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SUMMARY 

The theore t ica l  s t udy  of the  passive t r anspor t  of N a -  and K + across b iCogical  
membranes  is based on the assumpt ion  tha t  both  kinet ic  and  t he rmodynamic  proper-  
ties of membrane  influence the  flux of ions. Two models  were inves t iga ted .  Model A 
suggests  the  exis tence of two kinds  of ion-exchange  centers, one b inding  main ly  
Na + and the o ther  main ly  K- .  Model B suggests  only  one type  of ion-exchange 
( 'enter with a different affinity to Na + and to K +. Only  Model A provides  the  equat ion  
which agrees with exper imenta l  d a t a  concerning the dependence  of rest ing poten t ia l  
on concentra t ion.  

I NTR( )DUCTION 

I t  is well known tha t  the  concent ra t ion  of K + inside cells is Io 20 t imes higher  
than  in the sur rounding  medium.  For  N a -  grad ien ts  of the same order  but  of opposi te  
direct ion are observed.  Expe r imen t s  per formed with t racers  show tha t  there  exists  
an exchange of the  ions between the cy top lasm and ex te rna l  tnedium. It  means  
the absence of any  impermeable  par t i t ion  concerning these ions. 

The observed difference in potent ia l s  of the  cy top lasm and external  medium 
of the order  5o 7 ° mV is de te rmined  by  the exis t ing concent ra t ion  grad ien ts  of 
the ions (see e.g. the reviews of refs. I and 2). 

These features  of the cell can be expla ined  on the basis of equi l ibr ium thermo-  
dynamics  if the cy top lasm possesses the  p r o p e r t y  of specific ion binding.  However,  
the lneasurements  of ac t iv i ty  and mobi l i ty  of Na~ and K ~ in axoplasin a a show 
tha t  K -  is p rac t ica l ly  free and only 2o 3 ° % of Na + is bound.  Therefore,  it can be 
suggested tha t  the  specific proper t ies  of the  cell membrane ,  but  not  of the  cytoplasm,  
de te rmine  the gradients  of the  ion concentrat ions .  The rest ing poten t ia l  occurs as 
the resul t  of a non-equi l ibr ium s t a t iona ry  process, not  because of some unsymmet r i ca l  
equi l ibr ium ion binding.  Such a concept  is d i rec t ly  suppor ted  by  the exper iments  
with art if icial  med ium inside the cells. In the  work of BLO~:XT AND Lt~;VEDAHL ~ 
sea water  passed through the vacuoles of the  alga H a l i c v s t i s  ovalis .  B.¢Kl¢R et al.;-:' 

developed the method  of rep lacement  of the  axoplasm of squid g iant  axons with 
artificial  solutions. In the works of OXI~A\VA el al. ~° and of TASAKI C[ a/. 11.12 the 
art if icial  solut ion passed through a selected par t  of the  axon. I t  was sh~wn tha t  
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the  cell with a r t i f c i a l  solution ins tead  of cy top lasm possesses the ab i l i ty  to suppor t  
the high in ternal  concent ra t ion  of K~ and the low concentra t ion  of Na +. 

The diffusion along the g rad ien t  through permeable  membrane  determines  
the  difference of e lec t ros ta t ic  po ten t ia l s  between tile solut ions d iv ided  by  this men> 
brane.  Using tile "cons tan t  field" approx ima t ion  suggested by  GOLIIMAN la, HOI)(;KIN 
AND KATZ 14 der ived the formula  for the  rest ing potent ia l ,  t r ea t ed  as diffusion poten t ia l  

] ~ T  P K C K '  ~ PNaCNa*  DCICCI" 
I I "  - - - 111 . . . . . . . .  ( 1 )  

1~" P K C K "  : PNaCN~ n . /)(.ICCI ~ 

where ci' and ci" are the concentra t ions  of the  ions of species i inside and outs ide 
the cell; A V  = I7'~ V "  is the  difference of e lec t ros ta t ic  potent ia l s ;  P i  is the permea-  
b i l i ty  coefficient of membrane  for the  ion i; F,  the  F a r a d a y  number ;  R,  the gas 
cons tan t ;  7", t empera tu re  in °K. If the  CI- are in equi l ibr ium, then 

177" PI4_Cli' - / ) N a C X a  ' 
_ 1 [ "  In - - . ( 2 !  

