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C, 
New Considerations About 

the Structure of the Membrane 
of the Living Animal Cell 

I Abmact: The philosophy and assumptions behind the research art summarized. The cell membrane 
in life is likely to be solid. of unknown thickness and of uncertain biochemistry; the myelin lamelhe 
ue artifacts and can not be regarded as sheafs of cell membrams. It is very unlikely that the a l l  
membrane is covered with anatomically distinct mepton or channels. The physiological and 
biochemical properties attributed to them as structures are quite independent of their anatomy. The 
ionic channeis &iginally p p o s e d  as a result of studies of excitable membranes have now been 
d m  in virtually all membranes in the cell. including endoplasmic reticulum. l ~ s o m e s c 9  and 
vlcuoles. Physiologists believe that channels only open during excitatio f nerve and muscle cells. - 
which implies that they arept"nmtly closed in n o n u x c i ~ l l s .  it has brm known f a  
more than 50 years that small ions cross tne membranes continuously. anations are given for'& 
rppeMnce of artifacts. 

T~FOLLOWING ELEMEMS of the philosophy of research have been used in this 
paper. 
1. In biology, truth is a description of structures, events and relationships in intact living 

organisms in their natural environments, unaffected by the procedures used to examine 
them. It follows that findings made under the latter conditions arc prima facie more 
valid than those made in dead organisms, or in fixed, frozen, dehydrated, embedded, 
sectioned, centrifuged or  homogenized tissues. or in those to which have been added 
powerful unnatural chemicals or natural chemicals in unphysiological concentrations. 

I 
2. All true findings must obey the natural laws, for example, of geometry. ther- 

modynamics and physical chemistry. 

3. Theories and hypotheses must be provable and disprovable to be of value. 

4. Fmdings must be repeatable, but repeatability alone is not a criterion for validity. 
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8 5 .  A hypothesis or theory derives its value from the accuracy with which it forecasts the 
results of future experiments. 

6. In evaluating opposing views, evidence should only be adduced if it is crucial to the 
belief in, or the denial of, either view. 

7. Whenever a procedure changes a tissue significantly, control experiments must be car- 
ried out to exclude possible effects of the procedure in masking or exaggerating the 
results of the experiments. 

8. One should not adopt an agnostic view about a hypothesis or a theory central to one's 
belief. Either one is satisfied that the evidehce is sufficient and cogent enough to accept 
it, or one should not accept it. 

9. Protagonists of particular views take upon themselves not only the rtsponsibility for 
the validity of their own findings, but also that of all other findings which they quote in 
support of their announced views. 

10. The idea that a simple hypothesis is more likely to be true than a complicated one 
(Occam's Razor) is a useful device. 

11. Research workers have an unlimited duty to discuss any findings. theories or 
hypotheses, which they have already published or seek to publish, with any interested 
paxties, unless and until the authors have retracted their views publicly. 

12. Tht desire to approach the truth is the main motive driving the scholar. 

13. Any published evidence is the property of the whole community, and may be quoted 
by any interested party. 

Assumptions of present paper 

1. Diagrams of structures, movements, pathways or nlationships are only of value in so 
far as they are supported by observations and experiments, or suggestive of testable 
hypotheses. 

2. Findings from studies of prokaryotes, naturally occuning single cells and cells in tis- 
sue culture, arc relevant to the understanding of cells i n  metazoa. 

3. Whereas lumens of vessels, ducts and glands may be empty when examined, there are 
no empty spaces within cells in living intact organisms. Vacuoles in living animals con- 
tain solutions. suspensions, particles and secretions. 

