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Abstract Phytophthora infestans INF1 elicitin causes the
hypersensitive response (HR) in Nicotiana benthamiana
(Kamoun et al. in Plant Cell 10:1413-1425, 1998). To iden-
tify N. benthamiana proteins that interact with INFI, we
carried out a yeast two-hybrid screen. This screen resulted
in the isolation of a gene NDLRK1 coding for a novel lectin-
like receptor kinase. NbLRK1 interacted with INF1 through
its VIb kinase subdomain. Purified INFI and NbLRKI1 pro-
teins also interacted in vitro. INF1 treatment of N. benth-
amiana leaves induced autophosphorylation of NbLRKI.
Most importantly, virus-induced gene silencing (VIGS) of
NDLRK]I delayed INF1-mediated HR in N. benthamiana.
These data suggest that NbLRK1 is a component of the
N. benthamiana protein complex that recognizes INFI
elicitor and transduces the HR signal.
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MBP  Myelin basic protein

VIGS Virus-induced gene silencing
Y2H  Yeast two-hybrid assay
Introduction

In the natural environment, plants are continuously exposed
to attacks by a variety of microbial pathogens. Plants have
therefore evolved diverse mechanisms to recognize invad-
ing pathogens and effectively protect themselves. Cultivars
of the host species harboring a disease resitance (R-) gene
exhibit resistance to a particular race of a pathogen that has
a cognate avirulence (Avr-) gene. Molecular mechanisms of
this gene-for-gene resistance have been extensively studied
over the last decade (see Martin 1999; Ellis et al. 2000 for
reviews). R gene products recognize pathogen invasion
either by directly interacting with pathogen effector mole-
cules or by interacting with host proteins modified by the
pathogen effectors (Dangl and Jones 2001). Cloned R gene
products are variable: the majority seem to be cytoplasmic
proteins harboring the nucleotide binding site and leucine
rich repeats (NBS—LRR) domains, but others include trans-
membrane proteins with the LRR domain or cytoplasmic
proteins with kinase domain (Martin et al. 2003; Belkhadir
etal. 2004). NBS-LRR proteins are believed to detect
avirulence proteins that have entered host cytoplasm,
whereas the latter detects avirulence proteins localized in
host extracellular space (Ellis et al. 2006). Recent studies
have shown that plants are, like animals, equipped with
another layer of defense called innate immunity (reviewed
in Zipfel and Felix 2005). Plants recognize pathogens
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through perception of pathogen-associated molecular pat-
terns (PAMPs). For instance, flagellae of gram negative
bacteria are PAMPs recognized by the FLS2 protein of
Arabidopsis, which has a LRR-transmembrane (TM)-
kinase domain (Felix et al. 1999). Recently, a rice plasma
membrane protein CEBiP was shown to bind chitin, a fun-
gal PAMP, and transduces defense signals downstream
(Kaku et al. 2006).

Phytophthora infestans, the agent of potato and tomato
late blight disease, produces a 10-kDa extracellular protein,
INF1 elicitin (Kamoun et al. 1998). Elicitins are highly
conserved 10-kDa proteins that are secreted in culture by
all tested Phytophthora and Pythium species (Kamoun et al.
1993; Pernollet et al. 1993). They trigger a wide range of
defense responses including the HR in most Nicotiana spe-
cies (Kamoun et al. 1993; Bonnet et al. 1996), so that they
can be conceived as oomycete PAMPs that are detected by
Nicotiana species. However, their function in Phytophthora
pathogenicity, if any, is not yet clear (reviewed in Kamoun
etal. 1999a; Kamoun 2001; Tyler 2002). Wendehenne
et al. (1995) demonstrated the existence of specific, high-
affinity binding sites for cryptogein, an elicitin from Phy-
tophthora cryptogea, in tobacco plasma membrane. How-
ever, the host molecule interacting with the elicitin has not
been identified to date. Signaling cascades following INF1
recognition and leading to hypersensitive cell death have
been studied in detail, resulting in the identification of a
respiratory burst oxidase homolog Nbrboh (Yoshioka et al.
2003), heat shock proteins Hsp90 and Hsp70 (Kanzaki
etal. 2003) and a ubiquitin ligase-associated protein
NbSGT1 (Peart etal. 2002), required for INF1-mediated
HR.

The lectin-like receptor kinases (LRKs) are a class of
proteins originally described from Arabidopsis (Hervé et al.
1996). Their structure is similar to other plant receptor-like
kinases (Cock et al. 2002) with an N-terminal targeting sig-
nal, an extracellular domain, a single transmembrane (TM)-
spanning helix, and a highly conserved cytosolic kinase
domain. The extracellular domain shows homology to lec-
tin proteins known to bind carbohydrates (van Damme
etal. 1998). The Arabidopsis genome contains at least 42
LRK sequences that have been grouped into three classes
(classes A, B and C) (Barre et al. 2002). The C-terminal
catalytic domain of Populus nigra LRK (PnLPK) showed
high autophosphorylation and serine/threonine kinase
activities (Nishiguchi et al. 2002). An Arabidopsis LRK
(AtLecRK2; He et al. 2004) localized to plasma membrane
and its transcripts were most prominently expressed in root.
A recent work by Gouget et al. (2006) showed that a lectin
receptor kinase of Arabidopsis (At5g60300) binds to RGD
(arginin-glycine-aspartic acid) containing proteins includ-
ing IPI-O, a secreted in planta induced protein of P. infe-
stans, and mediates plasma membrane—cell wall adhesions,
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suggesting the involvement of lectin receptor kinases in
plant host—pathogen interaction.

In this paper, we aim at isolation and functional charac-
terization NbLRK1, an INFl-interactor from Nicotiana
benthamiana.

Materials and methods
Yeast two-hybrid screening and interaction assay

A cDNA fragment (designated as INF1I) corresponding to
the mature INF1 fragment without the signal peptide region
was isolated from pPVX::infl plasmid (Kamoun et al.
1999b). The bait vector containing GAL4 DNA binding
domain was prepared by cloning INFI into plasmid
pGBKT?7 (Clontech, Mountain View, CA, USA) resulting
in pGBKT-INFI. MATCHMAKER Library Construction
& Screening Kit (Clontech) was used to construct a cDNA
library from RNA extracted from N. benthamiana leaf
blade 15 min after INFl-elicitor infiltration. Competent
cells of a yeast strain AH109 were transformed with
pGBKT7-INF1, pGADT7-Rec and the N. benthamiana
cDNA library using the PEG/LiCl method, and plated on
selective agar plates containing minimal medium without
Leu, Trp, His and Ade supplemented with 10 mM 3-amino-
1,2,4-triazole (3-AT) and 40 mg/L X-a-gal. cDNAs in the
library were transferred to pGADT7-Rec vector harboring
GALA4 activation domain (AD) by homologous recombina-
tion in yeast cells.

