
Chem:Biol. Interactions, 14 (1976) 265-278 
@ Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlam!s 

ACTION OF A 

-__-___ --_. .~__-~ -__-- 

SUMMARY 

The disruption of a kidney cortex microsomal membrane preparation by a 
binary, nonionic detergent, was followed by using as markers, the changes in 
total protein content, and (Na*, K’)-ATPase in a supernatant fraction. Both 
markers responded similarly to changes in pH, microsome concentration and 
detergent concentration, but responded differently for time-dependent stud- 
ies. The (Nd, K’)-ATPase activity was increased 2.2-fold (76.1 pmoles PJmg 
protein/h, 95% ouabain-sensitive) by a single detergent treatment and 3.5- 
fold (92% cuabain-sensitive) by a sequential detergent treatment. Changes in 
the critical micelle concentration (cmc) were observed for varying detergent 
and protein concentrations, which suggest interactions of monomeric deter- 
gent with the membrane. The peak of (Nd, K’)-ATPase activity occurred 
above the cmc which suggests the participation of micelles in releasing the 
enzyme from the membranes, Hill plots of the protein released as the deter- 
gent concentration was varied showed a change in the slope near the cmc in- 
dicating a four-fold increase in the binding of detergent to membranes as the 
detergent concentration is increased above the cmc. These results suggest 
that the disruption of membranes by detergent involves the binding of deter- 
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gent monomers to the membrane followed by the formation of co-micelles 
of the detergent with segments of the membrane to complete the separation 
process. 

INTRODUCTION 

Detergents are used widely to disrupt cellular membranes and separate 
membrane enzymes and structural components [l-7]. However, in this con- 
text, optimal conditions of treatment, such as temperature, pH, detergent 
and protein concentration, time of treatment, etc. must be specifically esta- 
blished to achieve optimal separation of any given component from a mem- 
brane. 

The present study examines the detergent optimization problem for a 
nonionic binary detergent acting upon a beef kidney cortex microsomal 
membrane preparation. In this study we used (Na’, K’)-ATPase as a. marker, 
and sought to maximize its specific activity by varying the ionic strength, 
temperature, pH and time of reaction at different detergent concentrations. 
The amount of protein released from the membranes into the supernatant 
fluid of a centrifuged preparation was also monitored and used as an additio- 
nal marker to follow the course of the detergent action. Selected conditions 
were chosen and controlled to observe the effects of varying both the deter- 
gent and protein concentrations in the reaction media. Since, to our know- 
ledge, no biochemical studies have been reported for LOC, specific differ- 
ences and similarities between our results and certain other detergent-mem- 
brane or detergent-protein studies are discussed. The results are interpreted 
in terms of current models of both membrane structure and detergent action 
on biomembranes. 

MATERIALS AND MXTHODS 

Membrane preparation. The method of preparation of the microsomal 
fraction from beef kidney cortex is shown in Table I which is a modification 
of the method of Neville [8] for preparing plasma membranes from rat liver. 
The kidneys were obtained from freshly slaughtered cattle at a local packing 
house and used immediately. 

Detergent. A binary nonionic detergent, manufactured by the Amway 
Corporation (Ada, Michigan) called Liquid Organic Compound (LOC) was 
used in treating the microsomal fraction. The detergent is composed of a 
diethanolamide and polyoxyethylene alcohol. 

Protein and enzyme activity assays. The (Nd, K’)-ATPase was assayed as 
described by Post and Sen [9] in 50 mM Trisacetate buffer, pH 7.2, and 
the protein according to the procedure of Lowry et al. [lo]. Controls with 1 
mM ouabain were determined simultaneously, and (Na’, K’)-ATPase refers to 
the ouabain-sensitive activity. 
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TABLE I 

FLOW CHART OF METHOD OF PREPARATION OF MICROSOMAL FRACTION 
FROM BEEF KIDNEY CORTEX 
-- 

Beef kidney cortex (115 g) homogenized in a Waring Blender for 2 min in 600 ml of 250 
mM sucrose. To prevent overheating the blending was done in 15-s periods alternating 

with 45 s of chilling in an ice bath. 

