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Abstract 

Nonionic detergents, Triton X-100 and Brij 58, 
removed, within 2-5 minutes, lipid membrane of suspended 
thymus lymphocytes and monolayer H-50 cells grown in 
culture. Studies of hydration, ionic asymmetry, and ionic 
and protein release kinetics were conducted on these 
membraneless cellular preparations. The hydration of nuclei 
isolated by Triton X-100 procedures appears to be 
influenced strongly by the monovalent ionic concentration of 
the buffer bathing the organelles. The putative monovalent 
ionic concentration of the cellular aqueous phase (i.e., 150 
meq/L) caused nuclei to swell and coalesce. Monovalent 
ionic concentrations of 30 meq/L or less caused minimal 
changes in volume and in morphology. Triton X-100 
treatment led to rapid mobilization and solubilization of 
membrane and cytoplasmic lipids and proteins, and the 
cellular potassium was reduced to very low levels. Brij 58 
treatment of the lymphocytes for 5 minutes led to loss of 
membrane structure. Potassium, however, was retained at 
significant levels for over 10 minutes. Potassium and 
protein release kinetic studies in the H-50 monolayer cells 
following Brij treatment revealed that potassium and the 
detergent mobilized proteins may be co-compartmentalized 
and that 10 minutes or more are required before their release 
is completed . These results support the view that most of 
the potassium and "diffusible" proteins are not fully 
dissolved in the cellular water. Furthermore, the integrity of 
the membranes does not appear to be essential for the 
retention of the ions and the proteins. 
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Introduction 

Central to the more popular views of the living cell is 
the postulate that the membrane is the primary, if not sole 
controller of the asymmetric distribution of solutes 
[1,3,6,8,12,20-22,37). Furthermore, the membrane 
mechanisms that bring about the cellular "gradients" of 
charged and uncharged solutes are purported to be regulated 
by membrane-situated energy-requiring pumps 
[ 1,3,6,8, 12,20-22,37]. (The quotation marks have been 
placed around the word gradients f_or the followi~g reason. 
From dilute solution theory, a gradient refers to differences 
in concentrations of solutions separated by a membrane. If 
significant adsorption of ions or non-chaq~ed _sol~tes_ is 
involved in the development of the asymmetnc d1stnbut1on 
between cells and extracellular environment, then the 
"gradient" does not necessarily represent a difference in the 
concentration between the aqueous phase of the cell and the 
external solution bathing it.) Although the idea of adsorption 
of ligands to membrane cytoplasmic structures has become 
commonplace in the membrane pump views, the conceptual 
origins of the theory are traceable to dilute solution theory 
[9-11,28,38). 

Theories that view the cytoplasm as playing the 
dominant role in the control of the cellular interior have 
existed for more than a century [28 (pp 81-111)]. A central 
theme of these theories, often referred to as the bulk phase 
theories , is that the cytoplasmic macromolecules adsorb 
significant amounts of solutes and water: Since the l 96~'s a 
large body of evidence has been pubhshed that provides 
support for the general tenets of the bulk phase theories 
[ 4,5,7, 11, 17, 19,23-31 ,39). 

It is obvious that these two theories or groups of 
theories (the membrane pump view and the bulk phase view) 
are based on different fundamental assumptions. It is 
important to remember this poin~, _even th<?u~h the ~embrnne 
pump view has evolved to a pos1t1on that 1s mcons1stent with 
its historical physical-chemical origins (dilute solution 
theory). Discussions of the membrane-pump view, without 
the awareness of these deviations from its origins, often lead 
incorrectly to the viewpoint that the differences of 
interpretation are merely semantic . Nevertheless, of major 
significance for our report is the fact that the importance of 
the membrane structure is viewed differently by the 
proponents of each of the views . In the case of the 
proponents of the membrane-pump view, the integrity of the 
membrane structure is all important in the control of the 
internal milieu of the cell (see for example reference 35). 
For the bulk phase theories in general and the Association­
Induction Hypothesis [28) in particular, the membrane, 
although important, is not considered the primary controller 
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of the cellular milieu . To address this difference in 
viewpoint we utilized techniques that remove the membrane 
structure of the cell and permit the observation of the 
subsequent redistribution of ions and proteins. Our 
objective was to provide decisive results consistent with one 
or the other of these theories . 