Notes on presentation 

Statements about either gender apply with equal force to the other. Original references to 
generally held views, which can be found in popular textbooks of biology will not be cited. 
but will be indicated by an asterisk.* Hypotheses and assumptions will be indicated in 
italics. Considerations, which have been dealt with in detail in previous publications, will 
not be repeated here. 
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Thr structure of the cell membrane 

The popular view is that the cell membrane is mlaminar, * 7-10 run thick, * is covered by 
receptors* and m d  by channels.* Thc receptors often have extracellular, membrane 
and inuacellular domruns.* The trilaminar appearance is either due to two layers of protein 
enclosing a lipid layer, according to the Davson-Danielli hypothesis* or the membrane is 
fluid, and has protein molecules protruding from its surface. according to the Singer-Nicol- 
son hypothesis.* It is believed to be perforated by ion channels.* The thickness of the ceQ 
membrane and other ailaminar membranes measured by electron microscopy is likely to be 
inaccurate, because in life it is believed to contain a large proponion of water, and thus it 
would shrink from dehydration during preparation for electron microscopy. In addition, the 
heavy metal stains observed by the electron microscopists are deposits on the outside of the 
cell membranes. It is widely believed that the ' trilaminar' appearance indicates two layers.* 
Simple geometry dictates that a real layer, however thin, has two surfaces, so that any single 
real membrane-if magnified enough-must appear as two lines. If the heavy metal stains 
were to dissolve the membrane, there would be no layer on which they could deposit, so it 
would still not appear as one discrete straight line. 

'Ihe 'trilaminar' appearance of the ceU membrane, the nuclear membrane and the 
mitochondrial membrane suffers from another geometrical disability. One can nearly al- 
ways follow the 'tramline' all the way round the nuclear and mitochondrial membranes, and 
most of the way round the cell membrane. Since these membranes would be randomly 
orientated in a tissue, one would expect a full repertoire of wi& to appear from the tram- 
line to the flat plate. Indeed, solid geometry permits one to calculate the incidence at which 
one would expect to see the membranes normal to the plane of section, if one knows only 

3 
the apparent width between the tramlines and the thickness of the section (Hillman and Sar- 

8 
tory, 1980, pp. 3741). One sees the nuclear, mitochondrial, red cell and synaptic 

2 
membranes many times more frequently in transverse section than solid geometry would 
permit. Even without such a calculation, one should see the latter membranes face on as fre- 

ri 
d 

quently as one sees them in transverse section. This is not seen. I 
Explanations for two-dimensional appearance of cell membranes f - 
The following explanations have been offered for this apparent anomaly: g 
(i) many authors select micrographs showing a clear transverse section of the membrane, 

because it looks more elegant in their publications. That is not acceptable, because one 
can look through any electron microscope at sufficiently high power magnification, or 
in published micrographs c _ h o s e n ~ s h o w ,  and one still sees too many - 

4 
transverse sections; 

a 
3 

(ii) a second possible explanation is that-like a door made of optical quality glass-one 
would not see it from the side when it was closed, one would only see its edge when 
the door was open at right angles, because enough glass would then be in one's line of 
vision. If one could only see it in this rare condition, one should see aspace correspond- 
ing to the width of the partially or fully closed glass door, much more often than the 

f 
2 

door open at right angles to one's line of vision. No electron microscopist has ever 
5 

responded to requests made-in private and in public40 send me a micrograph or a 
publication showing a large enough part of a cell in which a random selection of these 5 m 
orientations can be seen in the same picture; z 

C 
in 
Q 



(iii) it has been said that one can see the membranes in all orientations. if one tilts the stage 
of the electron microscope.* Of course. if the membranes wen cut while they wen ran- 
domly orientated, one would not have to tilt the stage to see the full range of thick- 
nesses; the light microscopists do not. Indeed. the necessity for electron microscopists 
to use this maneuver npnsents a tacit admission that there is a geometrical anomaly; 

(iv) it has even been asserted that the cutting of the sections for electron microscopy some- 
how orientates the membranes at right angles to the electron beam. No mechanism for 
this has been suggested, 

(v) the problem has been ignored or denied. although no one has questioned the calcula- 
tions dernonsuating it. 

