [PHJCOR was recovered by JAZ3-His in
pull-down assays supplemented with jail-3 leaf extract but to a
level that was much less than that obtained with WT extract. At
500 nM COR, for example, the recovery of specific binding in the
presence of jail-3 extract was only 1.3-fold above background,
which was 10-fold lower than the amount of specific binding
recovered in the presence of WT extract. These results indicate
that the reduced sensitivity of jail-3 leaves to exogenous JA
correlates with reduced binding activity of jail-3 extract to COR
and provide evidence that Leu-418 of COI1 plays a role in the
formation of a stable complex between COI1, JAZ, and COR.

The C-Terminal Region of JAZ3 Interacts with COI1 and Promotes
Ligand Binding. Having established that COR and JA-Ile bind to,
and stimulate the formation of, a COI1-JAZ3 protein complex,
we sought to identify the region of JAZ3 that facilitates this

indicated (CPM). (d) Pull-down reactions containing 355-COIT-Myc leaf ex-
tract, JAZ3-His, and [3H]JCOR were incubated in the absence (indicated by 0) or
presence of the indicated amount of unlabeled COR, JA (jasmonic acid), or
JA-lle. (e) Pull-down reactions containing 355-COI/1-Myc leaf extract, JAZ3-
His, and increasing concentrations of [3HJCOR were used to construct a satu-
ration curve for specific binding. Shown is a Scatchard plot of the saturation-
binding data for a representative experiment. Error bars in cand d denote the
SD of triplicate assays.
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Fig. 3. COI1 is an essential component of the jasmonate receptor. (a)
Pull-down reactions containing JAZ3-His, [3H]JCOR, and crude leaf extract
from the indicated tomato genotype (or an equivalent volume of buffer;
indicated by Mock) were incubated in the presence (+) or absence () of
1,000-fold unlabeled COR. The amount of radioactivity recovered in the
JAZ3-His complex is shown. Error bars denote the SD of triplicate assays. (b)
Northern blot analysis of proteinase inhibitor Il transcript accumulation in
wild-type and jai7-3 plants treated in a closed container for 10 h with various
amounts of vaporous MelJA. Blots were hybridized to an e/F4A cDNA as a
loading control. (c) Specific binding of [2BH]COR in pull-down assays containing
JAZ3-His and leaf extract from either WT (closed circles) or jai1-3 (open circles)
plants.

interaction. Truncated derivatives (JAZ31_21 and JAZ3149_306)
of JAZ3 containing either the conserved TIFYXG motif in the
ZIM domain or the Jas motif (Fig. 4a) were expressed as
maltose-binding protein (MBP)-JAZ-His fusion proteins and
tested for their ability to interact with COI1-Myc (Fig. 4a; Fig.
S$10). JAZ3149-306-His efficiently recovered COI1-Myc in a
JA-Ile-dependent manner, whereas JAZ3;_,;,—His did not (Fig.
4b). Moreover, we found that specific binding of [*’H]JCOR was
recovered by JAZ3149_30s—His but not JAZ3;_»»;—His in assays
containing 35S5-COII-Myc extract (Fig. 4c). These results show
that tomato JAZ3149_306 is necessary and sufficient for the
COI1-JAZ3 interaction and specific binding of COR to the
COI1-JAZ3 complex.

Katsir et al.
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Fig. 4. The C-terminal region of JAZ3 is required for COI1 interaction and

specific binding of COR to the COI1-JAZ3 complex. (a) Schematic diagram of
full-length and truncated JAZ3 constructs. The positions of the conserved ZIM
(gray box) and Jas (black box) motifs are shown. The N-terminal MBP and
C-terminal Hisg fusions are not shown. (b) Pull-down assays containing 355-
COI1-Myc leaf extract and the indicated JAZ3 fusion protein were incubated
in the presence (+) or absence (—) of 1 uM JA-lle. Reactions were processed
as described in the legend to Fig. 1. (c) Pull-down reactions containing 355-
COI1-Myc leaf extract, [2BH]COR, and the indicated JAZ3 fusion protein were
incubated in the presence (+) or absence (—) of unlabeled COR. The amount
of radioactivity recovered in the JAZ3-His complex is shown.