We used conventional detergent treatments to remove 
the lipid components from the cytoplasmic and surface 
membrane structure of cells (16,17,19] . These procedures 
also resulted in the time-dependent release of proteins 
[17,19,36]. The employment of these procedures allowed 
us the opportunity to determine the time-dependent 
dissipation of the electrolyte "gradient" of the cell. 

Materials and Methods 

We have used two general methods in these studies. 
In the first method, lymphocytes were isolated from the 
thymus glands of young calves. The isolated lymphocytes 
were then placed in various buffers, some containing 
monovalent (Na+ and K+) ions and one without monovalent 
ions. Both types of buffer contained 0.01 M Tris -HCI, 
3rnM CaC!2, and 3rnM MgCI2 [16,17]. (The buffer without 
monovalent ions is referred to as TSCM, whereas the buffer 
with monovalent ions is referred to as TNKCM.) To these 
buffers we added either Triton X-100 or Brij 58 to a final 
concentration of 0.2%. The lymphocytes were incubated in 
the various buffers for 5, 10, 20, or 90 minutes and 
centrifuged at various g forces. The pellets were then 
analyzed for water and/or electrolyte concentration. The 
specific procedures are described in detail elsewhere 
[16,17]. 

The second general method involved the use of 
simian virus 40-transformed H-50 cells in monolayer 
culture. Two different analyses were performed on the 
Triton X-100 and Brij 58 detergent treated cells: 42K­
release and release of 35s-methionine labeled proteins . The 
de tails of these studies may be found in reference 19. 

In both methodologies electron micrographs were 
obtained to assess the degree of membrane structure removal 
[16,17,19]. 

The Hydration of Isolated Membraneless 
Lymphocyte Nuclei 

In this study three buffers were used : (1) TSCM (no 
monovalent electrolytes); (2) TNKCM (monovalent ion 
concentration equal to 150 mM/liter-75 mM/liter Na+ and 75 
mM K+); and (3) 1/5 TNKCM (a buffer containing 15 
mM/liter Na+ and 15 rnM/liter K+ with sucrose making up 
most of the difference in osmotic pressure) . Each of these 
buffers contained Triton X-100 (0.2%) . Batches of the 
isolated calf thymus lymphocytes were incubated in each of 
the Triton-containing buffers for 90 minutes . Aliquots of the 
cells were then centrifuged for 30 minutes at 500, 1000, 
5000, 10,000, 20,000, 40,000, 80 ,000, 100,000, or 
150,000g. Electron micrographs of the Triton-treated cells 
were obtained from the samples centrifuged at 500 g. Figure 
1 contains representative electron micrographs of the calf 
thymus lymphocytes treated with Triton in each of the 
buffers. Figure 2 displays the changes in sample hydration 
(i.e., percentage of water) as a function of centrifugal force. 
The electron micrographs, as well as the centrifugation 
studies (Figure 2), show that the exposure of the 
membraneless nuclei to the buffer containing the full 
complement of monovalent ions (TNKCM-150 mM/liter 
Na+ plus K+) results in a significant increase in hydration. 
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FIGURE 1. Electron micrographs of : (A) intact calf 
thymus lymphocytes ; (B) Triton X-100 treated thymus 
lymphocytes isolated in TSCM buffer; (C) Triton X-100 
treated thymus lymphocytes isolated in 1/5 TNKCM buffer; 
and (D) Triton X-100 treated thymus lymphocytes isolated in 
TNKCM buffer. (Photo width "' 6 micrometers) 
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FIGURE 2. The percentage of water remaining in the 
nuclear pellets as a function of g forces . The specific g 
forces were 500, 1,000, 5,000, 20,000, 40,000, 100,000, 
and 150,000 . Electron microscopy (EM) and light 
microscopy were conducted on pellets centrifuged at 500 g. 
The Ca++ and Mg++ concentrations are 3 rnM in each of the 
solutions with the monovalent Na+ / K+ concentrations 
varying from 0/0 in TSCM, to 15/15 mMol/1 in 1/5 
TNKCM, and 75/75 mMol/1 in TNKCM solution. Each 
point represents the average of 5-15 samples and the 
standard error of the mean is <2% for these data. (For more 
detail see the text and reference 16.) 

