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2.1: Membrane Fluctuations

In 1972, Singer and Nicolson [1], proposed a fluid mosaic model for the cell membrane, which viewed the entire membrane as a
dynamic system constantly in flux. Since then, the dynamics of cell membranes were studied extensively and have shown that the
membrane is in even more flux than the fluid mosaic model had claimed. The membrane is inhomogeneous, with some parts
changing their position and composition more rapidly than others. Proteins get inserted and reinternalized, rafts form and dissolve,
cytoskeleton is remodeled, and the membrane itself changes its thickness and curvature. Together, all of these perturbations are
called membrane fluctuations.

Membrane Composition

In order to understand the fluctuations that happen within a membrane, a brief overview of the membrane components is required.
The membrane consists of a phospholipid bilayer. This bilayer can be thought of as a sea, in which proteins are floating. Proteins
can be inserted in either both or a single layer of the membrane. Also in the membrane, there are sterol molecules, which add
rigidity. On the inside, the membrane is supported by a cytoskeletal network, which consists mainly of actin (Figure 2.1.1).
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Figure 2.1.1: General organization of cell membrane. (Copyright; author via source)

Lipid Rafts

The membrane is not homogeneous; it is full of rafts, or areas of lipids that are in liquid ordered state, which is more ordered than
the surrounding area. These rafts are important for a number of reasons; they are thicker than the lesser ordered membrane, and
there are transmembrane proteins that only fit in these thicker rafts [2]. These rafts may act as a means to concentrate proteins to an
area of the membrane.

1

©®© ®

Figure 2.1.2: A representation of a lipid raft. Region 1 is normal bilayer, 2 is raft. 3 and 4 are transmembrane proteins, positioned
in and out of the raft, respectively. 5 denotes protein glycosylation, 7 is cholesterol, and 8 is a glycosylated lipid.
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Figure 2.1.3: Diffusion of raft proteins vs non-raft proteins. The patterns are similar, indicating that the rafts are dynamic.

Studies of diffusion rates of raft versus non-raft proteins suggest that the rafts diffuse at a rate similar to that of non-raft
transmembrane proteins (Fig 3). This indicates that the rafts are very small, and of similar size to transmembrane proteins.

Proteins

Transmembrane Proteins

There are a multitude of proteins embedded in the membrane. These proteins are continuously recycled, with new proteins being
delivered by vesicles. Typically, a transmembrane protein would be synthesized in the rough endoplasmic reticulum (rER) and then
transported in a clathrin-coated vesicle to the cell membrane. The vesicle fuses with the membrane, and the proteins become a part
of it. Vesicle fusion is a major process of membrane remodeling.

Membrane Remodeling Proteins

There is a number of proteins that can remodel the membrane. One of them is known as BAR (Figure 4) This protein has an
inherent curvature, which allows it to sense membrane curvature and induce further curvature by binding. When multiple subunits
bind to the membrane, they can cause tubulation.
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Figure 2.1.4: BAR protein action on membrane. Y. Yin, A. Arkhipov, K. Schulten. Structure, 17,882-892(2009)
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Actin Network

The cell membrane is anchored to the cytoskeleton, which mainly consists of actin [3], (Fig.5, 6). Actin in itself is a dynamic
polymer that is both depolymerizing and polymerizing, depending on the concentration of monomers. This activity is tightly
controlled and is extremely important for mobility, phagocytosis, and most processes that require large scale membrane
remodeling. By growing actin in a certain point in the cell, membrane can be made to grow protrusions, which can be used to
engulf foreign particles or move.
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Figure 2.1.5: Confocal image of a BV2 cell. The cell is transfected with an actin-specific RFP-conjugated probe. Note the higher
concentration around next to the cell membrane.

Figure 2.1.6: Fluorescent image of F-actin in rat fibroblasts

Layer to Layer Fluctuations

It is extremely energetically unfavorable for a lipid from one leaflet of the membrane to flip over to the other. However, this is a
process necessary for membrane remodeling and it does occur. A group of enzymes, know as flippases, assists this flipping of
lipids [4]. A number of flippases have been identified [5], but the mechanism remains unclear.

Protrusions and Bending

Lipids can move laterally within the membrane, or they can protrude from it. If they form a protrusion, it can be detected with
neutron scattering (Figure 7) Bending of the membrane has been suggested to be important in clathrin aggregation using
computational methods [6].
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