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Nucleotide binding site–leucine-rich repeat (NBS–LRR) proteins
mediate pathogen recognition in both mammals and plants. The
molecular mechanisms by which pathogen molecules activate
NBS–LRR proteins are poorly understood. Here we show that RPS5,
a NBS–LRR protein from Arabidopsis, is activated by AvrPphB, a
bacterial protease, via an indirect mechanism. When transiently
expressed in Nicotiana benthamiana leaves, full-length RPS5 pro-
tein triggered programmed cell death, but only when coexpressed
with AvrPphB and a second Arabidopsis protein, PBS1, which is a
specific substrate of AvrPphB. Using coimmunoprecipitation anal-
ysis, we found that PBS1 is in a complex with the N-terminal coiled
coil (CC) domain of RPS5 before exposure to AvrPphB. Deletion of
the RPS5 LRR domain caused RPS5 to constitutively activate pro-
grammed cell death, even in the absence of AvrPphB and PBS1, and
this activation depended on both the CC and NBS domains. The LRR
and CC domains both coimmunoprecipitate with the NBS domain
but not with each other. Thus, the LRR domain appears to function
in part to inhibit RPS5 signaling, and cleavage of PBS1 by AvrPphB
appears to release RPS5 from this inhibition. An amino acid sub-
stitution in the NBS site of RPS5 that is known to inhibit ATP
binding in other NBS–LRR proteins blocked activation of RPS5,
whereas a substitution thought to inhibit ATP hydrolysis consti-
tutively activated RPS5. Combined, these data suggest that ATP
versus ADP binding functions as a molecular switch that is flipped
by cleavage of PBS1.

AvrPphB � disease resistance � NOD domain � Pseudomonas syringae �
RPS5

Both plants and animals employ nucleotide binding site–
leucine-rich repeat (NBS–LRR) proteins to mediate detec-

tion of pathogen molecules (1). There appear to be at least two
distinct mechanisms by which NBS–LRR proteins detect patho-
gens: either by binding pathogen-derived molecules directly or by
sensing the modification of host proteins by pathogen-derived
molecules (2). It is presently unclear how either mechanism
causes activation of signaling by NBS–LRR proteins. We have
been investigating these processes by using the plant NBS–LRR
protein RPS5, which mediates detection of the protease
AvrPphB from the bacterial pathogen Pseudomonas syringae
(3–6).

In plants, NBS–LRR proteins were first identified as the products
of classically defined disease-resistance genes (R genes) (7–9),
which are genes that confer resistance to infection by specific
pathogen strains. R gene-mediated resistance is typically manifested
by activation of a programmed cell death response referred to as the
hypersensitive response (HR) that is localized to the site of patho-
gen ingress (10). In the last decade, R genes have been cloned from
a large range of plant species, with the majority being found to
encode NBS–LRR proteins (11). Plant NBS–LRR proteins can be
subdivided into two broad categories defined by the presence of a
Toll-interleukin receptor (TIR) domain or a non-TIR domain,
most often a coiled-coil (CC) domain, at the amino terminus. The
function of the CC and TIR domains in pathogen perception and
signaling is unclear. The NBS domain is also known as the NOD,

NACHT, CATERPILLAR, or NB-ARC domain and has been
shown to bind and hydrolyze ATP in plants and animals (12–14)
and to mediate ligand-induced homo-oligomerization of mamma-
lian NBS proteins (1). ATP binding appears to be essential for
NBS–LRR signaling, because mutations in the NBS domain that
block ATP binding also block function (14). The LRR domain is a
key determinant of protein–protein interactions (15) and was
shown to determine recognition specificity for a number of plant
NBS–LRR proteins (16–18) and thus represents a likely domain for
binding pathogen proteins or modified host proteins.

