How pole-to-pole oscillations of the cytoplasmic Min proteins shape the dynamics of the outer
membrane protein Ag43 in E. coli
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Descriptif :

Outer membrane proteins (OMP) mediate the interactions between bacteria and their environment.
Their localization is relevant for many physiological processes such as cell infection or biofilm formation.
Recent development on the dynamics OMP insertion have shown that OMP are mainly inserted at
midcell and then passively advected to the poles. This scenario, where the source of OMP insertion on
the outer membrane is located at midcell likely predicts a gradient from the center to the poles.
However, a number of OMP have been reported to follow an inverted gradient from poles to cell center.
In Gram-negative bacteria, OMPs are first translocated from cytoplasm to periplasm before being
inserted in the outer membrane. We recently demonstrated that the periplasmic dynamics of Ag43, an
E. coli OMP involved in cell-cell adhesion, is biased towards the poles. Unexpectedly, we showed that
the non-trivial dynamics in the periplasm is coupled to the Min system, which oscillates from pole to
pole in the cytoplasm. Now, we would like to understand how these two systems (Ag43 and Min) can be
coupled while separated by the inner cell membrane. As part of the proposed internship, we will
investigate the role of anisotropy in the lipid composition of the inner membrane, more specifically, the
role of cardiolipins, which are enriched at cell poles. The internship will mainly consist of performing
fluorescence microscopy experiments and image analysis.

The objectives of the proposed internship are twofold:

- Understanding from a « system » point of view how the Min oscillations from poles to poles in the
cytoplasm could generate a net drift for protein dynamics in the periplasm. We propose therefore to
modulate the period of Min oscillations and combine experiments and modelling to propose a physical
mechanism for the coupling.

- Understanding from a molecular point of view how the Min systems conveys its positional information
from the cytoplasm to the periplasm. We suspect that the heterogeneity of lipid composition in the
inner membrane can relay the positional information of Min Proteins from the cytoplasm to the
periplasm. We will therefore image how the concentration dynamics of negatively charged lipids at
poles depend on the period of Min oscillations.

Techniques :

- quantitative biology (modeling)
- fluorescence microscopy (TIRF)
- image analysis (python/MatLab)
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