In addition to seeing an interface. there is independent evidence for the likely existence 
of a solid cell membrane. The extracellular fluid and the cytoplasm are chemically different 
but miscible.* therefore. there has to be a barrier between them. If the banier were fluid, the 
shapes of the cells would change as the pressure on them varied, due to movements of the 
body, contractions of muscle and blood pressure. When a cell is penetrated by a salt-fded 
glass electrode. it records a sudden change of direct cumnt  voltage,* which appears to be 
occurring in the region of the interface. Of course. one can not know for certain whether the 
potential difference arises between the extracellular fluid and the interface, across the inter- 
face, or between the interface and the cytoplasm. The same is true for potential differences 
across the nuclear and mitochondrial membranes. 

Living cells. such as red cells, swell if placed in hypotonic solutions.* This suggests. but 
does not prove. that the cells arc surrounded by membranes. which allow the more rapid 
entry of water than other molecules or ions. Funhermore. Hyden. Cupello and Palm 
(I984a.b) have cut open isolated neurons and washed out the cytoplasm. They covered a 
fine hole with flattened membranes. and measured fluxes of yaminobutyric acid across 
them. It is very unlikely that a liquid interface--as opposed to a solid membrane-would 
behave in this way. 

Electron microscopists often point out that one can not see the cell membrane by light 
microscopy, because they see it as 7-10 nm thick,* which is beyond thc resolution of the 
tight microscope. Of course, the cell and nuclear membranes were detected about 250 years 
before the electron microscope was used to study biological tissue. The 7-10 nm thickness 
is derived from measurements of dehydrated and extracted membranes. Yet the cell 
membrane may be beyond the resolution of the light microscope, even if it is significantly 
thicker in the fully hydrated state. The presence of the interface is detected by light micros- 
copy not only because it appears as a line of apparently higher refractive index than the li- 
quids on either side of it, but also because the latter liquids differ in their refractive indices, 
absorbtion of visible light. and reactions to stains. However. the electron microscopists are 
also unable to see the cell membrane. They deposit a salt of a heavy metal on either side of 
the membrane and examine this deposit. 

The concept of the unit membrane 
Mos~cytologists believe that the 'unit' membrane is the electron microscopic manifestation 
of the lipid protein layer of Davson and Danielli.* Yet they know that during the embed- 
ding, it was subjected to several different concentrations of ethanol, and to propylene 
oxide,* both of which extract lipids powerfully, so that it is extremely unlikely that they are 
looking at any structure which originally contained a substantial proponion of lipids. Indeed 
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the trilamiaar appearance has been shown to survive the extraction of 95% of lipids 
(Fltischer, Flcischer and Stoeckenius, 1967; Morowitz and Terry, 1969; Wooding and 
Kemp, 1975). 

Thc myelin sheath - 
Many ptople regard the myelin sheath of peripheral nerves as being composed of a scroll 
ofcell membranes.* They believe this on the grounds that Gcren (1954) claimed in tiss* 
culture that the Schwann sheath wraps round axons. Her demonstration was by no means 
convincing. One can observe that the lamellae of the myelin sheath seen on electron micros- 
copy are remarkably uniformly distant apart, and do look similar to the 'trilarninar' 
membranes.* However: 

(i) neither in the literature, nor in our own studies of the myelination of the sciatic nerve 
did we see the Schwann sheath wrapping round the axon (Hillman and Jarman, 1989); X, ':1-4# , 

(ii) as the cell membrane has a higher refractive index than both the extracellular fluid and ' 
the cytoplasm, and the munbrane is visible by light microscopy, it follows that the 
myelin sheath as a whole should have a higher refractive index than the axoplasm or 
the extracellular space. Phase contrast microscopy shows it to be lower (Hillman and 
Jarman, 1989; 1991); 

