
at SciVerse ScienceDirect

Plant Physiology and Biochemistry 53 (2012) 40e45
Contents lists available
Plant Physiology and Biochemistry

journal homepage: www.elsevier .com/locate/plaphy
Short communication

Oligomerization studies show that the kinase domain of the tomato pollen
receptor kinase LePRK2 is necessary for interaction with LePRK1

Tamara Marcela Salem a,1, María Laura Barberini a, Diego Leonardo Wengier a,2, María Laura Cabanas a,3,
Pablo de Paz a, Jorge Muschietti a,b,*
a Instituto de Ingeniería Genética y Biología Molecular INGEBI - Consejo Nacional de Investigaciones Científicas y Técnicas, 1428 Buenos Aires, Argentina
bDepartamento de Biodiversidad y Biología Experimental, Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires, Buenos Aires, Argentina
a r t i c l e i n f o

Article history:
Received 28 October 2011
Accepted 9 January 2012
Available online 14 January 2012

Keywords:
Pollen
Receptor kinases
Immunoprecipitation
Yeast
Deletion domains
* Corresponding author. INGEBI, 2490Vuelta deObli
Tel.: þ54 11 4783 2871; fax: þ54 11 4786 8578.

E-mail address: prometeo@dna.uba.ar (J. Muschie
1 Institut de Génétique Moléculaire de Montpellier,

Cedex 5, France.
2 Department of Biology, Stanford University, Stanf
3 Gema Biotech, Buenos Aires, Argentina.

0981-9428/$ e see front matter � 2012 Elsevier Mas
doi:10.1016/j.plaphy.2012.01.008
a b s t r a c t

LePRK1 and LePRK2 are two pollen-specific receptor-like kinases from Solanum lycopersicum that are
involved in signaling during pollen-pistil communication. Previously, we showed that both proteins
interact in pollen and when expressed in yeast. We also showed that pollen tube length was regulated
by phosphorylation of specific residues in the juxtamembrane domain of LePRK2. To determine the
domains responsible for the interaction between LePRK1 and LePRK2, we constructed a series of
deletions, expressed them in yeast and determined their association by co-immunoprecipitation
assays. We show that deletions containing extracellular domains of LePRK1 and LePRK2 were glyco-
sylated in yeast and were sufficient for interaction with the corresponding full-length receptor. The
juxtamembrane domain of LePRK1 was sufficient for its interaction with LePRK2, whereas LePRK2
required its kinase domain for interaction with LePRK1. These findings suggest a role for the juxta-
membrane domain of LePRK2 in mediating intracellular dimerization and thus receptor kinase
phosphorylation.

� 2012 Elsevier Masson SAS. All rights reserved.
1. Introduction

Plants have different types of surface receptors, which sense
various environmental stimuli and transduce them to the cyto-
plasm of the cell. Protein phosphorylation is one of the most
studied mechanisms for mediating signal transduction. In Arabi-
dopsis there are over 600 receptor kinases that participate in
different plant processes such as development, perception of
steroid hormones, and disease resistance [1]. Typically, kinase
receptors have an amino-terminal extracellular domain involved in
ligand perception, a transmembrane region, a juxtamembrane
domain, a serine/threonine kinase domain and a carboxy-terminal
domain [1]. A major group of plant receptor kinases have in their
extracellular domain a variable number of leucine-rich repeats
(LRRs), which are presumably involved in proteineprotein
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interactions [2]. For example, CLAVATA1 (CLV1) is a 20 LRR-
containing receptor that together with CLV2, binds their ligand
CLV3 [3]. Perception of brassinosteroids is mediated by a 25 LRR-
receptor kinase called BRI1 (Brassinosteroid-Insensitive1) and a 5
LRR-receptor kinase called BAK1 (BR1I-Associated Kinase1) [4].
Both proteins interact in vitro when expressed in yeast cells, and
can phosphorylate each other in vitro.