Discussion
In this present study, we used a direct ligand-binding assay to
investigate the mechanism by which COR and JA-Ile mediate
the interaction between tomato COIl and JAZ proteins. Our
results indicate that JA-Ile does not act indirectly to induce an
enzymatic modification of COIl or JAZ but rather works
directly to promote the COI1-JAZ interaction. The ability of
JA-Ile to compete with COR for specific binding indicates that
COR and JA-Ile are recognized by the same receptor. Because
COR binding to the COI1-JAZ complex depends on COI1, we
conclude that COI1 is an essential component of the perception
apparatus. Moreover, that COR does not bind specifically to
purified JAZ-His alone or in the presence of COIl-deficient
tomato extract excludes the possibility that JAZ proteins func-
tion as JA receptors. These observations, together with the fact
that JA-Ile-induced interaction between COI1l and JAZ does
not require any other plant protein (5), provide strong evidence
that COI1 is a receptor that specifically binds JA-Ile and COR.
Our results also provide evidence that the molecular mecha-
nism of JA-Ile action is similar to that of auxin, which promotes
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substrate recruitment by creating a surface on the leucine-rich
repeat domain of TIR1 that facilitates Aux—IAA binding (20).
Detection of a stable ternary COIl-ligand—JAZ complex in the
pull-down assay is consistent with the idea that JA-Ile/COR
interact simultaneously with COI1 and JAZ. Because our bind-
ing assay relies on the recovery of components that copurify with
JAZ-His, it remains to be determined whether COI1 binds
to JA-Ile (or COR) in the absence of JAZ. A role for COIl and
JAZ as coreceptors thus remains a formal possibility. Signifi-
cantly, however, COIl is predicted to adopt a structure that is
similar to the auxin receptor TIR1 (20). Several amino acid
residues that mediate the interaction of TIR1 with auxin,
substrate, and inositol hexakisphosphate are conserved in COIL1.
The results of binding experiments performed with extracts from
the tomato jail-3 mutant, which harbors a point mutation
(L418F) in a region of COI1 that is homologous to the hormone-
binding pocket of TIR1, suggests that this region of COIIl is
important for interaction with the ligand and/or JAZ substrate.
However, we cannot exclude the possibility that reduced binding
of COR to jail-3 extracts results from an effect of the L418F
mutation on the stability or abundance of COIl.

We found that the interaction of COIl with two divergent
members (JAZ1 and JAZ3) of the tomato JAZ family is
promoted in a highly specific manner by JA-Ile and structurally
related JA conjugates. It is noteworthy that JA-Val, whose
synthesis is catalyzed by JARI1-like enzymes (14, 32), was as
active as JA-Ile in stimulating COIl binding to JAZ3. This
finding indicates that JA-Val may function as an endogenous
signal for COI1-dependent responses, particularly in tissues that
contain high JA-Val levels. JA-Leu and JA-Ala also exhibited
activity, suggesting that these derivatives are bioactive JAs as
well. Although several studies have suggested that jasmonic acid,
MelJA, and OPDA are active per se as signals in the JA pathway
(32-36), these compounds showed no activity in the JAZ1 and
JAZ3 pull-down assays. It is possible that these nonconjugated
derivatives promote COI1 interaction with JAZ proteins whose
ligand specificity is different from that described here for JAZ1
and JAZ3. The well-defined repertoire of JAZ proteins in model
plants such as Arabidopsis indicates that it will be possible to
systematically determine the signal specificity of all JAZs by
using protein—protein interaction assays.