In Arabidopsis, infection with P. syringae expressing AvrPphB
induces an RPS5-dependent HR that depends on the Arabidopsis
protein kinase, PBS1 (3, 5). AvrPphB protease activity is re-
quired for RPS5 activation, and PBS1 is a specific substrate of
AvrPphB; thus, we proposed that RPS5 is indirectly activated by
AvrPphB via proteolysis of PBS1 (3). Here we show that RPS5
forms a complex with PBS1 before pathogen exposure and that
formation of this complex is mediated by the N-terminal CC
domain of RPS5. We also show that deletion of the LRR domain
constitutively activates RPS5, as does a mutation in the NBS
domain thought to inhibit ATP hydrolysis. RPS5 activation is
abolished by a mutation that blocks ATP binding, suggesting a
model in which cleavage of PBS1 triggers an exchange of ADP
for ATP, thereby activating RPS5.

Results and Discussion
AvrPphB-Mediated Activation of RPS5 Can Be Reconstituted in Nico-
tiana benthamiana. To investigate the molecular mechanism of
RPS5 activation, we developed a transient expression system in
N. benthamiana that reconstitutes an HR-like response that
depends on coexpression of RPS5, PBS1, and functional AvrP-
phB (Fig. 1A). Coexpression of all three proteins resulted in a
rapid collapse of leaf tissue in the infiltrated region, which was
visible within 12 h of inducing protein expression. This collapse
was not observed when any of the three proteins were left out or
when a protease-inactive form of AvrPphB (C98S) was used.
Thus, RPS5 can activate a classic HR-like response in N.
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benthamiana that depends on both the active pathogen effector
protein, AvrPphB, and on the target of the effector, PBS1,
indicating that RPS5-dependent signaling can be assayed using
a transient expression system. These data also indicate that
whatever lies downstream of RPS5 in the activation of pro-
grammed cell death must be conserved between N. benthamiana
and Arabidopsis.

Although RPS5, PBS1, and AvrPphB are being highly over-
expressed in this transient expression system, several lines of
evidence support the validity of our conclusions. First, RPS5-
induced cell death is observed only when RPS5, PBS1, and
AvrPphB are coexpressed; thus, overexpression of wild-type
RPS5 does not trigger cell death on its own. Second, PBS1 and
RPS5 mutants that fail to function in Arabidopsis also fail to
function in this transient system (data not shown). Third, several
PBS1 mutations that block RPS5 signaling in Arabidopsis also
block RPS5–PBS1 coimmunoprecipitation (co-IP) in N.
benthamiana (see below). This observation argues that the
RPS5–PBS1 interaction is quite specific and correlates with
active signaling.

The LRR Domain of RPS5 Inhibits HR Activation. Using this transient
system, we tested which of the CC, NBS, and LRR domains of
RPS5 are required for HR activation. To rule out problems with
protein stability, we first verified that all constructs generated
products clearly detectable on an immunoblot [see supporting
information (SI) Fig. 6]. When expressed with PBS1 and
AvrPphB, none of the individual RPS5 domains were sufficient

to induce an HR. However, a construct that contained both the
CC and NBS domains induced an HR-like leaf collapse (Fig. 1B).
This result suggested two possibilities: either the LRR domain of
RPS5 is dispensable for both recognition and downstream
signaling, or the LRR domain inhibits an otherwise constitutive
downstream signaling. To distinguish between these two possi-
bilities, we repeated the experiment in the absence of PBS1 and
AvrPphB. Unlike the full-length RPS5, the CC–NBS construct
was able to activate an HR on its own (Fig. 1B), indicating that
the LRR domain inhibits the constitutive activation of defense
signaling by RPS5. Because the independent expression of the
CC and NBS domains showed no such phenotype, we conclude
that the combination of both domains is necessary and sufficient
for RPS5 downstream signaling.