On the other hand, membraneless nuclei exposed to 
buffers containing a reduced complement of monovalent ions 
(0 or 30 mM/liter Na+ plus K+) have a greatly reduced 
hydration. An obvious conclusion from these studies is that 
nuclear hydration is extremely sensitive to the free 
monovalent ionic environment to which it is exposed. 
Furthermore, free ionic concentrations of the order purported 
to exist in living cells are not tolerated well by these nuclear 
preparations. For example, using figure 2, compare (at 
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150,000 g) the hydration of nuclei incubated in 1/5 
TNKCM, 3.07 grams H20 / gram of dry solids, with those 
incubated in TNKCM solutions, 4.22 grams H20 / gram dry 
solids. From this and other studies we raise the question: 
Could it be that the free (aqueous) monovalent ionic 
concentration of living cells (during interphase) is of the 
order of 30 mM/liter or less? Certainly, the integrity of 
membrane structures do not appear to be necessary for the 
retention of water in these cells . Thus, it also appears 
unlikely that the osmotic theory of cellular volume regulation 
which requires a membrane separating two solutions, can 
offer an adequate explanation for these findings . 

EJectroJyte Composition of IsoJated Thymus 
Lymphocytes FoHowing Detergent Treatment 

From our earlier findings and from findings of 
several others, it seems unlikely that DNA within the nuclei 
of living cells is exposed to free electrolyte concentrations 
near those calculated from the water and inorganic element 
contents [14,15) . In other words, observations made on cell 
nuclei strongly support the notion that the concentration of 
electrolytes is low in the aqueous cytoplasm of the living cell 
[28,33,18). We have tested this idea on isolated calf thymus 
lymphocytes. The lymphocytes were first released from the 
thymus glands in calf serum. The cells were pelleted by 
centrifugation at 500 g for 10 minutes and the pellet 
resuspended in TSCM solution in 1 :5 vol:vol ratio. This 
suspension was divided into three aliquots: (I) control with 
no detergent treatment : (2) 0.1 % Brij 58 treatment; and (3) 
0.1 % Triton X-100 treatment. Thus the bathing solutions of 
each of these aliquots were very similar at the beginning of 
each treatment (see Tables 1 and 2 for the average values). 

The separated cells were treated with Triton X-100 or 
Brij 58 for 5, 10, or 20 minutes and then centrifuged at 
50,000 g for 10 minutes. The pellets were weighed, dried to 
a constant weight, and processed for flame photometric K+, 
Na+ and atomic absorption photometric ca++, Mg++ 
measurements . The electrolyte composition of the 
supematants (i.e. bathing solution s) was determined in like 
manner . Parallel with measurement s of the inorganic 
elements, a careful electron microscopic study was 
performed on the detergent opened cells . In good agreement 
with the findings of others, both detergents solubilized the 
lipid membranes within 5 minutes; only the so-called 
detergent resistant cellular elements remained [18,34,36). 

If the specific inorganic element composition of 
living cells (the high intra-cellular K+ content) is maintained 
only by the lipid membranes, immediate equilibrium would 
follow the removal of the membranes . The analyses of the 
pellets of Brij 58 treated cells showed that after 15 minutes 
(5-minute exposure in suspension and 10-minute 
centrifugation) a high K+ content remained (Table 1). As 
the exposure time was extended, the K+ content decreased in 
the Brij-treated cells. The Na+ content did not change, but a 
significant increase in ca++ and a slight increase in the 
Mg++ content were also found. The protein content of the 
supematants (i.e ., proteins released from the cells) increased 
in parallel with the equilibrium of inorganic elements 
between the intra- and extracellular spaces (Table 1). 

At the beginning of our experiments with the 
different detergents, we assumed that, following the 
solubilization of the lipid membranes, the protein release 
followed passively. However, additional observations 
suggested that the detergent molecules actively participate in 
the release of the different intracellular proteins . Thus the 
lipolitic and protein-mobilizing effects of the detergents are 
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events well-separated in time as documented by Schliwa et al 
[36). 

The time course for changes in the concentration of 
K+, Na+, Ca++, and Mg++ in the detergent-opened cells 
may also be evaluated with respect to changes in the external 
concentration of these ions [14). The ratio of the internal to 
external ion concentrations (i.e., the p values) are presented 
in Table 2 as a function of the exposure time to the 
detergents. A p-value of 15 in the case of 15-minute Brij 
treatment indicates a considerable K+ "gradient" in the 
"membrane free" lymphocytes (Table 2). 

Table 1. K+, Na+, Ca++, and Mg++ in lymphocytes 
treated with Triton X-100 and Brij 58 detergents. 

