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ABSTRACT: The selective adsorpt ion of the  cations Na +, K +, Mg ++ and  Ca + + by the cell wal l  of 
the Medi te r ranean  alga Valonia utricularis (Siphonocladales,  Chlorophyceae)  from sea water  of 
40 Too S was inves t iga ted  by extract ion of cell-wall  preparat ions,  e lu ted  before in 1.1 mol me thano l  
{adjusted to pH 8) wi th  0A n formic acid in a Soxhlet  apparatus .  Na + and  K + were  de te rmined  by  
flame photometry,  Mg ++ and  Ca + + by complexometr ic  t i t rat ion wi th  EDTA. From calculat ion of 
the dry weight : fresh weigh t  ratios and  the  chloride de terminat ions  in the eluates,  the Donnan  free- 
space fraction of the total cell-wall  volume was calculated to about  35 %, and  the analyt ical  results  
of the cation concentrat ions in the extracts expressed as ~Val cm -3 DFS. This calculat ion is based  on 
the assumption that  the acidic groups of the noncel lulosic  matr ix material ,  carrying negat ive  
charges by dissociation at the react ion of sea water  (ph about  8) are responsible  for the adsorpt ion of 
cations by exhibi t ion of a Donnan  effect. The results  ob ta ined  show clearly tha t  bes ides  the divalent  
cations Mg ++ and Ca + +, which  according to the  physico-chemical  laws of the  Donnan  dis t r ibut ion 
must  be  relatively accumula ted  to the  second power  of the  monovalen t  ones, potass ium is also 
enr iched by select ive adsorption, and  the  K + :Na + ratio increased signif icantly compared  wi th  that  
in sea water. This seems to indicate  tha t  the  s t rength  of at t ract ion b e t w e e n  the  cations and  the  
negat ive sites is dependen t  on the radii  of the ions and  the state of hydrat ion and /or  polarisat ion of 
the ions and b ind ing  sites. 

I N T R O D U C T I O N  

In  h i g h e r  p l a n t s  t h e  a d s o r p t i o n  of i o n s  b y  t h e  ce l l  w a l l s  of roo t s  is t h e  p r i m a r y  s t e p  

a n d  t h e  t r i g g e r i n g  e v e n t  i n  t h e  c h a i n  of r e a c t i o n s  i n v o l v e d  i n  t h e  u p t a k e  a n d  a c c u m u l a -  

t i on  of sal ts .  D e s p i t e  t h e  s i m p l y  p h y s i c a l  n a t u r e  of t h i s  r e a c t i o n  i t  is  n e v e r t h e l e s s  a r e a l  

a c c u m u l a t i v e  p r o c e s s  s i n c e  t h e  c o n c e n t r a t i o n  of t h e  i o n s  a t  t h e  a d s o r b i n g  s u r f a c e s  is 

c o m m o n l y  m u c h  h i g h e r  t h a n  i n  t h e  s u r r o u n d i n g  so i l  s o l u t i o n .  

T h e s e  c o n d i t i o n s  h a v e  l o n g  b e e n  r e c o g n i z e d ,  a n d  w e r e  c l o s e l y  i n v e s t i g a t e d  b y  

m a n y  a u t h o r s  ( W i l l i a m s  & C o l e m a n ,  1950; B u r s t r 6 m ,  1951;  E p s t e i n ,  1955; K r a m e r ,  1956;  

J a c o b s e n  e t  al., 1958; L u n d e g a r d h ,  1958}. In  m a r i n e  a l g a e ,  h o w e v e r ,  t h e  r61e of t h e  ce l l  

w a l l  i n  t h e  m i n e r a l  m e t a b o l i s m  h a s  s c a r c e l y  b e e n  c o n s i d e r e d .  

T h i s  m a y  b e  d u e  to t h e  f ac t  t h a t  i n  s o l u t i o n s  of h i g h  i o n i c  s t r e n g t h  l i k e  s e a  w a t e r  t h e  

D o n n a n  effect ,  w h i c h  is  r e s p o n s i b l e  for  t h e  a d s o r p t i o n  of d i f f u s i b l e  i o n s  of t h e  m e d i u m  

by  f ixed  c h a r g e s  of o p p o s i t e  s i g n  w i t h i n  t h e  c e l l  w a l l s ,  is  n o t  so p r o n o u n c e d  as  i n  d i l u t e  
m e d i a  l ike  t h e  so i l  s o l u t i o n  a n d  f r e s h w a t e r .  T h e r e f o r e ,  i ts  a c c u m u l a t i v e  e f f ec t  m a y  b e  

u n d e r e s t i m a t e d  in  s e a  w a t e r  a n d  i ts  s e l e c t i v i t y  n e g l e c t e d  or  e v e n  s i m p l y  o v e r l o o k e d .  

