
F R E E DISCUSSION 

DR. LING: In connection with possible mechanisms for the observed ionic gra-
dients within a single cell, which Dr. Anderson just reported, there are two hypotheses 
one can examine. In the first one, one may assume that the cytoplasm is essentially 
a dilute solution of salts. In this case, the potassium ion concentration has a diffusion 
coefficient approximately equal to 2 χ 10—6 cm2/sec. Left alone, the potassium 
ion in the different regions of slime mold, which Dr. Anderson examined, will mix 
and reach equal concentrations in a matter of minutes. In order to maintain the 
gradient observed, there must be an ionic pump mechanism. However, the rate of 
pumping will be many times higher than that calculated for pumping across cell 
surfaces. This large amount of energy is not compatible with the maximum rate of 
energy delivery in living cells. 

Let us examine a second possibility. In this, the potassium ion is considered 
intimately associated with ionic groups on proteins and protein complexes within 
the protoplasm. Because of the differences between the association energies of 
potassium and of sodium, such a system will select one ion over the other one. 
Examples of this type of ion-selecting system are, of course, now well known. For 
example, the exchange resins select potassium ion over sodium ion or sodium ion over 
potassium ion, depending on the nature of the charged groups that the resins 
bear. Selective ionic accumulation may be different in different parts of a cell without 
the need of continuous energy expenditure. 

Dr. Anderson's observation of a change of the selectivity ratio with sol-gel trans-
formation also agrees with this model. It has been shown that within the living 
cell ions can exist in two states: adsorbed on fixed ionic sites or interstitial occupy-
ing space between sites. The degree of association is governed by an energy term 
and an entropy term. Entropy, as is well known, exists in several forms: translational, 
rotational, vibrational, etc. An estimation can be made to show that the major 
contribution determining ionic association in aqueous solutions is predominantly 
that due to the rotational entropy. Within the protein matrix, which carries a 
large number of fixed ionic and Η-bonding sites, water molecules cannot rotate 
themselves as freely as in pure water. Evidence for this has recently been produced 
by the measurement of nuclear magnetic resonance of the water in collagen (Dr. 
Berenblum). Since potassium and sodium ions are hydrated, they have a layer of 
rigidly attached water molecules around each ion. Like water they will also suffer 
a loss of rotational freedom within the protoplasmic network. This loss of rotational 
entropy will be greater in a gel where the Η-bonding sites are more fixed than in 
the sol form. It may be anticipated, therefore, that there will be a larger proportion 
of ions associated in the gel state than in the sol form. Since it is only in the asso-
ciated state that the association energy differences can determine potassium over 
sodium selectivity, one can anticipate that as a gel transforms to a sol, there is a 
tendency for the ionic distribution to approach that in the surrounding medium. 

CHAIRMAN THIMANN: I wanted to ask Dr. Kuroda a question about rotating 
chloroplasts. You have to have light in order to look at them, so they could conceiv-
ably be carrying out the chemical reactions of chloroplasts. Have you ever looked at 
them in green light? You see, in green light the chloroplasts would not be able to 
be carrying out a photosynthetic reaction, so it would have no source of energy 
for that. I wondered whether they continue to rotate in green light. 

DR. KURODA: Streaming is capable of continuing in the dark. 

CHAIRMAN THIMANN: I am talking about the rotation of chloroplasts; not 

streaming. 
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DR. KURODA: Chloroplasts rotated 3 days in the dark. Therefore, photosynthesis 
has probably little to do with the chloroplast rotation. Nuclei also rotate. 

DR. REBHUN: We have looked at amebae in the Harvey-Loomis centrifuge micro-
scope, and have been struck by the existence of particles persisting in the hyaline 
zone after most of the particles have been stratified in a centrifugal direction. In 
watching these particles, it is clear that many of them are moving in loops coming 
from the centrifugal mass of granules, going counter to the direction of centrifugal 
force and then turning to re-enter the particle mass. Since there are many dark 
granules in these hairpin loops, we assume they are Dr. Griffin's carbonyl diurea 
crystals which have a specific gravity of about 1.6. No obvious differences in velocity 
of particles could be observed with, as opposed to, against the direction of centri-
fugal force in these streams. Since the cells were examined at forces up to 1100 g 
it would appear that local cytoplasmic strands can have very considerable structural 
rigidity. 


