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Abstract



The self-incompatibility (SI) response in crucifer plants is due to the allele-specific interaction of the S -locus receptor kinase (SRK) at the surface of papillar cells with its ligand in the pollen coat. SRK and its ligand are encoded by one unique, multiallelic S -locus. SRK is part of a large family of plant receptor kinases (PRK) that show similarities to mammalian receptor kinases regarding regulation of their activity. One mechanism regulating receptor kinase activity is endocytosis. The SRK kinase domain interacts with the endosomal protein SNX1, which is involved in endocytic processes of mammalian receptor kinases. Todate, it is not known whether SRK internalizes and whether this process might regulate the SI response.



The aim of my Master’s project was to find out whether SNX1 mediated endocytosis is required for the SI response and to establish a model system for studies of SRK endocytic trafficking. The first approach consisted in the observation of SI during overexpression, downregulation and mislocalization of SNX1 in papillar cells of the self-incompatible plant Arabidopsis lyrata. Only two putative SNX1 overexpressing plants were obtained. In both, no phenotype concerning self-incompatibility was observed, which is likely to be due to insufficient SNX1 overexpression. However, as SNX1 was fused to the Green Fluorescent Protein (GFP), it was possible to visualize in papillar cells compartments that are supposed to be endosomes. In a second part of my project, the self-compatible ”model-plant” Arabidopsis thaliana, a close relative of A. lyrata, was used to establish a model system for an easier study of SRK trafficking. Due to transactivated expression of Red Fluorescent Protein (RFP) fused markers of the plasma membrane, endosomes and the trans golgi network, these important compartments of the endocytic pathway were visualized by laser scanning confocal microscopy in A. thaliana papillar cells. In order to co-express these markers with a Green Fluorescent Protein GFP tagged SRK, we isolated a new, entire SRK allele from A. lyrata. Transient overexpression of the GFP fused AlSRK in planta was successful. Thus, my Master’s work provided the foundations for analyzing SRK endocytic trafficking in the model plant A. thaliana.
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Glossary



Al



Arabidopsis lyrata



At



Arabidopsis thaliana



ARA7



Arabidopsis RabGTP(Guanosin-TriPhosphate)ase 7



BFA



Brefeldin A



Bo



Brassica oleracea



DIG



DIGoxygenin



DNA



DesoxyriboNucleic Acid



ER



Endoplasmic Reticulum



FH6



Arabidopsis thaliana formin 6 with Formin-Homology domain



GFP



Green Fluorescent Protein



ISH



in situ hybridization



PI3P



Phosphatidylinositol-3-phosphate



PRK



Plant Receptor Kinase



pSLR1



promoter of S -Locus Related gene 1



RACE



Rapid Amplification of cDNA Ends



RFP



Red Fluorescent Protein



RNAi



RiboNucleic Acid interference



RT-PCR



Reverse Transcription Polymerase Chain Reaction



SCR



S -locus Cysteine-Rich protein



SI



Self-Incompatibility



SNX1



Sorting Nexin 1



SRK



S -locus Receptor Kinase



TGN



Trans Golgi Network



UAS



Upstream Activating Sequences



VPS34



Vacuolar Protein Sorting 34



Wm



Wortmannin
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1 Introduction In flowering plants, the production of seeds depends on the recognition of two partners: the pollen as the male and the pistil as the female organ. The pistil is composed of stigma, style and ovary, which contains the ovules (see figure 1.1). The stigma represents the receptive surface of the pistil and is covered by long, hair-shaped cells, called papillae or papillar cells. When the pollen is deposited on the papillae, it hydrates, germinates and forms a pollen tube that grows through the stigma and the style into the ovary (figure 1.1). Once in the ovule, male gametes are liberated from the pollen tube and can fertilize the female oospheres to give hence rise to embryos, which develop into seeds. Different breeding systems have developed in the plant kindgom. Within a multitude of mechanism avoiding self-fertilization by pollen and pistil of the same plant, self-incompatibility (SI) is by far the most common and found in approximately 50% of flowering plants. SI is a genetic pollen-pistil recognition system that favours outcrossing by preventing self-fertilization between individuals sharing the same incompatibility type (see figure 1.1). Most crucifers (Brassicaceae) exhibit SI [1]. In this family, recognition and subsequent inhibition of self-related pollen by papillar cells is achieved by allele-specific interactions between two proteins: the S -locus Receptor Kinase (SRK), a transmembrane protein displayed at the surface of papillar cells [2], and its ligand, the S -locus Cysteine-Rich protein (SCR), a polypeptide localized in the pollen coat [3, 4]. These two highly polymorphic proteins are encoded by one unique, multiallelic locus, called the S -locus. During self-pollination, allele-specific SRK-SCR interaction leads to activation of the receptor and triggers a still poorly understood signal transduction cascade within the papillar cells, which results in the inhibition of pollen hydration, germination and tube growth [5]. Interestingly, within the Brassicacea family there are a few highly self-fertile plants like Arabidopsis thaliana. When A. thaliana was compared to its close, self-incompatible relative Arabidopsis lyrata, the hypothesis was made that, about 5 million years ago, both species had diverged from a common, self-incompatible ancestor. Deletions in the S -locus occurred in the genome of Arabidopsis thaliana, leading to inactive alleles of the SRK and SCR genes [6]. However, when SRK and SCR from an incompatible crucifer species were expressed in A. thaliana, SI was restored, indicating that the downstream signal cascade from SRK to the SI response is still intact in A. thaliana [7, 8].
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1 Introduction Analysis of the receptor SRK from Brassica oleracea by Stein et al. [2] indicated that it is composed of an N-terminal, extracellular ligand binding domain (called S -domain), connected by a transmembrane region to a C-terminal cytoplasmic serine-threonine kinase domain. As a serinethreonine receptor kinase, SRK is part of a large group of Plant Receptor Kinases (PRK) which are related but phylogenetically distinct from animal Receptor Tyrosin (RTK) and Serine/Threonine Kinases (RSTK). However, there are indications that all three groups may function in a similar manner. Our group previously showed that SRK has a typical receptor kinase function: its kinase domain is phosphorylated after an incompatible pollination [9] and in vitro experiments indicate that SRK activation involves transphosphorylation between SRK molecules associated in the membrane [10]. The phosphorylated amino acids of the cytoplasmic domain of SRK are hence interaction sites for effector molecules, which get activated by phosphorylation [11] and transduce a downstream phosphorylation cascade leading to the SI response. However, a negative feedback mechanism is required to control receptor activity. Receptor inactivation can occur through dephosphorylation by phosphatases, which has already been demonstrated for SRK [12], or through receptor internalization induced by ligand binding, a process that is well documented for mammalian receptor kinases [13]. When mammalian transmembrane receptors are internalized, they are transported by vesicles that later fuse to endosomes. From endosomes, receptors can then return back to the membrane, a process called recycling, or be routed to lytic organelles for degradation, which downregulates receptor kinase activity and downstream signalling [14]. Studies of the mammalian Transforming Growth Factor Receptor (TGFβ) have pointed out that internalized receptor kinases can also form signalling complexes in endosomes, which trigger qualitatively different signals compared to receptors located at the plasma membrane [15, 16, 17]. The occurrence of endocytic processes in plant cells has been discovered only recently, because endocytosis was long believed not to be possible against the high turgor pressure observed in plant cells. The discovery of endocytosis in plant cells included the possibility of PRK internalization [18, 19, 20] by different regulatory mechanism. While the receptor Brassinosteroid-Insensitive 1 (BRI1) and its associated receptor BRI1-Associated-receptor-Kinase (BAK1) are internalized from the plasma membrane constitutively and independently of ligand addition [19], recent results from the flagellin receptor FLS2 indicated that its internalization resulted from its activation due to ligand binding [21]. Thus, in the plant as in the animal kingdom, receptor endocytosis may have different functions and mechanism according to the concerned receptor. Our group has previously shown that the kinase domain of BoSRK interacts in vitro with the Brassica oleracea homolog of the human protein Sorting Nexin 1 (SNX1) [12]. SNX1 locates to the endosome by association with phophatidylinositol-3-phosphate (PI3P), a lipid highly enriched in (mammalian) endosome membranes [22]. Furthermore, human SNX1 is involved in the trafficking
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1 Introduction of the mammalian Epidermal Growth Factor Receptor (EGFR) [23]. This raises the question whether the interaction between SNX1 and SRK leads to SRK internalization and whether SRK endocytosis might be involved in the regulation of the SI response. The objective of my Master’s project was to gain insight into this topic. The historical and first analyzed model of selfincompatibility in the Brassicaceae family is Brassica oleracea. Our group is now trying to elucidate SI in the Arabidopsis genus. The use of this genus presents the advantage that we can at once use A. lyrata as a self-incompatible species for studies of SI in its natural environment, but we keep the possibility to switch to the close relative of A. lyrata, which is the highly self-fertile ”model plant” A. thaliana, because for this plant numerous, well optimized tools are available. To elucidate whether endocytosis is involved in SI and how SRK may traffic in the papillar cells, two objectives were defined for my project. In a first part, I have studied whether SNX1 is involved in SI in A. lyrata by investigating the effect of altering SNX1 levels or localization on the SI response. In the second part, I have started to set up a new model system based on Arabidopsis thaliana, in order to study the dynamics of a recombinant expressed SRK. In this context, I have analyzed the feasibility of in planta laser scanning confocal microscopy of papillar cells in order to visualize compartments of the endocytic pathway. Furthermore, a new, entire SRK from A. lyrata has been isolated and its introduction into the model system A. thaliana has been prepared.
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2 Material and Methods 2.1 Plants Wildtype plants used were an Arabidopsis lyrata line, subspecies petraea homozygous for the S allele 1.9 (named by our group), Arabidopsis thaliana ecotype C24 and Nicotiana benthamiana. All species were grown in the greenhouse (at least 14 h day at 22◦ C and 10 h night at 15◦ C). Transgenic lines already available in the laboratory were: Arabidospis lyrata transformed with a construction containing pSLR1-GFP, in which GFP expression is controlled by the promoter of the Brassica oleracea S -Locus Related gene 1 [24]. This promoter has been described for high and specific expression of target genes in papillar cells [25, 26]. These plants were grown in the greenhouse under the same conditions as wildtype A. lyrata. A second transgenic line used was the A. thaliana N9292 line from the Jim Haseloff’s laboratory (University of Cambridge) (see figure 2.1).