/~" PI,:CI-:" ! /)Nt~CNa n 

ElSV.XMAX AXl) COXTI 1'~ indicate  t ha t  the cell membrane  can be t r ea ted  as 
an ion exchanger .  In this  case the  diffusion equat ions  give Eqn.  2 wi thout  the  cons tan t  
field approx ima t ion ,  and the cons tan t  field can be ob ta ined  only if the  immovable  
ion-exchange centres are d i s t r ibu ted  homogeneously  along the direct ion of ion 
motion.  

Eqn.  2 (:an also be ob ta ined  using the expressions for the diffusional fluxes 
of the  ions which were ca lcula ted  by  PARLIN AND E V R I N G  l~i in their  microscopic 
theo ry  of ion diffusion across membranes .  

I t  must  be emphasized tha t  in the exper iments  using artificial var ia t ions  of 
the concent ra t ion  of the solution at  one side of the membrane ,  after  the s t eady  
s ta te  is achieved,  the  concentra t ion at  the  o ther  side must  also change. However ,  
the  fluxes are so small t ha t  dur ing the l ifetime of the sample  the s t eady  s ta te  cannot  
t)e achieved and ti le concentra t ions  are p rac t ica l ly  cons tant  during the measurements .  
Therefore the  concentra t ions  in Eqn. 2 are considered as not  in te rdependen t  and 
independen t  of t ime. 

Eqn. 2 well suits the exper imenta l  da t a  concerning the concentra t ion  depen- 
dence of the  rest ing po ten t ia l  only if the concentra t ion  of K in the ex te rna l  medium 
is high enough  iv or if this concentra t ion  is sufficienth, small within the ceil v. If the 
external  concent ra t ion  is small,  then its fur ther  decrease does not give the logar i thmic  
rise of the  rest ing potent ia l .  The value AV has some l imit ing value. The same is 
observed if the in ternal  K concentra t ion  is g rea t ly  increased. 

It was shown by ]))AI<I{R d{ al? tha t  the change of the poten t ia l  with the concen- 
t r a t ion  in the case of high internal  K concentra t ions  occurs in such a manner  tha t  
the  value PKCK' remains  near ly  constant ,  i.e. PK decreases if oK' increases. The 
au thors  suggest t ha t  an increase of the rest ing potent ia l  decreases the t)ermeabilit.v. 

The devia t ions  of the exper imenta l  results  from the theoretica] Eqn.  e can 
be expla ined  bv the der iva t ion  of this formula not  t ak ing  into account  some features  
of the t r anspor t  mechanism. Many different models of t r anspor t  have been proposed.  
In the paper  of Hu~L axD I<Ir.I)EM is twen ty  such models  are collected and classified. 
The aim of our work is to choose a mechanism of t r anspor t  which explains  in the 
simt)lest way the observed dependence  of the  membrane  pe rmeab i l i t y  upon the 
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concentrations of ions in solutions. Such a designation of mechanism is necessary 
for the specification of the concept concerning the passive transport of ions. 

Description of the model 
Every derivation of Eqn. 2 is based on the assumption that the flux of ions 

across the membrane depends linearly on the concentration gradient. This means 
that the rate of motion is limited by free diffusion of the ions in the membrane 
substance. The membrane is treated microscopically as an energetical barrier for 
the ions whose height is different for ions of different species. 

Let us suggest that the membrane can be saturated by ions: if man 5 , ions 
have entered the membrane already, the entrance of succeeding ions becomes more 
difficult. I t  is a kind of "negative cooperativity". 

This suggestion is based on the low solubility of ions in fatty medium. The ions 
can occupy only some selected positions near the charged ion-exchange centers. 
These centers can move and the ions can move with them (the carrier model). The 
centers can be immovable but distributed in such a way that ions can ' jump' from 
one center to another (relay-race mechanism). 

The dependence of the current of the potential is different in these two cases ~5. 
There are experimental indications in favor of the second model. We shall consider 
the ion-exchange centers immovable. 