For confirmation of protein interaction of NbLRK1 with
INF1 by yeast two-hybrid system (Fig. 1), yeast transfor-
mants harboring different combinations of bait and prey
constructs were streaked onto minimal medium agar plates
containing 40 mg/L. X-a-Gal without Leu, Trp, His and
Ade to assay the expression of MELI and ADE2 and HIS3
genes. The combination of SV40-T and p53 was used as
positive control. Interaction of truncated versions of
NbLRK1 and INF1 were tested by the same experimental
conditions as described here.

Southern and Northern analysis

Ten micrograms each of genomic DNA of N. benthamiana
isolated with DNeasy Plant Mini Kit (Qiagen, Hilden, Ger-
many) were digested with restriction endonuclease Kpnl
and Xbal, respectively, and loaded on 1% agarose gel for
electrophoresis. The separated DNA fragments were blot-
ted onto nylon membrane (Hybond N+, GE Healthcare,
Piscataway, NJ, USA) and hybridized with a 3?P-labeled
complementary DNA fragment (position no. 157-582 set-
ting the first nucleotide of the start codon as no. 1) corre-
sponding to the NbLRKI1 lectin domain. Total RNA was
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Fig. 1 Protein interaction between INF1 and NbLRK1 as detected by
yeast two-hybrid assay. Yeast cells harboring different combinations of
bait and prey constructs were streaked on plates of minimal medium
without Trp and Leu (left) or without Trp, Leu, Ade and His but con-
taining X-o-Gal (right). Only when both INF1 and clone #13
(NbLRK1-kin) are simultaneously expressed, yeast cells survive on
Trp~ Leu™ Ade™ His™ cells and exhibit blue color in the presence of
X-a-Gal. The combination of SV40-T and p53 was used as positive
control. Bars indicate that an empty vector of either pGBKT7 or
pGADT7 was used for transformation

extracted from leaves, stems, roots or flowers with the
RNeasy Plant Mini Kit (Qiagen), and ten micrograms were
loaded on a formaldehyde-1.0% agarose gel for electropho-
resis, blotted onto nylon membrane (Hybond N+, GE
Healthcare) and used for hybridization analysis. DNA frag-
ment used as probe is the same as that used for Southern
analysis.

Immunoprecipitation assay

A complementary DNA fragment corresponding to triple c-
Myc-tag was fused in-frame to the 5'-end of the full length
cDNA of NbLRKI, and cloned into pASK-IBA44 vector
(IBA, Goettingen, Germany) harboring Strep-tagll DNA
sequence, resulting in pASK-IBA44-c-Myc-NbLRK1. This
construct was transformed into E. coli strain BL21, and ST-
c-Myc-NbLRK1 protein was produced and purified using a
Strep-Tactin Column (IBA). FLAG-INF1 protein was pro-
duced from the plasmid pFB53 (Kamoun et al. 1997) and

purified by anti-FLAG antibody immuno-affinity column
(anti-FLAG M2 Affinity Gel Freezer-Safe, Sigma—Aldrich,
St Louis, MO, USA). Three micrograms of ST-c-Myc-
NbLRK1 and 0.1 pg of FLAG-INF1 proteins were mixed
in Tris-buffer, incubated and immunoprecipitated with an
anti c-Myc antibody (Santa Cruz Biotech, Cat. No. A-14,
Santa Cruz, CA, USA). Immunoprecipitated protein was
separated by SDS-PAGE, and the presence of FLAG-INF1
was detected by Western-blot analysis using anti-Flag M2
antibody (Sigma—-Aldrich) and the ECL system (GE
Healthcare).

Expression of NbLRK 1-eGFP and its detection

The C-terminal end of the NDLRKI ORF was fused in
frame with a cDNA of enhanced GFP (eGFP; Clontech),
and put downstream of CaMV35S promoter of a binary
vector pCAMBIA1300S (Cambia, Canberra, Australia),
resulting in pCAM-NbLRK1-eGFP. This vector was used
for transformation of Agrobacterium tumefaciens GV3001.
Nicotiana benthamiana was transiently transformed with
A. tumefaciens harboring pPCAM-NbLRK1-eGFP, and after
2 days, the epidermal cells were observed under a fluores-
cence microscope (Olympus, Tokyo, Japan).

Autophosphorylation assay

A cDNA fragment corresponding to triple c-Myc-epitope
tag was fused with that of the C-terminus of NbLRKI1 and
inserted into the GVG vector (Aoyama and Chua 1997)
resulting in plasmid GVG-NbLRK1-cMyc. A kinase-dead
mutant of NbLRK1 was made by replacing the catalytic
essential Lys (K) 413 with Arg (R) using site-direct muta-
genesis (NbLRK1XR), and was fused with the triple c-Myc-
tag, and inserted into the GVG vector (pTA7001), resulting
in GVG-NbLRKI1XR-c-Myc. Agrobacterium tumefaciens
strain GV3101 harboring GVG-NbLRK1-c-Myc, or GVG-
NbLRK1XR.c-Myec, respectively, was infiltrated into leaf
blades of N. benthamiana. Two days later, protein expres-
sion from GVG constructs was induced by infiltration with
the glucocorticoid inducer dexamethasone (DEX, 30 pM).
Twelve hours after DEX treatment, 100 nM INF1 protein
was infiltrated to the leaves, and leaf tissue collected 10 and
60 min after the INF1 treatment. Proteins were isolated in
extraction buffer (Berberich etal. 1999) in the ratio of
1.5 mL/g fresh weight and NbLRK1 proteins were immu-
noprecipitated from the extract using an anti-cMyc anti-
body. Kinase assay of the immune complex was carried out
according to Berberich etal. (1999). The immunocom-
plexes were incubated at 25°C for 45 min with 50 uM ATP,
0.296 MBq [y-*>P]ATP. The reaction was stopped by add-
ing the same volume of SDS-PAGE sample buffer. After
fractionation in 12.5% polyacrylamide gel containing SDS,
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radioactivity caused by autophosphorylation was detected
by a BAS2000 phosphorimager (Fujifilm, Tokyo, Japan).