2.2 Bacterial strains and bacterial transformation For molecular biology the E.coli strain DH5α was used. Bacterial cells used for transformation of A. lyrata were Agrobacterium tumefaciens LBA 1115 (resistance: rifampicin 20 µg/l, spectinomycin 125 µg/l), and for transformation of Arabidopsis thaliana and Nicotiana benthamiana the Agrobacterium tumefaciens strain C58 pMP90 (resistance: rifampicin 50 µg/l, gentamycin 20 µg/l).



2.3 Transformation of plants Plant transformation with Agrobacterium tumefaciens is based on the bacteria’s ability to transfer a part of their Ti(Tumor inducing)-plasmid into the plant genome. The Ti-plasmid has been modified and parts of its DNA have been removed, so that a gene of interest can be introduced into the plasmid and can be inserted into the host (plant) genome.
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2 Material and Methods



2.3.1 Transformation of Arabidopsis thaliana A. thaliana plants used for transformation were grown in the growth chamber under long day conditions (16 h day at 24◦ C, 70% humidity and 8 h night at 15◦ C, 57% humidity). Tranformation was accomplished by the floral dip technique according to [27]. One month after the transformation, seeds (generation T1) were harvested. Germination of seeds was made either after sterilization by ethanol 96% and calcium hypochlorite in vitro or without sterilization on sand. Under both conditions, selection was assured by addition of glufosinate ammonium: in vitro by its addition to the medium (4.4 g/l MS including vitamins, 10 mg/l sucrose, 8 g/l plant agar, 6 mg/l glufosinate ammonium pH 5.7) or in case of germination on sand by watering with glufosinate ammonium containing water (0.05 0 /00 BASTA stock-solution, Bayer).



2.3.2 Transformation of Arabidopsis lyrata A. lyrata plants were transformed by an in vitro method established in our laboratory (publishing in progress). This technique is based on Agrobacterium mediated transformation of explants obtained from A. lyrata roots. Root explants were incubated on a 2.4 D containing medium, which induces cell division. Thus, root cells were predisposed to Agrobacterium infection. Within 6 month, entire transgenic plants could be regenerated from root explants and could be transferred on soil to the greenhouse for flowering.



2.3.3 Transformation of Nicotiana benthamiana This method was used for transient expression of target genes in young leaves of Nicotiana benthamiana plants. The technique is based on injecting an Agrobacteria solution, with aid of a syringe (without needle), into the inferior leaf tissues as described in [28]. Five days after infiltration, the inferior leaf epidermal cells were observed by confocal microscopy.



2.4 Constructions for plant transformation The constructions used and their characteristics are shown in figure 2.2. We generated all pSLR1 and UAS controlled constructions from already existing plasmids by recombination through Gateway technology (Invitrogen). Constructions used for transformation of Arabidopsis lyrata were all under the control of the pSLR1 promoter. We employed a fusion of A. lyrata Sorting Nexin 1 cDNA with the Green fluorescent protein, a Sorting Nexin 1 RNAi construction, based on the N-termial sequence of AlSNX1 in sens- and antisens orientation separated by an intron, and VPS34 (Vacuolar Protein Sorting 34 ) cloned in an antisens orientation.
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2 Material and Methods Constructions used for transformation of A. thaliana N9292 contain all a cDNA of a marker protein for different subcellular compartments (FH6 for the plasma membrane, SNX1 and ARA7 for endosomes, TLG2a for the trans golgi network and δTIP for the tonoplast) fused to GFP at its N- or C-terminus. The expression of this markers was under the control of UAS. For expression of AlSRK 1.9 in A. thaliana, the complete cDNA encoding Al SRK 1.9 was introduced into a vector containing the constitutive p35S promoter from the Cauliflower Mosaic Virus and fused C-terminal to EGFP.