LePRK1 and LePRK2 are two pollen-specific receptor-like
kinases from Solanum lycopersicum, localized in the plasma
membrane of pollen tubes and involved in pollen-pistil interactions
[5]. The extracellular domains of LePRK1 and LePRK2 interact with
different pistil or pollen proteins along its path to the ovary [6e9].
In the pollen cytoplasm, the kinase domain of LePRK2 interacts
with a Rop-specific guanine exchange factor called KPP [10].
Therefore, transduction of pollen and pistil signals by their kinase
activity might initiate a signaling cascade that would activate ROPs
that in turn regulate pollen tube growth [11]. It was shown that in
tomato pollen membranes, LePRK2 can be phosphorylated in vitro
(Muschietti et al., 1998) and in vivo, exhibiting multiple phos-
phorylated isoforms [12]. The kinase activity of LePRK2 is necessary
for interaction with LePRK1 [13].

In order to delineate the structural basis of LePRK1 and LePRK2
interaction, we generated five deletion mutants for each of the two
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receptor-like kinases, LePRK1 and LePRK2. We expressed in yeast
a pair of constructs consisting of one full-length receptor kinase
together with one of each of the five deletions of the other receptor
kinase and assayed their interaction by co-inmunoprecipitation
assays. Our results showed that the LePRK2 kinase domain is
necessary for interactionwith full-length LePRK1, while the LePRK1
juxtamembrane domain is sufficient for interactionwith full-length
LePRK2.

2. Experimental procedures/materials and methods

2.1. Plasmids

The different domains of LePRK1 (deletions AeE) or LePRK2
(deletions 1e5) were first amplified by PCR with synthetic nucle-
otides. The primers used to amplify LePRK1 and LePRK2 deletions
are listed in Table 1.

PCR products were digested with restriction enzymes SacII and
SacI and ligated into a shuttle vector YcpIF7-MF1-3HA, a modified
version of YcpIF7 [14]. To create the YcpIF7-MF1-3HA vector, the
yeast MF1 signal peptide was used [15] and cloned into the SalI -
SpeI sites of YcpIF7 using the MF1 primers listed in Table 1. Three
tandem repeats of the influenza virus hemagglutinin epitope (3HA)
[16] were inserted into the SpeI - NotI sites of YcpIF7-MF1 in frame
with MF1 and then the deletion products were ligated. The final
vectors were obtained by digesting the MF1-3HA-deletion frag-
ments from YcpIF7-MF1-3HA with SalI and SacI and ligating them
either into SalI/SacI-digested YcpIF1 (for deletions AeE of LePRK1)
or into SalI - SacI-digested YcpIF4 (for deletions 1e5 of LePRK2).
DNA manipulations, including PCR, restriction enzyme digestions,
ligations, plasmid isolation, and E. coli transformation, were carried
out by standard methods.

2.2. Yeast expression and immunoprecipitation

BJ2168 yeast strain (strain 208277 from ATCC) was transformed
in pairs with LePRK1 (cloned into YCpIF3 vector) or with LePRK2
(cloned into YCpIF6 vector), together with a deletion construct of
LePRK2 or LePRK1 respectively. All cloned genes were under the
control of the GAL1 promoter and, therefore, were induced in cells
Table 1
Primers used in this study.

Deletion Sequence (

LePRK1 deletions DA 50-AAACCG
50-ATTGAG

DB 50-AAACCG
50-AGTGAG

DC 50-TAACCG
50-CTTTTTA

DD 50-TAACCG
50-CGTTACC

DE 50-TAACCG
50-GTCCAA

LePRK2 deletions D1 50-AAACCG
50-AGTGAG

D2 50-AAACCG
50-AGTGAG

D3 50-ATTCCGC
50-CTCTTTA

D4 50-ATTCCGC
50-CTCCGTC

D5 50-ATTCCGC
50-CAACTG

MF1 50-ATTTGTC
50-GGACTA

a S, sense; AS, antisense.
grown in the presence of galactose. Yeast transformation was per-
formed as described in Gietz et al. [17]. Yeast microsomal (P100)
preparations and co-immunoprecipitation experiments were as
previously described [13]. Co-immunoprecipitations of 750 mg of
microsomal proteins were carried out with low detergent buffer
(150 mM NaCl, 0.5% NP40, 50 mM Tris pH 8) except when noted.

