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Summary 

The effects of  inorganic cations, n-hexanol, saccharose and 2H20 on the elec- 
t rophoret ic  mobil i ty and ~-potential of  membrane vesicles from nerve myelin 
were measured and the results compared with the corresponding effects of  the 
same reagents on the transition voltage, VT~, of  the nerve axon membrane.  Dif- 
ferent cation concentrations and 2H20 affect  both  potentials, the ~-potential 
and VT~, in a parallel way.  Saccharose and n-hexanol, however,  shift VT~ but  
leave the electrophoretic mobil i ty of  the myelin vesicles unchanged. These 
results suggest that  VT~ shifts are not  necessarily linked to changes in the mem- 
brane surface charge density but  may also be caused by an interaction between 
the reagent and non-polar groups of  the membrane interior. 

Introduct ion 

Fixed electrical charges which are located at the extracellular surface of  the 
cell membrane have been determined for all mammalian cells investigated so 
far. The density of  these charges can be changed by  altering the ionic activity, 
ionic concentration and pH of  the extracellular solution. Otherwise, such 
changes of  ionic activity, ionic concentration and pH shift the transition 
voltage, VT~, of  the nerve axon membrane [1] (VT~ is defined as the inflection 
point  of  the  chord~onduct iv i ty  function).  Changes in the threshold potential  
and voltage~lependent conductivity behavior of  excitable membranes are con- 
sequences of  such VT~ shifts. These experimental  observations are in good quan- 
titative agreement with theoretical membrane models which are based on the 
assumption of  fixed negative charges on the membrane surface [2,3].  
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However,  there are non-ionic organic substances and solvent substituents 
which also shift the transition voltage, VT~, and influence the threshold poten- 
tial of  the nerve axon membrane,  e.g n-alkanols [4] (acting as local anesthetic), 
saccharose [5] (substituent for ions with respect to osmolarity) and 2H20 [6] 
(solvent substituent).  These effects are not  covered by  the theoretical models 
mentioned above. Thus, the questions arise: 1, whether such changes in the 
stationary conductivity behavior of  the axon membrane are generally coupled 
with changes in the membrane surface charge density; and 2, whether  changes 
of  the membrane charge density due to alterations in the environmental condi- 
tions (ionic and non-ionic) are specific for the excitable membrane or reflect a 
behavior of  biological membranes in general? 

In order to try to find an answer by experiment we chose the myelin com- 
pound membrane isolated from myelinated nerve fibres as a sample of  a bio- 
logical membrane preparation. The electrokinetic potential  of  this membrane 
was studied as a function of  different extracellular solutions which are known 
to effect the electrophysiological functions of  the nerve axon membrane. The 
reasons for this choice are: 1, Single myelin compound membranes can be pre- 
pared in the native state from nerve myelin [7]. 2, These membranes form 
vesicles which are stable as aqueous dispersions, thus suitable to study the elec- 
t rophoret ic  potential of  the membrane surface by cell electrophoretic methods.  
3, Morphology and chemical composit ion of  this membrane are well known 
[8]. 4, This membrane is obtained from myelinated nerve fibre, the same bio- 
logical preparation as used for the electrophysiological experiments, which 
might be helpful in comparing the results from both types of experiments. 

Materials and Solutions 

Membrane vesicles were prepared from freshly dissected nervus ischiadicus of  
frog (Rana esculenta, male) using the following method (extensively described 
in Ref. 7). Several nerve bundles (total weight about  18 g) were cut into small 
pieces and soaked in 75 ml distilled water at 4°C for 15 h. Fragments of  con- 
nective tissue were removed by  filtration and a standard colloidal solution of  
vesicles was thus obtained. The vesicles are small spheres with diameters 
between 2 and 8 #m. The sphere walls are formed by  single myelin compound 
membranes as seen by electron microscopy [7].  