The driving force for the passive transport is the gradient of electrochemical 
potential. During the lifetime of the cell this gradient should drop, and the distri- 
bution of ions between the cell and external medium should tend to reach equilibrium, 
if the membrane did not contain some biochemical machine moving the ions opposite 
to the gradient of the electrochemical potential. We shall not discuss the work of 
the Na ~ K + pump in this paper. The mechanism of active transport is studied in 
another work TM. 

The basic assumption in our calculations is that the motion of ions is limited 
by the membrane solution frontier but not by diffusion in the membrane. 

Two models of this kind can be suggested. The first model (Model A) contains 
the ion-exchange centers of two species : the first species binds mainly K +, the second, 
Na~. The second model (Model B) : all centers belong to the same species, but their 
affinities to different ions differ and there exists a competition between the ions. 

Investigation of Model A 
Let ni ° be the total number of centers per unit volume of membrane possessing 

the ability to bind the ions of species i ; ni the number of these centers already occupied 
by ions i; qli the rate constant for the transition of the ion i from the intracellular 
medium into the membrane; qli', the rate constant for the opposite process; q2i' 
and qm analogous rate constants for the external surface of the membrane. In the 
steady state the fluxes of the ions of given species moving per unit time across the 
internal and external membrane surfaces are equal: 

o r  

I i  = q l i C i '  ( h i  0 - -  h i )  - -  q l i ' t t i  - -  q 2 i n i  - -  q 2 1 ' c l " ( n i  0 - -  h i )  (3) 

qliqmci'--qli'q2i'ci" 
I i  - -  n i  0 (4) 

q t i '  + q2i @ ql iCi  ' + q2i'Ci" 

Biochim. Biophys. Acta, 203  ( i 9 7  o) I - 9  
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Let  us compare  this formula with the  expression ob ta ined  by  HODGKIX AND 
I~[ATZ 14 and b\ '  P A R L 1 R  ANI) E Y R I N G  16. 

1~" 11" I 

l i  i : . I I : v I  (5! 
, .-" 

t ~, h T  !1 

Ins t ead  of pe rmeabi l i ty  coefficient t)i, Eqn. 4 conta ins  some effective value 
Pi  err., depending  on concent ra t ions :  

t )iefr. . q l i'q2.i "H i 0 (0) 

qliCi '  q2i 'Ci" • q l i '  ~ q2i 

Eqn. 6 shows tha t  in the case of low in t racel lu lar  concent ra t ions  Pi elf" does 
not  depend  on ci', and in the  case of high concentra t ions  Pi err. decreases as ci' ~. 
Such a behavior  of the pe rmeab i l i ty  coefficient was considered in the work of B.\KH~ 

c/ alP. 
In looking for the dependence  of the  rest  potent ia l  on the  concent ra t ions  ~ff 

the  ions, Eqn.  4 can be used together  with some form of a po ten t ia l  energy curve 
along the coordinate  of mot ion of the ions ('(.v). 

As i t  has been suggested tha t  the  ra te  of this  mot ion  is l imi ted  by  the s i tuat ion 
at  the  membrane  surface, potent ia l  energy can be descr ibed by two m a x i m a  at the  
surfaces and a min imum in the  middle of the membrane .  I.et us express  the  potent ia l  
energy in the form ~" q : I : I ' ,  where :F I "  is the e lec t ros ta t ic  par t .  For  s implici ty  
we assume tha t  the curve / ' (x)  is symmetr ica l ,  and the a s y m m e t r y  of potent ia l  
energy is de te rmined  only b \  :FI"  (Fig. I). Tiffs assumpt ion  does not change the 
pr incipal  results,  but  it diminishes the number  of para lne te rs  involved in the theory.  
Let  the  e lec t ros ta t ic  po ten t ia l  in the cent rum of membrane  be equal to half the 
sum of its values at the frontiers  which are equal  to the potent ia ls  in adjoin ing 
solutions. Such values are used in the cons tan t  field approx imat ion .  The concentru- 
t ions in soluti{m a r t  rehttive, they  are expressed as the rat io  of the number  of ions 