2.3. SDS-PAGE and immunoblotting

Eighty micrograms of tomato pollen P100 membrane or
yeast membrane P100 proteins or the immunopellet of each co-
immunoprecipitation were separated by SDS-PAGE and blotted to
Hybond ECL nitrocellulose membrane (GE Healthcare). The
membranes were blocked with 0.2% Triton X-100, 4% non-fat dry
milk, 2% glycine in TBS for 30 min. The blocked membranes were
incubated with antibodies raised against the extracellular domain
of LePRK1 (ECD1), LePRK2 (ECD2), or anti-HA (Covance), diluted to
1:1000 in 0.2% Triton X-100, 2% non-fat dry milk, and 2% glycine in
TBS for 1 h at room temperature. After three washes of 10 min each
with 0.2% Triton X-100 in TBS, the membranes were incubated
with a 1:5000 dilution of sheep anti-mouse polyclonal secondary
antibodies conjugated with horseradish peroxidase (GE Health-
care) in 0.2% Triton X-100, 2% non-fat dry milk, and 2% glycine in
TBS for 1 h at room temperature, washed as described above, and
developed using an enhanced chemiluminescence kit (GE
Healthcare).

2.4. Deglycosylation assays

PNGase F (New England Biolabs) reactions were performed as
indicated by the manufacturer. Briefly, 100 mg of tomato pollen
P100 membrane or 25 mg of yeast P100 proteins were denatured in
1X denaturation buffer (10X: 5% SDS and 10% b-mercaptoethanol)
for 10 min at 100 �C. Then, 1/10 of buffer G7 1X (10X: 0.5 M
Na3PO4 pH 7.5 at 25 �C), 1/10 of NP-40 10% and 1/10 of PNGase F
were added. The reaction was incubated ON at 37 �C. Finally,
45 ml of 5X Laemmli-SDS-PAGE sample buffer was added to the
reaction and boiled for 5 min at 100 �C. After centrifugation for
1 min, the supernatant was loaded into an SDS-PAGE and
immunoblotted.
50 to 30) Directiona

CGGAGATAATAACGAGGCAGAAATTCTC-30 S
CTCTTAAAGAATGATGATAACAACAACAAT-30 AS
CGGAGATAATAACGAGGCAGAAATTCTC-30 S
CTCTTAATCTGGCAAATCAAATTTTTC-30 AS
CGGAATTATATTGGTGGTTATCGCAGTTGC-30 S
AACTAAACGGTCTAATTCTCGAGTGA-30 AS
CGGAATTATATTGGTGGTTATCGCAGTTGC-30 S
TTTCCTAACTCATTCTCGAGCCA-30 AS
CGGAATTATATTGGTGGTTATCGCAGTTGC-30 S
AGCTACTTGTAAATCCTCGAGCCA-30 AS
CGGAAACTTATCAGAGCCTGA-30 S
CTCTTAATCAGGCAAGTCAAATTTCTC-30 AS
CGGAGATAATAACGAGGCAGAAATTCTC-30 S
CTCTTAATCAGGCAAGTCAAATTTCTC-30 AS
GGTATTGCCCTTATTGTGGTTATAG-30 S
AACTGAACGGACTAATTCTCGAGTGA-30 AS
GGTATTGCCCTTATTGTGGTTATAG-30 S
AACTTTCCTAACTAATTCTCGAGCCA-30 AS
GGTATTGCCCTTATTGTGGTTATAG-30 S
TTATACGTATGAAGTTCTATTCTCGAGTTA-30 AS
GACTTAACCATGGCATTTCCTTC-30 S
GTGCGACCGGTAGCTTCAGCCTCTCTTTTATCC-30 AS
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3. Results