It may ,  h o w e v e r ,  l e a d  to t h e  p r e f e r e n t i a l  a d s o r p t i o n  n o t  o n l y  of p o l y v a l e n t  c a t i o n s ,  

a c c o r d i n g  to t h e  p h y s i c o c h e m i c a l  l a w s  for  t h e  D o n n a n  d i s t r i b u t i o n  of ions ,  b u t  a l so  to 
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that of cer ta in  monova len t  ones. This will  d e p e n d  in  detai l  on the very complex 
in ter re la t ionships  b e t w e e n  the fixed charges (,,sites") and  the different ions according to 
the s t rength of at traction by Coulomb and  non -Cou lomb  forces in f luenc ing  the states of 
hydrat ion and  polar isat ion of sites and  ions (Diamond & Wright, 1969). 

The disregard  of these condi t ions  may be the reason that very little information is 
ava i lab le  about  the diffusion of ions across the cell walls, their  ion-exchange  properties 
and  their  spatial  homogene i ty  (Hope & Walker,  1975, p. 560. The few data on this 
subject  are scattered in the form of occasional  and  isolated observations.  Moreover, they 
are concerned  pr imari ly  with the condi t ions  in  freshwater algae, where, for the reasons 
m e n t i o n e d  above,  the D o n n a n  effect is more p ronounced  than in  mar ine  algae.  

The only papers  dea l ing  with ion adsorpt ion in dead  tissue of a mar ine  red alga are 
those of Eppley & Blinks (1957) and  Eppley (1957). They reported on the adsorption of 
Ca + +, Na ÷, and  K + in  Porphyra perforata as wel l  as on the exchange  of adsorbed Na + for 
different mono-,  di-, and  tr ivatent  cations from 0.1 n solutions. While  they could not 
detect  any potass ium in  the Porphyra t issue ki l led  by boi l ing  or by immers ion  in  cold 
50 % e thanol  the ratios of the values  reported for adsorbed Ca +÷ and Na + correspond 
rather  well  with our results, as will  be discussed later. 

Besides these s ingle  observat ions on the ion contents  in  dead  tissue of a mar ine  alga, 
there are only three more papers  dea l ing  with the ion-exchange  properties in  cell-wall  
mater ia l  of the freshwater  a lgae Nitella axillaris (Diamond & Solomon, 1959) and  Chara 
australis (Dainty & Hope, 1959; Dainty  et al., 1960). The former authors s tudied the 
exchange  kinet ics  of only 42K in  the three m a i n  compar tments  (cell wall,  cytoplasm and 
vacuole) of IV. axillaris; from this they calcula ted the total potass ium concentra t ion in the 
s ingle  compartments .  Dain ty  et al. (1960), on the other hand,  invest igated the exchange 
adsorpt ion of l abe l l ed  Ca* and  Na* in  the cell walls  of C. australis. They also de te rmined  
the concent ra t ion  of the nondi f fus ib le  an ions  in  the walls  (0.8 Val 1-1) as well  as the mean  
dissociat ion constant  (pK = 2.2) of the organic  acids, from which the fixed cell wall 
an ions  are derived, and  showed that the ini t ia l  ion exchange  took place in  the Donnan  
phase  of the cell walls. 

This phase is def ined  as that fraction of the free space or outer space in p lant  cells 
and  t issues (Kramer, 1957) in  which  the dis t r ibut ion of the diffusible cations and anions 
of the su r round ing  m e d i u m  is in f luenced  by the presence  of the indiffusible anions  of the 
wal l  material :  whi le  the mobi le  cat ions act ing as counter ions  are attracted by the fixed 
nega t ive  charges, the diffusible an ions  or co-ions are repelled.  Despite the unequa l  
d is t r ibut ion of the mobi le  ions of opposite s ign in  the D o n n a n  phase or Donnan  free 
space (DFS), in the state of equ i l i b r ium their  product  must  be equa l  to that in  the 
env i ronmen ta l  solut ion (Fig. 1). 

