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Moderador
Notas de la presentación
First of all, I want to thank the organizers of the meeting. Today I’m going to present my talk entitled: 

CORTICAL ER – PM CONTACT SITES IN PLANTS



• The ER requires physical interactions with different organelles to be fully 
functional. 
 

• cER interacts with PM through membrane contact sites: ER-PMCS. 
 

• The establishment and the functions of this ER-PMCS are unknown in plants.  
 

 

Abel Rosado 

ER function requires membrane contact sites (MCS) 

Moderador
Notas de la presentación
The ER is a network of tubules and cisternae that physically interact with different organelles in order to be fully functionall. 

In the cell periphery the cortical ER establish multiple interactions with the plasma membrane, named ER-PMCS.

How this contact sites are formed and their physiological roles in plants remain unknown.




cER – PM Contact Sites  (ER-PMCS) 

• Close apposition between  cER and PM 

• 10-30 nm distance between membranes 

• Ribosomal exclusion 

PM 
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Pérez-Sancho et al., Unpublished 

Moderador
Notas de la presentación
As you see in the electron microscopy image there is a close apposition between cER and PM. The distance between these two membranes ranges from 10-30nm which excludes ribosomes and allow an easy identification of these contact sites.

These properties of the ER-PMCS require the existence of protein tethers that keep the membranes close together while preventing their fusion.
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ER-PMCS establishment relies on Ca+2-dependent  
phospholipid binding proteins 
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Mammals : Extended Synaptotagmins 

N C SMP TM C2 C2 

Plants : Synaptotagmins 

Moderador
Notas de la presentación
In yeast and animals these functions are carried out by phospholipid binding proteins named tricalbins in yeast and extended synaptotagmines in mammals. 

These two families of proteins have a common structure with a single TM domain, a SMP domain (which target the proteins to MCS) and multiple C2 domains which function as ca sensors and have the phospholipid binding ability.  

In plants, synaptotagmins are the only proteins with this common structure. In arabidopsis, SYTs are a family of 5 members with two c2 phospolipid binding domains. We are focusing on SYT1 which is the highest expressed arabidopsis SYT


So ¿how these phospholipid binding proteins tether the two membranes?
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ER-PMCS establishment mechanism in yeast and mammals  

Moderador
Notas de la presentación
In yeast and mammals these proteins are anchored to the cER membrane. When the c2 domains sense a ca signal they undergo a conformational change and bind phospholipids in the PM, moving closer the two membranes.
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 New ER-PMCS 

ER-PMCS establishment mechanism in yeast and mammals  

Moderador
Notas de la presentación
We wondered WHETHER arabidopsis SYTS could function in the same way so first we tested its subcellular localization using immunolocalization.




Are Arabidopsis SYTs localized in ER-PMCS? 

Pérez-Sancho et al., Unpublished 

Moderador
Notas de la presentación
For that purpose we used a specific antiSYT1 ab as demonstrated by immuno and western blot in the syt1 mutant.

Immunolocalization in root cells showed an intracellular SYT1 signal compatible with ER and a punctated signal in the cell periphery which may correspond to the ER-PMCS.

Next we tried to colocalize the punctated signal with different markers.




SYT1 is closely associated to the cortical ER 

Pérez-Sancho et al., Unpublished 

HDEL:GFP SYT1-TRITC Overlay 

HDEL:GFP SYT1-TRITC Overlay 

Moderador
Notas de la presentación
First we evaluated the colocalization with the ER marker HDEL:GFP and we observed that SYT1 partially colocalized with the internal HDEL signal. However in cER there was no clear colocalization although the two signals were tightly asociated.

Again you can see the punctated signal for SYT1.

Next we evaluated the colocalization with PM markers. 



SYT1 partially colocalizes with PM markers 
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Pérez-Sancho et al., Unpublished 

Moderador
Notas de la presentación
In this case we saw a partial colocalization with PIP1:GFP and also with PIN2:GFP.

In both cases you can see again the punctate pattern of SYT1 signal.

Finally we analyzed whether these spots could be associated with cytoesqueleton because cytoesqueleton markers sometimes appears as spotted signal. 
 



