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Remarkable agreement has emerged from both static
(x-ray crystal) and dynamic (primarily NMR) approaches
to the study of polar lipid headgroup conformations in
membranes. This agreement on the similarity of the basic
outlines of the conformations of lipid headgroups in both
the static and dynamic states is analogous to that found for
the globular proteins. Present theories of lipid dynamics
(1—4) assume that the headgroups are mutually repulsive,
whereas hydrocarbon chain motions are frequently viewed
as cooperative (4). Below the transition temperature these
cooperative motions are tilting motions (5). Above the
transition state, rotational isomerization dominates chain
dynamics distal to the carbons 9-10 on the akyl chains,
whereas tilt continues to be important proximal to carbons
9-10. Each of these motions effectively thins the' bilayer.
Cooperative motions between adjacent lipid chains
wherein the motions also alter the bilayer thickness imply
a wave motion perpendicular to the plane of the bilayer.

DISCUSSION

A model of membrane dynamics is proposed in which the
transition state is described as thermal compaction waves.
The latter are derived from an unusually large component
of translational motion in the thermal energy of water
(Brownian Motion). Such waves are small in comparison
to the proposed protein-generated waves discussed below.
The headgroups are suggested to be attractively interact-
ing with several neighbors in the plane of the bilayer,
exchanging rapidly., Zwitterionic phospholipids may do
this through ionic interactions of a flexible cation (e.g.,
choline) with neighboring phosphates. X-ray crystallogra-
phy (6) shows glycolipids each forming multiple hydrogen
bonds with three neighboring lipid molecules. Anionic
lipids may attractively interact by acid-anion complexes
analogous to the maleic acid-anion. Such attractive head-
group interactions are suggested to act as a restoring force

when the headgroup sheet is pushed out of plane. This

BiopHYs. J. © Biophysical Society
Volume 37 January 1982 147-148

restoring force enhances wave motions (due to hydrocar-
bon chain cooperativity) that are perpendicular to the
plane of the bilayer in each monolayer. _

A theory is put forward in which a variety of membrane
proteins utilize the wave motions just described to couple
their activities to those of other proteins in the same
bilayer. Thus a protein that abruptly alters the thickness of
the bilayer by an energy input gencrates a wave in either
or both monolayers simultaneously. A second protein {not
in contact with the first) then alters its conformation as the
wave passes. Sequence analyses of transmembrane
proteins suggest that such proteins have discrete domains
in the hydrocarbon region and discrete domains in the
aqueous environment of the membrane. It is suggested
therefore that a protein that alters its conformation as a
cooperative wave passes will do so in the hydrocarbon
domain.

Parsegian pointed out (7) that a cation passing through
the low dielectric of a bilayer must cause a dimpling of the
bilayer due to charge imaging in the high dielectric
(water). Since the cation transport exceeds the breakdown
voltage of the bilayer, a vigorous compaction wave will be
initiated. As the wave passes proteins that surround the
initial transport protein, these surrounding proteins (i.c.,
transducer proteins) will thin (undergo a responsive
conformational change) in their hydrophobic domains.

Two types of proteins conduct cations across biomem-
branes, those coupled to an external energy source
(pumps) and those that are not (transducer proteins). It is
suggested that the pumps utilize external energy (redox,
photons, ATP), to push the cation into the low dielectric,
generating a compaction wave and eoincidentally create a
local field (rapidly spread) across the bilayer. The trans-
ducer protein is suggested to respond by undergoing a
conformational change in its hydrophobic domain due to
the compaction .wave simultancously responding to the
ficld generated by the cation transport event of the pump

0006-3495/82/01/147/02  $1.00 147



- protein. If the transducer protein transports an ion down
the field gradient, the system is electro-mechanically
coupled.

The theory predicts: that the action potential is a
thinning (Na transport) followed by a thickening (K
transport) of the bilayer; that the proton pumping of
bacteriorhodopsin and other transport phenomena occur
as standing compaction waves; and that rhodopsin, when it
absorps a photon, generates a wave (perpendicular to the
plane of the bilayer) spreading to the edge of the disc that
contains it.

This work was supported in part by grants from the National Science
Foundation and the National Institutes of Health.

The author is especially grateful for helpful discussions with Michael
Green, Daniel Greenberger and Efraim Racker.

Received for publication 21 May 1981.

REFERENCES

- Marcelja, S. 1974. Chain ordering in liquid crystals. II. Structure of

bilayer membranes. Biochim. Biophys. Acta. 367:165-176.

- Berde, C. B, H. C. Anderson, and B. S. Hudson. 1980. A theory of

the effects of head-group structure and chain unsaturation on the
chain melting transition of phospholipid dispersons. Biochemistry.
19:4293-4299.

- Scott, H. L. Jr. 1977. Monte Carlo studies of the hydrocarbon region . -

of lipid bilayers. Biochim. Biophys. Acta. 469:264-298.

- Nagle, J. F. 1976. Theory of lipid monolayer and bilayer phase

transitions: effect of headgroup \interactions. J. Membr. Biol.
27:233-250.

.-Jahnig, F., K. Harlos, H. Vogel, and H. Eibl. 1979, Electrostatic

interactions at charged lipid membranes. Electrostatically induced
tilt. Biochemistry. 18:1459-1468.

- Pascher, L, and S. Sundll. 1977. Molecular arrangements in sphin-

golipids. Crystal struc-ure of cerebroside. Chem. Phys. Lipids.
20:175-191.

. Parscgian, V. A. 1975, lon-membrane interactions as structural

forces. Ann. N. Y. Aca. . Sci. 264:161-174.