Several pathovars of P. syringae possess a cluster of genes that
direct the synthesis of the phytotoxin COR (23). Here, we show
that COR functions as an agonist of the JA receptor. Remark-
ably, COR is ~1000-fold more active than JA-Ile in promoting
the COI1-JAZ3 interaction in vitro. This is consistent with the
fact that COR is generally a much more potent signal in
physiological responses than is jasmonic acid or MeJA (26, 37).
The virulence properties of COR can thus be attributed to its
ability to efficiently promote SCFCO!-mediated ubiquitination
and destruction of JAZ proteins. This conclusion is supported by
studies demonstrating that COI1-deficient mutants of Arabidop-
sis and tomato are much less susceptible to infection by COR-
producing strains of P. syringae (9, 24). Targeting of eukaryotic
hormone receptors by pathogen virulence factors would appear
to provide an efficient mechanism to manipulate genome-wide
transcriptional programs and other processes that effectively
suppress host cell defenses. It is not yet clear whether the toxic
properties of COR result solely from an overstimulation of the
JA signaling pathway due to its high receptor-binding efficiency
or whether COR has additional properties that alter normal
cellular processes.

Pull-down experiments with truncated forms of tomato JAZ3
showed that JAZ3149-306 interacts with COIl in a ligand-
dependent manner, whereas a derivative consisting of the N-
terminal 221 aa does not. This finding indicates that the sequence
determinants for substrate recognition by SCF“C!! are located
within the C-terminal 157 aa of JAZ3. Because the highly
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conserved Jas motif is located in this region, we suggest that the
Jas motif mediates JAZ binding to COIl. This hypothesis is
consistent with studies showing that deletion of the Jas motif
stabilizes JAZ proteins against COIl-dependent degradation
during JA signaling (5-7). Experiments conducted with Arabi-
dopsis JAZ3, however, showed that the ZIM domain-containing
N-terminal region, but not the C-terminal region containing the
Jas motif, interacts with COI1 in the absence of exogenous JA
(6). One possible explanation for these apparently disparate
results is that COI1 interacts with the N and C termini of JAZ3
in a JA-independent and -dependent manner, respectively. Al-
though we did not detect COI1-JAZ3,_,,; interaction in the
absence of JA-Ile, our pull-down assay is likely less sensitive than
the assay used by Chini et al. (6), who used radiolabeled proteins
for their binding studies.

In summary, our results build on recent studies (5-7, 18) to
define a unifying model for JA signaling in which direct recog-
nition of JA-Ile by COIl is coupled to ubiquitin-mediated
degradation of JAZs and subsequent derepression of primary
response genes. The results extend the emerging paradigm
(20-22) of F-box proteins as intracellular sensors of small
molecules to trigger the destruction of regulatory proteins and
suggest a common evolutionary origin of the JA and auxin
response pathways.

Materials and Methods

Biological Materials. Growth conditions for Solanum lycopersicum (tomato)
were described previously (38). A 355-COIT-Myc transgenic line of tomato (cv
Microtom) was used as a source of COI1-Mycin pull-down experiments (5). The
tomato jai7-1 and jai1-3 (previously called spr5) mutants (cv Castlemart) were
isolated and propagated as described in refs. 11 and 38 and in Fig. S8.

Chemicals. Coronatine (C8115), phosphatase inhibitor mixture 1 (P2850), stau-
rosporine (S4400), indole-3-acetic acid (1-2886), salicylic acid (57401), and
(*+)-JA were purchased from Sigma. Jasmonoyl-amino acid conjugates were
prepared, and the structures were verified by GC-MS as described previously
(14, 39). The naturally occurring (—)-JA-lle isomer was separated from (+)-
JA-lle by HPLC. (—)-JA-lle was used in pull-down assays, whereas all other JA
conjugates were used as a mixture of the (+)-JA- and (—)-JA-amino acid
diastereomers. [3H]COR was prepared commercially (GE Healthcare) by using
hydrogen-tritium exchange between tritiated water and unlabeled COR. The
specific activity of [H]COR as determined by mass spectrometry is 333 GBq per
mmol. The radiochemical purity was 97.0% as determined by HPLC.