Exposure Proteins in rhe 
rime• mMol/kg water supernatant 

mg/ml 
K+ Na+ ca++ Mg++ 

Concrol 125.80 39.80 15.77 27.46 8.25 
(no detergent) ±4 .90 ±1.29 ±0.88 ±0.53 ±0.54 

15 min. 73.90 48 .51 17.68 25.00 8.42 
± 3.17 ±2.68 ±3 .86 ±3.49 ±0.57 

20 min. 48.82 49 .28 21.99 30.51 8.63 
Brij 58 ± 3.43 ±3.62 ±2 .83 ±5.70 ±0.51 

30 min. 36.13 47 .17 27 .87 28.94 10.04 
±1.43 ±4.39 ±0 .78 ±3.98 ±0.5 3 

15 min. 18.25 42.74 27 .14 33 .09 10.85 
±0.28 ±1.58 ±0 .35 ±2.80 ±0 .35 

Trit0n 20 min. 18.07 39.99 24.92 29 .26 10.80 
X-100 ±0.25 ±3.91 ±2.19 ±2.5 ±0.28 

30 min. 19.12 43.01 27.3 1 28.29 11.30 
±0.54 ±4.51 ±4.62 ±6.73 ±0 .28 

*Exposure time = 5, 10, 20 minutes in suspension and 10 
minutes needed for centrifugation and sample preparations. 
There are ten samples for each group; all data are presented 
as the mean ± the standard error of the mean . These data are 
from a separate study and the values for sodium and 
potassium may be compared with another similar study 
published in reference 25. (Control supernatant 
concentrations mMol/1: 
K = 1.95±0.4 ; Na= 23.48±0.12; Ca= 4.71±0.2; Mg= 
5.37±0.12 ). 

I.a..bk.l p - values* 

Exposure 
Tune K+ Na+ ea++ Mg++ 

Control 64.51 1.7 6.63 10.23 
(no detergent) ±2.13 ±0.06 ±0.2 ±0.25 

15 min. 15.0 3.07 7.27 9.75 
±0.84 ±0.10 ±0.95 ±0.60 

20 min. 7.30 3.06 l0.93 12.83 
Brij 58 ±0.31 ±0.23 ±0.62 ±0.97 

30 min. 5.14 3. 19 15.94 12.90 
±0.37 ±0.11 ±0.84 ±1.49 

15 min 2.28 2.13 14.07 14.02 
±0.06 ±0.06 ±0.12 ±0.64 

Triton 20 min. 2.29 2.36 13.77 12.41 
X-100 ±0.07 ±0 .21 ±0.78 ±0 .72 

30 min. 2.40 2.59 14.90 12.19 
±0.06 ±0.29 ±1.14 ±1.34 

*p - value= (cone . in the pellet)/ (cone. in the supernatant). 
(Control supernatant concentrations mMol/1: K = 1.95±0.4; 
Na= 23.48±0.12; Ca= 4.71±0.2 ; Mg= 5.37±0.12) . 
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The findings reported in Tables 1 and 2 were 
obtained under conditions in which "ion-gradients" were 
maintained long after removal of lipid membranes. Thus, a 
second major question arises: Is it possible that these "ion­
gradients", and those of intact cells, are maintained by 
something other than the membranes and the membrane 
situated pumps? 

The evidence from these studies also provides 
information that may be interpreted to implicate the 
detergent-mobilized proteins in the selective accumulation of 
K+ over Na+. We suspect that the proteins mobilized by the 
detergents are not in a solubilized form within the living cell. 
Rather we propose that they are dynamically associated not 
only to the fixed charged elements of the nucleus but also to 
the detergent resistant filaments of the cytoskeleton. We 
further propose that when these potentially mobile proteins 
are associated, they selectively accumulate K+ over Na+. 

The Tjme Dependent Release of Potassium and 
Protein From Detergent Treated Cells 

From the studies thus far reviewed it is clear that the 
non-ionic detergents Triton X-100 and Brij 58 are similar in 
their lipo- or membranolytic effects but quite dissimilar in 
their effects on protein mobilization. As confirmed by 
electron microscopic observations, both detergents remove 
the lipid membranes within 2-5 minutes; however, the 
release of K+ was much faster in Triton X-100 treated cells 
than in Brij 58 treated cells. A study was then undertaken to 
take advantage of the differences in the detergents, and 
thereby test further the idea that protein and K+ release are 
correlated. 

