
 
 

  

The early response to dehydration (ERD) plant proteins ERD10 and 
ERD14 are intrinsically disordered chaperones. Understanding their 
biologically relevant structural and functional behaviours inside living plant 
cells is only possible through the combination of advanced structural and cell 
biology methodologies. 
Current state-of-the-art structural biology techniques, however, 
are mostly applied to molecules which are isolated from their native 
environment. The major goal of this PhD thesis, was therefore to perform in-
cell nuclear magnetic resonance (NMR) using ERD10 and 14 proteins, i.e., 
to analyse the structure-function relationship of ERDs under truly natural in 
vivo conditions. This approach requires delivery of labelled proteins into 
cells under physiological conditions. Using a multidisciplinary approach that 
included recombinant protein production, Confocal fluorescence 
microscopy, NMR spectroscopy and different intracellular protein delivery 
strategies, the possibility to develop in-cell NMR studies in living plant 
cells was exhaustively explored. While a comprehensive framework to set-
up such a system was established and it is herein provided, the efficient 
intracellular introduction of isotope-labelled proteins still remained a 
bottleneck difficult to circumvent. Future directions should envisage the use 
of cell-penetrating peptides possibly facilitating the delivery of proteins 
inside plant cells. 
Here, we also report the complete chemical shift assignment of the 
disordered protein ERD10, to serve as a starting point for more 
detailed structural studies in the future. 
In addition, we have unveiled a novel post-translational modification (PTM) 
of ERDs. We have found that ERD10 and 14 can be SUMO(small Ubiquitin-
like modifier protein)-ylated. Interestingly, SUMOylated ERD14 efficiently 
binds to the Arabidopsis thaliana NAC transcription factor ATAF1. The 
functional in vivo significance of this interaction remains nevertheless to be 
further understood. 
Finally, to directly assess the anti-aggregation activity of ERD14, its effect on 
the amyloid-forming Escherichia coli CsgA protein was tested. Whereas we 
observe signs of a chaperone-like effect, we conclude that the chaperone 
activity of ERD14 should be checked on naturally-occurring aggregating plant 
proteins. 
Altogether, our research sheds some interesting light on the structural and 
functional features of the enigmatic ERD proteins in vitro and in vivo, 
opening the way for subsequent dedicated in vivo studies addressing 
molecular and cellular details of the structure and function of intrinsically 
disordered chaperones in a more general context. 
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