In order to address the relevance for interaction of the different
domains of LePRK1 and LePRK2, we made five deletion constructs
(Fig. 1) for each receptor kinase and expressed them in yeast.
Both wild type LePRK1 and LePRK2 bear an extracellular domain
(ECD) with 6 and 5 LRRs respectively, a transmembrane domain
(TM), a juxtamembrane domain (JM), a kinase domain (KD) and
a COOH-terminal domain (CtD) [5]. Constructs LePRK1-DA and
LePRK2-D1 contained the ECD and the TM domains of LePRK1
and LePRK2 respectively, while constructs LePRK1-DB and
LePRK2-D2 contained the ECD-TM-JM of LePRK1 and LePRK2,
respectively. To study the roles of the different cytoplasmic
domains for interaction, three pairs of deletion constructs were
made: LePRK1-DC and LePRK2-D3 contained the TM-JM, LePRK1-
DD and LePRK2-D4 included the TM-JM-KD and LePRK1-DE and
LePRK2-D5 contained the TM-JM-KD-CtD. All deletion constructs
had a signal sequence from the yeast a-mating factor (MF1) to
assure entry into the secretory pathway [15]. They also had an
N-terminus 3HA epitope tag so that they could be precipitated by
a commercial anti-HA antibody [16]. Predicted molecular weights
for each construct are shown in Fig. 1.

Each deletion construct was co-expressed in yeast with a full-
length clone of the other corresponding receptor. Expression in
yeast was confirmed by western blot (Fig. 2) using an anti-HA
antibody that recognizes the deletion constructs and the anti-
ECD1 or anti-ECD2 antibodies that specifically recognize the
extracellular domains of LePRK1 and LePRK2, respectively [13].
Yeast expressing deletion proteins that contain the extracellular
domains of LePRK1 (LePRK1-DA and LePRK1-DB) and LePRK2
(LePRK2-D1 and LePRK2-D2) showed bands with higher molecular
weight than expected (Fig. 2A). To determine whether these bands
corresponded to glycosylated versions of the deletion proteins, P100
fractions from yeast were treated with PNGase F, a deglycosylating
enzyme. Fig. 2A showed that upon PNGase F treatment most of the
high molecular weight yeast bands disappeared and a band that
corresponded to the predicted molecular weight of the deletion
proteins became more prominent. Full-length LePRK1 treated
with PNGase F also showed slightly increased mobility when
compared to non-treated LePRK1 (Fig. 2A), although this was not
true for LePRK2. However, no differences were seen when pollen
membrane P100 fractions were incubated, or not, with PNGase F
WT (72 kDa)

LePRK1 LePRK2

WT (70 kDa)

3HA

3HA

3HA

3HA

3HA

Fig. 1. Schematic representation of LePRK1 and LePRK2 deletions. Diagram of LePRK protein
domain; KD Kinase domain; CtD: C-terminal domain. WT, wild type protein. 3HA, three t
corresponds to deletions of LePRK1 domains while D“number” (1, 2, 3, 4, 5) corresponds t
parentheses.
(Fig. 2B). The deletion proteins lacking the ECDs showed the pre-
dicted molecular weight (Fig. 2C).

We used co-immunoprecipitation to determine which domains
of LePRK1 and LePRK2 were important for their interaction. P100
proteins fromyeast were co-immunoprecipitatedwith anti-HA that
recognizes the deletion mutant and immunoblots were developed
with anti-ECD1 or anti-ECD2 antibodies.

We first tested whether the cytoplasmic domains were required
for the interaction between LePRK1 and LePRK2 (Fig. 3A and B).
Membrane proteins from yeast expressing the pairs LePRK1/
LePRK2-D3, LePRK1/LePRK2-D4 or LePRK1/LePRK2-D5 were
co-immunoprecipitated with anti-HA antibody and the presence of
LePRK1was detected with anti-ECD1 (Fig. 3A). Because LePRK1was
in the immunopellet when constructs LePRK2-D4 and LePRK2-D5,
but not LePRK2-D3, were used, we concluded that the kinase
domain of LePRK2 was necessary for the interaction with LePRK1,
whereas the presence of the JM of LePRK2 was not sufficient. This
result correlates with our previous finding that the LePRK2 kinase
activity was required for LePRK1 binding in yeast [13].