To measure the dependency of  the electrokinetic ~-potential of  the vesicles 
on the concentration of  inorganic ions carrying different valencies, the ion con- 
centration of  the colloidal solution was adjusted to different values by  adding 
Na ÷ and/or Ca 2÷ (pH 7.1 -+ 0.1). To avoid any affect by  an osmotically induced 
shrinking of  the vesicles, the ion concentration of the colloidal solution was 
limited to 15 mM Na ÷ plus 1.8 mM Ca 2÷. 

In an additional series of  experiments the effects of  non-electrolytes, e.g. 
n-hexanol, saccharose and 2H20 , on the electrophoretic mobil i ty of  the vesicles 
were studied. For these experiments the ion concentration of  the standard col- 
loidal solution was adjusted to 10 mM NaC1 plus 5 mM NaH2PO4 (buffered 
colloidal solution). Alkanol (n-hexanol-1, 5 and 10 mM) or saccharose (28 mM) 
were directly added to this buffered colloidal solution. 

The vesicle solution containing 2H20 as solvent was obtained by  soaking the 
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nerve bundle segments in 2H:O (99.75%, Merck). This colloidal 2H20 vesicle 
solution was adjusted to 10 mM NaC1 plus 5 mM NaH:PO4 using the corre- 
sponding H20 solutions. The final 2H20 concentration in these experiments was 
therefore reduced to about  85--90%. 

Methods 
The electrophoretic mobil i ty of  myelin vesicles (Urn) was determined using a 

cy topherometer  [9] equipped with a phase-contrast microscope. The measure- 
ments were performed at 25°C and 0.1 + 1.5 mA utilizing a rectangular electro- 
phoresis chamber of the dimensions 35 × 14 × 0.7 mm. The time which the par- 
ticles needed to cover a distance of 34 pm was determined alternatively in the 
two directions with respect to the large dimension of the chamber by changing 
the polarity of  the d.c. field. Each mobili ty value represents the average of 30 + 
50 single measurements.  The ~-potentials were calculated according to the 
Helmholtz-Smoluchowski equation applying viscosity values which were deter- 
mined experimentally for each colloidal solution (Low shear 2 viscosimeter, 
Contraves). 

Results 

1. Ion concentration. The electrophoretic mobil i ty Urn of myelin vesicles 
decreases by  increasing the ion concentration of  the surrounding aqueous solu- 
tion. Measured values for Urn at different ion concentrations in the solution are 
listed in Table I together with the corresponding ~'-potentials. The value Ur, for 
the buffered colloidal solution containing 10 mM NaC1 and 5 mM NaH2PO4 as 
a reference value was measured several times to check for systematic e r r o r s -  
no such error was observed. The relative error of  about  5% for Um is purely 
statistical, being calculated from the standard deviation of  the single velocity 
measurement.  

2. n-Hexanol. In the experiments where two different n-hexanol concentra- 
tions are added to the colloidal solution we observed no change in the mobil- 
ity of  the myelin vesicles (see Table II) although the applied hexanol concen- 
trations are sufficient to shift the transition voltage VT~ of the axon membrane 
[4].  

TABLE I 

ELECTROPHORETIC MOBILITY Urn AND ~-POTENTIAL, ~rn, OF MYELIN VESICLES FOR DIFFER- 
ENT CATION CONCENTRATIONS 

Values for U m are expressed as 10 -4 crn 2/V per s. 

Na + 0 mM Ca 2+ 0.9 mM Ca 2+ 1.8 mM Ca 2+ 

(rnM) 

Um ~'rn Um ~rn Um ~m 
(rnV) (mY) (mY) 

5 3.63 45.6 2.20 27.7 1.68 21.1 
10 2.80 35.2 1.98 24.9 1.65 20.7 
15 2.22 27.9 1.74 21.9 1.42 17.8 
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T A B L E  II  

E L E C T R O P H O R E T I C  M O B I L I T Y ,  Urn, OF  M Y E L I N  V E S I C L E S  F O R  D I F F E R E N T  R E A G E N T S  

Colloidal so lu t ion  U m Var iance  
(10 -4 c m 2 / V  per  s) (%) 

S t a n d a r d  b u f f e r e d  s o l u h o n  2.93 5.0 
+ 5m M n-hexanol-1  2.88 5.5 
+ 10 mM n-hexanol-1  2 .99  6.0 
+ 28 m M  saceharose  2 .82  7.7 

b u f f e r e d  2 H 2 0  so lu t ion  2.59 8 .0  S t anda rd  

3. Saccharose. The electrophoretic mobility of the myelin vesicles was not 
changed by adding saccharose to the external solution (Table II), although the 
transition voltage VT~ will be shifted by Ringer solutions containing the same 
amounts of saccharose. 