Myelin basic protein phosphorylation assay

A complementary DNA fragment corresponding to triple c-
Myc-tag was fused in-frame to the 5’'-end of the full length
cDNA of NbLRKI, and cloned into pASK-IBA2 vector
(IBA) harboring Strep-tagll DNA sequence, resulting in
ST-c-Myc-NbLRK1. A kinase-dead mutant of NbLRKI1
was made by replacing the catalytic essential Lys (K) 413
with Arg (R) using site-direct mutagenesis (NDLRK1XR®),
and was fused with the triple c-Myc-tag, and inserted into
the pASK-IBA2 vector, resulting in ST-c-Myc-NbLRK1XR,
These constructs were transformed into E. coli strain BL21,
and ST-c-Myc-NbLRK1 or ST-c-Myc-NbLRK 1R proteins
were produced and purified using a Strep-Tactin Column
(IBA). Kinase assay of purified proteins were carried out
according to Ouaked et al. (2003). The purified proteins
were incubated in the kinase buffer containing 5 pg of Mye-
lin Basic Protein (MBP), 0.1 mM ATP and 0.1 uCi of [y-
32P]ATP at room temperature for 30 min. The reaction was
stopped by adding the same volume of SDS-PAGE sample
buffer. After fractionation in 15% polyacrylamide gel con-
taining SDS, radioactivity incorporated in MBP was
detected by a BAS2000 phosphorimager (Fujifilm).

PVX constructs and PVX-mediated gene silencing
in N. benthamiana

A partial cDNA fragment of NbLRKI (nucleotide position
no. 1927-2144 setting the first nucleotide of the start codon
as no. 1) was inserted into EcoRV and Sall sites of potato
virus X (PVX) vector (pPC2S), resulting in pPVX.
NbLRKI1. A PVX vector harboring GFP (pTXS.GFP: Baul-
combe et al. 1995) was used as control. pPVX.NbLRK1 as
well as pTXS.GFP were linearized by restriction endonu-
clease Spel, and in vitro runoff transcripts were synthesized
by T7 RNA polymerase. The transcripts were inoculated
onto leaves of N. benthamiana as described (Saitoh et al.
2001). Confirmation of gene silencing of NbLRKI tran-
scripts was performed using reverse-transcription (RT)-
PCR using NbLRKI gene specific primers (5'-GAC
AACAACAGTGTTCAGTTAACACGTGATCTTGCC-3’,
5'-CCAAGAAT-TGACTATATCACCACTCTTGAGAT
CAACACC-3’). After the establishment of gene silencing,
leaves of the control (PVX.GFP) and NbLRKI1-silenced
plants (PVX.NbLRK1) were infiltrated with 100 nM INF1
to induce HR. pTV.NbLRK1 (Fig. 7c) was prepared basi-
cally in the same manner as PVX.NbLRK1 except that we
used TRV vector (Ratcliff etal. 2001; Coemans et al.
2008).
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Hydrogen peroxide detection by DAB

In vivo H,0O, generation in plants was detected by an
endogenous peroxidase-dependent in situ histochemical
staining procedure using 3,3’-diaminobenzidine (DAB;
Sigma) as described (Thordal-Christensen et al. 1997).

Results

Yeast two-hybrid screening of INF1-interactors identifies
NbLRK1

To search for N. benthamiana proteins that interact with
INF1, we carried out yeast two-hybrid assay (Fields and
Song 1989) using INF1, for which the signal peptide neces-
sary for its extracellular secretion was removed, as the bait.
This screen identified 29 cDNA clones whose protein prod-
ucts showed interaction with INF1, among which one clone
#13 exhibited by far a stronger interaction than the other
clones (Fig. 1). Interaction between INF1 and the clone #13
product could also be observed when cDNA #13 was used
as bait and INF1 as the prey in the yeast two-hybrid assay
(Fig. 1). The cDNA clone #13 contained a 573 bp fragment
showing high sequence similarity to the kinase domain of
an Arabidopsis lectine-like receptor-like kinase protein
At3g53380. A 2,154 bp full length cDNA corresponding to
the clone #13 was isolated by 5'-RACE. The largest open
reading frame (ORF) in this cDNA corresponded to a pro-
tein of 717 amino acids. Judging from the overall similarity
to known lectin-like receptor kinases, we named this gene
as NbLRK] (Fig. 2; Genbank accession no. AB247455).

NbLRK1 belongs to the class B lectin-like receptor kinases

Analysis of predicted protein sequences of NbLRK1 with
TMHMM (Krogh et al. 2001) suggests that the protein has
two putative transmembrane regions. The first one, located
near the N-terminus, comprises 24 amino acids (Asn9 to
Thr31) and probably represents a secretion signal. The
second one containing 23 amino acids (Ala325 to Leu347)
corresponds to a transmembrane domain (Fig. 2). The C-
terminal region of the protein shows homology to the
catalytic domain of protein kinases, consisting of the 12
subdomains characteristic of the eukaryotic kinase
superfamily (Hanks and Quinn 1991). The protein domain
C-terminal to the kinase subdomain VIa interacted with
INF1 in the yeast two-hybrid assay (Fig. 2). A phylogenetic
analysis of lectin receptor-like kinases placed NbLRK1 in
the class B of LRKs (Fig. 3; Barre et al. 2002). The protein
showing the highest similarity to NbLRK1 was At3g53380
(GeneBank Accession no. CAB67645) of Arabidopsis.
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Fig. 2 NbLRKI1 amino acid sequence, and its predicted domain struc-
ture. a Amino acid sequence alignment of NbLRK1 with an Arabidop-
sis lectin-like receptor kinase, At3g53380, and tomato Pto kinase,
LePto. Putative transmembrane regions are indicated by white letters
in black boxes. Lectin-like domain near the N-terminus is indicated by

Genomic organization and gene expression of NbLRK]

In order to determine the copy number of NbLRKI gene in
the N. benthamiana genome, Southern hybridization exper-
iment was carried out using a DNA fragment corresponding
to the N-terminal lectin domain of NbLRKI1 as probe
(Fig. 4a). Under stringent washing conditions only one
strong and a second rather weak signal were detected, indi-
cating that NDLRK has one or two copies in the N. benth-
amiana genome.