We then analyzed the interactions between LePRK2 and the
cytoplasmic deletions of LePRK1 (Fig. 3B). P100 proteins from yeast
expressing the pairs LePRK2/LePRK1-DC, LePRK2/LePRK1-DD or
LePRK2/LePRK1-DE were co-immunoprecipitated with anti-HA
antibody and the presence of LePRK2 was detected with anti-
ECD2. Fig. 3B showed that LePRK2 was co-immunoprecipitated
with all three cytoplasmic deletions of LePRK1. In all cases yeast
expressing both full-length LePRK1 and LePRK2 immunoprecipi-
tated using either anti-ECD1 or anti-ECD2 were used as controls
(data not shown) [13]. These results suggest that the presence of
the JM of LePRK1 was sufficient for the interaction with LePRK2.

We next analyzed whether the extracellular domains of LePRK1
and LePRK2 were required for their interaction (Fig. 4). Membrane
proteins from yeast expressing LePRK1/LePRK2-D1 or LePRK1/
LePRK2-D2 were immunoprecipitated using anti-HA antibody and
the presence of LePRK1 was detected with anti-ECD1 (Fig. 4, left
panel). Similarly, LePRK2/LePRK1-DA or LePRK2/LePRK1-DB was
immunoprecipitated using anti-HA antibody and immunoblots
were developed with anti-ECD2 (Fig. 4, right panel). Fig. 4 showed
that LePRK1 was co-immunoprecipitated from yeast expressing
either extracellular domain deletion constructs, i.e. LePRK2-D1 and
LePRK2-D2 (Fig. 4, left panel). The same result was obtained when
LePRK2 was co-immunoprecipitated with the LePRK1 extracellular
ECD JM KD

KD

KD CtD

CtD

JM

JM

JM

JM

TM

TM

TM

TM

TM

TM

ECD

ECD

domains. ECD, Extracellular domain; TM, Transmembrane domain; JM, Juxtamembrane
andem repeats of the influenza virus hemagglutinin epitope. D“letter” (A, B, C, D, E),
o deletions of LePRK2 domains. The molecular weight of each deletion is indicated in
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LePRK1 LePRK2
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B LePRK2LePRK1

LePRK2
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Fig. 2. Extracellular domain deletions of LePRK1 and LePRK2 and full-length LePRK1
are glycosylated in yeast. Tomato mature pollen microsomal (P100) proteins or
microsomal (P100) proteins from yeast expressing the deletion proteins with their
corresponding full-length receptor proteins were subjected to SDS-PAGE. Deletion
proteins were detected with anti-HA antibody (Fig. 2A and C, upper panels) and full-
length LePRK1 and LePRK2 kinases (Fig. 2B and lower panels of Fig. 2A and C) were
detected with anti-ECD1 (left panels) or anti-ECD2 (right panels) antibodies. Arrows
indicate the expected position of the proteins. (A) P100 proteins from yeast expressing
extracellular deletions of LePRK1 (LePRK1-DA and LePRK1-DB) and LePRK2
(LePRK2-D1 and LePRK2-D2) with their corresponding full-length receptor, were
treated (þ) or not treated (�) with PNGase F. After treatment, samples were subjected
to SDS-PAGE. (B) Tomato mature pollen microsomal (P100) proteins were treated (þ) or
not treated (�) with PNGase F and then subjected to SDS-PAGE. (C) P100 proteins from
yeast expressing cytoplasmic deletions of LePRK1 (LePRK1-DC, LePRK1-DD and
LePRK1-DE) and LePRK2 (LePRK2-D3, LePRK2-D4 and LePRK2-D5) with their
corresponding full-length receptor were subjected to SDS-PAGE. Arrows indicate the
expected position of the expressed yeast proteins.
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domain deletion constructs, i.e. LePRK1-DA and LePRK1-DB (Fig. 4,
right panel). The absence of a band in the co-immunoprecipitation
control LePRK1/LePRK2-D3 (Fig. 4, left panel) further confirms that
the co-immunoprecipitation of LePRK2-D1 and LePRK2-D2 (Fig. 4
lanes 1 and 2, left panel) were specific. All these results suggest
that the extracellular domains of LePRK1 and LePRK2 are sufficient
for their interaction with the corresponding full-length receptor
kinase. When co-immunoprecipitations were performed using
a buffer with a higher detergent concentration (1% NP-40 and 0.1%
SDS instead of 0.5% NP-40) different results were obtained. Then
only the cytoplasmic deletion proteins (LePRK1-DC, LePRK1-DD,
LePRK1-DE, LePRK2-D4 and LePRK2-D5) were capable of interact-
ing with their corresponding full-length receptors, while all four
extracellular domain deletion proteins (LePRK1-DA, LePRK1-DB,
LePRK2-D1 and LePRK2-D2) showed no interaction (data not
shown). All these results suggest that the interaction through their
cytoplasmic domains is stronger than through their extracellular
domains.