PBS1 Complexes with the CC Domain of RPS5 Before AvrPphB Expo-
sure. How does AvrPphB elicitation release RPS5 activation
from its inhibition by the LRR domain? Because PBS1 is
required for RPS5 activation and is a substrate of AvrPphB (3),
we have proposed two plausible models of RPS5 activation.
AvrPphB may cleave free molecules of PBS1, with only the
cleavage products capable of binding to and activating RPS5.
Alternatively, RPS5 might preassociate with PBS1, with cleavage
of PBS1 in the complex inducing a conformational change in
RPS5. In the latter case, the PBS1-induced conformation change
in RPS5 might release the inhibition by the LRR domain.

To distinguish between these two models, we coexpressed
epitope-tagged forms of RPS5 and PBS1 in N. benthamiana and
assayed for physical associations by using co-IP analysis on total
protein extracted from leaves. PBS1 immunoprecipitated with
RPS5 in the absence of AvrPphB (Fig. 2A), demonstrating that
PBS1 and RPS5 are in the same complex before AvrPphB
exposure. To determine which domains of RPS5 are required for
complexing with PBS1, we performed co-IP experiments with
the RPS5 deletion derivatives shown in Fig. 1B. These analyses
revealed that the N-terminal CC domain of RPS5 is both
necessary and sufficient for association with PBS1 (Fig. 2 A).

The co-IP analyses shown in Fig. 2 A revealed that PBS1
usually runs as a doublet on SDS/PAGE gels and that only the
slower migrating form immunoprecipitates with RPS5. This
observation suggested that PBS1 may autophosphorylate in vivo
and that only phosphorylated PBS1 associates with RPS5. To test
this hypothesis directly, we assessed whether kinase-inactive
forms of PBS1 could immunoprecipitate with RPS5. The PBS1
mutations G252R and K115N, which abolish kinase activity (3,
5), disrupted the association of PBS1 with RPS5 (Fig. 2B),
indicating that PBS1 autophosphorylation is required for form-
ing this complex. Because these amino acid substitutions also
prevent AvrPphB-mediated activation of RPS5 (3, 5), but do not
affect the cleavage of PBS1 by AvrPphB (3), these data also
suggest that PBS1/RPS5 complex formation is required for
activation of RPS5 by AvrPphB.

AvrPphB, PBS1, and RPS5 Form a Single Complex. If this conclusion
is correct, then a complex of AvrPphB, PBS1, and RPS5 should
form at least transiently during RPS5 activation. In our previous
work, we demonstrated that a protease inactive form of
AvrPphB(C98S) can immunoprecipitate with PBS1 (3). Here we
show that AvrPphB(C98S) can also immunoprecipitate with
RPS5, but only if PBS1 is present (Fig. 2C). This finding shows
that PBS1 acts as a bridge between AvrPphB and RPS5 and
demonstrates the formation of a complex between a pathogen
effector, its target, and its cognate resistance protein (R protein).
The fact that the protease inactive form of AvrPphB associates
with the PBS1–RPS5 complex but fails to trigger an HR also
indicates that cleavage of PBS1 is essential for RPS5 activation.

We also attempted to immunoprecipitate the RPS5–PBS1–
AvrPphB complex by using wild-type AvrPphB but were unable
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CC NBS LRRs

RPS5 +PBS1
+AvrPphB RPS5

Fig. 1. Reconstitution of the RPS5-mediated HR in N. benthamiana. (A)
Coexpression of RPS5, PBS1, and AvrPphB induces an HR-like response in N.
benthamiana. Leaves were photographed 20 h after induction of transgene
expression. The arrowhead indicates the HR. R, RPS5; P, PBS1; A, AvrPphB; C,
AvrPphB (C98S); EV, empty pTA7002 vector control. (B) Assessment of the RPS5
domains required for the HR. The indicated RPS5 domains were coexpressed
in the presence of PBS1 and AvrPphB or alone in N. benthamiana. Leaves were
photographed 20 h after induction of transgene expression.
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to detect RPS5, likely because it is rapidly degraded as a
consequence of HR activation. Such rapid degradation upon
activation has previously been reported for the NBS–LRR
protein RPM1, which mediates recognition of the AvrB and
AvrRpm1 proteins in Arabidopsis (19). To determine whether
this degradation was a consequence of specific degradation of
RPS5 after activation or a more general consequence of HR-
activation, we coexpressed RPS5 with AvrB, a P. syringae protein
that induces an RPS5-independent HR when transiently ex-
pressed in N. benthamiana. The AvrB-triggered HR did not
reduce RPS5 accumulation, indicating that RPS5 degradation

triggered by AvrPphB is likely a specific consequence of its
activation (see SI Fig. 7).