A set of experiments was carried out on SV40 virus 
transformed H-50 monolayer culture cells. Three different 
analyses were performed on Triton X-100 and Brij 58 
detergent-treated cells: (1) 42K-release, (2) release of 35s­
Methionine "labelled" proteins, and (3) electron microscopic 
studies. The details of the methods are described elsewhere 
[19]. 

The release of 42K from the detergent-treated cells 
showed several interesting features (Fig. 3). The 
spontaneous release of 42K from the control (untreated) cells 
did not exceed 30% of the total 42K, even at the longest or 
20 minute time point (Fig. 3). In the case or the Triton X-
100 treatment, the release of 42K was very rapid; 97% of the 
total 42K was released in the first 2 minutes (19). The 
release of 42K from Brij 58 treated cells was slower. At the 
2 minute exposure only 25% and at the 5 minute exposure 
only 37% of the total 42K had leaked from the cells. 

"Labelling" most of the proteins of the H-50 culture 
cells in situ (by exposing them to 35s-Methionine during an 
entire generation cycle) gave us an excellent tool by which to 
study the detergent-induced protein release. In the case of 
the Brij 58 treatment, at the 2 minute exposure time only 
0.5% and after 5 minutes still only 1.2% of the 35s­
Methionine "labelled" proteins were released from the cells 
(see Table I of reference 19 and Figure 4). By the end of the 
20 minute exposure, the Brij 58 detergent had mobilized 
45% of the proteins from the "membraneless" cells . The 
Triton X-100 detergent seemed to be more effective in the 
mobilization of the intracellular proteins. Within 2 minutes, 
Triton X-100 removed as many proteins as Brij 58 did in 20 
minutes (Figure 3, reference 19). 
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FIGURE 3. Release of 42K from H-50 cells grown in 
culture and treated with Brij 58 detergent (filled squares) . 
The spontaneous release of 42K to the medium is presented 
in lower trace (filled circles). The cells were exposed to Brij 
58 treated cells for 2, 5, 8, 11,14,17 and 20 minute 
intervals. The release of 42K appears sigmoidal. 

Working with the 35s-Methionine "labelled" proteins 
provided an additional advantage: although the total amount 
of protein in the single samples (2-3 x 107 H-50 
cells/sample) was low, an extended characterization of the 
individual proteins could be carried out with two­
dimensional polyacrylarnide gel electrophoresis technique 
and its concomitant fluorographic detection (Fig. 4). The 
electrophoretic pattern of proteins mobilized by the Triton X-
100 treatment was practically identical at every exposure time 
(Figs . 4a and b). While at the beginning Brij 58 solubilized 
only a few proteins, characteristic proteins were mobilized 
by this detergent as early as 2 - 5 minutes (Fig. 4c) . Overall, 
the pattern of proteins mobilized by each of the Triton X-100 
and the 20 minute Brij 58 treatments were very similar (Figs. 
4a and b compared to Fig. 4d). 

Djscussjon 

Schliwa et al [36] observed that, although Brij 58 
removed the lipid membranes of BSC-1 cells in 5 minutes, 
the collapse and release of the microtrabecular lattice took 
place several minutes later. On the other hand, in the case of 
the Triton X-100 treatment, the removal of the 
microtrabecular lattice occurred practically parallel with the 
removal of the membranes . Our findings with Brij 58 and 
Triton X-100 are consistent with these studies. 

A major finding resulting from the experiments 
reported herein is the restricted release of K+ and proteins 
from the Brij 58 treated cells. Our electron microscopic 
observations are in good agreement with those of others 
[36]; they clearly indicate that the lipid membranes were 
removed within a few minutes by both detergents. The bulk 
of the K+ and proteins, however, remained associated with 
the framework of the cytoskeleton for several minutes during 
the Brij 58 treatment. Considering the diffusion coefficients 
of the free solutes at 25° C [28,32] and the thickness of the 
monolayer cells [13], if both the proteins and K+ were freely 
dissolved in the aqueous phase of the living cell, 
equilibration would have occurred in a time frame of a few 
seconds rather than the minutes observed in our studies 
[17,19]. 