U (x) 

u I~- uIJ~: u* 

U I : U I1: U 

U M 

4 - '  

U(X)* zFV(x) 

U% zFV" - ~ - -  b 

v,+v,,/  /', \ / I 

[ ', 

l : i z .  I. T h e  pc~tc'ntial e n e r g y  c u r v e  a l o n g  t h e  c o o r d i n a t e  of m o t i o n ,  a.  ,< ,vmmct r ica l  l m r r i c r s  ;it t h e  
m e m b r a n e  s u r [ a c c s  c o r r c s p o n d i n ~  to  t h e  n ( m e l c c t r o s t a t i c  p a r t  of  t h e  p o t e n t i a l ,  b. P o t e n t i a l  c m ' r - v  
c o n t a i n i n  x t h e  e l e c t r o s t a t i c  p a r t .  1, i n t r a c e l l u l a r  s o l u t i o n ;  . l . \ ' ,  w i d t h  of m e m b r a n e ;  II,  oXtUl-ll;l[ 
s o l u t i o n .  

Htoch im.  I ~ m l ~ t l y < . l H a ,  2o 3 (1~7o)  ~ c~ 
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to the number  of solvent  molecules, in the  same volume. The ind ices '  a n d "  correspond 
to quant i t i es  inside and outs ide  the  cell; index m, to quant i t i es  in the membrane ;  
*, at  the  top  of the  energet ical  barr ier .  

According to the  theory  of ra te  processes 2°, all the  cons tan ts  qi can be expressed 
as the product  <>f A X ,  the  width  of the  barr ier ,  and  the absolute  ra te  (kT'/h) exp 
( F * / R T ) ,  where /e is the  Bo l t zmann ' s  constant ,  h is P lanck ' s  constant ,  and F* 
the free energy of act ivat ion .  \Ve  get  

t ' k ' *  - -  f ' k '  + z F ( I " *  - -  I")]  
qlk = I1" exp [ . . . .  leT J 

~t-7 I1" ~-<~) [ _ ~:;* t:k ...... ;eT~/:¢l*> 1"')] 

q2k = l l ' e x t )  [ [rk'~¢ l'klrl 11>7 " -  TIL'(]'"* l 'In)] 
"7) 

q % '  = ll'eXl) [ ~ ' ' k " * - -  ~'k" m'~I:(I"*NT 1"")] 
where 11" = A X ( k T / ' h ) .  

:ks has a l r eady  been said, we can take  for the ions in solut ions [ ' i '  = ( ' i "  = Ui. 
Empl<)ving: our assumpt ion  concerning the po ten t ia l  curve we have ( : i '*  ,.tl r.,,* _-- 
{'i* and  I"*  = I" ,  I ' "*  --- 1"", I "  ~ I ' "  el TM. Let us denote  

RT 

,:v(l" - T"/] _ _  , ,  

CXp [ /~:'T J (9) 

) ext )  ( (Tkm Uk ~ /k (tO) 
l e t  , " 

\Ve get  from Eqn.  7 

qlk : q2k' := <k; q lk '  = - r: q2k == r-1 ( t l )  
/k f~ 

t )u t t ing Eqn.  zI into Eqn. 4, we get  

II l<0kr K/"(C K'/ '-2 .... CK" ) 
IK : (~2) 

r ÷ r I ~/K(CK" - c . " )  

Tile di inension of C°kgk is the  same as t ha t  of the pe rmeab i l i t y  coefficient 
Dk in Eqn.  5. A kinetic p a r a m e t e r  has to be e s t ima ted  from the d a t a  on the ac t iva t i tm 
energy for the  t r anspor t  of ions across membrane .  The pa rame te r  fk is a therm(> 
dynamica l  q u a n t i t y ;  i t  is the  cons tan t  of equi l ibr ium for the  ions in solut ion and in 
the exchange centers  of membrane .  