(iii) if one were to split a myelinatcd fiber precisely down the middle in its long axis, it 
would be a reasonable expectation that one should see the maximum diameter of the 
axon, and that all the lamellae would appear equally spaced from each other. However, 
a longitudinal section which cut off a segment of the myelinattd fiber, say, half its 
radius deep, or a section anywhere except through the middle of its long axis, should 
show the lamellae as splayed--rhat is, any longitudinal section in which the axon was 
not visible, should show the lamellae spaced different distances apart. I have never 
found that the above expectations of solid geometry have been respected in any elecmn 
micrograph of a myclin sheath; 

(iv) the myelin lamellae are only seen in longitudinal or near perfect tmisverse sections in 
electron micrographs. There seems to be an extraordinary dearth of oblique sections; 

(v) the periodicity of oblique sections was originally measured by low angle diffraction on 
hydrated tissue (Schmidt, 1936; Schmitt. Bear and Palmer, 1941). and later by electton 
microscopy on dehydrated tissue (Femandez-Moran, 1950; Finean, 1960). so that o m  
would expect these two measurements to be different Nevertheless, their similarity is 
usually regarded as evidence of their accuracy. 

One must conclude that the lamellae of the myelin sheath--as opposed to the myelin 
sheath itself--are probably metal deposits on the dehydrated sheath contents, and should 
not be regarded as models of cell membranes. 

Receptors, ion channels and transmembrane molecules 
There is a vast literature on receptors, ion channels, caniers enzymes and muismembrane 
molecules* believed to be either within the membranes. or attached to themfrom either side, 
or protruding from them, or spanning them with an extracellular and intracellular domain 
(Table I). Many of the macromolecules have been identified, isolated and sequenced, and 
their dimensions and configurations have been worked out* Hardly any issue of 'Nature' 
or 'Science' fails to include a paper showing the newly recognized sequence and structure 



U1 

8 of one of these molecules. Almost without exception, the widths of these molecules at right 
angles to the plane of the cell membrane exceed the thickness of the membrane two to t h e  2 times (Kistler, Stroud. Klymkovsky etal.. 1982; Strange, 1988; Stein. 1990; Kandel. Siegel- 

C baum and Schwartz, 1991; Kandel and Siegelbaum, 1991; Kandel and Schwartz, 1991; 
Kubo, Baldwin. Jan et al.. 1993). This is expressed in diagrams and computer models in 
every paper. textbook and popular article on these molecules.* The thickness of the cell 
membrane is within the resolution of the electron microscope.* Why. then, are the trans- f membrane molecules, the Singer-Nicolran membrane proteins or the receptor molecules. 

5 $ 1  hardly ever seen by transmission electron microscopy? The only one of these molecules 
P claimed to have been seen at all--and this by scanning but not by transmission-is the 

k acetylcholine receptor on the Torpedo end-plate (O'Brien, Eldefrawi and Eldefrawi. 1972; 
Moore. Holladay. Purett et al., 1974; Toyoshima and Unwin. 1988). yet nearly all the 

2 molecules in Table I am clearly within the resolution of the cytologists' hypothesis. 

E The electron microscopist looks at a deposit of heavy metal or salt, and has no way of 
knowing for certain whether it precipitated by itself, on a membrane, a rcceptor. a-vesicle, 

W s a granule, or even a gas bubble. 
a 
4 Dificulty of seeing macromolecules 
m The following explanations have been offered to me personally for the difficulty of seeing 

5 macromolecuies protruding from membranes. but the question seems to have been ignored 

a in the literature: 
z w (i) the acetylcholine receptor has been seen in the Torpedo (please see above): 

S (ii) the macromolecules are not seen because they do not take up the heavy metal stains. If 
U) macromolecules. which do not take up stains were present. one should see deposits z around unstained areas of the expected size of the molecules in the extracellular. 
w 
0 

membrane and intracellular 'domains'; 

