
Project for M2 student:

Synthesis and mechanics of plant cell walls

Pauline Durand-Smet (with Atef Asnacios and David Pereira) (pauline.durand@u-paris.fr), MSC lab,

biophysics team.

The shape and architecture of every plant depend on how its cells grow. The outer membrane of

every plant cell is surrounded by a wall made of cellulose fibres embedded in a matrix, and

neighbouring cells are stuck together so they cannot move. Despite these constraints, plants can

generate remarkable shapes, from orchid flowers to tree canopies. These forms arise through a

dynamic process in which the pressure within each cell causes the walls to stretch irreversibly. Wall

thickness is maintained through the synthesis of new layers of fibres at the cell membrane, and

partitioning walls are also added, preventing cells from becoming too large. Although the pressure in

each cell acts equally in all directions, the wall fibres are not randomly arranged, causing cells to

creep more in some orientations than others. The secret of plant shape, therefore, lies in how the

cell walls are structured to yield with specific rates and orientations.  Although much progress has

been made in understanding how genes control these processes, we still lack a quantitative

understanding of how the growth of even a single plant cell is controlled.  One difficulty is that cell

wall properties depend on their history of formation, which is usually unknown. A further problem is

that growth is modified by mechanical constraints and signals from neighbouring cells.

To circumvent these problems our group exploits a simplified system in which the formation of a new

wall can be followed from scratch. Protoplasts are single plant cells in which the walls have been

digested away. Under the right conditions, protoplasts will regenerate their walls and exhibit

oriented growth. Using microscopy, microfluidics (see attached figure) and a micromanipulation

device, the student will quantify the organisation of the different components of the wall as it is

made and measure its mechanical properties (Durand-Smet et al, 2014 and 2017) as it strengthens

and cells begin to undergo growth. This project could lead to a PhD project as we can also investigate

the feedback of the new cell wall on cellular components such as cytoskeleton organisation or

calcium signalling. The ultimate goal is to arrive at an integrated quantitative understanding of cell

wall synthesis, assembly, mechanics and growth that underpins plant development.

Fig. A: schematic representation of the microfluidic device used to confine single plant cells in

defined geometry. B: Microtubule cytoskeleton in plant cells confined in various geometries. Adapted

from Durand-Smet et al, 2020.

The PhD project could also involve several collaborations depending on the interest of the PhD

candidate:  with the Svagan group in Sweeden, we will synthesise simplified artificial plant cells

(Paulraj et al 2020) to test hypotheses for how walls acquire their mechanical properties, or with the

Robinson group in the UK we will work on the dynamics of cytoskeletal re-organisation and cell

division by combining micro-wells encapsulation and ACME stretching device (Robinson et al 2017).
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