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FIGURE 11–3 Fluid mosaic model for membrane structure. The fatty
acyl chains in the interior of the membrane form a fluid, hydropho-
bic region. Integral proteins float in this sea of lipid, held by 
hydrophobic interactions with their nonpolar amino acid side chains.
Both proteins and lipids are free to move laterally in the plane of the

bilayer, but movement of either from one face of the bilayer to the
other is restricted. The carbohydrate moieties attached to some 
proteins and lipids of the plasma membrane are exposed on the ex-
tracellular surface of the membrane.

exposed to water and thus minimizes the number of mol-
ecules in the shell of ordered water at the lipid-water
interface (see Fig. 2–7), resulting in an increase in en-
tropy. Hydrophobic interactions among lipid molecules
provide the thermodynamic driving force for the for-
mation and maintenance of these clusters.

Depending on the precise conditions and the nature
of the lipids, three types of lipid aggregates can form
when amphipathic lipids are mixed with water (Fig.
11–4). Micelles are spherical structures that contain
anywhere from a few dozen to a few thousand amphi-
pathic molecules. These molecules are arranged with
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FIGURE 11–4 Amphipathic lipid aggregates that form in water. (a) In
micelles, the hydrophobic chains of the fatty acids are sequestered at
the core of the sphere. There is virtually no water in the hydrophobic
interior. (b) In an open bilayer, all acyl side chains except those at the

edges of the sheet are protected from interaction with water. (c) When
a two-dimensional bilayer folds on itself, it forms a closed bilayer, a
three-dimensional hollow vesicle (liposome) enclosing an aqueous
cavity. 
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