In contrast to the DFS the water  free space (WFS) is that part  of the free space in 
which the concent ra t ion  of the solutes is equa l  to that in the medium.  For the determina-  
t ion of the free space of cells or t issues one has to take into considerat ion,  therefore, that 
with different solutes, e. g. electrolytes and  nonelect rolytes  or even  different k inds  of 
both, different values  are to be  expected. Instead of the true free space for every solute 
only its apparen t  free space (AFS) wil l  be obtained,  def ined as that part of free space to 
which  the solute seems to move readi ly  by diffusion (for further detai ls  see Briggs & 
Robertson, 1957; Briggs et al., 1961; Levitt, 1957). 

While  informat ion on the ion-exchange  propert ies of algal  cell walls is far from 
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a m p l e ,  n o  r e l i a b l e  d a t a  a r e  a v a i l a b l e  a b o u t  t h e  r e a l  c o n c e n t r a t i o n s  a n d  r e l a t i o n s  of t h e  

c a t i o n s  of t h e  n a t u r a l  s u r r o u n d i n g  m e d i u m  i n  ce l l  w a l l s  of m a r i n e  a l g a e .  T h i s  s u r e l y  is 

d u e  to t h e  d i f f i cu l t i e s  of o b t a i n i n g  p u r e  c e l l - w a l l  p r e p a r a t i o n s  f r o m  m o s t  s p e c i e s .  For  t h e  

i n v e s t i g a t i o n s  d e s c r i b e d  b e l o w ,  t h e  l a r g e  c e l l e d  c o e n o c y t i c  M e d i t e r r a n e a n  a l g a  Valonia 
utricularis w a s  c h o s e n .  
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Fig. 1. Diagrammatic  sketch of the ion distr ibut ion be tween  the cell wall  of a mar ine  alga and  the 
surrounding sea water. For reasons of simplification only the monova ten t  ions are symbolized.  NAS 
= non-accessible  space ( ~  dry wal l  material);  DFS = Donnan  free space conta in ing the  b ind ing  
sites (-) as well  as their  counterions of opposite charge  (Na +, K +) and  the  co-ions (C1-) of the  same 
charge; SW-FS = Sea water  free space, i .e .  tha t  part  of the cell wall  (large pores and/or  
interfibril lar spaces) which  is freely accessible by diffusion to all ions of the sur rounding  sea  water  
in equal  distr ibution while  s ingle ions or anelectrolytes may also enter  the DFS in different 
concentrat ions according to their  charges  and  thei r  states of hydrat ion and  polarisation. - . . . .  
potential  barr ier  be tween  DFS and  SW-FS. In the state of e lect rochemical  equi l ib r ium the  activity 
products of the diffusible ions must  be equa l  in all compartments ,  whi le  the sum of the  diffusible 
particles, responsible  for the  magni tude  of the  osmotic potential ,  must  be  grea ter  in  the  DFS than  in 

the  sur rounding  m e d i u m  

M A T E R I A L S  A N D  M E T H O D S  

V e s i c l e s  of t h e  M e d i t e r r a n e a n  c h l o r o p h y c e a n  Valonia utricularis, a b o u t  1.5 c m  l o n g  

a n d  0.5 c m  in  d i a m e t e r ,  w e r e  u s e d  for  t h e  e x p e r i m e n t s .  S o m e  of t h e s e  a l g a e  w e r e  

b r o u g h t  to  o u r  l a b o r a t o r y  f r o m  t h e  N a p l e s  Z o o l o g i c a l  S t a t i o n  i n  1964.  T h e  a l g a e  h a v e  

s ince  bee t1  c u l t i v a t e d  i n  a t e m p e r a t u r e - c o n s t a n t  r o o m  a t  18 °C i n  l a r g e  100-1 t a n k s ,  m a d e  
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from polyvinyl  chloride, in  raw mass culture. They are kept  free of diatoms and other 
epiphytes  by the littoral molluscs Littorina littorea and  Hydrobia ulvae as well  as by 
different amphipods,  isopods and  other smal l  animals ,  which usual ly  graze on algae in 
the littoral zone. This cul t ivat ion method s imula t ing  na tu ra l  condi t ions  has proved to be 
successful and  conven ien t  even  with other algae. I l lumina t ion  is provided by fluorescent 
lamps in  a day: n igh t  rhythm of 14:10 h at an  in tens i ty  of about  2000 Ix. Every week  
about  one third of the sea water  is replaced by freshly fil tered water, enr iched  with KNO3 
and  Na2HPO4 if required.  Evaporat ion by aerat ion causes sal ini ty  changes  in the range 
of about  35-40 Too. Under  these condit ions the a lgae  flourish well:  they are br ight  dark 
g reen  and  turgid.  