4 

Homogenate brought up to 1 1 with 50 mM sucrose and centrifuged at 1000 g for 10 min 

4 

Supernatant 

.l 

150 ml of supernatant was layered over 100 ml of sucrose (d 1.18) in each of six centri- 
fuge buckets and spun for 90 min at 34 000 g. 

J 

40 ml of material was removed from each bucket at the interface of the sucrose (d 1.18) 
and the overlayed supernatant. Material from the six buckets was collected, homogenized 
in a loose-fitting Dounce homogenizer, and brought to 1500 ml with 5 r&l Tris-HCl, 

pH 7.2. 

J 

Centrifuged at 34 000 g for 1 h. Supernatant discarded. 

J 

Pellet resuspended in a Dounce homogenizer in 5 mM Tris-HCI, pH 7.2, to 1 1. 

3- 

Centrifuged at 34 000 g for 1 h. The pellet was collected, homogenized, and stored in 7.5 
mM Tris-acetate at pH 7.2, 2 mM NazEDTA, 1 mM dithiothreitol and 20% glycerol at a 
protein concentration of 4.8 mg/ml. This was used as the active microsomal fraction. The 
yield was about 10 mg of protein per gram fresh weight of cortex material. This fraction 

could be stored at -20°C for up to 2 months without significant loss of activity. 

Control experiments showed that the inclusion of LOC at concentrations 
from 0.1% to 0.55% in the (Nd!K’)-ATPase assay of untreated microsomes 
did not affect the activity. When 100 pg protein was present in 0.1% LOC 
during the Lowry protein assays, the detergent did not interfere with the 
color development. This ratio, or greater, of protein to detergent was main- 
tained for the protein assays, The conditions for Pi estimation were such that 
various treatments did not interfere in the assay. 

Single detergent treatment. Prior to an experiment, the frozen microsomes 
werp thawed overnight at 6°C. To adjust the protein to the required concen- 
tration, the suspension was redispersed with 10 strokes of the pestle in a 
loose-fitting Dounce homogenizer after adding the appropriate volume of the 
same buffer in which the membranes were stored (see Table 1, final step). 
The incubation medium consisted of 3 mM Naa EDTA, 1 mM dithiothreitol, 

267 



7.8% (w/v) glycerol and membrane protein concentrations of either 0+25,1.9 
or 4.0 mg/ml with the desired detergent concentration (percent v/v). The 
buffering of the medium was varied by using either 50 mM T&acetate at 
pH 7.10 or 7.50 mM Tris-acetate at four different pH values (6.31, 6.87, 
7.10, 7.50):The particular condition used is indicated with the pertinent re- 
sults. Complete mixing was achieved by five rapid strokes of the pestle in a 
loose-fitting Dounce homogenizer. Immediately following incubation, the 
material was centrifuged at 95 000 X g for 1 h at 4°C in a Beckman Model 
L-2 ultracentrifuge equipped with either a 50 Ti or an SW 27 rotor. 

At a detergent concentration of 0.5% and a microsome concentration of 
1.9 mg/ml of protein, assay of the supernatant fluid showed that 83% of the 
original microsomal (Na’,K’)-ATPase activity and 56% of the protein appear- 
ed in the supernatant. Closer examination revealed that the bottom 20% of 
the supematant contained 75% of the supematam’s (Na*,K’)-ATPase activity 
and 40% of its protein. Furthermore, the responses in enzyme activity and 
protein concentration in whole supematant vs. the lower 20% of the super- 
natant were similar over the full range of LOC concentrations employed 
(0.05% to 1.5%). Serial aliquots taken from the top of the supematant at 
LOC treatments of 0.5%, 0.7%, and 1.0% showed that the enrichment was in 
the lower fraction of the supernatant and not others. Consequently, the 
lower 20% of the supematant was used in the work reported here, and will 
hereafter be referred to as the sup-20 fraction. 