NbLRKI gene expression was studied by Northern
hybridization experiment using the same hybridization
probe as used in the Southern-blot analysis. In normal
conditions, NbLRKI expression was observed in the
entire N. benthamiana plant with a stronger expression
in root and stem compared to leaf and flower (Fig. 4b).
Treatment of N. benthamiana with INF1 did not
significantly alter the expression of NbLRKI (data not
shown).

kinase domain

a dotted shadow below the sequence. Roman numerals (I-XI) in the
C-terminal region show conserved Ser/Thr kinase subdomains.
Underlined region corresponds to the fragment isolated by the yeast
two-hybrid screen. b Predicted domain structure of mature NbLRK1.
TM indicates transmembrane region

INF1 interacts with the subdomain VIb of NbLRK1 kinase
domain

To narrow down the site of NbLRKI1 involved in its inter-
action with INF1, we tested the binding of a series of trun-
cated versions of NbLRK1 kinase domain with INF1 using
yeast two-hybrid assay (Fig. 5). While full-size NbLRK1
kinase domain and the fragments C-terminal to the V and
Vla sub-domains of NbLRKI1 kinase, respectively, inter-
acted with INF1, the fragments C-terminal to the sub-
domain VIb did not. This result suggests that NbLRK1
interacts with INF1 via its 31 amino acid region of VIb sub-
domain of kinase domain.

INF1 and NbLRK1 interact in vitro
To further confirm the interaction between INF1 and

NbLRK1, we carried out a pull-down assay by immunopre-
cipitation. INF1 protein fused with the FLAG tag in its
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Fig. 3 A phylogenetic tree of lectin-like receptor kinases iucluding
NbLRKI1. Neighbor-Joining (NJ) tree (Saitoh and Nei 1987) derived
from a distance matrix calculated by Dayhoff’s PAM matrix (Dayhoft
1978) based on aligned amino acid sequences generated by CLU-
STALW. Numbers on the branches indicate the number of times these
clustering were supported in 500 bootstrapping resamplings.
MtLecRK1 and 7 are as described in Navarro-Gochicoa et al. (2003)
and the proteins indicated by AthlecRK are from Herve et al. (1996)

N-terminus (FLAG-INF1) as well as NbLRKI1 protein
fused with triple c-Myc and Strep-tagll tags in its N-termi-
nus (ST-c-Myc-NbLRK1) were produced in E. coli cells,
and purified by anti-FLAG antibody immunoaffinity col-
umn and Strep-Tactin column, respectively (Fig. 6a). Puri-
fied FLAG-INF1 and ST-c-Myc-NbLRK1 proteins were
mixed, and immunoprecipitated with an anti c-Myc anti-
body. Western-blot analysis of the immunoprecipitant
using an anti-FLAG antibody detected the INF1 protein
(Fig. 6b), suggesting that NbLRKI1 can interact in vitro
with purified and biologically active INF1. This experiment
provides an independent confirmation of the interaction
obtained by the yeast two-hybrid assay. We further tried to
see in planta interaction between INF1 and NbLRKI1 by
transient co-erexpresion of the proteins in N. benthamiana
followed by immnoprecipitation. However, because of
unstability of INF1 protein in plant, we have not been suc-
cessful in detecting the interaction in planta (data not
shown).
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Fig. 4 Genomic organization and expression of NbLRKI. a Southern-
blot analysis of NbLRKI in N. benthamiana. Genomic DNA was
digested with restriction endonucleases BamHI, Kpnl or Xbal, respec-
tively, and separated by agarose gel electrophoresis. A cDNA fragment
corresponding to the lectin domain of NbLRK1 was used as hybridiza-
tion probe. b Northern-blot analysis of NbLRKI in N. benthamiana.
Total RNA extracted from leaves (L), roots (R), stems (S) or flowers
(F) was loaded for electrophoresis. Agarose gel image of ribosomal
RNAs is given below to show equal loading of RNAs. The DNA probe
used is the same as in Southern analysis

NbLRK1 is localized at plasma membranes

Predicted structure of NbLRKI1 with a transmembrane
domain (Fig. 2) suggests that this protein is localized to the
plasma membranes. To confirm this prediction, we con-
structed a binary vector harboring 35S::NbLRK1-eGFP
coding for NbLRK1 fused with an enhanced jelly fish green
fluorescent protein (eGFP) in its C-terminus, and tran-
siently expressed the protein in N. benthamiana leaves by
Agroinfiltration. The transformed leaf epidermal cells were
observed under UV microscope (Fig. 7). Strong green fluo-
rescence was localized at cellular membranes, validating
our prediction that NbLRK1 is plasma membrane localized
protein.

INF1 treatment of N. benthamiana results in NbLRK1
autophosphorylation

Before activation, protein kinases are frequently autophos-
phorylated. To see the changes in autophosphorylation
potency of NbLRK1 after INF1 treatment of N. benthami-
ana, we carried out an autophosphorylation assay of
transiently overexpressed NbLRK1 that was extracted from
N. benthamiana leaves. For this purpose, a full length
cDNA of NbLRKI1-c-Myc was introduced into the GVG
vector (Aoyama and Chua 1998). GVG-NbLRK1-c-Myc
plasmid was introduced into Agrobacterium tumefaciens
GV3101 which was then used for transient transformation
of N. benthamiana. Two days after the transformation,
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Fig. 5 INFI interacts with the
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number below each line indi-
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of each protein with reference to
the start codon (A of the first
codon was set 1). b Results of
yeast two-hybrid assay (alphabet
corresponds to that in a). The
fragments A—C interacted with
INF1, but the fragments D and E (b)
did not. ¢ Western-blot analysis
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Fig. 6 NbLRKI and INFI interact in vitro. a Schematic representa-
tion of FLAG-INF1 and ST-c-Myc-NbLRK1. b Western-blot analysis
of immunoprecipitated proteins shows binding of NbLRK1 to INF1.
ST-c-Myc-NbLRK1 and FLAG-INF1 proteins were together or sepa-
rately added to the mixture, and immunoprecipitated by an anti-c-Myc
antibody. The resulting immunoprecipitants were separated by SDS-
PAGE, blotted, and analyzed by Western analysis using an anti-FLAG
antibody to detect FLAG-INF1 protein

expression of NbLRK1-c-Myc was induced by application
of dexamethason (DEX). Twelve hours after DEX treat-
ment, INF1 or water was further infiltrated to the leaves, and
leaf tissue collected after 0, 10 and 60 min. NbLRK1-c-Myc

