Lipid-protein machinery mediates plant cell-to-cell communication

at plasmodesmata: a multiscale simulation approach
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Plasmodesmata (PD) interconnect plant cells and enable direct molecular exchange during
essential cellular processes, from growth to environmental stimuli responses [1]. PD are a
type of membrane contact sites where the endoplasmic reticulum (ER) forms a tubule
tethered to the plasma membrane (PM), leaving a space between them for intercellular flow.
PD are dynamic and can open or close within seconds to hours to modulate intercellular
communication but, although their structure has been characterized, the mechanisms
governing their regulation for molecular exchange remain elusive. PD regulation was long
associated exclusively to enzymatic modification of the surrounding cell wall. However,
a recently identified regulatory mode involving Multiple-C2-domain-containing-
Transmembrane-Proteins (MCTPs) challenges previous understanding. MCTPs tether the
ER and PM and have specialised C2 lipid-binding domains to respond to cellular stress-
associated cues to drive PD opening and closure, and regulate molecular transport [2, 3].
Yet, the current structural data does not explain the mechanisms governing the MCTP-
mediated regulation. Here, in silico modeling, molecular dynamics and hydrodynamics
simulations help uncover this regulatory mechanism: We propose that MCTPs form a flexible
and dynamic diffusion barrier within PD, and that by shaping the architecture, electrostatics
and dynamics of the cytoplasmic sleeve, MCTPs play a central role in regulating molecular
transport by PD. For addressing this, we combine different simulation scales to model a
reconstituted in silico PD molecular landscape with MCTPs, and the molecular flow trafficking
through PD. We present here structural models of MCTPs at the ER-PM interface obtained
with deep-learning based tools for structure prediction and molecular dynamics (MD) [4],
and the molecular flow through PD with lattice-Boltzmann MD (LBMD) [5,6]. MD simulations
elucidate the dynamic landscape of MCTPs and their collective response, as well as their
effect on the surrounding membrane bilayers. We seek to integrate these insights into flow
modeling of molecules through PD via LBMD simulations to capture how changes in MCTPs
and PD geometry affect molecular flow over time. This multiscale approach addresses
mechanistic details of plant intercellular signaling in plasmodesmata as response to stress at
an unprecedented timescale and spatial resolution.
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