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Hypothesis 
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The majority of membranous proteins represents 
enzymes catalyzing the metabolic steps that are local- 
ized inside membranes or on their surface. Besides, in 
membranes there are found proteins functioning as 
transmembrane carriers of different components, 
such as ions, metabolites, electrons, protons, hydrogen 

atoms etc. 

Apart from these two types of proteins some mem- 
branous enzymes catalyzing reactions that look like 
‘dead ends’ on the metabolic map have been described. 

The proteins in question seem to be involved neither 
in metabolic chains (cycles) nor in transmembrane 
transport processes. Such ‘a way to nowhere’ may be 
exemplified by the NADH-cytochrome b5 oxido- 
reductase (fp5)-cytochrome b5 system. This redox 
chain, found in a number of biological membranes 
[1,2], comes to an end, failing to reach oxygen. 

It was shown that cytochrome h5 in aerobic liver 
cells is completely reduced [3,4]. Despite the absence 
of an active oxidant, the reducing capacity of fp5 ~ 
cytochrome b5 system is very high. Among the redox 
enzymes, fp, belongs to those that have the highest 
values of the turnover number [ 11. In some tissues 

(e.g. liver) there is more cytochrome b5 than any 
other inner mitochondrial membrane cytochrome. 

Recently it was found by our group [5-71 that 
the fp5 -cytochrome b5 system can carry out elec- 
tron transport between microsomal vesicles. We mixed 
two portions of microsomes, one of which was treated 
with mersalyl to inhibit fp5. Addition of NADH to 
such a mixture was shown to result in cytochrome b5 
being reduced not only in the intact but also in the 
mersalyl-treated portion of the preparation. In the 

same way, intermembranous electron transport between 
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microsomes and outer mitochondrial membrane has 

been demonstrated. 
The above observations lead to the conclusion 

that fp, and/or cytochrome b5 can diffuse along the 
microsomal or outer mitochondrial membrane. Such 
lateral diffusion can result in intermembrane electron 
transfer when two membranous vesicles come into 
contact in an occasional collision. 

An independent piece of evidence for lateral diffu- 
sion of fp5 and cytochrome 6, was furnished by 
Strittmatter et al. [8-IO]. According to these authors: 
microsomal membrane can bind large amounts of 
added cytochrome b5, so that cytochrome b5 : fps 
ratio becomes as high as 100. The rate of cytochrome 
b5 reduction by fps per molecule of cytochrome b5 

was found to be higher in the cyt3chrome b5-loaded 
microsomal membranes than in those containing a 
normal amount of this cytochrome. Similar relation- 
ships were shown in experiments with microsomes 
binding an excess of fp5. 

Molecules of fp5 and cytochrome b5 seem to func- 
tion as carriers specially adapted for lateral diffusion 
along the lipid/water interphase. They are composed 

of two unequal parts: the larger one (three fourths of 
the enzyme molecule), hydrophilic, containing a 

flavin or a heme group responsible for the catalytic 
function, and the smaller one, hydrophobic. requiring 
the protein to be anchored to membrane [ IO,1 11. 
Being organized like a float, fp5 and cytochrome b5 

should move along the membrane, meeting with rela- 
tive ease. 

The ability to diffuse quickly along the membrane 
is not a common feature of membranous proteins. For 
example, mitochondrial cytochrome oxidase, according 

North-Holland Publishing Company - Amsterdam 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Elsevier - Publisher Connector 

https://core.ac.uk/display/82688119?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Volume 60, number 2 FEBS LETTERS December 1975 

to Junge [ 121, does not move by means of lateral 
diffusion. In our experiments [7], fragments of inner 
membrane of beef heart mitochondria containing the 
complete set of the phosphorylating respiratory chain 
enzymes proved unable to catalyze intermembrane 
electron transfer, this fact indicating that this chain 
includes no electron carriers arranged like fps or 

cytochrome bs. 
Taking into account all these facts we would like 

to suggest that the unknown function of fps and cyto- 
chrome bs might consist in transport of reducing 
equivalents along the membrane. 

According to Adam and Delbriick [ 131 , a mechanism 

involving lateral diffusion along membranes permits a 
much faster transfer of a component from cytoplasm 
to a small target on the cell membrane than free diffu- 

sion in the three-dimensional cytosol. Sumper and 
Trauble [ 141 calculated that there is quite a wide 
range of parameters (the sizes and density of targets, 
cell radius) for which involvement of lateral diffusion 
proves favourable for carrying out intracellular trans- 
port processes. 

Keith and Snipes [ 151 reported recently that a 
spin-labelled synthetic compound of low molecular 
weight, which has similar solubilities in water and 
lipids, moves preferably in the lipid phase of various 
types of the cells. The authors concluded that the 
viscosity of cytosol is higher than that of membranes. 