For  ti le flow of Na  + we get  the  s imilar  formula  

t~NaOgNaf(CNa'r  "~ - -  C Na") 
INa (I3)  

r +-r I ~/x~dcN~, + cN~") 

I J i o c h i m .  B i o p h y s .  A c l a ,  2o 3 (I97o) [ 9 
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The condi t ion of e lec t roneu t ra l i ty  of the to ta l  flux is 

l ~ ' a  t 1K o (14) 

Pu t t ing  E(lns. 12 and 13 into Eqn. 14 we get the  expression connect ing the 
rest ing po ten t i a l  ( included in r) with the  concent ra t ions  of ions:  

Y 2CK' - t 'K" - HNa0~'Na [ -  Y LCNa/ " CNa" ] (1~] 

, : ," ~-~ i ,<(,,<'  : <,<", .,<o+.,< , . 7  ,. ~ : ;+~.~,<c~-,,; : ;  ; - L " )  

As  CK' ~ t:K" F'_' t'Na' -- CNa", we  get E(ln. 2 f r o m  Etln. I 5 if JK --/Na a n d  ]l°NagNa/  

~z"KgK t'x~/PK. The e(luali ty fK ./ 'Na means  tha t  the equi l ibr ium proper t ies  of 
the membrane  do not  depend on an exchange between K- and Na~ and tha t  the 
membrane  can d iscr iminate  these ions only kinet ical lv.  Tha t  is the basic assumpt ion 
of "diffusional"  theoriesU.UL 

The logar i thmic  rise of the  rest ing po ten t ia l  if OK' - r ~  or OK" -O follows 
from Eqn. 2. However,  E(ln. 15 gives the observed sa tu ra t ion  of AlL I.et  us express 
oK' and  cv,", assuming these concent ra t ions  independen t :  

[ l x a ( r  ] Ixa(r)  
o K "  x i <  - ( r  r l )  

Yl? l,:(It, ' I': I ' l l  l(0f,* K 
gTK / ( I ()) 

/Na(r) 
Y 2 !1~+ 

Yll  I{(]~ ~ l{ 

c x '  r e . - ~ / <  ! ( r  i r l )  
Fit  K0,~, , 1"~ I/l l  K0,~ s K 

~ K "  " " Ixa(r)  . 1 1 7 )  

1 1 K 

By definit ion (el. for instance Eqn. 3) the  flux I i  is posi t ive if it is d i rec ted  
ou twards  from the cell. The passive flux of Na + is d i rec ted  into the  cell, therefore 
Ixa(r) < o. The numera to r  of Eqn. 16 is posi t ive and the denomina to r  can t)ecome 
zero at  some value of r which we shall des ignate  r 1. As CK' > O, r I character izes  
the  l imi t ing value of the  rest ing poten t ia l  a t  oK' - z .  The form of Eqn.  17 shows 
t ha t  there  exists  a l imi t ing value of the rest ing poten t ia l  for CK" - O, de te rmined  
by  the value  r., of the p a r a m e t e r  r, making  the numera to r  of E(tn. 17 zero. We have 

I xgrl!. 
r l  :z - t ic : o (18 )  

r t  ~ K°<4  K " 

l x g v , , )  . a l x g r 2 )  
re -2 . . . . . .  I {  . . . . .  ( r ~  ~ r,, i )  = o ( l < ~ )  

1"2tl l(0,t* K t" 1£' 1"2tl K0,{z 14- 

I t  is easy to see tha t  for sufficiently high values  of cK' both  equat ions  give 
equal  values for r I and  r e. I t  means  t ha t  p rac t ica l ly  the  same l imit ing value  of the  
rest ing poten t ia l  corresponds to high in terna l  or low ex te rna l  concentra t ions  of K =. 

Pu t t i ng  Eqn.  i 3 into Eqn. I8 we get  the  expl ici t  expression for the  l imit ing 
value of the  rest ing po ten t ia l :  

I H I,Z0,(' 1¢ >z ¢°g'K/Na ( C N a  ' ) CNa' ,, K°g'K . 
. . . . . . . . .  r i  +-> - -  i - - - -  r l  . . . . . .  o ( zo )  

1"1"3 l l{~:X:,, tTNrt0t(Nn IINa07Na[K C X a  +' C N a  ++ l l N a 0 ~ N + a  / K g n a / '  

[Tiochim. l~iophy~. -t eta, 2o 3 ( I 0 7  o) 1--9 
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This equat ion  connects  some quant i t i es  which in principle can be measured  
independent ly .  If the  pe rmeab i l i t y  ra t io  ngOgK/nNa°gNa and the equi l ibr ium cons tan ts  
fK a n d f N a  are known, the  equat ion  allows for an es t imat ion  of the theore t ica l  value 
of the  l imit ing res t ing potent ia l .  