4. Discussion

In this work, we studied the interaction between the tomato
pollen receptor kinases LePRK1 and LePRK2 by heterologous
expression and co-immunoprecipitation in yeast. First we showed
that full-length LePRK1 and all deletions containing the extracel-
lular LePRK1 (LePRK1-DA and LePRK2-DB) and LePRK2 domains
(LePRK2-D1 and LePRK2-D2) were N-glycosylated in yeast (Fig. 2A).
However, the glycosylation was observed when full-length LePRK1
was expressed in yeast but not in planta (Fig. 2B). In contrast, full-
length LePRK2 appears not to be glycosylated neither in planta
nor in yeast, since no apparent shift in SDS-PAGE mobility was
observed (Fig. 2A and B). The results observed in yeast are consis-
tent with the presence of two potential N glycosylation sites in the
extracellular domain of LePRK1, but none in LePRK2 [18]. However,
it is not clear why the deletions containing the extracellular
domains of LePRK2 (LePRK2-D1 and LePRK2-D2) were glycosylated
in yeast. It has been previously described that glycosylation of
heterologous proteins expressed in yeast is disproportionate [19].
The glycosylation pattern was not caused by the presence of the
epitope 3HA, because there was no shift in the SDS-PAGE mobility
of any of the cytoplasmic deletion proteins of LePRK1 and LePRK2.

We showed that the LePRK2 deletion that only has the trans-
membrane and juxtamembrane domain (LePRK2-D3) did not
interact with LePRK1. On the other hand, the juxtamembrane
domain of LePRK1 was sufficient for interaction with LePRK2, as
shown with the LePRK1-DC deletion, suggesting that the kinase
activity of LePRK1 is not relevant for the interaction. This correlates
well with our previous finding that the full kinase domain of
LePRK2, but not LePRK1, is necessary for the interaction with
LePRK1 [13] and for proper pollen tube growth [12]. This is
comparable to Arabidopsis brassinosteroid signaling, where the
kinase activity of BRI1 is required for the association between BRI1
and BAK1. However, the kinase dead mutant BAK1 associates with
wild-type BRI1, suggesting that the kinase activity of BAK1 is not
essential for this interaction [20].

We have previously shown that full-length LePRK1 and LePRK2
interacted in yeast microsomal fractions [13]. This result suggested
that no other cytoplasmic pollen proteins or extracellular ligands
were required for the LePRK1 and LePRK2 interaction in yeast
membranes. Here, we showed that deletions containing only the
extracellular domains of LePRK1 or LePRK2 were sufficient for
interacting with the corresponding full-length receptor. These
results agree with a previous report that showed, using yeast two
hybrid, that full length or extracellular domain of LePRK1 interacted
with full length or extracellular domain of LePRK2, respectively
[21]. They also showed that full length or extracellular domain of
LePRK2, but not LePRK1, interacted with itself [21], suggesting that
LePRK2, but not LePRK1, was able to homodimerize.