Sequential treatment. Membranes (1.9 mg protein/ml) were treated with 
0.25% detergent as described above. After incubation for 30 min at 25”C, 
the sample was centrifuged at 95 000 X g for 1 h at 4°C. The pellet was ho- 
mogenized in the Tris-EDTAdithiothreitol buffer shown in the last step in 
Table 1. The resulting suspension was divided into aliquots, and was subject- 
ed to treatment with the detergent at different concentrations, while keeping 
all other conditions the same as above, The samples were centrifuged as be- 
fore, and the sup-20 fractions were collected and assayed for their specific 
activity. 

Critical micelle concentration (cmc). Surface tension measurements were 
performed with a Model LG tensiometer made by the Federal Pacific Elec- 
tric Company. A platinum plate was dipped into volumes of about 10 ml of 
fluid in a 50 ml beaker. Distilled HZO, and benzene were used as calibrating 
standards. After each measurement, the plate was rinsed twice with water 
and heated to a glowing red in a flame. A zero calibration was made before 
each sample reading. Plots of LOC concentration (%) vs. surface tension 
(dynes/cm) were constructed to determine the cmc. Further details are given 
in the appropriate figure legends. 

RESULTS 

Ionic strength, temperature, and pH of treatment. The specific activity of 
the (Na’,K’)-ATPase of the untreated microsomal fraction was 34.9 PM Pi/ 
mg protein/h. Treatment of the microsomes with 0.5% detergent gave 37% 
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higher specific activity when the concentration of T&acetate buffer (pH 
7.10) was 50 mM rather than 7.50 mM. Also, incubation of the microsomes 
with the detergent at 25°C gave 213% higher specific activity than when the 
detergent treatment was at 6°C. Curves of specific activity vs. LOC concen- 
tration at different pH values (not shown) revealed that the specific activity 
was higher over the entire range for 0.3% to 0.7% of LOG for pH 7.10 as 
compared to 6.31 and 7.50. The peak specific activity at pH 7.10 (see Fig. 
1, middle curve) was 76.1 I.tm.oles PJmg protein/h and was 95% ouabain-sensi- 
tive. The increase in enzyme activity for detergent-treated microsomes may 
have been due to both purification and activation [ll-141. However, activa- 
tion was not likely because identical assays were performed on native mem- 
branes with detergent added directly to the assay medium (0.05 to 0.55% 
LOC) and no increase in specific activity was found over the control samples 
having no detergent. The yield in total activity (80% recovery) was greatest 
at the specific activity peak (Fig. 1, middle curve). The activity of the sup-20 

Curve RoIein Cone. 
e 4.tmg/ml 

% Detergent 

toor 

Time ot Detergent Tractmen? -Mmutes 

Fig. 1. The effect of protein and LOC concentration on the peak of the (Na*.K*)-ATPase 
specific activity. The incubation media contained 7.5 mM Tris (pH 7.10). 3 mM Na2 ATP, 
1 mM dithiothreitol, 2 mM Naz EDTA, and varying concentrations of protein and LOC as 
shown in a total volume of 42 ml. The incubations were followed by a 65 min centrifuga- 
tion at 95 000 X g. The time of incubations, which were measured from initial mix to 
placement into a 4’C centrifuge hirad, were 30 min for 1.9 mglml and 45 min for 0.25 
mglml and 4.1 mglml. The sup-20 fraction was assayed. 

Fig. 2. The effect of incubation time on (Na+,K*)-ATPase specific activity and protein. 
concentration. The treatment and assay were the same as m Fig. 1 for a protein concen- 
tration of 1.9 mg/ml in the incubation medium. The experiments were designed so ~18 to 
start the incubations at various times but to quench and centrifuge all samples at the same 
time. 
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fraction was not 

Time of incubation. The effect of time of incubation on specific activity is 
shown in Fig. 2 for four different detergent concentrations. The optimum 
detergent concentration was found to be 0.6%, for an incubation time of 30 
min. Additional time course measurements (data not shown) gave a peak of 
activity at 30 min for 0.6% LOC. The results suggest that with time, the de- 
tergent interaction with the membrane first enhances, then inhibits the 
(Na’,K’)-ATPase specific activity. The time course of protein concentration 
appearing in the sup-20 fraction contrasts remarkably with the time course 
of the change in the specific activity of the enzyme (Fig. 2). Protein release 
increases with time to attain a value which depends upon the detergent con- 
centration. 

