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Interplay between phosphorylation and ubiquitination to regulate aquaporin
function under osmotic stress

M. Di Pietro, N. Berger, V. Rofidal, S. Hem, L. Verdoucq, C. Maurel, V. Santoni

IPSiM, CNRS, INRAE, Institut Agro, University Montpellier, 34060 Montpellier, France

Maintaining water balance in plant cells and organs involves control of water fluxes, and
hence, a tight regulation of water channels (also called aquaporins) in plant cell membranes
[1,  2].  In  Arabidopsis,  35  homologs  comprised  in  four  homology  subclasses  have  been
identified.  The  plasma  membrane  intrinsic  proteins  (PIPs;  with  13  isoforms  further
subdivided in the PIP1 and PIP2 subgroups) are the most abundant aquaporins in the plasma
membrane. An excellent mechanism for fine-tuning the function of channels can be provided
by post-translational modifications (PTMs). PTMs are central to regulate protein structure
and  function  and  thereby  to  modulate  and  control  protein  catalytic  activity,  subcellular
localization,  stability,  and interaction with other  partners.  We showed that  a  short-term
osmotic treatment induces a  maximal  root  hydraulic  conductivity  inhibition by 60% that
could be accounted for a decrease in PIPs function [3] and not in PIPs degradation since their
cellular  abundance  remains  stable  [4].  By  contrast,  such  treatment  induced  PIP2;1
internalization  [5].  Using  proteomics,  we  described  PIPs  as  being  modifiable  by
phosphorylation, acetylation, methylation, deamidation and ubiquitination  [3, 4, 6, 7]. The
MS quantification of phosphorylation and ubiquitination provided evidences for an interplay
between phosphorylation and ubiquitination at the C-terminus of a major aquaporin (PIP2;1)
[4]. We hypothesize that such interplay governs PIP2;1 internalization under osmotic stress.
Perspectives will be discussed in terms of characterization of modifying enzymes involved in
PIP2;1 internalization. 

1. Maurel,  C.;  Boursiac,  Y.;  Luu,  D.-T.;  Santoni,  V.;  Shahzad,  Z.;  Verdoucq,  L.,  Aquaporins  in
Plants. Physiological reviews 2015, 95, (4), 1321-58.

2. Maurel,  C.;  Tournaire-Roux,  C.;  Verdoucq,  L.;  Santoni,  V.,  Hormonal  and  environmental
signaling pathways target membrane water transport. Plant Physiology 2021, 187, (4), 2056-
2070.

3. Di Pietro, M.; Vialaret, J.; Li, G.-W.; Hem, S.; Prado, K.; Rossignol, M.; Maurel, C.; Santoni, V.,
Coordinated post-translational responses of aquaporins to abiotic and nutritional stimuli in
Arabidopsis roots. Molecular and Cellular Proteomics 2013, 12, 3886-3897.

4. Berger, N.; Demolombe, V.; Hem, S.; Rofidal, V.; Steinmann, L.; Krouk, G.; Crabos, A.; Nacry,
P.; Verdoucq, L.; Santoni, V., Root membrane ubiquitinome under short-term osmotic stress.
International Journal of Molecular Sciences 2022, 23, (4).

5. Martiniere,  A.;  Fiche,  J.  B.;  Smokvarska,  M.;  Mari,  S.;  Alcon,  C.;  Dumont,  X.;  Hematy,  K.;
Jaillais, Y.; Nollmann, M.; Maurel, C., Osmotic stress activates two reactive oxygen species
pathways with distinct effects on protein nanodomains and diffusion. Plant Physiology 2019,
179, (4), 1581-1593.

6. Santoni,  V.,  Plant aquaporin posttranslational  regulation.  Signaling and Communication in
Plants  -  Plant  Aquaporins:  From  Transport  to  Signaling  François  Chaumont,  Stephen  D.
Tyerman ed 2017, (Signaling and Communication in Plants ), 83-105.

7. Santoni,  V.;  Verdoucq, L.;  Sommerer,  N.;  Vinh, J.;  Pflieger,  D.;  Maurel,  C.,  Methylation of
aquaporins in plant plasma membrane. Biochem. J. 2006, 400, (1), 189-197.


	Protéome du Douglas : une nouvelle ressource pour la recherche génomique