Lateral diffusion in its simplest form should occur 
when a transported component is of high affinity to 
the membrane. In this case no special carrier can be 
involved. Transport of steroids [16,17] and fatty acyl 
CoA [ 141 along the membranes seem to be examples 
of this kind. 

Energy transfer along the membrane, requiring no 
carriers, can take place in mitochondria, chloroplasts 
and bacteria that generate transmembrane electric 
potential differences [3]. Such a transfer should 
occur due to high electric resistance of the membranes 

of the above organelles and bacteria and high conduc- 
tance of cytosol. 

In halophilic bacteria, migration of electric poten- 
tial along the membrane seems to be the obligate 
stage of the photophosphorylation process. In these 
microorganisms the light energy is transduced into 
electric potential by bacteriorhodopsin which is local- 
ized in special membrane areas (‘bacteriorhodopsin 
sheets’) containing no proteins other than bacterio- 

rhodopsin and, hence, lacking ATP-synthetase [ 18,191. 
The latter is localized, apparently, in other areas of 
the same bacterial membrane. 

Migration of electric potential along membranes of 
giant mitochondria described recently in liver [20] 

and yeast [21] may be a way of accomplishing a very 
fast energy exchange between different parts of the 
cell. 

In chlorophyll-containing photosynthetic mem- 
branes, it is well established that excitation energy 
migrates along the membrane between chlorophylls 
of the light-collecting antennae to reach the chloro- 
phyll molecule of the reaction center (for review see 
[22] ). The chlorophyll antenna may exemplify a 
structure specialized in lateral transport. Another 
type of mechanisms of lateral transport may include 
Brownian movement of proteins functioning as car- 

riers of a lipid-insoluble component in the membrane 
plane. The role of lateral carriers might be performed 
by protein floats, such as fps and cytochrome 6s. 

Fps, a hydrogen atom carrier of -0.3 V redox 
potential, may serve as a mechanism to equilibrate 
different, spatially separated cytosol pools of NADH 
(NAD’). According to calculations carried out by 
Dr V. J. Chernyak, lateral diffusion of fps and fpsHz 
along intracellular membranes between two intra- 
cellular regions differing, e.g. in concentration of 
NAD-linked substrates, may be faster than diffusion 
of these substrated or NADH via cytosol. 

Assuming that fps functions as a lateral hydrogen 
atom carrier shuttling between different NAD’ pools 
we would like to use the same approach to cytochrome 
b, . This cytochrome might operate as a lateral electron 

carrier of redox potential of about 0. 
It seems to be of importance that the system 

fps -cytochrome b5 can carry reducing equivalents not 

only along a membrane but also between two mem- 
branes as was mentioned above. Combination of these 
two types of processes can allow the limitation of 
lateral transport of reducing equivalents by a single 
cistern of endoplasmic reticulum or a single mito- 
chondrion to be overcome. Interplay of lateral and 
intermembrane transport may result in the overall 
intracellular system of extramitochondrial redox 
reactions being formed. 

It seems reasonable to consider the possibility that 
such a system, united by means of intracellular mem- 
branes and lateral carriers, may be used for transport 
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of components other than reducing equivalents (for 
example -P; - COCH3 etc.). 

Considering the possible mechanisms of high- 
energy acetyl transport, we believe that attention 
should be paid to acetyl carnitine whose formation 
is an example of a ‘metabolic dead end’. It is known 
that esters of carnitine and fatty acids represent trans- 
port forms of fatty acyls moving across the inner 
mitochondrial membrane (for review. see [23] ). 
Palmitoyl carnitine, as was shown by our group [24], 
is a penetrating cation for artificial and mitochondrial 
membranes. The same experiments showed that both 
types of membrane are impermeable to acetyl carni- 
tine. This very fact is in agreement with the finding 
that citrate, rather than acetyl carnitine, is a transport 

form of acetyl, shuffling between cytosol and mito- 
chondrial matrix [25]. It is not excluded, however, 
that the role of acetyl carnitine consists in acetyl 
transport along the membranes. If this is the case, an 
acetyl carnitine-binding ‘protein float’ should exist. 

Maybe, this function is performed by acetyl carnitine 
transferase, the enzyme catalyzing reversible formation 
of acetyl carnitine from carnitinc and acetyl CoA. It 
should be noted that microsomes contain large amounts 
of this enzyme. 

The specific versions of lateral diffusion mecha- 
nisms presented above are certainly speculative. They 
were discussed with the purpose only to emphasize 
the possibility that intracellular membranes not only 
divide the cell into isolated compartments but also 
unite the cellular metabolism by means of transport 
systems operating along the membranes. 

In conclusion, a hypothesis is advanced postulating 
a new type of membranous carriers specialized in 
transport of a certain component along the membrane 
by means of lateral diffusion. NADH-cytochrome 0, 

reductase and cytochrome b, were suggested to func- 
tion as lateral carriers of reducing equivalents of two 
different redox potentials. 
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