(iii) it has been suggested that the concentration of these macromolecules in the membrane 
z is so low that one would not expect to see them. although calculations suggesting this 

do not seem to have reached the literature. Such an explanation seems very unlikely in 
view of the huge number of such macromolecules alleged to be on or in the membrane 
(Table I), including families of receptors for nicotine, muscarine, epinephrine, gaba, 
glutamate, histamine. dopamine etc. (Lamble. 198 1; Hucho, 1982; 6cholefield. 
Davison. Fujita er 41.. 1987; Bowery. Bottiger and Olpe, 1990; Hulme, 1990); 

(iv) many of the members of the 'family' of receptors have been found by the use of 
ligands.* which have affinity for homogenates, microsornal or synaptosomal prcpara- . 

tions. The use of such preparations implies unavoidably that the highly energetic sub- 
cellularfractio~tion procedures do not alter the affinity of the receptors, not only for 
the transmitters, hormones and drugs, but also for all the ligands mimicking them. The 
Second Law of Thermodynamics make this extraordinarily unlikely (Hillman. 1972); 

(v) it has always been assumed that ligandr bind to the same receptors us the substances 
with which they compete* (Rang. 1973). Therefore. they can be used to detect the loca- 
&n of the receptors. One reason given for using the ligands is that, for example. a trans- 
mitter would be broken down rapidly by enzymes in their vicinity, before it could be 
detected. Like the physiologists studying acetylcholine or epinephrine. those who study 
receptors could inhibit the enzymes which break them down.+ A second reason for the 
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TABLE L Macromolecuks believe to have extracellular, 
transcellular and cytoplasmic 'domains', or to protrude from the cell membrane.* 

It should be noted that in both the Davson-Danielli and the Singer-Nicolson 
models, the cell membrane is full of the structural lipids and proteins. 

Y l  

Several ion channels each for sodium, potassium. chloridee and calcium ions* 

Singer-Nicolson's membrane proteins 

Multiple receptors to: transmitters. including families of receptors to 
acetylcholine, muscarine, nicotine, epinephrine, dopamine, glutamate and gaba. 

Membrane carrim and transparten, including pumps 

Membrane antigens 

use of ligands is that they bind the receptors sufficiently f m l y  that they are not 
detached during isolation.'The stronger binding is itself primo facie evidence that they 
adhere to additional or different sites. 

Patch clamps and channels 
The idea that the cell membrane might be punctured by ionic channels came when the 
employment of radioactive isotopes showed that cations were in continuous flux in and out 
of tissues (Brooks, 1940, Cold Spring Harbor, 1940, Mullins and Brinley, 1969). A later 
finding was the detection of minute step-like current at the tip of electrodes 'patch- 
clamping' many membranes (Neher and Sakmann. 1976). These currents depended on the 
presence of different ion species and wen  voltage-sensitive. The use of ligands and 
molecular biological techniques enabled a large number of receptors and channels to be iso- 
lated and sequenced. Their structures could then be worked out (Scholefield, er 01.. 1987; 
Cattcrall, 1988; Bowery, et al., 1990, Kutswada, Kashiwabuchi. Mori et al., 1992; Ho, 
Nicholls, Ltderer et 01.. 1993; Kubo et al. 1993). It was also found that fractions believed 
to contain channel molecules could be injected into frog oocytes, and endow them with the 
'patch clamp' characteristics amibuted to ionic channels (Leonard, Nargeot, Snutch et al., 
1987; Umbach and Gundenen, 1987; Dascal. Lotan, Kami et 41.. 1992). 

A I.ecent volume of 'Methods in Enzymology' (edited by Rudy and Iverson, 1992) shows 
the vast range of ionic channels currently believed to exist* Table II is made up from lists 
of two groups. Cahalan and Neher (1992) say that "instead of the handful of channels recog- 
nized before the mid- 1970s. hundreds of distinct channel &$ypes that arc regulated by a 
variety of mechanisms have-escribed". In the same volume. Saimi. Maninac. 
Delcour et al., (1992) add that. "It appears that all plasma membrane and organelle 
membranes, including those of microbes, are equippcd with ion channels". (See also Keller 
and Hendrich, 1992). 