2.5 Analysis of transgenic plants 2.5.1 Genotyping Genomic DNA extraction One leaf was harvested, cooled down in liquid nitrogen and pulverized by mechanic force: shaking 30 sec at 30 Hz (Tissue lyser, Qiagen) in 2 ml tubes containing a carbide bead. DNA was extracted by the Qiagen BioSprint 96 roboter. Its technology is based on DNA adsorption in the plant lysate by silicium covered magnetic microbeads. After several washing steps DNA was released finally in 100 µl 10 mM Tris pH 7.5. The quantity of obtained DNA was in each case measured by spectroscopy at 260 nm. Polymerase-Chain-Reaction The presence of the transgene was controlled by PCR with 1 µl of template DNA by 0.5 U GoTaq-Polymerase (Promega) in the presence of 0.2 mM dNTPs and 0.25 µM of each primer (see table 2.1) in a final volume of 10 µl at the following conditions: 30 circles of 15 sec denaturation at 94◦ C, 15 sec at the annealing temperature and 1 min/1 kbp elongation at 72◦ C. The presence and length of fragments was analyzed by Agarose-Gel-Electrophoresis.



2.5.2 Microscopy Stigmas of soil-grown plants were cut off from the rest of the plant and arranged in liquid LM (MS 2.4 g/l, saccharose 10 g/l, pH 5.7) medium, or when drugs were used, stigmas were directly arranged in Brefeldin A (100 µM final concentration, 45 min incubation) or Wortmannin (66 µM final concentration, 45 min incubation ) complemented LM for observation with the laser scanning confocal microscope (LSM 510, Zeiss; Axiovert 100M, Zeiss). Light sources used were an Argon (488 nm) laser for GFP and an HeNe (543 nm) laser for RFP excitation. Filters used were 505550 nm for GFP emission and 560-615 nm for acquisition of RFP emission.
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2 Material and Methods All bigger material, like entire flowers, was observed with a stereo-microscope (Leica MZFL III, exitation for GFP: 470/40 nm, emission: 525/50 nm, filter ”GFP3”).



2.6 Expression analysis 2.6.1 RNA extraction For RNA extraction, 50 stigmas of A. lyrata 1.9 were harvested and pulverized by mechanical force (see 2.5.1 Genomic DNA extraction). The homogenized plant material was resuspended in 1 ml Trizol (Invitrogen) and centrifuged 10 min at 4◦ C and 12 000 g. Total RNA was extracted from the supernatant by addition of 1 ml chloroform and centrifugation (4◦ C, 15 min, 12 000 g). RNA was precipitated by isopropanol and the pellet was resuspended in 20 µl RNAse free water. To remove DNA from the sample, the total RNA was treated 30 min at 37◦ C with 2 U of DNAse (Ambion INC, Austin - Texas). For inactivation of the DNAse enzyme, 0.1%vol DNAse Inactivation Reagent were added to the sample. RNA quantitiy of the supernatant was measured by spectroscopy at 260 nm.



2.6.2 RT-PCR 5 µg of total RNA were retro-transcribed by 200 U of Revert-AidTM M-MuLV Reverse Transcriptase (Fermentas) in the presence of 0.8 µM primer RA1 (see table 2.2), 1 µM dNTPs and 20 U RNAse Inhibitor during 1 h at 42◦ C. Heating to 95◦ C for 10 min stopped the reaction. Dilutions from 1/10 to 1/50 of this reaction were used for further PCR by Go-Taq Polymerase in the same conditions described above (2.5.1 Polymerase-Chain-Reaction).



2.6.3 Northern Blot 5 µg of total RNA were separated on an 1.2% Agarose gel containing 5% formaledhyde in MOPS migration buffer (20 mM 3(N -morpholino)propane sulfonic acid, 8 mM NaOAc, 1 mM EDTA, pH 7.5). RNA was transferred by sandwichblotting with 10 x SSC (1.5 M NaCl, 0.15 M sodium citrate) from gel to an Hybond N+ (Amersham) Nylon membrane. Fixation of RNA on the membrane was achieved by heating to 80◦ C during 2 h. Prehybridization and hybridization buffer was DIG-Easy Hyp (Roche). For hybridization, 200 ng/ml hydrolysed DIG-labelled RNA probe (see 2.6.4 Probe synthesis) were used. The alcaline phosphatase coupled DIG-antibody (Fab-fragments, Roche) was used at 1:10 000. For detection, CDP-star reagent (Amersham) was applied and blots were exposed 1 h to x-ray films.
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2 Material and Methods



2.6.4 In situ hybridization (ISH) Probe synthesis For probe production, the required cDNA sequences were cloned in pCRII vector (Invitrogen). Then, a transcription reaction was made with 5µg of the linearized plasmid in a volume of 20 µl with 40 U T7-RNA polymerase (Promega) in the presence of ribonucleotides containing DIGlabelled Uracil (promega) and 20 U RNAse inhibitor. After purification of the RNA fragment by gelfiltration (Quick Spin colums (Roche)), 1 volume of carbonate buffer was added to DIGlabelled RNA and hydrolysis was conducted at 60◦ C for 50 min to obtain fragments of about 150 bp. Hydrolyzed probes were precipitated and resolved in 50 µl ultrapure water. In situ hybridization Tissues grapes of floral Arabidopsis lyrata buds were harvested and fixation, hybridization and detection were realized according to [29] or [30]. For classical ISH, pistils of floral buds before flower opening were cut into 10 µm slices after fixation of flowers according to [31]. The protocol of Ferrandiz et al. [31] was also applied for hybridization and signal detection. All ISH methods required signal detection through the activity of an alcaline phosphatase coupled to an anti-DIG Fab-fragment (Roche).