Protein concentration. Fig. 1 also illustrates the effect of varying deter- 
gent concentration on the specific activity of (Na’,K’)-ATPase obtained at 
different concentrations of microsomal protein in the incubation mixture. 
The curve in Fig. 1 for 1.9 mg/ml represents a 30-min detergent treatment 
whereas the other curves were for 45 min treatments; when the experiment 
was repeated for a 30-min treatment from 0.4-0.7% LOC (see the 30 min 
points of Fig. 2) the pattern was similar. The increase in the detergent con- 
centration required for obtaining peak specific activity of the marker en- 
zyme as protein concentration is increased, suggests an alteration in the in- 
teraction as the ratio of detergent to protein is varied. Surface tension mea- 
surements were therefore made to determine the cmc at the three protein 
concentrations. Fig. 3 demonstrates that the cmc increases as the microsomal 
protein concentration is increased. The linearity of the curve shows that this 
increase is proportional to the microsomal protein concentration. This indi- 
rectly suggests binding of monomers of LOC to the microsomes. In similar 
studies, Green [15] used a shift in the cmc of Triton X-100, caused by the 
addition of protein to the detergent solution, to estimate the binding of de- 
tergent monomers to the protein, and Kondo et al. 1161 used cell lysis to es- 
timate adsorption of nonionic detergents to red cells. For a given protein 
concentration, Fig. 3 also gives the detergent concentration at which the 
maximum specific activity of the marker enzyme was observed. This corre- 
lates with the presence of micelles. 

Sequential detergent treatment. It was noted in plots similar: to Fig. 1 that 
as the detergent concentration was increased, approximately one-third of the 
total protein was removed before a significant rise occurred in the specific 
activity of the (Na’,K’)-ATPase. Concurrent with this removal of protein 
there was an increase in the enzyme activity of the remaining microsomal 
pellet; e.g., when the initial conditions were 1.9 mg/ml protein, 0.2-0.3% 
LOC, an incubation of 45 min at optimal pH, temperature and ionic 
strength, there was a a-fold increase in the activity. 

Therefore, a sequential treatment of the microsomes with the detergent 
was attempted. The microsomes were first incubated in a low detergent con- 
centration (0.25%) to remove non-(Na’,K’)-ATPase protein, and then reincu- 
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Fig. 3. The effect of protein concentration on the critical micelle concentration (cmc) of 
the detergent and on the detergent concentration required to give maximum (Nd,K*)- 
ATPase specific activity. The incubation media were identical to those of Fig. 1. The sur- 
face tension of the media was measured at 30 min for each data point on determining the 
cmc. 

Fig. 4. Effect of detergent on pellet remaining after treatment with 0.25% LOC. The ini- 
tial detergent concentration w&as 0.25%. The detergent concentrations in the second treat- 
ment are given as the abscissa in the figure. The dotted horizontal line represents the con- 
trol value for untreated microsomes. The incubation media was the same as in Fig. 1 with 
indicated concentrations of detergent and 1.9 mg protein/ml. The time period of both in- 
cubations was 30 min at 25OC. 

bated in a higher detergent concentration while maintaining the optimal con- 
ditions for a protein concentration of 1.9 mg/ml during the latter treatment 
(Fig. 4). The curve shown may be compared with the middle curve of Fig. 1 
which represents the values obtained for a non-sequential treatment but with 
the same conditions otherwise. For the sequential treatment the highest spe- 
cific activity of (Na’,K’)-ATPase was 124 pmoles PJmg protein/h (92% oua- 
bain-sensitive) representing about a 3.5fold increase over the untreated mi- 
crosomal specific activity. 

