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The ( K + - N a + ) - d e p e n d e n c e  of the membrane parameters of Nitella translucens 

It  has been shown1, 2 tha t  the p las inalenmla  po ten t i a l  (Eco) of the single cells 
of the Characeae,  under  condi t ions when Ca ̀ ,+ is absent  from the external  ba th ing  
naedium, is p r imar i ly  governed by  the passive diffusion of K ~ and Na ~ through the 
membrane  and is adequa t e ly  described by  the equat ion : 

R J  P l ; , [ I £  ,, : l>Na - i N a -  ,, N J  (7. 
1,. c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  In { i ) 

F PIe: K-:~. Pxa" Na:i~, 1: C:,, 

t~b:~ and Pxa '  are the  respect ive K and N a  t~ermeability coet]icients; o and 
i{. denote  the  app rop r i a t e  ionic concent ra t ions  in the externa l  medium and cyto-  

p lasm;  R ,  T and F have thei r  usual  significance. This equat ion can be used to give 
the  values of (a) the pe rmeab i l i t y  rat io,  ~ - : :  PNa~/P~ , and (b) the in ternal  concen- 
t r a t ion  parameter ,  K+ i,. ~ N a '  (,. The ind iv idua l  permeabi l i t ies  ma\" be deter-  
mined by electr ical  means  by making  the addi t iona l  measurement  of meinbrane  resis- 
tance  (Rm) and by  using the equa t ion :  

l eT  (I/C,, i/Cel 
k'., (_,) 

1:"- In (7e/(7,, 

The app l i cab i l i ty  of this equat ion to the  t ) lasmalenmm of A' i t c l la  t ra , l sh tceJ ls  has ye t  
to be demons t ra t ed .  In this communica t ion  we describe an exper imenta l  test  of the 
equat ion ;  the  exper iments  involve the concurrent  measurement  of membrane  poten-  
t ia l  and resistance in solut ions conta in ing different K* and Na ~ concentration>. 

The methods  for measur ing the n /embrane  potent ia l  and resistance in the 
present  exper iments  have a i readv  been descr ibed a and in both cases the  measurements  
were made  between tile vacuole of the ('ell and  the ex te rna l  medium.  The cells were 
subjec ted  to the usual p r e t r ea tmen t  in 5 mM NaCI for prolonged periods. The experi-  
menta l  solut ions conta ined  only K('I and Na( ' l  and the to ta l  K( ' l  i NaC1 concen- 
t ra t ion  was a lways  I . I  1113'I; the var ia t ion  in the K ~ concentra t ion  in the different 
solut ions was achieved at the expense of the Na ~ concentrationS,Z; the t empera tu re  
~f the solut ions was ma in ta ined  at  2 o .  The poten t ia l  and resistance were measured  
as the  solut ions were changed in order  from 1 £ i o  o.I mM to : K  o I.O nlM 
and then in the reverse order ;  the average values were taken for each pa rame te r  in 
a given solution. Each cell cons is tent ly  showed a depolar i sa t ion  of E~,o coupled with 
a fall in Rm with increasing ,K ' o. 

The mean values of both pa rame te r s  for ten cells are given in Table  I. The 
values for the p l a s m a l e m m a  po ten t ia l  were ob ta ined  by  correct ing the measured  
potent ia l ,  which is the 'vacuola r '  potent ia l ,  by  15 mV, this being an average value 
for the tonoplas t  po ten t ia l  and which is known to be insensit ive to ex te rna l  concen- 
t r a t ion  changes ~,4. The membrane  resistance is the to ta l  res is tance  of the plasma-  
lemma and the tonoplas t  but  v i r tua l ly  corresponds to tha t  of the p l a sma lemnm aloneS ; 
in the present  work we make  the reasonable  assumpt ion  tha t  the  tonoplas t  resistance 
is i ndependen t  of the externa l  ionic concentra t ion  in much the same way as the 
tonop las t  potent ia l .  
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T A B L E  1 

T H E  M E A N  V A L U E S  OF Eeo A N D  R m  FOR T E N  C E L L S  T O G E T H E R  \ V I T H  T H E  C O M P U T E D  V A L U E S  OF 3~, 

LK~]e ~- ~ [ N a ~ j e ,  Pj¢~ AND P ~ a +  

iN ' I , ,  Eeo Rm x [K+]e + od_Na+]e PE.+ l)Na ~, 
(WRY) (kff.).cyt't 2) (X lOgC~ll'scc 1) (X r06(t.ll'5,'C 1) 

o . I  - - 1 3 7 .  5 28. 7 0 . 2 6 8  89. 3 4 .5  1.2 
0 .25  - - ] 3 3 . 7  22 ,0  0 . 2 6 3  ,~8. 3 4.1 1.1 
0. 4 - - I 2 ~ . I  I6 ,  5 0 . 2 5 7  S7-5 3 .8 t .o  
0. 7 - -  1 I9 .1  0 .8  o . 2 4 4  ~6.6  3.1 o.,"; 
0 .85  - -  1 i6 .1  8. 4 0 . 2 3 4  ~6. 5 3.1 0. 7 
1.o - t t I . 4  7-7 o . 2 2 t  ,36.1 3 .0  0. 7 