2.7 AlSRK isolation 2.7.1 Rapid Amplification of cDNA Ends (RACE-PCR) Poly(A)+ RNA from 50 stigmas of A. lyrata 1.9 was extracted with the Quick prep micro mRNA purification kit (Amersham Biosciences). cDNA double strain was synthesized by the Marathon cDNA amplification kit (Clontech). DNA was ligated to a double strand adaptor (ADAP: 5’-CTAATACGACTCACTATAGGGCTCGAGCGGCCGCCCGGGCAGGT-3’). A first PCR was made with a primer in the adaptor (AP1) and a sequence specific primer (see table 2.3) in 20 µl with 0.25 U ExTaq polymerase (Takara) in the presence of 0.2 µM of each primer and 0.2 mM of each dNTP (conditions: hot start, 5x (45 sec 94◦ C + 4 min 72◦ C), 30x (45 sec 94◦ C + 4 min 67◦ C)). The PCR product was diluted 1:100 in TE buffer (10 mM Tris/HCl, 1 mM EDTA, pH 7.5) and a second PCR with a nested primer in the adapter (AP2) and a nested, sequence specific primer was realized. The PCR reaction was conducted in a total volume of 50 µl with 0.25 U ExTaq polymerase (Takara) in the presence of 0.2 µM of each primer and 0.2 mM of each dNTP (conditions: hot start, 7x (45 sec 94◦ C + 4 min 72◦ C), 32x (45 sec 94◦ C + 4 min 67◦ C)). Amplified
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2 Material and Methods fragments were cloned into pCRII vector (Invitrogen). Final sequencing of clones was made in cooperation with GenomeExpress, France.



2.7.2 Amplification of complete AlSRK 1.9 cDNA In order to obtain a consensus sequence, AlSRK 1.9 cDNA was amplified with sequence specific primers on ATG and Stop by a proofreading Taq-polymerase. Therefore 0.4 U of Phusion high fidelity DNA polymerase (Finnzymes) were added to a reaction mix of 20 µl, containing A. lyrata 1.9 cDNA, 0.2 mM of each dNTP and 0.5 µM of each primer (see table 2.4). PCR was realized at the following conditions: 35 cycles of 15 sec denaturation at 98◦ C, 10 sec annealing at the temperature shown in table 2.4 and 30 sec/1 kbp elongation at 72◦ C. PCR fragments were subcloned in pCRII (Invitrogen) and sequenced by GenomeExpress, France.



2.7.3 Genomic Walk From 80 floral grapes of A. lyrata 1.9, genomic DNA was extracted as described in 2.5.1 (3 floral grapes per tube). 20 µg DNA were restricted by 60 U of either Dra I, EcoR V, Hpa I, Pvu II, Sca I or Ssp I in a final volume of 124 µl. The restriction fragments were ligated to the double strand adaptors (ADAP) and PCR and sequencing were realized as described in 2.7.1.



2.8 Pollination assay and Aniline blue coloration This assay was made in order to visualize pollen tubes in plant ovary after a compatible pollination. It is based on the specific coloration of callose, a component of pollen tubes, by Aniline blue. Developing floral buds of A. thaliana were staged as described in [32]. For pollination, floral buds of state 11 and 12 were emasculated and stigmas were examined for the absence of contaminating pollen. Pollination was hand made 24 h after emasulation with appropriate pollen from A.lyrata or A. thaliana. Pollinated flowers were harvested 7 h after pollination. Fixation was achieved by over-night incubation in CAA (10% acidic acid, 30% chloroform, 60% ethanol absolute) at 4◦ C. After three water washes, permeabilization of plant tissues for the dye was realized by a 30 min incubation in 4 N NaOH. After having washed off the NaOH solution, coloration was achieved by an over-night incubation in 0.05% decolorated Aniline blue in sodium phosphate buffer 50 mM pH 7.5. Fluorescence was observed with the Nikon Optishot 2 microscope (exitation 330-380 nm, emission LP 420 nm, filter ”UV2A”, Nikon).



15



3 Results 3.1 The role of SNX1 in the SI response of A. lyrata As SNX1 interacts with the kinase domain of SRK, we were interested in elucidating whether SNX1 is involved in the SI response. Thus, we decided to generate transgenic A. lyrata plants in order to observe the effect of SNX1 overexpression, downregulation or mislocalization on SI in papillae. We supposed that SNX1 mislocalization might be achieved by decreasing the endosomal PI3P content, because SNX1 binds to this phospholipid. A decrease of PI3P is possible by downregulation of the phosphatidylinositol-3-kinase AtVPS34, a key enzyme in PI3P synthesis.



3.1.1 SNX1 and Vps34 are expressed in stigma Before generating transgenic plants that are altered in either their SNX1 or VPS34 content, we needed first to verify that both genes are expressed in papillar cells. I analyzed the presence of transcripts from SNX1 and VPS34 in a first step by RT-PCR with cDNA from A.lyrata stigmas. Both transcripts were easily detectable (see figure 3.1). A Northern blot with a Digoxygeninlabelled (DIG) riboprobe for AlVPS34 and AlSNX1 confirmed the RT-PCR results and showed that transcript amount was sufficient to be detected by a non-amplifying method. RNA that was used for both attemps may not represent only genes expressed in papillar cells: when harvesting manually the small stigmas, also more basal tissues - like style or the top of the ovary - might have been taken. We decided thus to use in situ hybridization (ISH) on A. lyrata flowers for a precise localization of transcripts in the different parts of the pistil. We used different techniques of ISH. Two different methods for Whole Mount ISH [29, 30] were tested, a strategy that does not require to cut tissues into slices. The other method was classical ISH on slices cut through the pistil of A. lyrata flowers. Irrespectively of the technique, we did not detect any transcript using the same DIG labelled probes as those used for Northern blot (data not shown). However, C. Miege in our group recently showed that SNX1 is transcribed in papillar cells, using a reporter gene strategy (β-gluocuronidase under the SNX1 promoter). Thus, the absence of signal in my ISH results is likely to be due to technical problems.
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3 Results