The observation that it takes several minutes (rather 
than seconds) for K+ to obtain equilibrium has been 
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FIGURE 4. Two-dimensional polyacrylamide gel 
electrophoresis of proteins labeled with 35s-methionine and 
released from H-50 cells grown in culture. In frames a and 
b the cells were treated with Triton X-100 (0.2% final 
concentration) for 5 and 20 minutes, respectively . The 
arrows with shaft point to actin; whereas the large and small 
arrows without shafts point to unidentified proteins easily 
mobilized even with 5 minutes exposure to Brij 58. IEF 
refers to isoelectric focusing. 
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observed by Bashford et al [2] in other permeabilized cells 
[2,35). However, electron micrographs of their preparation 
were not presented and the extent of membrane damage is 
not known. Nevertheless, it appears that permeabilization of 
cells in general, and by Brij 58 treatments in particular , 
reveals a retention of the cation K+ for some time. 

While the mechanism of this retention is unclear, 
approximately 45% of the proteins are mobilized with the 
loss of K+. The bulk of the K+ and protein release occurs 
after 5 minutes exposure to Brij 58. We propose that the 
proteins which are mobilized by the detergents are anchored 
to the cytoskeletal framework [14,15,17-19) . We refer to 
these proteins as "potentially mobile". We propose further 
that when these proteins anchor or adsorb to the detergent­
resistant cytoskeleton, they change from a globular form to a 
fibrillar form which selectively adsorbs K+ over Na+. The 
desorption of the proteins, which would occur with 
detergent treatment, results in a fibrillar to globular transition 
and the loss of K+ selectivity . 

Conctusjons 

The integrity of membrane structure does not appear 
to be the primary controller of K+ retention. Most of the K+ 
and "mobile" proteins are not freely dissolved in the cellular 
water, but are co-compartmentalized with the cellular 
cytoskeletal system. 
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Discussion with Reviewers 

C.A. Pasternak : The authors ' results on retention of K+ by 
detergent-treated l_yJ?phocyte s or H-50 cells are interesting , 
but n?t too Sl_lrpnsmg. First, lymphocytes are known to 
contarn very little cytoplasm (unless they are stimulated or 
transfoi:med), the nucleus occupying an exceptionally large 
propomon of total cell volume . Second, it has been shown 
by others (e.g. Paine et al. (1981) Nature 291, 258; Tluczek 
~t al. (1984) D~v_. Biol. 104, 97) that certain cells (in this 
instance amphibian oocytes) contain surprisingly large 
amount s of bound K+; (that work did , however, show that 
for other cells, K+ content is. approximately equal to K+ 
activity , i.e. little bound K+). In any case, authors' own 
results (Table 1) show very extens ive loss of K+ (125 to< 
20 mMol/kg water) with only slight protein leakage (3mg/ml 
over controls) in Triton-treated cells . 
Authors : We agree that our results demonstrating that the 
release of K+ does not follow promptly the removal of the 
cell membrane are not surprising for those who have long 
been aware that K+ is not freely dissolved inside the living 
cell. These findings may be new, however, to those who 
only know about the conventional view of the living cell or 
to those who continue to use equations derived from dilute 
s<;>lu~ion_ theory to explain cellular potentials and ion 
d1str1but1on. Indeed the textbooks continue to present the 
cell as a membranous bag surrounding what may be taken as 
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a dilute solution. Also our results should be surprising to 
the majority of the cell physiologists who consider the cell 
membrane to be filled with hypothetical pumps and channel 
proteins that control all that comes and goes from the cell. 

The protein loss which occurs together with the loss 
of K+ is not small. In fact the protein loss is quite 
substantial if we consider the large volume of the extracelluar 
liquid into which the protein is released . From other studies 
we know that the amount of proteins released by detergents 
can exceed 50% of the total cellular proteins. 