The CC, NBS, and LRR Domains Can Mediate Self-Association of RPS5.
In animal NBS-containing proteins such as Apaf-1, activation by
ligands causes self-association mediated by the NBS domains,
which in turn brings together downstream signaling proteins
bound to the N-terminal domains of the NBS proteins (1, 20).
This ‘‘induced proximity’’ of downstream effector proteins is
thought to be a key step in the activation of Apaf-1 signaling. In
addition, it has recently been reported that the N protein from
tobacco, which belongs to the TIR–NBS–LRR subfamily, self-
associates upon activation by the p50 fragment of the replicase
protein of tobacco mosaic virus and, furthermore, that the TIR
domains by themselves can oligomerize (21). In light of these
results, we tested for interactions among RPS5 domains. We
coexpressed epitope-tagged versions of the RPS5 truncation
series with epitope-tagged full-length RPS5 and performed
co-IP analyses. Full-length RPS5-HA coimmunoprecipitated
with full-length RPS5-Myc, indicating that RPS5 can form
dimers or possibly oligomers (see SI Fig. 8). In addition, each of
the RPS5 domains, individually or in combination, coimmuno-
precipitated with full-length RPS5 (see SI Fig. 8). The reciprocal
experiments provided identical results. To get a more detailed
view of RPS5 domain interactions, pair-wise combinations of
RPS5 domains were coexpressed and assayed by co-IP (Fig. 3).
The N-terminal domain was found to immunoprecipitate with
itself and with the NBS domain, but not with the LRR domain.
The NBS domain was found to immunoprecipitate with the
N-terminal domain, with the LRR domain, and with itself.
Likewise, the LRR domain also immunoprecipitated with itself.
Reciprocal co-IPs produced identical results (see SI Fig. 9).

These results highlight the following points. First, the LRR
domain likely interacts with the NBS domain, consistent with our
hypothesis that the LRR domain may inhibit constitutive RPS5
signaling by binding and inhibiting the function of the NBS
domain. In addition, the RPS5 NBS domain appears to self-
associate, which is similar to NBS domains of animal proteins (1,
20) but is not yet reported for plant NBS-containing proteins.
Likewise, the N-terminal CC domain and the LRR domain of
RPS5 both appeared to be capable of homotypic association,
suggesting that they may play a role in RPS5–RPS5 intermolec-
ular interactions. Finally, interactions between the N-terminal
and NBS domains and the NBS and LRR domains suggest that
these domains participate in intramolecular and intermolecular
interactions.