3.1.2 Alteration of the endosome membrane in transgenic plants For the production of SNX1 overexpressing, downregulating of mislocalizing transgenic A. lyrata plants, all required constructions were already available in our group at my arrival. For downregulation of SNX1 we used an RNAi strategy. For SNX1 overexpression experiments, SNX1 was fused to the Green fluorescent protein (GFP) in order to visualize SNX1 labelled endosomes in papillar cells by microscopy. For SNX1 mislocalization, achieved through downregulation of the PI3-kinase VPS34, we used the AtVPS34 antisens construction, which had already been succesfully employed in A. thaliana [33]. It had been shown that the genomes of both Arabidopsis subspecies share a high degree of sequence similarity [34], which should allow a successful silencing of A. lyrata VPS34 by A. thaliana VPS34 antisens. The constructions I used to transform A. lyrata, by a strategy developed in our laboratory, were all under control of the stigma specific pSLR1 promoter from the Brassica oleracea S locus related gene [25, 26]. Overexpression of SNX1 in A. lyrata stigma - No phenotype but visible endosomes Transformation of A. lyrata were not satisfying as only very few plants regenerated from root explants. From three tranformation series realized during my project, each lasting up to 6 month, no transgenic plants could be regenerated from AlSNX1 -RNAi or AtVPS34 antisens transformation. However, during the last serial, eight plants were obtained from AlSNX1-GFP transformation and transferred to soil. All plants were genotyped with primers amplifying a fragment in the GFP sequence of the transgene. Figure 3.2 shows that only two of the eight plants effectively contained the transgene. The control PCR amplifying GAPDH, an ubitiquous gene, showed that the absence of the GFP band in the six other plant DNA extracts was not due to a problem during PCR. The six non-transgenic plants are so called ”escapers” that are often observed during in vitro transformation procedures. The overexpression of SNX1 in transgenic plants did not seem to have any physiological consequences. We observed the development of these plants and no fruits were produced after flowering, indicating that these plants stayed self-incompatible. As no antibodies against SNX1 were available for performing a Western blot analysis, we could not determine the amount of SNX1 in transgenic plants. The absence of real SNX1 overexpression may explain the missing SI phenotype. Papillar cells of the two AlSNX1-GFP expressing plants were observed by confocal microscopy. A. lyrata wildtype plants showed a strong auto-fluorescence (figure 3.2 b) which is likely to be due to components of the papillar cell wall. However, when we compared transgenic (figure 3.2 a) and wildtype (figure 3.2 b) plants, we observed small green fluorescent compartments (see arrows) in the SNX1-GFP plant, that were not visible in the wildtpye. These compartments had a size of about 1 µm. Observation over a time frame of 5 min showed that they were motile and moving all
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3 Results over the papillar cell. As similar characteristics were found for well characterized endosomes in root cells by our group, the compartments observed in papillar cells are likely to be endosomes. The fact that we observed for the first time putative endosomes in papillar cells is a very encouraging result, despite the absence of an SI phenotype in the putative SNX1 overexpressing plants. The rate of successful transformation of A. lyrata was not satisfying, even if it had already been successful in our laboratory before. Moreover the pSLR1 promoter used did not lead, in our hands, to high expression levels of the transgene, by contrast to that described [25, 26]. Thus, the weak GFP fluorescent signal was difficult to distinguish from papillar auto-fluorescence in confocal microscopy.



3.2 A. thaliana as a model system to study SRK trafficking Given the mentioned problems with A. lyrata transformation, we decided to switch for further work to the ”model” plant A. thaliana, which is a very close, but self-fertile relative of A. lyrata. The advantage of working with A. thaliana is, that, in contrast to A. lyrata, numerous tools are available and transformation is a well optimized, less time-consuming method. In order to analyze SRK traffic, we intended to transfer the SI system to A. thaliana by expressing an SRK from a self-incompatible species in its papillae. In the optic to analyze SRK trafficking, feasibility of confocal microscopy of A. thaliana papillar cells and their characterization was necessary.



3.2.1 Characterization of papillar cells Feasibility of confocal microscopy of A. thaliana papillae The laboratory of Jim Haselhoff had generated different A. thaliana lines by trapping enhancers with a Gal4-UAS-GFP construction (see figure 2.1). We obtained one of these lines (N9292), that was described to express strongly a reticulum tagged GFP in stigmatic cells. We intended to use this line in order to set up in planta laser scanning confocal microscopy of A. thaliana papillar cells. First, we checked the GFP expression pattern in flowers of A. thaliana N9292 plants by steromicroscopy. Figure 3.3 shows the strong stigmatic fluorescence derieved from expression of the transgene. When zooming to the top of the pistil (figure 3.3 b) we found that this fluorescence predominantly issued from papillae, but that a weaker fluorescence was however observed in cells of the style. In confocal microscopy, individual papillar cells could be easily visualized (figure 3.3 c and d). Due to its reticulum tag, GFP was found in the cytoplasm located to the endoplasmic reticulum. The optical slice through the center of the papillar cells (figure 3.3 c) showed that the green fluorescence was limited to a thin line circling the contour of the papillar cell. As



18



3 Results no fluorescence was seen in the cell lumen, this suggests that papillar cells of A. thaliana have a large vacuole. This was intitially shown for Brassica oleracea papillae by electron microscopy [35]. The voluminous vacuole seemed to press the cytoplasm against the plasma membrane. When we observed the surface scan, showing the cytoplasmic layer (figure 3.3 d), we saw small dark structures interrupting the strong, green fluorescence. This might refer to the reticulum network. Markers for endocytic pathway As the previous results indicated that the cytoplasm might be reduced to a very thin layer in papillar cells, we were wondering whether it would be possible to visualize structures of the endocytic pathway by overexpression of marker proteins, which specifically localize to endocytic compartments. This strategy permits us, in contrast to immunocytolocalization, to work with living cells and to analyze dynamic processes. Subcellular structures we wanted to label were the plasma membrane, where internalization occurs, endosomes, as key compartments of endocytic transport and the trans golgi network (TGN) and the vacuole as destinations of endocytic cargo. The endocytic pathways and markers used are presented in figure 3.4 A. We decided to label the plasma membrane by the N-terminal region of FH6, which includes the transmembrane domain: FH6 is a plasma membrane associated formin identified in A. thaliana [36]. SNX1 or ARA7 were chosen to mark the endosome. ARA7 is a RabGTPase that is specifically localized at the endosomal membrane and involved in vesicle fusion [37]. A marker of the vacuolar membrane (called tonoplast) is the Tonoplast Intrinsic Protein δTIP [38]. The TGN was identified through TLG2a, which is part of the SNARE complex that is localized at the TGN and required for vesicle fusion [39]. Plasmids containing the cDNA of all markers were already available in our group at my arrival. The expression of the yeast transcription factor Gal4 in the N9292 line, permitted us to transactivate our markers by fusing them to the UAS sequences. As the N9292 line is already expressing GFP, I recombined the markers in such a manner to obtain Red Fluorescent Protein (RFP ) fused to cDNA of markers, downstream of six UAS repeats. Compartments of the endocytic pathway can be visualized in papillar cells Seeds issued from N9292 plants, transformed with the RFP fused mentioned markers, were grown on a selective medium and we obtained approximately three resistant plants from 1000 seeds. 10 plants from each transformation were retained and they were genotyped with primers in the RFP sequence to assure the presence of the transgene (data not shown). Then, stigmas from all plants were screened by laser scanning confocal microscopy. Results are shown in figure 3.4 B with RFP fluorescence detection on the left and merge from RFP and GFP fluorescence on the right side. For FH6, the plasma membrane marker, we observed a strong fluorescent red line, surrounding
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3 Results the green reticulum GFP fluorescence. In addition, a diffuse fluorescence signal was visible in the cell lumen, which correlates to the vacuole. This fuzzy signal is likely to be due to FH6-RFP sent to the vacuole for degradation. When we analyzed SNX1-RFP transformed plants we did not find any red fluorescence in papillar cells (data not shown), indicating that there was a problem with expression of the transgene. However, transformation with RFP-ARA7 resulted in a detectable red fluorescence in papillae of T1 plants. We observed fluorescent and moving compartments of about 1 µm size. ARA7 specifically marks endosomes in root cells and so the red fluorescent structures we observed in papillar cells are likely to be endosomes. When TLG2a-RFP was expressed in papillar cells, we also observed about 1µm, motile structures (arrows in figure 3.4 B). As TLG2a refers to the SNARE complex at the TGN, these compartments are supposed to be part of the TGN of papillar cells. The characterization of δTIP (tonoplast marker) expression pattern is still in progess, as transformation of N9292 was only done in March and lasts up to 4 month until microscope observation of the first transgenic generation. δTIP expression may allow us to confirm the presence of a large vacuole in papillar cells. As it had been shown in root cells that ARA7 endosomes are sensible to drugs like Brefeldin A (BFA) and Wortmannin, we decided to study the effect of these drugs also in papillar cells. BFA is a fungal toxin that blocks intracellular traffic [40]. After application to roots, it provokes the aggregation of ARA7 endosomes into a ”BFA compartment” that is surrounded by golgi stacks [41]. Wortmannin is a phosphatidylinositol-3-kinase inhibitor that reduces the PI3P content of endosomes and provokes the formation of one or two large vacuolated ARA7 compartments (our group). Whereas we did not observe any effect of BFA on papillar ARA7 endosomes, Wortmannin led to the appearance of one enlarged vacuolated ARA7 compartment (arrow in figure 3.4 B) in papillae. The absence of BFA sensitivity of ARA7 endosomes in papillae stays in contrast to root ARA7 endosomes and is likely to be due to tissue differences. For the first time, we report here the visuallization of the main compartments of the endocytic pathway in papillae. Compared to root, drug sensitivity of papillar cell endosomes to BFA seems to be different. After having successfully visualized endocytic compartments in papillar cells, the next question to answer is whether SRK is internalized and whether it is possible to follow the receptor along its endocytic pathway.