It is useful to identify the assumptions inherent in 'patch clamp' experiments. Firstly. the 
stepped currents originate in the cell membranes and not the electrodes. Secondly, they arise 
in the channels within or near the receptors. Thirdly. the individual patch clamp characteris- 



TABLE II. List of membranes with ioo chmnds, 
A, from Cahdan md Neher (1992); B, from Saimi er d (1992) 

A Neurons 

Cells of sensory h-ansduction 

Cells in brain slices 

Mitochondria 

Nuclei 

Muscle cells. including skeletal. 
d a c .  smooth 

Endothelial and epithelial ells 
includiag. v d t u r r ,  re3pimtory 
system and kidneys 

Secretory cells. including pancreatic 
acinar. Isc)yymal gland 
and juxtamedullmy cells 

H e p a w -  
Pancreatic p cells 

Endoplasmic reticulum 

Voltage dependant Na+. 
K*. Ca2+, Cl- 

Transmitter gated channels 
d = = P -  

Liva cells 

Vacuoles of sugar beet 

Lipid film vesicles 
Keratinocytes Liver mitochondria I 
~stcob~asts B Paramecium blisters I 
Osteocytes Paramecium detached cilia 

Cells of haunopoietic system. Yeast spheroblasts 
including aythrocytes, 
lymphocytes, macrophages, mast Yeast mitochondria 
cells, neurophils blood platelets Yeast vacuoles 

oocytes 
Plant protoplasts 

Yeast 

Bacteria 

E coli giant spheroblast 

E coli giant cells 

Vesicle and liposome blisters 

Toxin + azoltctin 

tics in the presence of different ions in different concentrations each derive from different 
anatomical channels. Fourthly, the channels which the molecular biologists isolate with 
ligands have not undergone significant changes in their properties during the isolation. 
Fifthly, ionic channels exist in the membranes of intact living organisms. 

The list of channels (Table 11) gives clues as to some of the anomalies of the idea: 
I (i) it is generally agreed that nerve, muscle and a few plant cells (see Bingley. this volume) , 

arc excitable, and that the ion channels only open when the latter cells arc excited 
(Hille, 1992; Stein, 1990, p. 190). Thus the channels of non-excitable cells must be I 
closed all the time. Yet as Ling (1992. p. 300) has pointed out, it has been known for 
50 years that sodium, potassium and chloride ions are in continual flux in and out of 
cells (Heppel, 1939; Steinbach, 1940; Cold Spring Harbor, 1940); 
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(ii) the belief that vacuoles are surrounded by double membranes originates from observa- 
tions by electron microscopy @t Duve. 1969; Daems, Wisse and Brederoo. 1969). 
However, it has also been claimed that milk droplets have trilaminar membranes 
(Wooding and Kemp, 1975; Ktenan. Franke, Mather et al., 1978). although one can in- 
crease the number of fat droplets considerably by simply shaking the bottle; 

(iii) there is no way of knowing whether the tip of the micropipent has a membrane 
stretched across it, or it is blocked by poorly conductive tissue, which increases its 
noise. Only recently, the relevant conwl experiments have bctn done, namely ex- 
amination of the behavior of the properties of the patch clamp electrodes in the absence 
of biological membranes. Such experiments have shown: rapid transitions between a 
conducting and a nonconducting state, selectivity of ion flow, and inhibition by 
divalent ions and protons (Lev, Korchev, Rostovtseva er al., 1993; Sachs and Qin. 
1993); 

(iv) with the exception of the acetylcholine receptor with the tube for the sodium ion chan- 
nel (op cit), like the receptors. none of the channels have been observed by hansmis- 
sion electron microscopy on endoplasmic reticulum. sarcoplasmic reticulum or 
vacuoles. 