As fK and fNa are not  now known, bu t  r~ is a measured  value, Eqn. 2o only 
allows some predic t ions  concerning fK. Let  us wri te  Eqn. 2o in the  form 

tl Na(lzql N a 
. . . .  / K g l ( y I 2 C N a  " -  CNa '  ) - - Y l  2 -- I = / N a t C N a '  -~ ( N a " )  ( 2 I )  

tl K0fi K 

and we get  the  condi t ion forfK,  

}~KO~YK Yl 2 + I 
/a  >" (2-) 

Y/Na0~Na f l  (CNa~'~'I 2 - CNa ' )  

l :or  the es t imat ion  of nE~iC/nNa°gxa let us t ake  PK,/PNa ~ IO-IOO. The l imit-  
ing value  AV ~ 6o mV corresponds to r~ ~ 3.3. The concent ra t ion  of N a :  in 
sea water  is 460 raM; it corresponds to C N a "  8 mM. Let  us take  CNa"/CNa' ~ IO. 
Pu t t i ng  these values into Eqn. 22 we get fK > 4" I ° 2 - 4 "  :Oa. The rough exper imenta l  
es t imat ion  a~ shows tha t  the  concent ra t ion  of K~- in m e m b r a n e  is lower than  in sur- 
rounding  medium.  Our es t imat ion  of fK does not  con t rad ic t  those da ta ,  as the  fun- 
d a m e n t a l  assumpt ion  followed s ta tes  tha t  the  ions are not  d i s t r ibu ted  homogeneous ly  
in the  membrane  volume but  are condensed a round  the exchange centers,  whose 
number  in the  membrane  is l imited.  The " re lay- race  mechan i sm"  of the t r anspor t  
can act if these centers  are near  one to another  and  the concent ra t ion  of ions in 
the i r  ne ighborhood can be higher  than  in solution. 

hwcst igat ion of  Model  B 
In this  case the  s t eady - s t a t e  fluxes of ions are descr ibed by  the following 

equat ions :  

[ Na - qlNaCNa'( ~0 --  ;~lNa) - -  q l N a ' J l N a  

-= q 2 x a ~ l N a  - -  q2Na 'CNa"(~Z 0 - -  t / N a  - -  I lK)  
(e3) 

1 K q: KCK'(n ° - -  nNa - -  nK) - -  ql K'nK 

- -  q 2 K I I K  - -  q2I<'CK"(n 0 - -  ~lNa - -  I lK) 

where n ° is the  concent ra t ion  of the  ion-exchange sites of the membrane  ma in ta in ing  
the passive t r anspor t  of the  ions; ~ i J , q i l '  a r e  the  ra te  cons tants  for the  crossing of 
energet ical  barr iers  a t  the  i th  surface of membrane  by  ions of the species j. 

We get  the  concent ra t ions  of ions in membrane  from the following sys tem 

of equat ions  : 

(lZ 0 - - / 4 N a -  gtI,:) ( q l N a C X a  ' ~ q 2 N a ' C N a " )  = / ~ N a ( q l N a '  @ q_ox~d 
('4) 

(~0 __ n ~ -  nK) (qiKcK' + q2K'CK") *lK(qlI,:' + qeK) 

Exc lud ing  nK and n~a f rom Eqn.  23 and  using Eqn.  24, we get  

_ n O [  qH:q2KcK'--qlK'q2KCK" :] 
IK ql~" ~ q2K qlKCI~' -- q2K'CK" m qlxaC.~'a' + q"~(Cxa' (25) 