For every exper iment  four sets of about  300 ceils were  used. The cel l-wall  prepara-  
t ions were ob ta ined  by squash ing  the vesicles and  r ubb i ng  them be t w e e n  the fingers to 
remove the cytoplasm (Kornmann,  1934). After this t rea tment  the cell walls  were r insed 
several  t imes in  steri l ized sea water  of 40 Too S and  stored overnight  in  this medium.  The 
next  day the samples  were  centr i fuged at 5000 r. p. m. (about 3000 g) to remove the 
adher ing  sea water  and  then  blot ted by vigorous press ing  be t w e e n  absorbent  tissue. 
After weigh ing ,  the prepara t ions  (about 0.5 g each) were r insed five t imes in  50 ml of 
1.15 mol aqueous  methano l  solution, isotonic to sea water  of 40 %0 S, for several  minutes  
to remove the sea water  still adhe r ing  to the surface and  to e lute  the diffusible ions from 
the AFS of the cel l -wal l  material .  Since the r ins ing  solution, adjus ted  to pH 8 with Tris- 
buffer, conta ined  pract ical ly not electrolytes, an  exchange  of cations adsorbed to the 
fixed nega t ive  charges (e. g. COO- groups) in  the D o n n a n  phase was prevented.  

To l ibera te  these cations from the material ,  the prepara t ions  were transferred to 
150 ml of 0.1 n formic acid in  a Soxhlet apparatus,  and  extracted for about  10 h. The 
extracts were  then  concentra ted  to 50 ml and  used  for the chemical  analyses  of Ca + + and 
Mg ++ by t i trat ion with 10 .3 tool EDTA as wel l  as for the de te rmina t ion  of Na + and  K + 
with a Lei tz-Unicam SP 90 atomic absorpt ion spectrophotometer.  

Besides these de te rmina t ions  the first 50 ml of the eluates  were also ana lysed  for Cl-, 
Na +, and  K +. The C1- va lues  ob ta ined  by t i trat ion with 2 10 .2 n AgNO 3 were related to 
the C1- content  of the sea water;  from these results the chloride apparen t  free space (C1- 
AFS) was calcula ted as per  cent  fresh weight  (% FW). The m e a n  value  from 12 determi- 
na t ions  was 50 % (50.13 _ 2.6 %). 

However,  as can be seen  from Figure  1, the actual  an ion  concentra t ion in a Donnan  
phase  con ta in ing  nega t ive  b i n d i n g  sites must  a lways be considerably  lower than  in the 
su r round ing  medium.  Cons ider ing  that the nonaccess ib le  space of the material,  calcu- 
la ted from the dry weight  to fresh weight  ratios, was about  30 % and  the C1-AFS 50 %, it 
has to be  conc luded  that the DFS must  be  greater  than  20 % and  the WFS soaked with 
sea water, smal ler  than  50 %. Therefore, it cannot  be far from reali ty to suppose that both 
spaces of Valonia cell wails  are in  the range  of about  35 %. This is i n  good agreement  
with a communica t ion  of Preston (1974) who ment ions  that the matrix mater ia l  in the cell 
walls  of Valonia, which is supposed to be the seat of the nega t ive  b i n d i n g  sites, amounts  
to about  one third of the cel l -wal l  volume.  