SYT1 and cortical microtubules signals  
are mutually exclusive 

MAP4-GFP SYT1-TRITC  Overlay 
 Overlay SYT1-TRITC TUA6-GFP MAP4-GFP SYT1-TRITC  Overlay 

Pérez-Sancho et al., Unpublished 

Moderador
Notas de la presentación
For that purpose we use the cortical microtubules marker MAP4:GFP. We observed that MAP4 and SYT1 signals were mutually exclusive. In places where MAP4 signal was intense SYT1 signal was weak and viceversa. 

If we go in more detail we see the alternance of the spots between SYT1 and MAP4 and also between SYT1 and TUA6, another microtubules marker. 

So far we have seen root subcellular localization but, what happens in shoots?  




Different SYTs are located in plasmodesmata  

35S::SYT3-GFP 

Propidium Iodide SYT1::SYT1-GFP Overlay Propidium Iodide 35S::SYT3-GFP Overlay 

Pérez-Sancho et al., Unpublished 

SYT1::SYT1-GFP SYTs localization in plants is 
compatible with function in ER-PMCS 

Moderador
Notas de la presentación
For shoots subcellular localization we used a transgenic SYT1:GFP line driven by its endogenous promoter. As you see in the movie there is movement through transvacular strands and like in root a cortical punctated signal. 

The brightest cortical spots colocalized with plasmodesmata, the places where the propidium iodide signal is not present. 

The same pattern was observed for the transgenic SYT3:GFP  line driven by the constitutive 35S promoter.

Since in plants plasmodesmata are the canonical ER-PMCS we conclude that SYTs localizatio…

We have the right localization, lets talk about the functions



Known functions of ER-PMCS in yeast and mammals 

1. Ca2+ homeostasis 
 

2. Lipid homeostasis 
 

3. Stress response 

Moderador
Notas de la presentación
In yeast and mammals some functions of the ER-PMCS have been characterized. These functions include Ca and lipid homeostasis and stress responses. Here we studied whether these functions were affected in a syt1 KO mutant plant.




Known functions of ER-PMCS in yeast and mammals 

1. Ca2+ homeostasis 
 

2. Lipid homeostasis 
 

3. Stress response 

Moderador
Notas de la presentación
First we evaluated the involvement of SYT1 in calcium homeostasis.



syt1 has altered Ca+2 sensitivity under stress conditions  

Schapire et al., 2008 Plant Cell 

Moderador
Notas de la presentación
We grew seedlings under salt stress and normal calcium concentration, 3mM, and we didn´t find differences between col and syt1, but when we applied the same stress under low ca concentration (.5 and .3 mM) the syt1 mutant was more affected than the control with reduced root development and reduced shoot expansion. 



syt1 has altered Ca+2 sensitivity under stress conditions  

SYT1 might be involved Ca2+ homeostasis  
during stress episodes. 

Schapire et al., 2008 Plant Cell 
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Moderador
Notas de la presentación
We also saw this Calcium hipersensitivity at the microscopic level as a higher cell death rate. For that we used two different dyes: fm4-64 which massively enters the cell if the PM is disrupted and FDA which only fluoresces in living cells.

As you see in this picture after salt treatment with 3mM calcium most col and syt1 cells were alive. When we reduced calcium to .3 mM both genotypes were more affected, but the syt1 presented much more cell death than the wild type. 

So we conclude that…



Known functions of ER-PMCS in yeast and mammals 

1. Ca2+ homeostasis 
 

2. Lipid homeostasis 
 

3. Stress response 

Moderador
Notas de la presentación
Next we evaluated the putative role of SYT1 in lipid homeostasis.

We first checked whether SYT1 binds phopholipids as tricalbins and extended SYTS do.



SYT1 binds PtdIns(P)s and PGs 

Rosado et al., Unpublished 

Moderador
Notas de la presentación
For that purpose we used PIP STRIPS with different PM phospholipids. Similarly to tricalbins and extended syts SYT1 interacted with several phosphotidil inositol phosphates and the presence of the phosphate group is essential for the interaction, because there is no binding to phosphatidil inositol without the phosphate. 