3.2.2 Isolation of AlSRK 1.9 Analysis of SRK traffic in A. thaliana requires the expression of a recombinant SRK. Only expression of SRK from A. lyrata, but not from another Brassicacea species led to the acquisition
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3 Results of SI in the transgenic A. thaliana plants ([7, 42] and unpublished data from our group). Thus, we decided to isolate an SRK allele from A. lyrata. Before my arrival in the laboratory, the group had begun to sequence the S allele of Arabidopsis lyrata 1.9. A 300 bp fragment was amplified that is, referring to genetic experiments, part of the extracellular domain of a functional SRK. During my project, I had then to extend the (300 bp) known sequence of the putative AlSRK 1.9 in 3’ and 5’ direction, by RACE PCR to obtain the cDNA and by Genomic Walk for identification of the gene. Once both, gene and cDNA, were obtained, I made an alignement of both sequences for positioning of introns. The gene had a length of 3625 bp and the cDNA of about 2519 bp, which corresponded both to the length of known SRK sequences. Like other known SRK sequences, also the A.lyrata 1.9 sequence exhibited 7 exons (see figure 3.5). Each intron had the characteristic 5’ GT and 3’ AC borders [43]. The cDNA sequence could furthermore be aligned with sequences of complete cDNA from A. lyrata [6] and B. oleracea [2, 44] as well as with partial sequences corresponding to the first exon (S -domain) of different SRK alleles from A. lyrata [45, 46]. When we compared AlSRK 1.9 cDNA with entire SRK cDNA sequences from A. lyrata and B. oleracea, we found around 70% identity (see table 3.1). Alignements of only the first exon of AlSRK 1.9 cDNA with the first exon of other A. lyrata SRK, published by Shierup et al., revealed 99% identity between AlSRK 1.9 and the published SRK 13-14 [46], indicating that both sequences are referring to the same allele. Table 3.1: Comparisson of the complete cDNA sequences of AlSRK 1.9 and different alleles of SRK of Arabidopsis lyrata and Brassica oleracea. Identity is given in percent. AlSRK a and b refer to [6], BoSRK3 to [44] and BoSRK6 to [2].



AlSRK 1.9 AlSRK 1.9 AlSRK a AlSRK b BoSRK3 BoSRK6



70 71 70 70



AlSRK a



AlSRK b



BoSRK3



BoSRK6



70



71 75



70 73 75



70 74 75 90



75 73 74



75 75



90



The SRK cDNA was translated in silico leading to a 867 amino acid protein. Results of aligments of this protein sequence with known sequences of other A.lyrata or Brassica SRK are shown in table 3.2. Amino acid identities between Al SRK 1.9 and other A. lyrata or Brassica oleracea SRK were around 60%, being a common value for SRK proteins from different alleles. Only the two SRK from different Brassica alleles showed stronger identity. Aligments with BoSRK6 allowed us to position extracellular, transmembrane and intracellular domain (see figure 3.5). We could also identify conserved residues between different SRK proteins. The hydrophobic residues (1 to 32) at the N-terminus constitute a putative signal peptide. Exon 2 is likely to encode the transmembrane domain because of its 20 amino acid long sequence (amino acids 455-475),
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3 Results Table 3.2: Comparisson of the protein sequence of in silico translated AlSRK 1.9 cDNA with SRK proteins from different S -loci of Arabidopsis lyrata and Brassica oleracea. Identity is given in percent. Al SRK a and b refer to [6], BoSRK3 to [44] and BoSRK6 to [2].



Al SRK 1.9 Al SRK 1.9 Al SRK a Al SRK b BoSRK3 BoSRK6



58 61 57 58



Al SRK a



Al SRK b



BoSRK3



BoSRK6



58



61 68



57 62 65



58 64 66 84



68 62 64



65 66



84



in which 75% are of hydrophobic nature. In the intracellular domain, all important amino acids, required for a functional Al SRK 1.9, according to its kinase activity, were present. However, expression assays in planta are still necessary to test the real function of SRK. According to protein aligments, the start (ATG) and STOP codon could be positioned in Al SRK 1.9 cDNA sequence so that we are now ready to express AlSRK cDNA for further analyses.