Protein separation from the microsomes. Increasing the pH of the incuba- 
tion medium above 6.31 increased the amount of protein in the sup-20 frac- 
tion over the range of LOC concentrations as shown in Fig. 5A. These results 
indicate that the release of protein approaches a maximum at about pH 7.10 
and remains essentially constant up to pH 7.50. When the (Nd ,K’)-ATPase 
specific activities (not shown) were plotted instead of protein, the responses 
to these pH values were quite similar except that the pH 7.10 curve was 
clearly the highest. 

An interesting comparison is shown in Fig. 5B where the proportion of 
microsomal protein that shifts into the sup-20 fraction during detergent 
treatment is shown to be dependent upon the concentration of microsomal 
protein in the incubation medium. The decrease in the proportion of protein 
as the concentration of microsomes is increased may be partially due to a 
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Fig. 5. Response of sup-20 protein to pH, microsome concentration and LOC concentra- 
tion. Conditions are the same as those for Fig. 2 except that in panel A the pH was as in- 
dicated. In panel B the total microsomal protein treated was 3 mg (a), 23 mg (O), and 49 
mg (0). The percent of this total obtained in the sup-20 fraction is plotted. 

time dependency of the action of the detergent. All of the results shown 
here were for 30 min incubations. However, as the detergent is increased, the 
same proportion of the microsomal protein is eventually found in the sup-20 
fraction, regardless of the concentration of microsomes in the incubation 
medium. The response gave sigmoidal curves which may suggest multiple 
binding sites for the detergent and cooperativity in the binding process 
[17,18]. This was explored further by constructing a Hi”ll piot with the data 
from the middle curve in Fig. 5B, where the amount of protein in the super- 
natant and LOC concentration are the two variables as shown in Fig. 6. The 
curve contains two or three segments with marked differences in the slopes 
or the Hill coefficient, n, near the cmc. 
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Fig. 6. Hill plot of sup-20 protein with LOC treatment. Data from middle curve (0) for 
Fig. 5. c, protein concentration, mg/ml. C, maximal = 24%. The vertical arrow (‘?) indi- 
cates the cmc. 

Fig. 7. i-ii!! plot of erythrocyte membrane protein solubilized with SDS treatment. Data 
from tar) panel of Fig. 1 of ref. 2. c, protein concentration, mg/ml. C, maximal = 100%. 
The vertical arrow (t ) indicates the cmc. 

Since the average unit size of membrane particle in the supernatant and 
molarities of the detergent are unknown, we are primarily interested in the 
relative changes that occurred in the curve. The ratio of n for the upper seg- 
ment of the curve to that of the lower segment was 3.43. Since n is expected 
to be an integer obtained by rounding upward [ 171, this value suggests that 
there may be four times as much detergent bound per unit of microsomal 
protein in the region of the curve above the cmc as that below the cmc. Simi- 
lar results were obtained when the other two curves in Fig. 5B were plotted 
as in Fig. 6. 

To our knowledge, this type of analysis has not been employed for de- 
scribing detergent-membrane interactions. Therefore, in order to test its 
usefulness with a different detergent-membrane system, the data of 
Kirkpatrick et al. [2] were treated in the same manner (data from their Fig. 
1, top panel). A Hill plot of this dodecyl sulfate-red cell membrane study, 
shown in Fig. 7, gave results similar to those in Fig. 6. However, the ratio of 
the slopes for the two segments of the curve in Fig. 7 is 6.4 which suggests 
seven times as much detergent bound above the cmc as below it. 

DISCUSSION 

There was a correspondence between the appearance of sup-20 fraction 
enzyme activity and protein for the two highest microsome concentrations 
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under conditions in which only the detergent ~o~~ent~tio~ was varied. 
There was also a similarity in the response of enzyme activity and protein to 
changes in pH over a range uf detergent concentrations, These results suggest 
that (Na’, K+)-ATPase could be a marker for the orthogonal * dis~ption of 
membranes by detergents if the enzyme is an integral or intrinsic membrane 
protein [X9,20]. There is evidence to indicate that it spans the membrane, 
For example, Kyte X21] observed that antibodies to the whole molecule of 
the (Nd,K+)-ATPase found antigenic sites on both sides of the membrane. 
Furthermore, antibodies to the purified large submit of the (N~‘~+)-ATPase 
would bind only to the inside of the membrane. On the other hand, there is 
evidence that the receptor for ouabain, a specific inhibitor of this enzyme, is 
located on the outside of the membrane and that the enzyme is closely asso- 
ciated with the receptor [22]. Singer [19] bas proposed that membrane 
transport proteins, including the (Na*,K’)-ATPase, contain integral subunit 
aggregates which span the membrane. On the basis of the evidence available, 
thus far, this enzyme appears to meet the criteria expected of an integral 
protein [19] s 