The analy t ica l  results l isted in  Tab le  1 are expressed in  ~Val cm -3 DFS. Al though 
such a def ini t ion of "concentra t ion"  may be somewhat  arbitrary, the author is conscious 
of the fact, that the appl ica t ion  of this term to a get phase  of he te rogeneous  composit ion 
is always problematic .  
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RESULTS 

The  first  c o l u m n  of T a b l e  1 (I SW 40 %0) s h o w s  t h e  c o n c e n t r a t i o n s  of t he  s i n g l e  

ca t ions  in  s e a  w a t e r  of 40 %o S c a l c u l a t e d  a f te r  D i e t r i c h  e t  al. (1975), In t he  s e c o n d  c o l u m n  

the  r e su l t s  of t h e  a n a l y s e s  of t h e  fo rmic  a c i d  e x t r a c t s  c a l c u l a t e d  a s /~Va l  c m  -3 DFS a re  

l i s t ed  (I DFS); t h e s e  f i g u r e s  a r e  t h e  m e a n  v a l u e s  of s ix  d e t e r m i n a t i o n s  e a c h .  T h e  t h i r d  

a n d  four th  c o l u m n s  g i v e  t h e  i o n i c  r e l a t i o n s  of t h e  s i n g l e  c a t i o n s  c o m p a r e d  w i t h  t h e  to ta l  

ca t ion  c o n c e n t r a t i o n  in  s e a  w a t e r  (I SW/2~ I SW) a n d  in  t h e  DFS (I DFS/~:  I DFS). T h e  las t  

c o l u m n  f ina l ly  l is ts  t h e  ra t ios  of t he  v a l u e s  of c o l u m n  four  to t h o s e  of c o l u m n  t h r e e  

(t DFS : 2~ I DFS/I  SW : ~Y I SW). 

T h e s e  d a t a  s h o w  c l ea r ly  t h a t  in  t h e  DFS of t h e  c e l l - w a l l  m a t e r i a l  a s i g n i f i c a n t  

c h a n g e  of t h e  ion ic  r e l a t i ons ,  as  c o m p a r e d  w i t h  t h o s e  in  s e a  w a t e r ,  t o o k  p l a c e .  T h e y  a lso  

d e m o n s t r a t e  t ha t  a s t r o n g  s e l e c t i v e  a d s o r p t i o n  h a s  o c c u r r e d ,  e s p e c i a l l y  of Ca  + + a n d -  to 

a l e s s e r  e x t e n t  - M g  + +, b u t  a l so  of t he  m o n o v a l e n t  ion  K +, w h i c h  is  t h e  m a i n  i n t r a c e l l u -  

la r  ion  of m o s t  p l a n t  ce l ls .  Of  s p e c i a l  i n t e r e s t  is, h o w e v e r ,  t h a t  t h e  r e l a t i v e  c o n c e n t r a t i o n  

of s o d i u m ,  t h e  m o s t  i m p o r t a n t  c a t i o n  of s e a  w a t e r  w h i c h  is c o m m o n l y  p r e s e n t  in  

r e l a t i ve ly  sma l l  a m o u n t s  in  t h e  ce l l  s ap  of m o s t  p l a n t s ,  is s i g n i f i c a n t l y  r e d u c e d  in  t h e  

DFS of t he  c e l l - w a l l  m a t e r i a l  of Valonia .  

This  m a y  b e  s e e n  e v e n  m o r e  c l e a r l y  f rom t h e  ra t ios  of K +, C a  + + a n d  M g  ++ to t h e  

Na  + c o n t e n t  of s e a  w a t e r  (I : N a  SW) a n d  of t h e  c e l l - w a l l  e x t r a c t s  (I : N a  DFS) l i s t e d  in  

T a b l e  2. T h e  r e l a t i ve  a c c u m u l a t i o n  of t h e s e  c a t i o n s  b e c o m e s  e v e n  m o r e  e v i d e n t  b y  the  

rat io I : Na  DFS/I  : Na  SW. 

Table 1. Valonia utricularis. Cation concentrations and relations in sea water  of 40 % S and in the 
Donnan free space (DFS) of cell-wall preparations. I = concentration of the respective ion in sea 
water (SW) and in DFS; X I . . ,  = total concentration of the listed ions in sea water  or DFS (for 

further explanation see text) 

Cations I SW 40%o I D F S  I S W  I D F S  I D F S  : .YI DFS 
(~Val cm -3) (~Val cm -3) Z I SW Z I DFS I SW : ~: ISW 

Na + 547 651 _+ 19 0.773 0.390 0,505 
K + 12 105 _+ 2 0.017 0.063 3.705 
Mg ++ 125 582 _ 35 0,177 0.350 1.975 
Ca ++ 24 324 +_ 29 0,034 0,195 5.375 

