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The Fluid Mosaic Model of the
Structure of Cell Membranes

Cell are viewed as

solutions

of oriented globular proteins and lij

S. J. Singer and Garth L. Nicolson

Biological membranes play a crucial
role in almost all ceflular phenomena,
yet our understanding of the molecular
organization of membranes is stll rudi-

tary. Experience has taught us, how-
ever, that in order to achieve a satisfac-
tory understanding of how any biologi-
cal system functions, the detailed
molecular composition and structure of
that system must be known. While we
are still a long way from such knowl-
edge about membranes in general, prog-
ress at both the theoretical and experi-
mental levels in recent years has brought
us 10 a stage where at least the gross
aspects of the organization of the pro-
teins and lipids of membranes can be
discerned. There are some investigators,
however, who, impressed with the great
diversity of membrane compositions and
functions, do not think there are any

suggest that an analogy exists between
the problems of the structure of mem-
branes and the structure of proteins.
The latter are tremendously diverse in
compos , and. decal
structure. Eacl protein_mole-
ek muuully nmque, Nevertheless,
generalizations about protein structure
have been very useful in understanding
the properties and functions of protein
id generaliza-

tions may exist about the ways in which
the proteins and lipids arc organized in
a0 fotact membrane. The ultimate test
of such generalizations, or 3
whether they are useful to explain wd
experiments and suggest new ones.
Singer (/) has recently examined in
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considerable detail several models of
he gross structural organization of
membranes, in terms of the thermody-
namics of macromolecular systems and
in the light of the then available ex-
perimental evidence. From this analysis,
it was concluded that a mosaic struc-
ture of alternating globular proteins
and phospholipid bilayer was the only
membrane model among those analyzed
that was simultancously consistent with
thermodynamic restrictions and with all
the experimental data available. Since
that article was written, much new evi-
dence has been published that strongly
supports and extends this mosaic model.
Tn particular, the mosaic appears to be
a fluid or dynamic one and, for many
purposes, is best thought of as a two-
dimensional oriented viscous solution.
Tn this article, we therefore present and
discuss a fluid mosaic model of mem-
brane structure, and propose that it is
applicable to most biological mem-
branes, such as plasmalemmal and in-
tracellular membranes, including _the
‘membranes of different cell organelles,
such as mitochondria and chloroplasts.

membranes are henceforth re-
ferred to as functional membranes.
There may be some other membrane-
e systems, such as myelin, or the
Tipoprotein membranes of small animal
viruses, which we suggest may be rigid,
rather than fluid, mosaic structures, but
such membrane systems are not a pri-
mary concern of this article.

Our objectives are (i) to review briefly
some of the thermodynamics of macro-
molecular, and particularly membrane,
oyems In an_squeous environment;
@) to discuss some of the propertics
of the proteins and lipids of functional

detail; (v) to analyze
some of the recent re direct

experimental evidence in terms of the

thinking about membrane functions and
membrane phenomena.

Thermodynamics and
Membrane Structure

The fluid mosaic model has evolved
by a series of stages from carlier ver-
sions (1-4). Thermodynamic considera-
tions about membranes and membrane
comy iated, and are still cen-
tral to, these developments. These con-

siderations derived from two decades
of intensive stadies of protein and m-
cleic acid structures; the thermodynamic
principles involved, however, are per-
fectly general and apply to any macro-
molecular system in an aqueous en-
vironment. These principles and their
application to membrane systems have
been examined in detail elsewhere (/)
and are only summarized here. For our
present purposes, two kinds of non-
covalent interactions are most impor-
tant, hydrophobic (5) and hydrophilic
(). By hydrophobic interactions is
meant a set of thermodynamic factors
that are responsible for the sequester-
ing of hydrophobic or nonpolar groups
away from water, a5, for exsoupl, the

ility of hydrocarbons  and

water, o' be specifi, H requires the
expenditure of 2.6 kilocalories of free
energy to transfer a mole of methane
from a_nonpolar medium to water at
25°C (5). Free energy contributions of
this magnitude, summed over the many
nonpolar amino acid residues of soluble
proteins, are no doubt of primary im-
rtance in determining the conforma-
tions that protein molecules adopt in
aqueous solution (6), in which the non-
polar residues are predominantly se-
questered in the interior of the mole-
cules away from contact with water.

By hydrophilic interactions is meant a
set of thermodynamic factors that are

water to acetone is about 6.0 keal at
25°C, showing that on pairs strongly

free encrgy terms no doubt provide the

reasons why essentially all the ionic
residues of pmeu- molecules are ob-
served to be in contact with water,
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J.F. Danielliy H. Davson (1935)
Lipoprotein bilayer model
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Figure 4 Danielli-Davson model
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The Original Fluid Mosaic (Singer-Nicolson)
Model of Biomembranes (1972).
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1. Transmembrane protein crowding

Engelman (2005) Nature 438, 578.
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Bothorel: Two Years Before Singer-Nicolson

Pierre Bothorel & Claude Lussan, C. R. Acad. Sc. Paris, t. 271, p. 680-683
(17 aoat 1970)

Pierre Bothorel
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Ermita de Godella
Oleo de Higinio Pellicer (2010)