35S::eGFP

Fig.7 NbLRKI1 is localized to plasma membranes. NbLRK1-eGFP
fusion protein (a, b) or eGFP (c, d) was transiently expressed in
epidermal cells of N. benthamiana leaves by Agroinfiltration, and
observed by microscope under UV (a, ¢) or under bright light (b, d)

protein was immunoprecipited from the leaf extract by an
anti c-Myc antibody, and was incubated with [y-3*P]ATP
before separation by SDS-PAGE. As seen in Fig. 8,
whereas a ~80 kDa protein corresponding to NbLRK1-c-
Myc was equally expressed and immunoprecipitated at all
the time points for INF1 and water treated samples as shown
by Western-blot analysis, radioactivity was only incorpo-
tated to NbLRK1-c-Myc when the plant was infiltrated with
INF1. This result suggests that NbLRK1-c-Myc protein
became specifically autophosphorylated after treatment of
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WB; a-cMyc

Fig. 8 NbLRKI autophosphorylates after INF1 treatment of N. benth-
amiana plant. NbLRKI1-c-Myc and its kinase-dead mutant
NbLRK1¥R.c-Myc were transiently expressed in N. benthamiana
leaves by agroinfiltration. Twelve hours after induction of the protein
expression, INF1 or distilled water (DW) were infiltrated to the leaves,
and leaf tissue harvested 0, 10 or 60 min after the treatment. NbLRK1-
c-Myc and NbLRK 1¥R-c-Myc proteins were immunoprecipitated us-
ing an anti c-Myc antibody. The immunoprecipitants were incubated
with [y->’P]ATP, separated by SDS-PAGE, and the radioactivity
detected by autoradiography (fop) Immunopreciptated protein was
detected by western blot analysis using anti c-Myc antibody (bottom)

the plant with INF1. The autophosphorylation signal is
stronger at 10 min after INF1 treatment than at 60 min after
the treatment. To prove this result, we made NbLRK1¥R-c-
Myec, a kinase-dead mutant of NbLRK1, by changing the
lysine residue at the position 413, required for ATP bind-
ing, into arginine. When NbLRK1¥R-c-Myc was expressed
instead of NbLRK1-c-Myc, INF1-induced phosphorylation
could not be observed, suggesting that NbLRK1-c-Myc
phosphorylation is indeed autophosphorylation.

NbLRK1 phosphorylates myelin basic protein in vitro

To test whether NbLRK1 can phosphorylate other proteins
than itself, we used myelin basic protein (MBP) as substrate
(Fig. 9). After incubation of purified NbLRKI1 or
NbLRK1¥® with MBP and [y-32P]ATP, the reaction was
separated in SDS-PAGE and subjected to autoradiography.
18 kDa MBP was phosphorylated by NbLRK1, but not by
NbLRK1XR, demonstrating that NbLRK 1 has kinase activ-
ity to substrates. This result suggests that NbLRK1 may par-
ticipate in signaling by phosphorylation of target proteins.

VIGS of NbLRK]1 delays INF1-mediated HR in N. benth-
amiana

To evaluate the function of NbLRK1 in HR signaling ema-
nating from INF1 perception, we carried out virus-induced
gene silencing (VIGS) of NbLRK] using the potato virus X
(PVX) system (Baulcombe 1999). A partial cDNA of
NDLRKI was cloned into the gene silencing vetor pPC2S
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Fig. 9 NbLRKI1 phosphorylates MBP. a MBP was incubated with
cMyc-NbLRK]1 (lane 1) or cMyc-NbLRKI1XR (lane 2) in the presence
of [y-32P]ATP, followed by separation in SDS-PAGE and autoradiog-
raphy. [7->?PJATP was incorporated to MBP (18 kDa) only by cMyc-
NbLRK1. b Western-blot analysis of cMyc-NbLRK1 (lane 1) and
cMyc-NbLRK1*R (lane 2)

(Baulcombe et al. 1995) resulting in PVX.NbLRKI1, and its
in-vitro run-off transcripts were inoculated to the leaves of N.
benthamiana. Three weeks later, using the third and fourth
leaves above the inoculated one, levels of NbLRKI tran-
scripts were determined by RT-PCR using PCR primers
located outside of the cDNA region that was used for inser-
tion into the PVX vector. Transcript level of NbLRKI was
not affected in PVX.GFP-inoculated plants (control),
whereas it was reduced in the plants inoculated with
PVX.NbLRKI1 (Fig. 10a). In leaves where VIGS of NDLRK1
was established, INF1 elicitor was infiltrated. Three days
after INFl-infiltration, a typical HR response occurred in
PVX.GFP-inoculated plants. On the other hand,
PVX.NbLRK1-inoculated plants showed a limited HR at the
same time point (Fig. 10b). One week after INF1 treatment,
HR equally developed in the control and NbLRKI-silenced
plants. The same result was obtained in three independent
experiments. To evaluate the function of NbLRKI in H,0,
generation that accompanies INF1-mediated HR (Yoshioka
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Fig. 10 INFl-mediated HR is delayed in NbLRKI-silenced plants of
N. benthamiana. a Three weeks after inoculation of N. benthamiana
plants with PVX.GFP and PVX.NbLRK1, NbLRK gene silencing was
confirmed by RT-PCR. RT-PCR of rbcS gene (NbrbcS) served as con-
trol. b To the N. benthamiana leaves which were inoculated with
PVX.GFP (top) or PVX.NbLRK1 (bottom), 100 nM INF1 elicitor was
infiltrated. A complete HR develops in the control, but not in NbLRKI-
gene silenced leaves. The picture was taken 3 days after INF1 treat-
ment. ¢ H,O, generation detected in leaf discs of N. benthamiana by
DAB staining 24 h after INF1 infiltration to leaves which were inocu-
lated with pTV0O (left, control) or pTV.NbLRK1 (right). NbLRK]
gene silencing was confirmed by RT-PCR (data not shown)

etal. 2003), we monitored the H,O, generation by diam-
inobenzidine hydrochloride (DAB) stain. For this experiment
we used TRV vector (Ratcliff et al. 2001) for gene silencing.
Twenty-four hours after INF1 infiltration, H,O, generation
was clearly detected in pTV00-inoculated control plants as
monitored by DAB precipitate, whereas only a limited
amount of H,0, generated in pTV. NbLRKI-inoculated
NDLRK1 gene silenced plants (Fig. 10c). These results sug-
gest that NbLRK1 is involved in the H,O, generation and HR
induced by treatment of N. benthamiana with INF1.