Interactions between the extracellular domains of plant
receptor kinases were reported for BRI1 receptor [22], AtSERK1
(Arabidopsis thaliana Somatic Embryogenesis Receptor Kinase1)
[23] and CLV1 (CLAVATA1 from A. thaliana [24]). Our results showed
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Fig. 3. The kinase domain of LePRK2 is necessary for the interaction with LePRK1. P100 proteins from yeast expressing the deletion proteins with their corresponding full-length
receptor proteins were immunoprecipitated (IP) with anti-HA antibody and then subjected to SDS-PAGE. Immunoprecipitated LePRK1 and LePRK2 were immunoblotted (IB) using
anti-ECD1 (Fig. 3A) or anti-ECD2 (Fig. 3B) antibodies respectively. (A) P100 proteins from yeast expressing LePRK1 together with the LePRK2 cytoplasmic deletions (LePRK2-D3,
LePRK2-D4 or LePRK2-D5) were immunoprecipitated with anti-HA antibody and subjected to SDS-PAGE. (B) P100 proteins from yeast expressing LePRK2 together with the LePRK1
cytoplasmic deletions (LePRK1-DC, LePRK1-DD or LePRK1-DE) were immunoprecipitated with anti-HA antibody and subjected to SDS-PAGE. Arrows indicate the position of LePRK1
and LePRK2 co-immunoprecipitated proteins.
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that the interaction through the extracellular domains of LePRK1
and LePRK2 is weaker than through their cytoplasmic domains.
A similar situation seems to occur with the brassinosteroids
signaling where the kinase domains of BRI1 and BAK1 are neces-
sary for their association induced by brassinosteroids. This was
illustrated by the fact that the kinase dead mutant BRI1 did not
interact with BAK1 in the presence of brassinosteroids suggesting
that the only presence of the extracellular domains is not enough
for BRI1eBAK1 association [20].

In other case, the LRR receptor-like protein CLV2 (CLAVATA 2),
which bears an extracellular domain, a single transmembrane
domain and a short cytoplasmic tail, and CRN (CORYNE) a kinase-
related protein that has a short extracellular domain, a trans-
membrane domain and a protein kinase domain, interact through
their transmembrane domains [25,26]. In our case, we can not rule
out the possibility that the transmembrane domain of the deletion
protein LePRK1-DC was important for association with LePRK2.

The role of LePRK1 kinase activity is not clear. Even though we
showed in vitro kinase activity of the kinase domain of LePRK1, we
never found labeled LePRK1 when pollen membranes were phos-
phorylated in vitro [5]. We previously showed that the kinase
IB: anti-ECD2IB: anti-ECD1
IP: anti-HA

LePRK2

LePRK2

LePRK1

LePRK1

Fig. 4. The extracellular domains of LePRK1 and LePRK2 are sufficient for the inter-
action with full-length LePRK2 and LePRK1 respectively. P100 proteins from yeast
expressing the deletion proteins with their corresponding full-length receptor proteins
were immunoprecipitated (IP) with anti-HA antibody and then subjected to SDS-PAGE.
Immunoprecipitated LePRK1 and LePRK2 were immunoblotted (IB) using anti-ECD1
(Fig. 4A) or anti-ECD2 (Fig. 4B) antibodies respectively. (A) P100 proteins from yeast
expressing LePRK1 together with the LePRK2 extracellular deletions (LePRK2-D1 or
LePRK2-D2) or one of the cytoplasmic deletions (LePRK2-D3) were immunoprecipi-
tated with anti-HA antibody and subjected to SDS-PAGE. (B) P100 proteins from yeast
expressing LePRK2 together with the LePRK1 extracellular deletions (LePRK1-DA or
LePRK1-DB) were immunoprecipitated with anti-HA antibody and subjected to
SDS-PAGE. Arrows indicate the position of LePRK1 and LePRK2 co-immunoprecipitated
proteins.
activity of LePRK1 was dispensable for the interactionwith LePRK2,
because a mutant dead kinase LePRK1 co-immunoprecipitated
LePRK2 in yeast membranes [13]. There is a possibility that
LePRK1 belongs to the group of atypical receptor kinases that bear
a kinase dead domain [27] but still signal because they are phos-
phorylated by other kinases. This possibility is supported because
2D gel followed by western blot analysis of tomato pollen
membranes showed the presence of few putatively phosphorylated
spots that corresponded to LePRK1 (data not shown).

All these results suggest that the LePRK2 kinase domain is
relevant for the interaction with LePRK1 and supports the idea that
the kinase domain of LePRK2 is necessary for transducing the style
signals by phosphorylation of diverse pollen proteins.
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