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Lateral electrophoresis versus 2D-diffusion

In a recent. stimulating article in T/BS?,
Kenneth R. Miller and Mary K. Lyon
discuss the cause and function of thy-
lakoid membrane stacking in chloro-
plasts and compare the heterogeneous
membrane protein distribution observed
in higher plants with a homogeneous dis-
tribution. In our view. a homogeneous
distribution of membrane proteins in an
energy-coupling membrane might be
quite uncertain because of long-range
forces which D. B. Kell® suspects to be
the origin of the apparently too small
diffusion coefficients of membrane pro-
teins. These forces develop inevitably.
Consider for example the CF-CF-
ATP-synthase (= ATPase) of chloro-
plasts. During photophosphorylation,
protons pumped into the thylakoids by
the light-driven redox-chain flow back
through the ATPase. This cyclic flow of
protons not only generates a trans-
membrane difference of p, - but also a
local electrical and concentration gra-
dient around the ATPase® which chan-
nels H- towards and away from the bulk
phase to the catalytic site. In other
words. the transmembrane A ;- at the
site of ATP-synthesis and H--backflow

dients and n. [. t. V are the number of
particles. the units of length. time and
electrical potential. respectively.

If dv/dx is assumed to be constant
(= Aw/Ax) between the two points con-
sidered, the above equation yields an
ordinary differential equation:

dc _m Aav
rell S e
with the solution
m Av
=& exp (5 3o %)

m
=¢, - exp (5 Av)

(c, and ¢, are the concentrations at two
points). i.e. the achieved accumulation
c,/c, is in the first approximation inde-
pendent of the length-scale (the time
needed for reaching this equilibrium dis-
tribution is of course not independent of
x, compare for example®*?, but ¢,/c_is

is smaller than the A - generated by
the light-driven redox H*-pump because
part of the generated A ;- is dissipated
bv the H*-flow along the membranes,
which at the outer side of the thylakoid
results in a more positive electrical
potential at the ATPase compared to
neighbouring sites. This local electrical
gradient is further increased by the
lowered pH at this site, which leads to a
higher degree of protonation of the
prevalent negative surface charges®. The
size of the gradient in electrochemical
proton potential along the membrane
surfaces depends inter alia on the proton
mobility and the pH. The higher the pH,
the larger will be that part of the redox
chain-generated A p,- which is dissi-
pated by the proton flow between
ATPase and redox chain. Consequently.
the steeper gradient in p,- is expecied
at the thylakoid outside, where the pH is
more alkaline (for a discussion of this
point see Ref. 5 and references therein).
However. a voltage gradient can exist
even without a gradient in w,,-. if the
voltage gradient is balanced by a corre-
sponding pH gradient.

This local voltage gradient should lead

dependent on the voltage drop between
the two points and on D/m[V]. which
gives the voltage difference thatr is
needed for a concentration ratio of 1/e.

Jaffe® considered lateral electro-
phoresis along a membrane as a natural
phenomenon and showed that the
parameter D/m is independent of the
drag encountered by the membrane pro-
teins and estimates D/m of a spherical
10 nm-particle to be 1.3 mV. A voltage
drop of this size seems inevitable near
the proton and/or charge conducting
proteins of the various energy coupling
membranes; thus the heterogeneity can-
not easily be avoided, because it
develops as soon as the membrane is
energized: experimental clues for thy-
lakoid membrane particle rearrange-
ment upon energization are given in
Ref. 10. On the other hand, elec-
trophoresis could serve to regulate and
direct the flow of redox equivalents
between the components of energy
coupling membranes.

to lateral electrophoresis® and, as the
ATPase is itself negatively charged*, to a
mutual attraction of the ATPases,
thereby amplifying the aforementioned
effects and thus leading to a break of
homogeneity. In accordance with this
idea. the phosphorylated LHC (light
harvesting complex) is found in the
stroma thykaloids” where the ATPases
are located.

Crucial to the suggested mechanism is
the size of the lateral voltage gradient
between two membrane sites that is
required to effectively compartment a

" charged membrane protein species. If
two points on the membrane located at
the distance x are considered and the
only ‘forces’ acting on the membrane
proteins of a certain species are diffusion
and electrophoresis, then the equi-
librium distribution is described by
equating the flows driven by the two
*forces™:

dv de
Gyt e = D
where ¢, is the local protein con-

centration [#/{<]; m is the electrophoretic
mobility (/*/(r - V)]; D the diffusion
coefficient [/*/r]; dvw/dx and dc/dx are the
respective voltage concentration gra-

References
I Miller, K. R. and Lyon, M. K. (1983) Trends
Biochem. Sci. 10, 219-222

2 Kell. D. B. (1984) Trends. Biochem. Sci. 9.
379

3 Wang. J. H. (1983) Annw. Rev. Biophys. Bio-
eng. 12, 21-34

4 Barber, J. (1982) Annu. Rev. Plant Physiol.
33. 261-295

5 Westerhoff, H. V., Melandri.  B. A..
Venturoli, G., Azzone, G. F. and Kell. D. B.
(1984) Biochim. Biophys. Acta 768. 257-292

6 Jaffe. L. F. (1977) Nature 265, 600602

7 Stachelin, L. A. and Amtzen. C. J. (1983) J.

Cell Biol, 97. 1327-1337

Poo. M. (1981) Annu. Rev. Biophys. Bioeng.

10, 245-275

Kell, D. B. (1984) Trends Biochem. Sci. 9,

8688

10 Goodchild. D.J., Dunicc. J. T. and
Anderson, J. M. (1983) FEBS Len. 154, 243
246

=]

=]

JOHANN PETER GOGARTEN
and FRIEDRICH-WILHELM BENTRUP

Botanisches Institut I der Justus-

Liebig-Universitit.
Senckenbergstrasse 17-21,
D-6300 Giessen, FRG.