Discussion

In order to identify plant factors that interact with the
P. infestans INF1 elicitor, we carried out a yeast two-hybrid
screen using INF1 as the bait, and isolated a cDNA coding
for lectin like receptor kinase gene NbLRKI from N. benth-
amiana.

The yeast two-hybrid finding was validated with two
independent experiments. NbLRK1 directly interacts with
INF1 in vitro, and INF1 treatment of N. benthamiana trig-
gers autophosphorylation of NbLRKI1 in vivo. Further-
more, VIGS of NbLRK1 delayed INF1-mediated HR. This
biochemical and genetic evidence strongly suggest that
NbLRKI is an important component of a receptor complex
that recognizes INF1 protein, and triggers the HR signal
downstream.

INFT1 is known to be secreted by P. infestans through its
N-terminal signal peptide and was assumed to localize at the
extracellular space of plant tissue (Kamoun etal. 1993).
Nevertheless, in the present study, INF1 was found to bind
to the intracellular kinase domain of NbLRK1 (Figs. 1, 2).
Therefore, the interaction detected between INF1 and
NbLRKI1 seems enigmatic. However, Tyler (2002) sug-
gested that plant recognition of elicitins takes place inside
the plant cells. He proposed that elicitins could be trans-
ported inside plant cells by receptor-mediated endocytosis
(Tyler 2002). Support for this model was provided by Brum-
mer et al. (2002), which showed that the elicitin quercinin of
Phytophthora quercina was localized inside the cells of host
oak plants by immunocytology. Based on these papers and
our own findings, we speculate that INF1 protein initially
localizes in the apoplast but then trafficks inside plant cells
by endocytosis or other unknown mechanisms, where it
interacts with the kinase domain of NbLRKI. Recently,
Catanzariti et al. (2006) proposed that small secreted cyste-
ine-rich proteins of the flax rust, which are similar in size
and overall structure to INF1, are able to enter plant cells in
the absence of the pathogen. Therefore, it is possible that a
diversity of small cysteine-rich proteins from oomycete and
fungal pathogen can cross plant plasma membranes. To
validate this hypothesis, precise localizataion of INF1 after
P. infestans infection should be confirmed in the future studies.

Yeast two-hybrid assay showed that the 31 amino acids
fragment of NbLRK1 kinase domain within VIb subdomain
interacted with INF1 (Fig. 5). The VIb subdomain of Ser/
Thr kinase is known to contain the catalytic loop with an
invariant Asp serving as the catalytic base necessary for the
kinase function (Hanks and Hunter 1995). This site is close
to the VII and VIII domains where the activation loop is
located, which is necessary for autophosphorylation of
kinases (Adams 2003; Dardick and Ronald 2006). There is
a previous report indicating that VIb subdomain of receptor
kinases interacts with pathogen molecules (Fontes et al.
2004; Florentino et al. 2006). For instance, VIb subdomain
of leucine-rich-repeat (LRR) receptor-like-kinases (RLK),
NIK1, NIK2 and NIK3 of Arabidopsis, are bound by a
nuclear shuttle protein (NSP) of a geminivirus, Cabbage
leaf curl virus, which, after binding, acts to reduce the
kinase activity of target kinases (Fontes et al. 2004). Thus it
is possible that INF1 binding to the VIb subdomain of
NbLRKI alters its kinase activity presumably by triggering
autophosphorylation. NbLRK1 contains a conserved argi-
nine (R) at immediately preceeding the invariant aspartate
(D) in subdomain VIb, so is a typical RD kinase. It does not
belong to the non-RD kinases known to harbor many
kinases involved in pathogen recognition receptors signal-
ing (Dardick and Ronald 2006).

NbLRKI1 belongs to the class B lectin-like receptor
kinases (Barre et al. 2002) and is most closely related to
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Arabidopsis At3g533800 (Fig. 3). Class B lectin-like recep-
tor kinases are not well characterized in contrast to those in
class A (Ath.LecRK-al in A. thaliana; Hervé et al. 1996)
and class C (At5g60300; Gouget etal. 2006). Only
PnLPK1 in Populus nigra (Nishiguchi etal. 2002) was
studied among class B lectin-like receptor kinases for its
biochemical nature. Strong expression of NbLRK] in roots
is similar to that of PnLRK, but in both cases biological
meaning of their high expression in roots is not clear. Like
other proteins in the family, NbLRKI1 has a lectin-like
extracellular domain. Lectins are known to bind saccha-
rides. We speculate that NbLRKI1 functions in binding to
such interactors, probably saccharides, and transduces sig-
nals upon binding, although our initial trial to detect bind-
ing of NbLRK1 with saccharides was not successful (data
not shown). Binding of INF1 to the intracellular domain of
NbLRK1 may change its kinase activity, and transduces the
HR signal. Alternatively, binding of INF1 to NbLRK1 may
alter the protein conformation of NbLRK1, and this change
is recognized by another R-gene product like protein that
“guards” protein condition of NbLRK1 and transduces the
HR signal (Dangl and Jones 2001). In order to substantiate
such hypotheses, future works in search of the ligands and
protein interactors of NbLRK1 is necessary to understand
the function of this protein in plant—pathogen interaction.

VIGS of NbLRKI did not completely abrogate INF1-
mediated HR. This may be because our VIGS assay did not
completely shut down NbLRKI expression so that a resid-
ual amount of NbLRKI1 functioned in HR signaling and/or
because there is another yet unidentified receptor protein
besides NbLRKI1 that functions in INF1 mediated HR
signaling.

In conclusion, we showed that NbDLRK1 of N. benthami-
ana is an interactor of INF1 and an important component of
INF1-mediated HR signal transduction. We hypothesize
that similar receptor molecules might be involved in the
perception of the diverse range of elicitins produced by
oomycete plant pathogens.

Acknowledgments We acknowledge David Baulcombe, Sainsbury
Laboratory, John Innes Center, for pPC2S and PTV:00 and Nam Hai
Chua, Rockefeller University, for pTA7001. This work was carried out
in part by support from “Program for Promotion of Basic Research
Activities for Innovative Biosciences” (Japan), “Iwate University twen-
ty-first Century COE Program: Establishment of Thermo-Biosystem
Research Program” and Ministry of Agriculture, Forestry and Fisheries
of Japan (Genomics for Agricultural Innovation PMI-0010) to RT. We
thank Matt Shenton, IBRC, for the improvement of the manuscript.