3.2.3 AlSRK 1.9-GFP is transiently expressed in Nicotiana benthamiana leaf epidermal cells To determine whether it is possible to express GFP fusions of SRK for further SRK localization in planta, we amplified AlSRK 1.9 cDNA and generated a C-terminal fusion of SRK with the Green Fluorescent Protein. First transient in planta expression experiments were made by infiltration of Nicotiana benthamiana leaves with this AlSRK 1.9-GFP construction under the strong viral promoter p35S (Cauliflower Mosaic Virus promoter). Localization of SRK-GFP in Nicotiana benthamiana inferior leaf epidermal cells is shown in figure 3.6. The GFP control (figure 3.6 a) shows the typical double localization of GFP: It was found in the cytoplasm but also in the nucleus (n), because it is soluble in the cytoplasm and enters thus spontanously the nucleus through nuclear pores. The big vacuole in Nicotiana benthamiana inferior leaf epidermal cells squeezes the cytoplasm to the plasma membrane. This permitted us to observe the typical puzzle shaped structure of these cells in the GFP control. In AlSRK 1.9-GFP transformed cells, different intracellular locations were labelled (figure 3.6 b). A network around the nucleus (n) indicated that SRK-GFP is partially located to the endoplasmic reticulum. Furthermore, fluorescence is excluded from the nucleus. That reveals that SRK-GFP is not soluble in the cytoplasm and strengthens the hypothesis that it localizes to the ER. SRK-GFP might also be located to the plasma membrane which is difficult to distinguish from the cytoplasm because of the voluminous vacuole. In addition, we observed green fluorescent compartments, which are likely to be either secretory, golgi deriving vesicles or endosomes. As we could visualize SRK-GFP in compartments
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3 Results of the secretory pathway (ER, Golgi) this suggests that SRK is delivered to the plasma membrane. In any case, further experiments have to be carried out in order to determine whether Al SRK 1.9GFP is really located at the plasma membrane. The next step will be the expression of AlSRK 1.9 in A. thaliana in its natural tissue, the papillae. As initially reported, A. thaliana is highly self-fertile because it is lacking a functional SRK. However, the signal transduction pathway leading from SRK activation to the SI response is intact [7, 8]. Thus we assume that, if Al SRK 1.9 is functional and transfered into A. thaliana, this transgenic line should be able to reject A. lyrata pollen grains carrying the 1.9 S -allele. The realization of such a functionality assay requires the expression of AlSRK 1.9 in papillae. One possibility would be the transactivated expression of AlSRK 1.9 in papillae of the A.thaliana N9292 line. Thus in a first attemp we had to verify that under natural conditions, A. thaliana N9292 stigma and A. lyrata 1.9 pollen are compatible. We made pollination assays by pollinating N9292 stigma with its own pollen or with pollen from A. lyrata 1.9. Seven hours after pollination, which corresponds to the time required for pollen tube growth into the ovary, flowers were harvested and an Aniline blue staining was carried out in order to visualize pollen tubes in plant ovary. Results are shown in figure 3.7. Both pollinations were compatible as seen by the presence of pollen tubes in the ovary of N9292 pistils. Arrows indicate the typical fluorescent callose plugs of growing pollen tubes. This part has given important results for further SRK analysis. First, we were able to express an AlSRK1.9-GFP fusion in plant cells. Second, as N9292 plants were shown to be compatible to pollen from A. lyrata 1.9, this would allow transactivated expression and functional analysis of Al SRK 1.9 in these plants. Once we will have verified that Al SRK 1.9 is functional, we could express AlSRK1.9-GFP in papillar cells and analyze the receptors trafficking by colocalization experiments to markers of compartments of the endocytic pathway.
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4 Discussion and Perspectives 4.1 Lack of effect of SNX1 overexpression on SI The first question we addressed in this report was the effect of overexpression, downregulation or mislocalization of SNX1 in A. lyrata papillae on the SI response. As mentioned before, only the generation of SNX1 overexpressing transgenic A. lyrata plants was successful. However, SNX1 overexpression had no visible effect on SI: no fruits developed from flowers after selfing. As the pSLR1 promoter, which controlled SNX1 expression, seems to activate the expression only at a low level (GFP fluorescence was low in pSLR1::SNX1-GFP plants) the absence of a phenotype might be due to an unsufficient SNX1 overexpression. In order to reveal the SNX1 overexpression quantitatively, the amount of endogenous and recombinant SNX1 should be compared. But for the moment no antibody against Al SNX1 is available that would enable us to verify SNX1 levels. In case of successful SNX1 overexpression, we expect a result similar to that obtained by Kurten et al. [23], who overexpressed human SNX1 in mammalian cells and elucidated thus the role of SNX1 in trafficking of human EGF receptor. A 40 fold SNX1 overexpression caused a 75% reduction of EGF receptors at the cell surface, due to accelerated lysosomal degradation of the receptor. If a similar, drastic reduction of SRK at the papillar cell surface occurred following SNX1 overexpression, one would await a reduced SRK activity and thus a decrease or breakdown of SI, detectable by the apparition of fruits following selfing of A. lyrata. In addition to the observation of an SI phenotype in pSLR1::SNX1-GFP A. lyrata, molecular approaches would be developed to gain insight into the effect of SNX1 on SRK routing. Labelling of the number of SRK at the cell surface with the radioactive labelled ligand of SRK (SCR) could permit us to compare the number of SRK at the papillae surface in wildtype and SNX1 overexpressing plants. Alternatively, SRK in the plasma membranous fraction of stigma protein extracts could be detected by Western blots. Both strategies are not yet feasible because to date, neither the sequence of AlSCR of allele 1.9 nor an Al SRK 1.9 antibody are available. Although we did not observe any alteration of SI in the transgenic plants we generated, our work allowed for the first time the observation of endosomes in papillar cells.
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4 Discussion and Perspectives



4.2 The necessity to set up an A. thaliana model for SI analysis During this work, we encountered problems with the efficacity of A. lyrata transformation. These problems are mainly due to a high sensitivity of in vitro transformation to the quality of plants and of Agrobacteria and to marginal changes of culture conditions. Furthermore, the transfer of tools from A. thaliana to A. lyrata, despite their phyllogenetic proximity, revealed to be not as easy as expected. The detection of transcripts in A. lyrata flowers by in situ hybridization methods, which were initially established for A. thaliana, were not successful. ISH is a technique that needs to be well adapted for each tissue or species used, in order to achieve a successful conservation of RNA by fixation and a good permeabilization of tissues for probe penetration. As tissues of A. lyrata are thicker than those of A. thaliana, ISH may require more drastic conditions for both steps than those described for ISH with A. thaliana. Taken all these problems together, we should improve and adapt tools from A. thaliana for A. lyrata. Alternatively we can switch our strategy and generate for further analyses our own, transgenic model system in A. thaliana, because it is possible to transfer SI to this naturally self-compatible plant. The work with an A. thaliana based SI model system is attractive because it gives access to all the tools already available for A. thaliana such as genetic databases, mutant collections and experimental protocols including the high performance transformation.



4.3 How do papillae intracellular compartments behave? In order to make A. thaliana a model system for SI analysis, we had first to characterize the papillar cells, the site of SI. In a first approach, we were able to visualize compartments of the endocytic pathway by expression of RFP fused markers of the plasma membrane, endosomes and the trans golgi network (TGN). When we compared our result for the localization of FH6 with those from the literature [36], we found some differences. In papillae we observed FH6 at the plasma membrane and in the vacuole, whereas it was reported that, in protoplasts, FH6 localizes specifically and only to the plasma membrane. The different localization is likely to be due to tissue differences and experimental conditions. In our case we used stable transformation and observed FH6 in planta in papillae, a situation that corresponds to physiologic conditions. By contrast, results from the literature were achieved by transient expression of FH6 in vitro in unique protoplast, independently from their tissue. So under physiological conditions in papillae, FH6 might be internalized and be routed to the vacuole whereas in vitro, in protoplasts, this mechanism is likely to be lacking. We got further results that indicated differences in intracellular processes according to different cell types. This was the case when we analyzed the effect of the drugs Wortmannin and
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4 Discussion and Perspectives Brefeldin A on ARA7 endosomes in papillae. As reported by our group for root ARA7 endosomes, Wortmannin led to the formation of enlarged vacuolated ARA7 compartments in papillea. By contrast, we obtained a very interesting result, which was the complete absence of BFA sensitivity of endosomes in papillar cells. Russinova et al. [19] had already observed differences of BFA sensitivity between different cell types and they related this to the chlorophyll content of cells. But recent results of Paciorek et al. [47] indicate that differences of BFA sensitivity do not depend on the cellular chlorophyll content, but rather on the tissue origin of a cell. In any case, the observation of different BFA sensitivites between different plant cell types confirms our result that BFA sensitivity in papillae was absent despite its occurrence in root cells. Recapitulating, we could visualize in papillae the plasma membrane, and for the first time endosomes and the TGN, all compartments of endocytic traffic. The next step will be to analyze, how SRK fits into this environment.