4. 2H20. A decrease (approx. 12%) of the electrophoretic mobility of myelin 
vesicles was obtained if H20 is replaced by 2H20 in the surrounding solution 
(see Table II). This decrease cannot simply be explained by the reduced specific 
conductivity of ions such as Na ÷ and Ca 2÷ in 2H20 with respect to H20 because 
this effect was allowed for in the calculation of the electric field effective on 
the vesicles in the measuring chamber. Our experimental result, therefore, sug- 
gests that 2H20 lead to a decrease of the surface charge density of the myelin 
membrane. 

Discussion 

Each of the four reagents investigated (cation concentration, n-alkanol, 
saccharose and 2H20 ) influence the transition voltage VT~ of the nerve axon 
membrane, whereas only two (cation concentration, 2H20 ) of them affect the 
~-potential too. This observation suggests that the molecular mechanism under- 
lying the observed VT~ shifts might be grouped into: 1, mechanism which cause 
transformations of the lipid-protein structure of the membrane by changing the 
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membrane surface potential; and 2, mechanism which cause such transforma- 
tion by  direct .interaction between reagent and non-polar groups of  the bilayer 
constituents.  

In the case of  the concentration series of  monovalent and divalent inorganic 
ions, the results show a close correlation between the electrokinetic ~-potential 
of  the myelin vesicles and VT~. The two potentials are in the same order of  mag- 
nitude and the dependencies of  both  the ~-potential and VT~ on cation concen- 
tration are parallel (see Fig. 1). These experimental facts are in agreement with 
the adsorption model  of  the cation-membrane interaction [3]. This model 
assumes an electro4dsorptive interaction between fixed membrane surface 
charges and the cations in the bulk solution. By changing the surface charge 
density this interaction will control structural transformations within the mem- 
brane. Such coupling between structural transformations and surface potential 
could explain the VT~ shifts (group 1). 

Studies about  the effect of  n-alkanols on the thermotropic  phase transition 
of  phospholipid bilayers [10] have indicated that  the n-alkanols interact with 
the aliphatic part of  the phospholipids in the bilayer, thereby leaving the charge 
density of the membrane surface unchanged. Transformations of the membrane 
structure due to this interaction are most likely not  correlated with the mem- 
brane surface potential. Our result, no change of  Um by  adding n-hexanol, sup- 
ports this assumption of  an interaction mechanism between alkanol and the 
hydrophobic  interior of  the membrane and agrees with X-ray diffraction 
experiments about  the organisation of  n-alkanes in lipid bilayers [11 ]. The me- 
chanism of the VT~ shifts produced by n-alkanols, therefore, seems to belong to 
group 2. 

Saccharose customary is applied as a substitute for ions to control  the molar- 
ity of  solutions which are used in physiological investigations. Any influence of  
such uncharged compounds  on the transition voltage VT~, as observed for the 
excitable membrane of  myelinated nerve [5],  is expected not  to be coupled to 
the membrane surface potential.  The close chemical relationship between sac- 
charose and alkanols rather suggests an saccharose-membrane interaction mecha- 
nism which belongs to group 2. The result of  our experiments supports this 
interpretation. 

This agreement between theoretical models about  the measured behavior of  
VT~ and experimental results on the electrophoretic mobili ty of  myelin vesicles 
suggests that,  at least with regard to the different reagents investigated, excita- 
ble and non-excitable biological membrane behave in the same way (unit 
membrane concept,  see Ref. 12). According to this conclusion the result of  
the experiments reported here demonstrate that  shifts of  the transition voltage 
VT~ are not  necessarily coupled with changes of  the membrane surface poten- 
tial. 
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