Macromolecules on the membranes 
With the exception noted above. so many of the molecules reported to be in or protruding 
from the cell membranes are not seen by electron microscopy, it would be useful to discuss 
other possible explanations for their absence: 

(i) although the macromolecules were originally at those sites. they were lost during the 
preparation of the specimens. If this were so, one would have to explain why the acetyl- 
choline receptor manages to stay; 

(ii) tbe macromolecules do not have extracellular and intracellular domains. However, 
many of them have been isolated, cloned and their sequences worked out (see above). 
They are drawn with extracellular and intracellular domains. because it is realized that 
the structures deduced arc. indeed, too large to be accommodated in the thickness of 
tbe cell membranes; 

(iii) there are few or no receptors or channels in life. It is generally agraed that rapidly ac- 
ting anesthetics. such as thiopentone or diazepam, or other drugs, such as epinephrine, 
theophylline or curare-when injected intravenously--act as soon as the circulation 
takes them to the bxain or target organs." The membranes of ttme cells will not p- 
viously have been exposed to the above substances except for epinephrine, so that they 
will not have had time to generate receptors to which the drugs could bind, therefore, 
it is supposed that either they act on other receptors which were previously there," or 
that they do not act by binding to receptors.* If drugs, transmitters or hormones can 
produce effects without receptors, one must ask how persuasive is the evidence for 
'specific' receptors for every natural ligand and drugs. Antacids, osmotic purgatives. 
diuretics and chelating agenu do not have receptors (Rang and Dale, 1991); 

(iv) it may be untrue that each different ligand which competes with a transmitter. hormone 
or drug, occupies a single or 'family' of receptors. Usually the actions of one of these 
substances has been found by accident, and their chemistry has been modified slightly 



to make them more active, to inhibit their actions or to make them less toxic. It is per- 
haps not surprising that substances of similar chemistry should 'competes with each 
other. and thus be assumed to be acting on the same receptors. The concept of recep- 
tors should be completely examined in the light of partial competition. partial inhibi- 
tion, cooperativity, efficacy, multiple conformations of a receptor. etc. (for review, see 
Colquhoun, 1973; Larnble, 1981; Black, Jenkinson and Gerskowitz, 1987); -- 

(v) it is extremely unlikely that a tissue which has been homogenized, centrifuged and to 
which powerful unnatural chemical reagents have been added-for example during a 
procedure in which microsomal. ribosomal or synaptosomal fractions have been 
prepared - will have the same affinity for a transmitter, hormone or drug as it did in 
the intact animal. Add to this the likelihood that the unnatural ligands ahd solubiliza- 
tion will also affect the relationships significantly, it becomes increasingly dangerous 
to try to derive quantitative relationships intended to be relevant to the intact animal 
from any observations involving disruption. The experiments to test this question are 
at least half a century overdue. If one eschews an agnostic position, one must reserve 
acceptance or any conclusions from them until the crucial assumptions have been 
tested. 

Until then, one must doubt whether there are a harvest of receptors and channels on and 
in the cell membrane,* and thus it would be usefpl to propose an alternative explanation for 
the large number of experiments. which have been interpreted in the light of the cumnt 
popular hypotheses. 

The rapidity with which transmitters, aminoacids and drugs, act when applied near the 
surface of cells (Curtis, Phillis and Watkins, 1960; Mayer and Westbrook, 1987). coupled 
with the assumption that resting and action potentials occur across the cell membrane, 
makes it likely that these substances do, indeed. act on the membrane. I propose the follow- 
ing theory. The peculiar property of all intact living tissues is that they have a wide spectrum 
of affinities for transmitters, hormones. drugs and toxins. the sign of their effect being the 
reactivity of the membrane. The latter molccu~es also have affinities for chemicals in the 
extracellular fluid, the cytoplasm, the mitochodrial membranes, the mitochondrioplasm, 
the nuclear membrane, the nucleolonerna and the pars arnorpha. 