I @ q l K '  ÷ q~K q l x a '  q-  q2 .xa  J 
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('omtmrison ()f Eqns. -'5 and 5 shows that  in this case the effective permeal)ility 
depends not only on the c~mcentrations ~f the ions of given species, but  also nn 
the concentrat ions of the competi t ive ions. 1)K err. and 1)xd 'rr" depend equally on 
the concentrati~)ns : t h e \  can differ only by a c~mstant faet<w. Therefore the calculation 
of dl" with the use of Model 1{ gives a result different from that  in the case ~)f M~(Iel 
A. :ks a mat ter  of fact, the difference {~f potentials depends on one parameter,  i.,'. 
~,n the l~Urlneal)i l i ty ratio. I f  t i l t '  effective permeabi l i t ies for 1,: and Na depend 
Cm the nmccn t ra t i on  distr i l )ut i~m in an ident ical  manner, then the dependence ,,l 
tlw potential  difference (,n the conccntra t inns  must l)e the same as in tlw casc ,d 
t)crmeabilitivs which (h, n,,t &'t)end on c ,m'untrat i tms.  Therefore .M(~del I~ must  
h'a(1 t*~ l:qn. 3 f,w the resting potential ,  l.et us show that  this is true. 

\ V e  can intn~ducc in M,,del 1~ tl,e effective number  of sites acccssil)le t~ tlw 
i~ms of eacl~ species. This n u m l ~ c r  is determined by t)arameters q and b \  tilt' distri- 
bution of c, mcentrations.  It can be seen that  Eqn.  4 is transformed into Eqn. "5 
if we put instcad (ff zzb:" tile effective number  of exchanve centers c~wresp, mding 

to I( , equal t,~ 

0 m l .  i ( )  K 
Un Hfl ......... (2(~) 

l f f  K ( )  x .  

\v[icr(~ 

L~i 
l / i i !  i '  {72i ' l ' i  " ( " 7 I 

i/If' ~/2i 

The \-alu,' ()i is t l lc  rat io ~l pro lml f i l i t ies of b ind ing  of the free i~m of the species i 
to the free site in the membrane and ~,f the removal  of this ion from the meml ,ane .  
This rat i~ increases w i th  the a f f in i ty  ~f the ion to the exchange centers. I f  the af f in i ty  
~1" Na ~ is lnucll smaller than the amni tv  of K , then (d,xa EJ. ()K and nK °'~rr" ~ *z '~. 
It means that  Model lI leads t~, the same expression for the flux of K'  as Model A. 

The larger t~wtion ,~f exchange sites belongs to K . 
Now in>tuad ~f IlNaO/lll.:, 0 \VU put  the ratio of effective values ]lN.,tOel'f']ll;, Oeff" 

taken from l-qns. 2!~ and '-7 into Eqn. 15 c~mnecting the resting potential  with 

c{)ncentlati~ll. \Vu ..,rut t i le Uqll~tti{)n 

I "-'~'K' / 1,:" ~1{1' :!(N;l '  CNa")  (2,";) 

where a is a quan t i ty  which does not depend on concentrat ions.  Pu t t ing  ~ I)x~dPj; 
and r from Eqn.  9 into Eqn.  28 we get Eqn.  2. 

C()XCLUSIONS 

Thus experimental  examinat ion  of Eqn.  2 allows one to distinguish tile Models 
A and B. The experimental  da ta  obtained by Baker el  aI . ; ,  ~ and "l'asAKl c/al. le show 
that  the resting potential  cannot  exceed some limiting value if we change tile concen- 
t rat ions of I4 in the intracellular and surrounding solutions. This result is explained 
only by Model A. Model B canm~t account for this effect of "sa tura t ion" .  

The establishil~g of the passive permeabil i ty  mechanism of biological nleml)ranes 
is also ilnp(,rtant,  as it is the beginning of the theoretical s tudy of the generation 
of nerve impulse in axons. The generation must  be considered as the change of K 
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and N a -  currents in definite order resulting from the additional difference of poten- 
tials at the membrane  of axon. It is known ~" that switching off the mechanism of 
the active transport does not influence the abil ity of membrane  to produce the 
spike. It means that the exci tat ion changes the passive fluxes of Na + and K . The 
calculation of the external  field action on these tluxes is the next  problem of the 
theory of transport  processes in biological meinbranes. 
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