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Possible Gibbs-Donnan 
mechanism for cation uptake 
MANY freshwater animals take up metal ions from solution 
in the surrounding water, often by active transport against 
a concentration gradient. The uptake of ions would be 
helped, and their loss opposed, by any means which increases 
the electrochemical potential of the ions in question in the 
external medium. One such means would be for the animal 
to secrete into the water a cationic substance to which the 
skin is not permeable; this would set up a Gibbs-Donnan 
effect (whereby an unequal distribution of diffusible ions is 
established at equilibrium on the two sides of a membrane 
if one side contains a non-diffusible ion) on the ions which 
are to be absorbed. The presence of such a mechanism in 
nature would be evident from the accumulation in the 
growth medium of cationic substances whose effect on the 
uptake of metals could be demonstrated experimentally. 

For instance, the pulmonate snail Biomphalaria glabrata 
was shown by Thomas eta!.'·' to secrete a substance which 
might act this way. The growth of the snails in these experi
ments was on the whole limited by the amount of calcium 
which could be absorbed, but the snails' secretion increased 
their growth rate and lowered the minimum concentration 
from which net uptake of calcium could be achieved. When 
the substance was allowed to accumulate in a limited 
volume of water ( < 200 ml) for 3 d, the calcium concen
tration was reduced by the snails' uptake to - 2.5 x w-• M. 
But when the secretion was prevented from accumulating 
by continuous replacement of the medium, net uptake was 
not possible from solutions ;S 2.5 X w-• M. Addition of 
the partially purified secretion of other snails to the con
tinuously replenished medium lowered the limiting calcium 
concentration from which net uptake was possible. 

This model implies that the secretion of B. g/abrata could 
increase the electrochemical potential of calcium tenfold. 
It is possible to calculate the effective concentration of non
permeant cations required to produce this effect, assuming 
that no other cations are present in significant amount. We 
can treat the system as though ca•+ were partitioned at 
equilibrium between two compartments separated by a 
membrane permeable only to ca>+ and to a common anion 
such as HC0:1-. The molar calcium concentration in the 
compartment from which the non-permcant cation is absent 
(representing the interior of the snail) would then be 
m' ca = 2.5 x l0-4 and in the compartment where the non
permeant ca·tion is present (representing the exterior 
medium) the calcium concentration is mr.a=2.5 X w-•. If the 
substance in question has molecular charge z. the molar 
concentration, mp, required will be given by the Gibbs
Donnan equation 
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where y ±, y ±' are the activity coefficients of the calcium 
salt in the compartments with and without the non-permeant 
cation, respectively. Substituting the calcium concentrations 
give~ above, and assuming the activity coefficients equal, we 
obtam the value zmp = 1.6 x l0-3, which seems reasonable. 

The Gibbs-Donnan effect will operate on all permeant 
cations, to an extent depending on their relative concentra
tions and their valence. (There is more effect on multivalert 
than on univalent ions.) The presence of an excessive con
centration of another permeant ion such as Na+ would 
reduce the enhancement of the electrochemical potential 
of ca>+. Other things being equal, the uptake of permeant 
cations would be favoured in approximate proportion to 
their external concentrations. Other non-permeant ions 
would enhance or reduce the Gibbs- Donnan effect depend
ing on their concentrations inside and outside the animal 
and on their net molecular charges. 

Apart from the identification of cationic macromolecular 
substances in the secretions of freshwater animals this 
model could be confirmed by reproducing the Gibbs
Donnan effect with cationic polymers such as diethylamino
ethyl dextran or polylysine. The presence of these in the 
water at quite modest concentrations ought to assist the 
uptake of calcium and stimulate the growth of animals as 
does the substance studied by Thomas. 

lt is not to be expected that such a mechanism would be 
useful to all freshwater animals, but only to those living in 
limited volumes of still water in which the hypothetical 
substances could accumulate. Because the mechanism 
would act equally well to retard loss as to promote uptake 
of ions, it would be of greater value to animals vulnerable 
to such loss; for example, it would be more likely to occur 
among gastropods, which are liable to dissolution of the 
shell, than among crustaceans, whose calcareous structures 
are protected by an impermeable cuticle. 

1 am indebted to Dr A. G. Ogston for his suggestions 
and criticisms. 
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