Another interesting feature is that SYT1 also interacted with phophatidil glycerol and its derivatives.
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Lipid profile is altered in syt1  
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Rosado et al., Unpublished 

SYT1 might be involved in lipid 
homeostasis maintenance 

Moderador
Notas de la presentación
Moreover when we compared the col and the syt1 mutant lipidomes we observed that the amount of most lipids didn´t change except pg and pi which were accumulated about two fold in the syt1. When we analyzed in detail these two groups we observed that almost all pg and pi species were accumulated. 

Since SYT1 directly binds the phospholipids that change in the lipidome analysis we conclude that …




Known functions of ER-PMCS in yeast and mammals 

1. Ca2+ homeostasis 
 

2. Lipid homeostasis 
 

3. Stress response 

Moderador
Notas de la presentación
Finally, we evaluated the role of SYT1 in cold stress tolerance. We chose cold because it is a stress associated with lipid changes. 
 



The syt1 lipid changes are associated  
with cold stress sensitivity 
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Untreated Cold Stressed 

Cold Treatment 

Rosado et al., Unpublished 

SYT1 is involved in cold 
tolerance 

Moderador
Notas de la presentación
We compared the lipidome of non stressed and 24h cold stressed col and syt1 plants and we normalized  all the results to non stressed col.  

First, look only at the columbia behaviour: we see that pg and pi accumulate in response to cold. Now, if we look the syt1 mutant, we see that these lipids are constitutively accumulated without stress, as the syt1 mutant was feeling cold in control conditions. Then when the cold is applied pg and pi accumulate even more. This is translated in a lower survival rate of the syt1 mutant when frozen at different temperatures. In adittion, this cold hypersensitive phenotype reverts in the complementation lines which support that SYT1…





Are Arabidopsis SYTs the orthologs of tricalbins  
and extended synaptotagmins?  

  SYT1 has the proper subcellular localization. 
 
  SYT1 has equivalent functions.  

 
 

 
• It is required for Ca2+ and lipid   
  homeostasis. 

 
• It binds phospholipids. 

 
• It has roles in stress tolerance.  

 

Moderador
Notas de la presentación
From the beginning we had a question: 
Based on the SYT1 results we think that the answer is yes:
SYT1 has the proper subcellular localization and equivalent functions because it is requi…

For those reason we propose that ER-PMCS are places were cell biology meets abiotic stress tolerance.
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Moderador
Notas de la presentación
Finally I would like to thank every people who is working in this project: 



Thank you! 





Results The syt1 lipid changes are associated with cold stress 
sensitivity 

Rosado et al., Unpublished 





SYT1 BINDING TO PS: CA+2 DEPENDENCY 

Schapire et al., 2008. Plant Cell 
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Results Biochemical Properties of  the Arabidopsis Synaptotagmin1 (SYT1) 



Results Biochemical Properties of  the Arabidopsis Synaptotagmin1 (SYT1) 

SYT1 Binding to PS: Ionic Competition 

Rosado et al., Unpublished 

10µM Ca+2 



Plant synaptotagmin families 

Moderador
Notas de la presentación
Esta familia consta de 5 prote’ias que se pueden agrupar en tres ramas filigeneticas . Nos vamos a centrar en la 1 y 3 que son las m;as expresadas en la mayoria de lo tejidos.



SYT1 binds PtdIns(P)s and PGs in a Ca+2 independent manner   

Rosado et al., Unpublished 

Moderador
Notas de la presentación
For that purpose we used PIP STRIPS with different PM phospholipids. SYT1 interacted with phosphotidil inositol phosphates in the

Para ello usamos pip strips con distintos fosfolípidos de membrana plasmatica y syt interacciona con pip tanto en ausencia como en presencia de ca. Hay que remarcar que no int con pi sin p, lo que demuestra que el grupo fosfato es importante para la interacción. Además tambien interacciona con PG y sus derivados. 

Una vez comprobado que syt1 interac con fosfolípidos evaluamos si hay cambios en el lipidoma de syt1.
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