Given that PBS1 complexes with the CC domain, which is itself
associated with the NBS domain, how might cleavage of PBS1
activate RPS5? Work on animal NBS-containing proteins and
recent work on the I-2 and N proteins of tomato and tobacco has
indicated that ATP binding state may play a key role in NBS–
LRR protein activation (13, 14, 22, 23). In the I-2 protein, amino
acid substitutions that reduce ATP hydrolysis, but not ATP
binding, cause constitutive activation of I-2, whereas substitu-
tions that inhibit ATP binding eliminate signaling (14). These
observations suggest that the ATP-bound form of I-2 is active
and that the ADP-bound form and unbound forms are inactive.
To test whether this hypothesis might also be true for RPS5, we
made an aspartate-to-glutamate substitution at residue 266
(D266E), which is located in the Walker B box of RPS5
(VLLLDD). In I-2 and other ATPases, this residue is thought to
function as a catalytic base in ATP hydrolysis (24, 25). Transient
expression of full-length RPS5 (D266E) by itself induced a clear
HR-like response in N. benthamiana, showing that this substi-
tution also makes RPS5 autoactive (Fig. 4). Conversely, a
lysine-to-asparagine substitution in the P-loop of RPS5 (K189N),
which is expected to block ATP binding (13, 14), eliminated the
activity of wild-type RPS5 when coexpressed with PBS1 and
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Fig. 2. RPS5 and PBS1 coimmunoprecipitate. (A) Coimmunoprecipitation of
RPS5 and PBS1 requires the RPS5 CC domain and occurs independent of
AvrPphB. FL, full-length RPS5; EV, empty pTA7002 vector control. (B) Coim-
munoprecipitation of RPS5 and PBS1 requires PBS1 kinase activity. (C) AvrPphB
coimmunoprecipitates with RPS5 only in the presence of PBS1. The indicated
combinations of constructs were transiently expressed in N. benthamiana.
Proteins were immunoprecipitated with anti-cMyc, and immunoblots were
performed with the antibodies indicated on the right. G252R and K115N
indicate amino acid substitutions in PBS1 that eliminate kinase activity of PBS1
in vivo. C98S, the protease-inactive form of AvrPphB.
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AvrPphB and also eliminated the autoactivity of the RPS5
CC–NBS construct (Fig. 4).

Conclusions
We propose the following model to explain the above results
(Fig. 5). In the absence of PBS1, the N-terminal and LRR
domains of RPS5 interact with the NBS domain, forming an
inactive structure that is bound to ADP. Although RPS5 is
capable of oligomerizing in this state, such self-association is not
sufficient to cause activation of programmed cell death, thus
additional conformational changes must be required to activate
RPS5. Under normal conditions, RPS5 is bound to PBS1,

priming the cell for AvrPphB detection. In this state, we hy-
pothesize that the LRR domain is still bound to the NBS domain,
inhibiting RPS5 activation. Cleavage of PBS1 by AvrPphB results
in a structural change of RPS5, possibly due to engagement of
the LRR domain by the cleaved PBS1 protein. This structural
change then removes the autoinhibition of the LRR domain of
RPS5, allowing the NBS domain to exchange ADP for ATP. This
nucleotide exchange then causes further conformational changes
that reveal new binding sites for additional RPS5-interacting
proteins. Such binding sites may be located on the CC domain,
which would explain why it is required for downstream signaling.

The above model is consistent with recently published data for
the human Nod2 protein, which mediates detection of bacterial
peptidoglycan and activates the NF-�B transcription factor (26).
Deletion of the Nod2 LRR domain constitutively activates Nod2
signaling, and this signaling depends on the N-terminal caspase
recruitment domain of Nod2 (26). A role for the LRR domain
in repressing signaling has also been suggested by work on the Rx
protein from potato, which mediates recognition of potato virus
X. Deletion of the LRR domain from Rx enhances an HR-like
response that is observed when Rx is transiently overexpressed
in tobacco leaves, and, in addition, specific missense mutations

Fig. 3. RPS5 domains show homo- and heterotypic interactions. The indicated combinations of constructs were transiently expressed in N. benthamiana.
Proteins were immunoprecipitated with anti-HA antibodies, and immunoblots were performed with the indicated antibodies. The two lanes on the far right
of each blot were run on a separate gel from the other lanes.

Fig. 4. Mutations in the ATP binding site affect RPS5 signaling. (A) A K189N
substitution in the P-loop blocks the RPS5-mediated HR. Wild-type RPS5 or the
K189N mutant was coexpressed with PBS1 and AvrPphB in N. benthamiana
leaves. (B) The K189N mutation also blocks the HR induced by the autoactive
RPS5 CC–NBS construct. (C) A D266E substitution in the Walker B motif
autoactivates RPS5. (B and C) The indicated constructs were expressed by
themselves. All photos were taken 24 h after induction.