Cloning and Expression of JAZ Fusion Proteins. A full-length cDNA for SIJAZ3
was PCR-amplified from a tomato EST clone (EST555543; BI935654) provided
by the SOL Genomics Network (Cornell University). Primers used for the PCR
were 5'-GCGCGGCCGCCGAGATGGAGAGGGACTTTATGG-3' and 5'-ACGCGTC-
GACTAGCTTGGTCTCCTTACCG-3'. The resulting PCR product was cleaved with
Notl and Sall and cloned into the corresponding restriction sites of pRMG-
nMAL (5) to make the MBP-JAZ3-Hisg fusion plasmid. Truncated derivatives of
JAZ3, designated JAZ31_551 and JAZ3149-305, Were amplified by using the
following two primer sets, respectively: 5'-GCGCGGCCGCCGAGATGGAGAGG-
GACTTTATGG-3" and 5'-CCCTCGAGCACATTAGGTGGAGCCA-3’; 5'-GCGCG-
GCCGCCTGTGCTCCACCTAAT-3’ and 5'-CCTCGAGGGTCTCCTTACCGGCTAA-
3'. The PCR products were cleaved with Notl and Xhol and cloned into the
corresponding sites of pPRMG-nMAL. Full-length JAZ3 and JAZ1 fusion pro-
teins, as well as the JAZ31_5,1 and JAZ3149_306 truncations, were expressed in
Escherichia coli and purified by Ni affinity chromatography (Fig. S10) as
described (5).

Pull-Down and [*H]COR Binding Assays. A 355-COIT-Myc transgenic line of
tomato was used as a source of COI1-Myc in a JAZ-His pull-down assay
described previously (5). Unless otherwise indicated, the quantity of JAZ-His
added to each reaction was 25 ug. Protein concentrations were determined
with a BCA protein assay kit (Pierce). Standard [3H]COR-binding assays con-
tained 50 pg of purified JAZ-His protein, 4 mg of total leaf protein from
35S5::COIT-Myc plants or an otherwise indicated genotype, and 400 nM
[3H]COR (1.86 wCi) in a final volume of 0.5 ml of binding buffer [50 mM Tris,
pH 6.8/10% glycerol, 100 mM NaCl, 25 mM imidazole, 20 mM 2-mercapto-
ethanol, 10 kM MG132, 0.1% Tween 20, and Complete Mini protease inhibitor
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tablet-EDTA free (Roche)] and were performed in triplicate. Reactions were
incubated at 4°C for 30 min, after which 80 ul of Ni resin was added. After an
additional 15-minincubation at4°C, JAZ-His-bound Ni resin was washed three
times on microcentrifuge spin columns with 0.25 ml of binding buffer at 4°C.
JAZ-His was eluted from the resin with 100 ul of 300 mM imidazole. Radio-
activity in the resulting eluent was measured by scintillation counting (Micro-
Beta Trilux; PerkinElmer) after the addition of 1 ml of scintillation fluid
(Optiphase Supermix; PerkinElmer).

Saturation-binding experiments were performed with increasing concen-
trations of [3H]COR in the presence or absence of 100-fold excess unlabeled
COR. For experiments by using jai7-1 extracts, pull-down reactions contained
5 mg of total leaf protein, 50 ug of JAZ3-His, and 400 nM [3H]COR with or
without the addition of 400 uM unlabeled COR. Saturation-binding experi-
ments comparing WT and jai7-3 leaf extracts were conducted by incubating 5
mg of leaf protein and 50 ug of JAZ3-His with increasing concentrations of
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[3H]COR (10, 100, 500, and 1,000 nM) in the presence or absence of 100-fold
excess unlabeled COR.

Analysis of Proteinase Inhibitor Il Expression. Proteinase inhibitor Il (PI-1l) protein
and mRNA levels were measured according to published procedures (11, 38).
Probed RNA blots were visualized with a phosphor imaging device, and the signal
intensities quantified with the Quantity One-4.2.2 program (Bio-Rad). Values for
each time point were normalized to the elF4A loading control.
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