C.A. Pasternak: Authors refer extensively (references 
4,5,7, 11, 17, 19,23-31,39) to results from laboratories that 
challenge the conventional view of a permeable membrane, 
containing ion pumps, that regulates cation content in cells. 
Apart from some general reviews (1,3,6,8,12,20-22,37) to 
the latter, experiments showing extensive leakage of K+ out 
of, and Na+ into, cells permeabilized by a whole host of 
different agents, are scarcely mentioned. This reviewer's 
work (Bashford et al. (1983) Biosci. Rep. 1, 631), 
showing an equilibration between intracellular and 
extracellular K+ in permeabilized cells, is only one of 
hundreds of such reports; note that in most of these, where 
detergents are used to permeabilize cells, the concentrations 
are often less than those used here. Equally, there are many 
experiments in which K+ activity is measured by 
intracellular electrodes and is found to be close to K+ 
concentration (total K+ divided by water content). In short, 
the authors' results with lymphocytes (the H50 cells do 
show K+ leakage when permeabilized with Triton; hence the 
Brij results may reflect merely the lesser potency of Brij as a 
solubilizing agent) are the exception, not the rule. 
Authors : We also are well aware of the hundreds of papers 
- in fact we have chosen references for the conventional 
membrane-pump view which would lead the reader to a 
good sampling of that general view point. Likewise, we 
have chosen only a few papers which offer alternative 
interpretations. It is correct that Bashford , et al. (2) have 
demonstrated, using various permeabilizing agents, an 
equilibration between intracellular and extracellular K. 
These findings are comparable to our studies with Brij 58; 
the equilibration, however, occurs over several minutes. If 
K+ activity were close to K+ concentrations as purported for 
the intracellular K+ electrode studies, then the equilibration 
would occur over a period of a second or less with the loss 
of membrane integrity . Problems inherent in the K+ 
selective electrode studies are well addressed in reference 28 
(pp . 250-257) . The evidence now available is quite 
substantial favoring the adsorption of K+ within cells 
(reference 33 and pp. 227-269 of reference 28). 

It is quite evident that Brij 58 has lesser potency than 
Triton X-100; however, the potency of Brij 58 to disrupt 
membrane integrity rapidly (often less than one minute) and 
to completely dissolve membrane structure within 5 minutes 
is well documented. 

C,A, Pasternak : Why should not the detergent, having 
solubilized the plasma membrane and released its proteins, 
proceed to solubilize intracellular membranes and release 
additional membrane proteins, as well as cytoplasmic 
proteins? 
A..!J.1h.Qr,s: It has been well proved that detergents are directly 
involved in both solubilization oflipids and solubilization of 
protein from the cell surface and also from the interior of the 
cell. Electron micrographs clearly document the disruption 
of membrane integrity, even the complete loss of membrane 
structure in specific studies. 
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I.L, Cameron: What is the basis for your proposal that 
fibrillar proteins in the intact cell selectively absorb K+ over 
Na+ and that these proteins selectively desorb K+ upon 
transformation back to the globular shape with detergent 
treatment? 
Authors: Fibrillar proteins like F-actin do not accumulate 
K+ selectively in the test tube. A globular protein like G­
actin also does not accumulate K+ selectively in vitro. We 
are hypothesizing that both the cytoskeletal proteins and 
proteins associated to the skeleton form a three dimensional 
protein system where the individual polypeptides must be in 
their extended configuration, and this state is what we call 
high energy state with selective K+ accumulating capability. 

I,L, Cameron: What is the rationale for use of the symbol p 
instead of a descriptive title such as Ratio of concentration in 
the pellet over concentration in the supernatant? 
A..!J.1h.Qr,s: The symbol p is a shorthand notation for the ratio 
of the "concentration" of the pellet over the concentration in 
the supernatant. It should be realized that the 
"concentration" in the pellet includes both adsorbed and 
aqueous phase solutes . 

I.L. Cameron: In Table 2 the concentration of Na+ in the 
supernatant is listed as 23.48 mMol/1 while the concentration 
of Na+ in the lymphocyte "control" is listed as 39.80 mMol/1 
in Table 1. How is the relatively high concentration of Na+ 
in the lymphocyte compared to the extracellular environment 
explained? 
Authors: The value for the lymphocyte control (39.80 
mMol/1) in Table 1 is comparable to the values for human 
lymphocytes (see reference 33). Unfortunately, we do not 
know the fractional distribution of intracellular sodium 
between the nucleus and the cytoplasm . The low 
extracellular (supernatant) sodium concentration results from 
the fact that the cells have been washed with TSCM solution 
(sodium free); therefore, most of the supernatant sodium 
comes from that which was trapped between cells and the 
small amount which may have leaked from the cells during 
the procedure . 

G.H. Pollack: Contrary to common expectation , the authors 
find that potassium may diffuse rather slowly from cells that 
are functionally membrane-free . If they are right - and they 
seem to have carried out appropriate controls - the 
implications are no less than staggering; for if monovalent 
cations are largely bound to the cell's proteins, most of what 
is assumed about the status of the sarcoplasm and cell water 
may be all wet (or perhaps dry) . It will be of great interest to 
see what comes of follow-up studies . The implications are 
fundamental. 
Authors: Thank you. 
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