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The membrane of Bacillus subtilis cells was marked with the dye Laurdan and
analysed by fluorescence microscopy. The staining indicates the fluidity of the
membrane: The membranes of the blue-stained cells are considerably more rigid
than the very fluid membranes of the reference cells (in red). Credit: Marc
Bramkamp
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Like all cells, bacteria have a membrane that shields them from the
outside like a skin. This barrier is not static, but has to allow transport of
substances in and out and be flexible so that the bacterial cells can grow.
In order to implement these properties, different types of proteins are
active in cells, including the so-called flotillins. These proteins are
present in cells from bacteria to humans. Until now, scientists assumed
that these flotillins mainly help in the formation of other functional
protein complexes and confine highly ordered areas of the cell
membrane.

A team of international researchers, including researchers from Kiel
University, has now found indications of a possible different function of
the flotillins: together with colleagues from the Universities of
Groningen (the Netherlands) and Bordeaux (France), among others, the
Kiel researchers were able to show that flotillin proteins apparently have
a direct influence on the structure of the cell membrane and can make it
more fluid under certain conditions. The scientists published their
findings yesterday in the renowned scientific journal eLife.

Flotillins may work differently than previously
assumed

All living cells must be surrounded by a separating barrier that shields
them from their environment, but is also permeable for various
molecular substances. Various proteins are necessary for the formation
of the cell membranes and to equip them with their functions. Until now,
researchers assumed that the so-called flotillin proteins serve to
contribute to the formation of the necessary functional protein
complexes—for example by delimiting certain areas of the membrane.

The work now presented by Professor Marc Bramkamp's Microbial
Biochemistry and Cell Biology group at the Institute of General
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Microbiology at Kiel University contradicts this view: "Together with a
group of international colleagues, we have found evidence that the
flotillin proteins have a completely different function. Apparently, they
regulate the fluidity of bacterial membranes, making them more fluid to
a certain extent and thus, changing their properties," says Bramkamp.
This assumption might also explain the effect that flotillins have on the
synthesis of the cell wall: building blocks for the cell wall are produced
inside the cells and must subsequently be "flipped" outwards, which is
easier to do in a more fluid membrane. In addition, the protein
machinery that synthesizes the cell wall moves dynamically through the
cell membrane and this movement is significantly reduced in the absence
of the flotillins. Consequently, the cells cannot synthesize the cell wall
correctly.
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Phase-contrast microscopic image of Bacillus subtilis bacteria in which flotillins
were made visible with the aid of the green fluorescent protein GFP. Credit:
Marc Bramkamp

Without flotilline no stable form

The Kiel research team developed the new hypothesis in cooperation
with international colleagues on the basis of experiments with the rod-
shaped bacterium Bacillus subtilis. These experiments showed that fast-
growing cells are unable to develop their typical shape in the absence of
flotillins. However, if the researchers added a chemical substance to
fluidize the membranes, the bacteria could maintain their shape even
without flotillin proteins. "We therefore assume that they take over a
physical role in the bacterial membrane," says Abigail Savietto, Ph.D.
student in Bramkamp's group at Kiel University. "The flotillins seem to
have an effect on the physical structure of the membrane, conferring the
correct fluidity so other membrane-bound processes can function
properly."

In further research, the researchers hope to find out what is the exact
molecular mechanism between the flotillin proteins and membrane
fluidity. One approach might be the investigation of the phospholipid
composition of the membrane. These lipids are involved in the
formation of many different biomembranes. It is possible that the
flotillin proteins are able to bind certain phospholipids that reduce
fluidity and thus increase the total fluidity of the cell membrane. The
new hypothesis of the Kiel research team thus also holds promising
perspectives for application: in the future, it might be possible to
specifically influence the physical properties of bacterial cell membranes
by disrupting the flotillin function. "My research group has been
working on the function of flotillins for many years and we know that
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cells with altered membrane fluidity are much more sensitive to
conventional antibiotics. It might be possible to use this mechanism, for
example to specifically alter the membrane of bacterial cells in such a
way that they can be killed more easily with antibiotics," Bramkamp
says.

  More information: Aleksandra Zielińska et al. Flotillin-mediated
membrane fluidity controls peptidoglycan synthesis and MreB
movement, eLife (2020). DOI: 10.7554/eLife.57179
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