Table 2. Valonia utricularis. Relations and relative accumulations of the main cations of sea water  
and of the Donnan free space (DFS) as compared with sodium. I = concentration of the respective 
ion in sea water (SW) and in DFS ~: I . , .  = total concentration of the listed ions in sea water  or DFS 

for further explanation see text) 

Cations I N a  + (SW)  I : Na + (DFS) I : Na + (DFS) 
I : N a  + (SW)  

K + 0.022 0.161 7.32 
Mg + + 0.228 0.894 3.92 
Ca + + 0.044 0.498 11.32 
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DISCUSSION 

The results compi led  in Tables  1 and 2 show clear ly  that especia l ly  the d ivalent  ions 
Ca + + and Mg  + + are se lec t ive ly  adsorbed in the ce l l -wal l  mater ia l  of Valonia utricularis. 
Eppley  & Blinks (1957) repor ted  s imilar  f indings.  In k i l led  t issue of the red a lga  Porphyra 
perforata they found a Ca ++ content  of 8-10 mi l l imoles  or 16-20 reVal per  kg fresh 

weight .  The  sucrose free space  was de t e rmined  to 43.6 % of the l iv ing tissue. Since 

u n c h a r g e d  nonelec t ro ty te  molecu les  are ne i the r  a t t racted nor r epe l l ed  by the charges  of 
the DFS, the none lec t ro ly te  FS should  also comprise  the DFS. In Porphyra peHorata the 

lat ter  can  be  a t t r ibuted  to the porphyran  content  of the wal l  mater ia l  wh ich  according to 

Cronshaw et  al. (1958) amounts  to about  50 % and contains la rge  amounts  of su lphated  

po lysacchar ides  (O'Colla ,  1962; Mack ie  & Preston, 1974) carrying nega t ive  charges  at 
the pH of sea water .  Re la t ing  the Ca ++ va lue  to the porphyran  content  of the wal l  

mater ia l  wh ich  wil l  correspond roughly  to a DFS va lue  of 20 % fresh weight ,  an actual 

concent ra t ion  of about  80 to 100/~Val cm -3 DFS is obtained.  Sodium, on the other  hand, 
was present  only in a concent ra t ion  of about  200/~Val cm -3 DFS. Ca lcu la t ing  the ratio of 

Ca++ : N a  + in the DFS of Porphyra a va lue  of 1 0 0 : 2 0 0  = 0.5 is ob ta ined  which  

corresponds  rather  exact ly  to that ca lcu la ted  for Valonia to 0.498. Compared  with the 
ratio of Ca + + : Na + in sea wate r  (---- 0.043) a more than tenfold re la t ive  accumula t ion  has 

obviously  occurred in both mar ine  a lgae.  
For the cell  wal l  of Chara australis Dainty et al. (1959) ment ion  a Ca ++ va lue  of 

0.4/~Val cm -2 at a wal l  th ickness  of 10 ~n ,  cor responding  to 400 #Val cm -3 wal l  material .  

These  authors also found a strong increase  of the ratio Ca + + : Na + in the cell  wal ls  when  
the m e d i u m  concent ra t ion  of sodium was only s l ight ly r educed  in favour of Ca + +. This 

increase  of the ratio Ca ++ : Na + observed  in slices of PorphyrapeHorata t issue as wel l  as 

in ce l l -wal l  mater ia l  of Chara australis, and conf i rmed by our results on cel l -wal l  
prepara t ions  of Valonia utricularis is, however ,  hardly  surprising.  According  to the 

phys ico -chemica l  laws gove rn ing  the Donnan  dis t r ibut ion of ions, an exchange  b e tw e e n  

mono-  and d iva len t  ions can only take place  if two monova len t  ions (I +) from one 

compar tment  (e. g. DFS) and one d iva len t  ion (Io + +) of the ne ighbour ing  compar tment  

(e. g. WFS) cross the border ing  area  or potent ia l  barr ier  in opposi te  direct ions s imultane-  

ously. 
t 

I + +  , * i + + I + 
4 

I 

The probabi l i ty  of such an e x c h a n g e  is obviously  directly re la ted  to the activity 
products  of the ions engaged .  H e n c e  equ i l i b r ium wil l  be  r eached  if the activity products 

of the e x c h a n g i n g  ions from both compar tments  are equal ,  i.e. if 

(io+) • (i+) - (i ++) = ( i+) .  (I+) - (i ++) 