Fig. 5. Model for RPS5 activation. Free RPS5 is unable to activate defense
responses because of the negative regulatory action of the LRR domain. In the
uninfected cell, most, if not all RPS5 is bound to PBS1 and ADP (D) and primed
for a response to pathogen attack. PBS1 is cleaved through the cysteine
protease action of AvrPphB after injection by P. syringae. PBS1 cleavage is
detected by RPS5, resulting in a conformational change that enables exchange
of ATP (T) for ADP. The ATP-bound form of RPS5 then engages downstream
signaling molecules, activating the defense response.
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in the LRR domain induce a cell death response in tobacco even
when expressed from its own promoter (27). Similarly, trunca-
tion of the LRR domains of the Arabidopsis CC–NBS–LRR
protein RPS2 and the TIR–NBS–LRR protein RPP1A also
causes autoactivation, at least when transiently overexpressed
(28, 29).

Although the above data indicate that the LRR domain
functions at least in part to inhibit activation of NBS protein
signaling in the absence of pathogens, other data indicate that
the LRR domain also plays a positive role in signaling. For
example, the rps5–2 mutation, which causes a complete loss of
RPS5 function (as assayed by resistance to P. syringae strains
expressing AvrPphB), is located in the LRR region (6). Consis-
tent with this observation, we noted that the HR-like response
induced by the truncated RPS5 protein lacking the LRR domain
was not as strong as that observed when full-length RPS5 was
coexpressed with AvrPphB and PBS1, despite the fact that
truncated RPS5 protein accumulated to higher levels than
full-length protein (see SI Fig. 6). Similarly, activation of an
HR-like response by autoactivating mutant forms of the potato
Rx protein also requires the LRR domain (30). These data
suggest that the LRR domain of NBS–LRR proteins may also
contribute to engagement of downstream signaling proteins or,
alternatively, to converting the NBS domain from an inactive
conformation to an active conformation.

The latter hypothesis is supported by recent work on I-2, in
which autoactive mutant forms require the LRR domain to
induce cell death (24). Furthermore, the I-2 protein lacking the
LRR domain displays a low dissociation rate for ADP in vitro. It
is tempting to speculate that the LRR domain contributes to the
exchange of ADP for ATP upon detection of the pathogen
signal.

A key question is what role the LRR domain plays in
detection of the pathogen signal. Our data indicate that it is the
CC domain, not the LRR domain, that associates with the
target of the pathogen effector protein and thus associates
indirectly with the pathogen-derived signal. Similarly, yeast
two-hybrid data have shown that the CC domain of the RPM1
protein interacts with RIN4, a target of three different patho-
gen effectors: AvrB, AvrRpm1, and AvrRpt2 (31, 32). Most
recently, the N-terminal domain of the tomato NBS–LRR
protein Prf has been shown to coimmunoprecipitate with Pto,
a target of the effector AvrPto (33). These findings are
unexpected, because experiments involving swapping of LRR
domains between closely related NBS–LRR proteins have
indicated that the LRR domain is an important determinant of
pathogen specificity (16–18, 34). This conclusion is supported
by sequence comparisons between closely related NBS–LRR
proteins, which indicate that specific residues within the LRR
domain are under diversifying selection (35). Furthermore, the
specificity of the potato Rx protein, which confers resistance
to potato virus X, can be broadened to include additional
viruses by altering specific amino acids in the Rx LRR domain
(36). We did not observe any interactions between AvrPphB
and the LRR domain, nor between PBS1 and the LRR domain.
It is plausible that cleavage of PBS1 that is already bound
to RPS5 causes PBS1 to interact with the LRR domain,
which then enables signaling to occur. According to this
scenario, specificity for pathogen recognition occurs at the
level of the LRR domain interacting with the modified target
of the pathogen effector that is first bound to the N-terminal
domain.