References

Adams JA (2003) Activation loop phosphorylation and catalysis in
protein kinases: is there functional evidence for the autoinhibitor
model? Biochemistry 42:601-607

@ Springer

Aoyama T, Chua NH (1997) A glucocorticoid-mediated transcrip-
tional induction system in transgenic plants. Plant J 11:605-612

Barre A, Herve C, Lescure B, Rouge P (2002) Lectin receptor kinases
in plants. Crit Rev Plant Sci 21:379-399

Baulcombe DC, Chapman S, Santa CS (1995) Jellyfish green fluores-
cent protein as a reporter for virus infections. Plant J 8:1045-1053

Baulcombe DC (1999) Fast forward genetics based on virus-induced
gene silencing. Curr Opin Plant Biol 2:109-113

Belkhadir Y, Subramaniam R, Dangl JL (2004) Plant disease resis-
tance protein signaling: NBS-LRR proteins and their partners.
Curr Opin Plant Biol 7:391-399

Berberich T, Sano H, Kusano T (1999) Involvement of a MAP kinase,
ZmMPKS, in senescence and recovery from low-temperature
stress in maize. Mol Gen Genet 262:534-542

Bonnet P, Bourdon E, Ponchet M, Blein JP, Ricci P (1996) Acquired
resistance triggered by elicitins in tobacco and other plants. Eur J
Plant Pathol 102:181-192

Brummer M, Arend M, Fromm J, Schlenzig A, Osswald WF (2002)
Ultrastructural changes and immunocytochemical localization of
the elicitin quercinin in Quercus robur L. roots infected with Phy-
tophthora quecrina. Physiol Mol Plant Pathol 61:109-120

Catanzariti AM, Dodds PN, Lawrence GJ, Ayliffe MA, Elllis JG
(2006) Haustorially expressed secreted proteins from flax rust are
highly enriched for avirulence elicitors. Plant Cell 18:243-256

Cock JM, Vanoosthuyse V, Gaude T (2002) Receptor kinase signaling
in plants and animals: distinct molecular systems with mechanis-
tic similarities. Curr Opin Cell Biol 14:230-236

Coemans B, Takahashi Y, Berberich T, Ito A, Kanzaki H, Matsumura
H, Saitoh H, Tsuda S, Kamoun S, Sagi L, Swennen R, Terauchi R
(2008) High-throughput in planta expression screening identifies
an ADP-ribosylation factor (ARF) involved in non-host resis-
tance and R gene-mediated resistance. Mol Plant Pathol 9:25-36

Dangl JL, Jones JD (2001) Plant pathogens and integrated defence re-
sponses to infection. Nature 411:826-833

Dardick C, Ronald P (2006) Plant and animal pathogen recognition recep-
tors signal through non-RD kinases. PLOS Pathogens 2:14-28

Dayhoff MO (1978) Survey of new data and computer methods of anal-
ysis. In: Dayhoff MO (ed) Atlas of protein sequence and structure,
vol 5, suppl 3. National Biomedical Research Foundation,
Georgetown University, Washington, DC

Ellis J, Dodds P, Pryor T (2000) Structure, function and evolution of
plant disease resistance genes. Curr Opin Plant Biol 3:278-284

Ellis J, Catanzariti AM, Dodds P (2006) The problem of how fungal
and oomycete avirulence proteins enter plant cells. Trends Plant
Sci 11:61-63

Felix G, Duran JD, Volko S, Boller T (1999) Plants have a sensitive
perception system for the most conserved domain of bacterial fla-
gellin. Plant J 18:265-276

Fields S, Song O (1989) A novel genetic system to detect protein—pro-
tein interactions. Nature 340:245-246

Florentino LH, Santos AA, Fontenelle MA, Pinheiro GL, Zerbini FM,
Baracat-Pereira MC, Fontes EPB (2006) A PERK-like receptor
kinase interacts with the genimivirus nuclear shuttle protein and
potentiates viral infection. J Virol 80:6648—6656

Fontes EPB, Santos AA, Luz DF, Waclawovsky AJ, Chory J (2004)
The genimivirus nuclear shuttle protein is a virulence factor that
suppresses transmembrane receptor kinase activity. Genes Dev
18:2545-2556

Gouget A, Senchou V, Govers F, Sanson A, Barre A, Rouge P, Pont-
Lezica R, Canut H (2006) Lectin receptor kinases participate in
protein-protein interactions to mediate plasma membrane—cell
wall adhesions in Arabidopsis. Plant Physiol 140:81-90

Hanks SK, Quinn AM (1991) Protein kinase catalytic domain se-
quence database: identification of conserved features of primary
structure and classification of family members. Methods Enzymol
200:38-61



Planta (2008) 228:977-987

987

Hanks SK, Hunter T (1995) Protein kinases 6. The eukaryotic protein
kinase superfamily: kinase (catalytic) domain structure and clas-
sification. FASEB J 9:576-596

He XJ, Zhang ZG, Yan DQ, Zhang JS, Chen SY (2004) A salt-respon-
sive receptor-like kinase gene regulated by the ethylene signaling
pathway encodes a plasma membrane serine/threonine kinase.
Theor Appl Genet 109:377-383

Hervé C, Serres J, Dabos P, Canut H, Barre A, Rougé P, Lescure B
(1996) Characterization of the Arabidopsis lecRK-a genes: mem-
bers of a superfamily encoding putative receptors with an extra-
cellular domain homologous to legume lectins. Plant Mol Biol
39:671-682

Kaku H, Nishizawa Y, Thii-Minami N, Akimoto-Tomiyama C, Doh-
mae N, Tako K, Minami E, Shibuya N (2006) Plant cells recog-
nize chitin fragments for defense signaling through a plasma
membrane receptor. Proc Natl Acad Sci USA 103:11086-91

Kamoun S, Young M, Glascok C, Tyler BM (1993) Extracellular
protein elicitors from Phytophthora: host-specificity and
induction of resistance to fungal and bacterial phytopathogens.
Mol Plant Microbe Interact 10:13-20

Kamoun S, van West P, de Jong AJ, de Groot KE, Vleeshouwers
VGAA, Govers F (1997) A gene encoding a protein elicitor of
Phytophthora infestans is down-regulated during infection of
potato. Mol Plant Microbe Interact 10:13-20