In Fig. i we show a plot of exp(EooF/RT) vs. [K-]o taking the mean values 
of Eeo for the ten cells. We have drawn the line of best fit and it should be noted 
tha t  the line shows a small but  definite curvature;  this might  be interpreted as being 
due to a gradual decrease in ~ with increasing [K+]o (see Table I). Fig. e shows a plot 
of Rm vs. K = ] o  and while the variat ion between these quantities is in the same 
direction as tha t  predicted by  Eqn. 2, there is clearly a considerable deviation between 
the experimental  results and those computed from Eqn. 2 on the basis of a constant  ~, 
PK+ and I K + e - t -  ~ i X a ] e .  The values of ~ and K + ~ e  @ e ~ [ N a + ] e  which were com- 
puted to give the line of best fit in Fig. I are shown in Table I. The table also gives 
the values of PK+ and P x a +  calculated from the experimental values of Rm and using 
the values of ~ and K+]e + ~[Na+]c appropriate  to the particular value of=K:!o .  
These results suggest that ,  for a Io-fold change in K+]o,  there is a change in ~ of 
about  I5 °o while the changes in both PK+ and Pxa+ are nearer 35 °o. 

In summary  it can be said tha t  Eqns. I and 2 are apparent ly  only applicable 
to the experimental results if the permeabil i ty coefficients are concentrat ion depen- 
dent. I t  is not  possible at this stage to decide whether this reflects a real si tuation 

lO 

× 

o 

,g 5 

ff ID 

j• 3c  

. g" 
/ ~2c 

.,~ 

1c 

d.1 8.4 d.7 1:o d.1 d.4 0'.7 ~:o 
[K]o mM [K]o mM 

F i g .  I.  T h e  p l o t  of  e x p  ( E c o F / R T )  vs.  [K+_?, t a k i n g  t h e  m e a n  v a l u e s  of  Eeo fo r  i o  cells .  ~k, e x p e r i -  
m e n t a l  p o i n t s ;  t h e  c u r v e  d r a w n  is t h e  o n e  g i v i n g  t h e  b e s t  f i t  a n d  w a s  c o m p u t e d  u s i n g  t h e  m e t h o d  
of  l e a s t  s q u a r e s .  

F i g .  2. T h e  p l o t  of Rm vs. [ K + ] o  t a k i n g  t h e  m e a n  v a l u e s  of  R m  f o r  i o  cells .  ~k, e x p e r i m e n t a l  p o i n t s ;  
. . . . .  , c a l c u l a t e d  c u r v e  f r o m  E q n .  2 u s i n g  c o n s t a n t  v a l u e s  of ~ (o .268) ,  PK+ (4.5" 1o ~ c m . s e e  -1) 
a n d  I N + I t  -'~ ~ [Na+~c  (89. 3 raM) .  
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in the nmmbrane or a fundamental  weakness in the membrane model. It  should be 
noted that  the use of Eqn. 2 to describe the membrane  resistance implies tha t  the 
total membrane  conductance is simply the sum of the K,  and Na ) conductances. 
This, however, need not be the case since recent experiments with Nitclla clavata" 
suggests tha t  it is the H ~ conductance which provides the major  contribution to the 
total conductance.  If this is also the case in ,\'ilclla lra~zsluccns then it follows that  
the values of t)~+ a n d  I )Na~ estimated from electrical experiments sueh as are de- 
scribed herein are grossly overestimated, 
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Separation of membrane components produced by anionic detergents and 
maintained after the latter's removal 

In a previous paper 1 it was rep()rted that  sodiuin dcoxycholate  and sodium 
dodecvl sulfate produced a high degree of separation of the proteins and the t)hospho - 
lipids of isolated rat-liver plasma membranes that  persisted after removal of the 
detergent by dialysis. This perlnanent separation was at variance with the re.suits 
obtained by T E R R Y  Cl a]. 2 and by ENGEI ,MAN AND MOROWITZ a on surface membranes 
of M3,col6lasma laidlawii. According to these authors, the proteins and 1)host)holipids 
of the nlycoplasma membranes,  dissociated by s()dium dodecvl sulfate, reaggregated 
to form a homogeneous particle by dialyzing the detergent out. 

Nat-liver plasma metal)raises are rich in cholesterol, whereas the mycot)lasma 
nlembranes are not ;  their molar ratios of cholesterol to t)hospholipid-P amount  to 
o.6 5 and o.z, respectively. In order to explain the aforementioned difference between 
the two membrane species, it was suggested ~ that  by dialyzing detergent-solubilized 
liver ineinbranes phospholipid cholesterol complexes might  be formed in preference 
to phospholipid protein complexes, whereas homogeneous complexes of the latter 
type might arise from detergent-solubilized membranes containing but little chole- 
sterol. 

In the present experiments, the first possi bility was studied by comparing the 
equilibrium distributions of cholesterol and phospholipid-P of isolated rat-liver mere- 
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