Our finding that proper regulation of RPS5 signaling requires
both the pathogen effector protein and the target of this effector has
important implications for transfer of disease-resistance specifici-
ties between plant species. Transfer of R genes across plant families
typically fail, either because they simply do not function or because
they induce constitutive defense responses (37, 38). On the basis of

our work and that of Day et al. (38), it appears that the solution to
both of these problems is to identify the target of the pathogen
effector molecule in the species from which the R gene is originating
and then to coexpress the target with the cognate NBS–LRR
protein in the recipient. This approach may provide a vast gene pool
for mining disease-resistance genes that are effective against eco-
nomically important pathogens.

Materials and Methods
Plasmid Constructs. All PBS1 and AvrPphB constructs have been
described in refs. 3–5. RPS5:Myc, RPS5:HA, and their derivative
constructs were generated in two steps. First, the RPS5 ORF and
deletion derivatives were PCR-amplified from a cDNA template
and cloned into the SalI/NotI sites of the pBluescript plasmid
(Stratagene, La Jolla, CA). The RPS5 deletion derivatives encoded
amino acids 1–183 (CC domain), 157–512 (NBS domain), 513–899
(LRR domain), and 1–512 (CC–NBS domains). A five-copy cMyc
tag or three-copy HA tag was then PCR-amplified from the
Myc-containing plasmid pGem7Z f(�) (kindly provided by the
Arabidopsis Biological Resource Center, Ohio State University,
Columbus, OH) and an HA-containing pBluescript plasmid using
forward and reverse primers containing NotI and NheI/NotI re-
striction sites, respectively. The PCR products were digested with
NotI and cloned into the NotI site of pBluescript::RPS5. These
recombinant plasmids were digested with SalI and NheI to release
the tagged RPS5 fragments, which were then inserted into the
XhoI/SpeI sites of the dexamethasone-inducible plasmid pTA7002
(39).

Plant Material. N. benthamiana plants were grown under a 9-h
photoperiod at 24°C in Metro-Mix 360 potting mixture (Sun Gro
Horticulture, Bellevue, WA).

Agrobacterium Transient Expression Assays. Agrobacterium tumefa-
ciens GV3101(pMP90) strains carrying the various dexamethasone-
inducible constructs were grown and prepared for transient expres-
sion as described in ref. 40. Agrobacterium cultures were
resuspended in water at an OD600 � 0.8 for experiments involving
coinjection of two or more strains and an OD600 � 0.4 when injected
individually. For experiments requiring coexpression of AvrPphB,
PBS1, RPS5, or empty vector, suspensions were mixed in a 1:1 ratio
when two constructs were coexpressed or in a 1:1:1 ratio when three
constructs were coexpressed. Bacterial suspensions were infiltrated
into expanding leaves of 4-week-old N. benthamiana. Plants were
sprayed with 50 �M dexamethasone 40 h after injection to induce
expression. Samples were collected for protein extractions 4 h after
dexamethasone application and were flash-frozen in liquid nitro-
gen. For HR tests, leaves were scored for hypersensitive phenotypes
at 6 and 20 h after hormone application.

Immunoprecipitations and Immunoblots. Immunoprecipitations
were performed as described in ref. 3 by using anti-cMyc Ab-
agarose beads (BD Biosciences, San Jose, CA) or anti-HA affinity
matrix (Roche, Indianapolis, IN). The immunocomplexes were
resuspended in 50 �l of 1� SDS loading buffer and boiled for 5 min,
and 15 �l was separated in a SDS/10% PAGE gel. As a control, 50
�g of total protein was loaded on the same gels. Proteins were
transferred to a nitrocellulose membrane and probed with anti-
cMyc peroxidase or anti-HA peroxidase (Roche). The blot was
stripped and reprobed with anti-AvrPphB polyclonal antibody,
anti-HA peroxidase (Roche) or anti-cMyc peroxidase (Roche). For
some experiments, dupli-cate gels and filters were prepared rather
than stripping and reprobing a single membrane.
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