Kamoun S, van West P, Vleeshouwers GAA, de Groot KE, Govers F
(1998) Resistance of Nicotiana benthamiana to Phytophthora in-
festans is mediated by the recognition of the elicitor protein INF1.
Plant Cell 10:1413-1425

Kamoun S, Honee G, Weide R, Lauge R, Kooman-Gersmann M, de
Groot K, Govers F, de Wit PJGM (1999a) The fungal gene Avr9
and the oomycete gene infl confer avirulence to potato virus X on
tobacco. Mol Plant Microbe Interact 12:459-462

Kamoun S, Huitema E, Vleeshouwers VGAA (1999b) Resistance to
oomycetes: a general role for hypersensitive response? Trends
Plant Sci 4:196-200

Kamoun S (2001) Nonhost resistance to Phytophthora: novel pros-
pects for a classical problem. Curr Opin Plant Biol 4:295-300

Kanzaki H, Saitoh H, Ito A, Fujisawa S, Kamoun S, Katou S, Yoshioka
H, Terauchi R (2003) Cytosolic HSP90 and HSP70 are essential
components of INF1-mediated hypersensitive response and non-
host resistance to Pseudomonas cichorii in Nicotiana benthami-
ana. Mol Plant Pathol 4:383-391

Krogh A, Larsson B, von Heijne G, Sonnhammer ELL (2001) Predict-
ing transmembrane protein topology with a hidden Markov mod-
el: application to complete genomes. J Mol Biol 305:567-580

Martin GB (1999) Functional analysis of plant disease resistance genes
and their downstream effectors. Curr Opin Plant Biol 2:273-279

Martin GB, Bogdanove AJ, Sessa G (2003) Understanding the func-
tions of plant disease resistance proteins. Annu Rev Plant Biol
54:23-61

Navarro-Gochicoa MT, Camut S, Timmers ACJ, Niebel A, Herve C,
Boutet E, Bono JJ, Imberty A, Cullimore JV (2003) Characteriza-
tion of four lectin-like receptor kinases expressed in roots of
Medicago truncatula. Structure, location, regulation of expres-
sion, and potential role in the symbiosis with Sinorhizobium me-
liloti. Plant Physiol 133:1893-1910

Nishiguchi M, Yoshida K, Sumizono T, Tazaki K (2002) A receptor-
like protein kinase with a lectin-like domain from lombardy
poplar: gene expressions in response to wounding and character-
ization of phosphorylation activity. Mol Genet Genomics
267:506-514

Ouaked F, Rozhon W, Lecoureux D, Hirt H (2003) A MAPK pathway
mediates ethylene signaling in plants. EMBO J 22:1282-1288

Peart JR, Lu R, Sadanandom A, Malcuit I, Moffett P, Brice DC, Sha-
user L, Jaggard DA, Xiao S, Coleman MJ, Dow M, Jones JD,
Shirasu K, Baulcombe DC (2002) Ubiquitin ligase-associated
protein SGT1 is required for host and nonhost disease resistance
in plants. Proc Natl Acad Sci USA 99:1085-1089

Pernollet JC, Sallantin M, Salle-Tourne M, Huet JC (1993) Elicitin iso-
forms from seven Phytophthora species: comparison of their
physico-chemical properties and toxicity to tobacco and other
plant species. Physiol Mol Plant Pathol 42:53-67

Ratcliff F, Martin-Hernandez AM, Baulcombe DC (2001) Tobacco
Rattle Virus for analysis of gene function by silencing. Plant J
25:237-245

Saitoh N, Nei M (1987) The neighbor-joining method: a new method
for reconstructing phylogenetic trees. Mol Biol Evol 4:406-425

Saitoh H, Kiba A, Nishihara M, Yamamura S, Suzuki K, Terauchi R
(2001) Production of antimicrobial defensin in Nicotiana benth-
amiana with a potato virus X vector. Mol Plant Microbe Interact
14:111-115

Thordal-Christensen H, Zhang Z, Wei Y, Collinge DB (1997) Subcel-
lular localization of H,O, in plants: H,0O, accumulation in papil-
lae and hypersensitive response during the barley-powdery
mildew interaction. Plant J 11:1187-1194

Tyler BM (2002) Molecular basis of recognition between Phytophtho-
ra pathogens and their hosts. Annu Rev Phytopathol 40:137-167

van Damme EJM, Peumans WJ, Barre A, Rouge P (1998) Plant lectins:
a composite of several distinct families of structurally and evolu-
tionary related proteins with diverse biological roles. Crit Rev
Plant Sci 17:575-692

Wendehenne D, Binet MN, Blein JP, Ricci P, Pugin A (1995) Evidence
for specific, high-affinity binding sites for a proteinaceous elicitor
in tobacco plasma membrane. FEBS Lett 374:203-207

Yoshioka H, Numata N, Nakajima K, Katou S, Kawakita K, Rowland O,
Jones JD, Doke N (2003) Nicotiana benthamiana gp91 phox homo-
logs NbrbohA and NbrbohB participate in H,0O, accumulation and
resistance to Phytophthora infestans. Plant Cell 15:706-718

Zipfel C, Felix G (2005) Plants and animals: a different taste for
microbes? Curr Opin Plant Biol 8:353-60

@ Springer



	NbLRK1, a lectin-like receptor kinase protein of Nicotiana benthamiana, interacts with Phytophthora infestans INF1 elicitin and mediates INF1-induced cell death
	Abstract
	Introduction
	Materials and methods
	Yeast two-hybrid screening and interaction assay
	Southern and Northern analysis
	Immunoprecipitation assay
	Expression of NbLRK1-eGFP and its detection
	Autophosphorylation assay
	Myelin basic protein phosphorylation assay
	PVX constructs and PVX-mediated gene silencing in N. benthamiana
	Hydrogen peroxide detection by DAB

	Results
	Yeast two-hybrid screening of INF1-interactors identiWes NbLRK1
	NbLRK1 belongs to the class B lectin-like receptor kinases
	Genomic organization and gene expression of NbLRK1
	INF1 interacts with the subdomain VIb of NbLRK1 kinase domain
	INF1 and NbLRK1 interact in vitro
	NbLRK1 is localized at plasma membranes
	INF1 treatment of N. benthamiana results in NbLRK1 autophosphorylation
	NbLRK1 phosphorylates myelin basic protein in vitro
	VIGS of NbLRK1 delays INF1-mediated HR in N. benthamiana

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