The cor responding  relat ions are  then  

(I ++ ) (I+) 2 

(Ig ÷) (Io+) 2 

In o ther  words,  in a Donnan  system con ta in ing  mono-  and d iva lent  cations as 
counter ions  to the f ixed anions  the accumula t ion  rate of the d iva lent  cations by ion 
e x c h a n g e  is equa l  to the second power  of the accumula t ion  rate of the monova len t  ones, 
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This theoret ical  concept ,  however ,  takes  only the va lency  of the ions e n g a g e d  into 
account. It is of poor pract ical  va lue  for the es t imat ion of the  real  dis t r ibut ion of different  

kinds of ions of the same charge,  as present  in sea water.  Because  of different  states of 
hydrat ion and/or  polar isa t ion of ions and b ind ing  sites compounds  may  be formed which  

are only part ly dissociated,  as is the case wi th  Ca-a tg ina te  in b rown a lgae  (Kreger, 1962). 
Such chemica l  in ter re la t ionships  also seem to govern  the dis t r ibut ion of the mono-  

valent  ions Na + and K + in the ce l l -wal l  mater ia l  of Valonia which  is not in accordance  

with a s imple Donnan  model ,  d iscr iminat ing  only b e t w e e n  cations of different  charge.  
The actual  relations, therefore,  of the cations adsorbed  in the cel l  wal ls  of a lgae  can be 

es t imated  only by direct  chemica l  de terminat ion .  The  real  dis t r ibut ion of the cations 

r evea led  thereby may be  important  for the further  steps of minera l  metabol ism.  

Thus the preferent ia l  m e t a b o 1 i c a c c u m u 1 a t i o n of potass ium by the cells of 
most mar ine  and espec ia l ly  f reshwater  a lgae  may be  e n h a n c e d  by the preferent ia l  
n o n m e t a b o l i c  a d s o r p t i o n  of this ion by the cel l  walls.  By e x c h a n g e  with  
hydrogen  ions, l ibe ra ted  dur ing the me tabo l i sm of the cells, the up t ake  of potass ium into 

the cytoplasm may be  faci l i ta ted by f la t tening the steep concentra t ion  grad ien t  b e t w e e n  

the cell  sap and the surrounding medium.  This may  reduce  the expend i tu re  of ene rgy  
which is n e e d e d  for osmotic work, espec ia l ly  in the case of ion accumula t ion  from 

di lu ted  med ia  such as pond water l  the n u m b e r  of the b ind ing  sites ava i lab le  for the 

adsorpt ion of ions seems to be i n d e p e n d e n t  of the outer  minera l  concent ra t ion  and only 
re la ted to the pH of the env i ronment  responsib le  for the deg ree  of dissociat ion of the 

acidic  groups of the wal l  material .  This, however ,  wou ld  m e a n  that  e v e n  under  such 

condit ions the amount  of ions adsorbed  by the b ind ing  sites wou ld  l ikewise  d e p e n d  on 

the r e 1 a t i o  n of the different  ions in the sur rounding  m e d i u m  and not on their  
absolute  c o n c e n t r a t i o n .  

This v i ew is suppor ted  by a result  of Diamond  & Solomon (1959) on Nitel la  ax111aris. 
In the ce l l -wal l  mater ia l  of this a lga  exposed  to art if icial  pond water  con ta in ing  only 

10 4 n K +, they found a concentra t ion  e v e n  of the m o n o v a l e n t  potass ium ion of 7200 
picomoles  per  square  cen t imet re  cell  wall.  Since the wal l  th ickness  was  2 10 -4 cm, the 

concentrat ion of the adsorbed K + was 3.6 10-2n K +, cor responding  to an adsorpt ive  

accumula t ion  from the env i ronmen t  of 360 times! It seems  reasonab le  to suppose  that 
such strong nonmetabo l i c  p reaccumula t ion  of a metabo l ica l ly  impor tant  ion must  also 
affect the process of its me tabo l i c  up take  into the cytoplasm. Fur ther  inves t iga t ions  wi l l  

prove whe the r  this concept  is valid.  
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