Elsewhere. 101 different phases with which asubstances would come in proximity in its 
passage from a cerebral blood vessel to a neuron-have been listed (Hillma 1988). It would 
be reasonable to suppose that the chemical should have a different affinity for each of these 
phases, not just the cell membranes. There is absolutely no reason whatsoever to suppose 
that substances added to tissues react only with the cell membranes, and not the other com- 
ponents of the tissue, with which they come into contact. Troshin (1966) and Ling (1992, p. 
31-155) have pointed out that the particular properties of any chemical mixtun depend 
upon every chemically active species at the particular concentration at which they occur at 
that particular instant. The location(s) of action of the transmitters. hormones and drugs, will 
only be found for certain by the use of non-disruptive procedures. 

'Specific' affinity? 
.a 

When crystals art deposited on a desiccating dish, no one says that particular sites on the 
dish have a 'specific' affinity for the crystalloids. Yet when a granule or panicle appears on 
a membrane as a result of dehydration during histology. histochemistry, im- 

I References. 
Block, J.. Jealkin 

sflcation. L 
Bowery, N.G., E 

tion. W i ,  
B m 4  S.C. (1' 

Qmr. B.. 
Cabala M. r 

Iverson. ed: 
Caltcdl, W.A. I 

61. 
Cold Sphg W 

Haxbr. 
Colquhwn D. 

Dm# Rece 
Curtir.D-R..R 

acidic dl 
Darms. W. Ih. 

c In. Thr Ly 
pp. 64-1 1: 

J lhsCd*N.b 

I jccted wit1 
De Duve. C. ( 

Dingle an 
1 Fanandez-Mo 

I 
nerve  fib^ 

P i .  J.B. (1 
on the am 

Fleisck S, 
mitodKnr 

Geren, B . ( 1 9: 
of chick I 

I munocytochanis 
particular affinit) 

\ 

This papcris c 
ogy. All the reser 
as a~romical s 
physiological an 
then is littlc do1 
gans, but it is not 
cedunsusedfor 

The unSparin1 
unprovable hyp  
and its precise ct 
anatomical rccc 
(1992) has detai 

I 

I 
cytosktleton or 



:SS toxic. It is per- 
~mpete' with each 
concept of ~ c e p  
on, partial inhibi- 
c. (for review, see 
1987); 

enaifuged and to 
:xample during a 
:tions have been 
: drug as it did in 
ls and solubiliza- 
singly dangerous 
the intact animal 
this question are 
me must reserve 
tions have h 

channels on and 
: explanation for 
it of the current 

applied near the 
1987). coupled 

- 4 1  membrane, 
: the follow- 

I wide spectrum 
:ffm being the 
hemicaIs in the 
:hondrioplasm, 

~roximity in its 
1988). It would 
lr each of these 
ver to suppose 
the other corn- 
Ling ( 1992, p. 
. i x m  depend 
1 they occur at 
md drugs, will 

u sites on the 
:le appears on 
:mistry, im- 

M R A N E  STRUCKlRl5 OFTHE LIVING CELL 65 

munocytochemistry or electron microscopy, it is generally regarded as a ligand having a 
particular affimity for that site on the membrane. 

This paper is concerned with the structure of the cell membrane in relation to its physiol- 
ogy. All the reservations expressed here concern the existence of receptors and ion channels 
ar a ~ t o m i c a l  snuctures on the membranes. and therefore, the assumptions that the 
physiological and pharmacological events occur at such sites arc unsound. Nevertheleg. 
there is little doubt that natural ligands act at low concentrations on several particular or- 
gans. but it is not known precisely at which subcellular or molecular sites, because the pro- 
c+dures used for examining them are themselves likely to change their location. 

The unsparing use of Occam's and Popper's Razors to shave off unlikely, unproved and 
unprovable hypotheses results in the following view of the membrane. It is one layer thick 
and its precise chemistry and molecular chemishy in life are unknown. There are no specific 
anatomical receptors or channels protruding from its surface. For reasons which Ling 
(1992) has detailed, it is unlikely that it houses transport enzymes. It is not connected to any 
cytoskeleton or to the nucleus (to be submitted for publication). 
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