4.4 What about transient AlSRK 1.9 expression Isolation of SRK gene and cDNA from A. lyrata allele 1.9 was successful. Based on comparative sequence analyses, we found that important residues for kinase function are conserved in AlSRK 1.9. Experiments of AlSRK 1.9-GFP transient expression in leaf epidermal cells of Nicotiana benthamiana showed that the SRK cDNA in fusion with GFP can be transiently expressed. This is a very encouraging result, as the BoSRK3 sequence we previously used in our group, never led to successful expression in plant cells. Now it is necessary to check that the observed fluorescence is due to an SRK-GFP fusion containing the entire SRK sequence. This can be realized by estimation of the length of the fusion protein in Western blots with an anti GFP antibody. During fluorescence observation of the Al SRK 1.9-GFP fusion protein, we described its localization to structures of the secretory pathway (ER, vesicles) and/or endosomes. This result is very important as it indicates a possible SRK delivery to, and/or uptake from the plasma membrane, the natural SRK location. But whether transient expressed AlSRK 1.9 is really located at the plasma membrane in leaf epidermal cells, still requires to be confirmed. A suitable assay will be isolation of proteins from plasma membrane fraction of infiltered Nicotiana benthamiana leaf epidermal cells and detection of Al SRK 1.9-GFP by an anti-GFP antibody. As transient expression in Nicotiana benthamiana leaf epidermal cells was successful, we are strongly encouraged in expressing now AlSRK 1.9 in papillae of A. thaliana and to analyze its endocytic traffic.
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4 Discussion and Perspectives



4.5 Which system to use for SRK trafficking analysis? When we want to express AlSRK 1.9 in papillea of A. thaliana we have to think about the promoter we want to use. In a first idea, we thought about carrying out these experiments in the transactivation system of A. thaliana N9292. We verified that a functional test of Al SRK 1.9 in this line would be possible, as N9292 pistil and A. lyrata pollen carrying the 1.9 S allele are naturally compatible. After having achieved stable expression of AlSRK 1.9 in A. thaliana papills, we intend to make colocalization experiments with the receptor and markers of the endocyic pathway. Furthermore, it would be interesting to repeat transformation initially made with A. lyrata (with VPS34 antisens and SNX1-RNAi constructions) in these plants, in order to observe the effect of SNX1 downregulation and mislocalization on SI and on SRK routing. For such an assay it would be necessary that we can direct the expression only to the papillar cells, in order to avoid developmental problems that occur when RNAi or antisens constructions are expressed ubitiquously [33]. But when we analyzed the expression pattern of GFP in the N9292 line, we found out that GFP can also be detected in roots and hypocothyl (data not shown), indicating that the expression is not stigma specific. These expression pattern may result from the fact that the enhancer controlling Gal4 expression is not stigma specific. Another possibility is that there were multiple tDNA insertions into the plants genome and Gal4 expression is controlled by different enhancers. To elucidate the exact genetic nature concerning tDNA insertions of N9292 plants, Southern blots should be made to analyze the number of tDNA insertions. If there is more than one insertion, back-crosses with wildtype A. thaliana plants should be made until obtaining plants with only one tDNA insertion in proximity of the stigma specific enhancer. In the case that only one tDNA insertion is present in the used plants, but under a non-stigma specific enhancer, this plant line is not suitable for our approaches and other possibilities should be considered. As mentioned before, the stigma specific pSLR1 promoter did not lead to a satisfactory expression in papillar cells. But a possible solution might be the combination of the pSLR1 promoter with the yeast transcription factor Gal4, for amplification of transcription activity, or combination of pSLR1 with enhancers of the strong, viral promoter p35S (Cauliflower Mosaic Virus) in order to strengthen the expression of target genes by pSLR1. This could enable us to get a strong, stigma-specific expression system in order to well analyze SRK traffic. The pSLR1::Gal4 construction would present the advantage of possible transactivation of later introduced constructions.
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5 Conclusion My Master’s project has been the occasion to collect important information in order to analyze SRK endocytic traffic in papillae. Two approaches were made. The first was based on observation of the effect on SI when SNX1, a SRK interactor, was overexpressed in A. lyrata. The second consisted in estimating the feasibility of using A. thaliana papillar cells as a model system to study SRK traffic during SI. In the first part we obtained two A. lyrata pSLR1::AlSNX1-GFP plants in which we did not observe any SI phenotype following SNX1 overexpression. This may reside in insufficient SNX1 activation by the promoter pSLR1. However, we could visualize endosomal compartments in papillae of these plants. This first part of experiments with self-incompatible A. lyrata demonstrated the difficulty of in vitro transformation and other tools. Given this, we based the second part on the establishment of an A. thaliana model system, in which SRK from A. lyrata shall be introduced, in order to analyze the SI response by numerous, optimized tools. In a first step, papillae of A. thaliana were characterized by visualization of compartments of the endocytic pathway, being plasma membrane, endosomes and the TGN. Furthermore we revealed that, in contrast to root, endosomes in papillae are BFA insensitive. This important observation indicates a tissue specific regulation of endosomes in papillae. In order to introduce an SRK from A. lyrata into the model system A. thaliana, we isolated from A. lyrata, allele 1.9, an entire SRK cDNA. First transient expression analyses of an AlSRK 1.9-GFP fusion in Nicotiana benthamiana leaf epidermal cells were successful. This is a very positive result, because similar studys of our group, done with SRK from Brassica oleracea always failed, for an unknown reason. During transient expression, AlSRK 1.9 was observed in the endocytic and/or secretory pathway (ER, vesicles) which might lead up to secretion of the receptor into the membrane. It remains now to verify that the cloned AlSRK 1.9 is functional, by renderring an A. thaliana plant incompatible to A. lyrata 1.9 pollen after expression of AlSRK 1.9 in its papillae. We showed that this assay would be possible, because A. thaliana plants and A. lyrata pollen are naturally compatible. Taken together, all results I obtained during my Master’s project, allowed the foundation of an A. thaliana based model system for further analyses of SRK trafficking and of its role in SI.
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