The sequential detergent treatment showed that other proteins may be re- 
moved from the microsomal membranes at low detergent concentrations at 
or below the cmc. These proteins may be periphery or extrinsic proteins 
[ 19,20). This appears to be an effect similar to that observed by Kyte [23] 
and Jorgensen [24] where other proteins were removed from microsomal 
particles, leaving the microsomes enriched in (Na*,K’)-ATPase activity. 
Indeed we noted an increase in the microsom~ enzyme activity after an initi- 
al treatment at a low detergent concentration. 

The literature permits a comparison to be made between the effectiveness 
of LOG, a binary detergent, and other detergents to stimulate (Nd,K”)- 
ATPase activity. A one-step treatment with LOG followed by ~ent~f~gation 
gave a sapematant (Na’,K’)-ATPase activity that was 95% ouabain-sensitive 
and 2-fold higher than the untreated microsomes. This compares favorably 
with methods using monary detergents f12,25-271. Since the infractions 
0% membrane-bound enzymes with detergents art? complex [ 28 3 ) many para- 
meters may be varied in order to find conditions for selectively solubilizi~g a 
particular enzyme. Binary detergents may have more capacity for selectively 
~tera~ting with specific membrane components since the detergent is com- 
posed of more than one active agent. 

The time of incubation of membrane with detergent showed apparent dif- 
ferences between the release of protein and (Na~~K*)-ATP~e activity. First, 
at low detergent concentrations a steady state level of protein was obtained 
while specific activity was still increasing with time. Second, at higher deter- 
gent concentrations, the protein level was either increasing or constant while 
the specific activity was declining with time. These time curves of specific ac- 

* We are proposing this term to imply that otherwise intact segments of the membrane 
Hrould be separated from each other by complete cleavage only in the cross sectional 
planes; i.e., in a direction that is orthogonal to the plane of the membrane surface. 
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tivity differ remarkably from those of Jorgensen and Skou [14] while the 
pattern of protein release is timilar to their time curves of specific activity. 

The pattern of enzyme activity with time may have several underlying me- 
chanisms. The continued rise in enzyme activity after the protein has pla- 
teaued, as observed at low detergent concentrations, could be due to the re- 
mov‘al of a natural inhibitor or regulator from the ATPase complex [29,30] 
exposing latent sites [ 141. The decline in enzyme activity noted at longer in- 
cubation times and higher detergent concentrat.ions may be due to “solubih- 
zation” of lipids [ 2 ] or other nonenzyme components which may have an in- 
hibitory effect on the ATPase. Ahmed et al. [31] have observed the inhibi- 
tion of the (Nd,K’)-ATPase with fatty acids which proceeds over a time 
course similar to the incubation times employed in these studies. It is known 
that fatty acids are a constituent of (Nd ,K’)-ATPase preparations [ 321. Al- 
so, the inhibitory effect could be due to an interference of detergent with 
the interaction of specifically required phospholipids with the enzyme (cf. 
refs. 12, 27, 33-35), or due to a direct attack on the enzyme by the deter- 
gent. The inactivation of the enzyme by some detergents is related to its sta- 
bilization by acidic phospholipids while the inactivation by fatty acids and 
other detergents appears to be unrelated to this stabilization [ 361. 

The plateauing of protein with time suggests that at a given detergent-to- 
protein ratio, only a limiting fraction of the membrane protein is released. 
This may be due to a saturation of the detergent which is interacting with 
the membrane to form stable complexes which cannot further participate in 
disrupting the membrane. 

Binding is an important aspect of the interaction between detergents and 
membranes. Evidence for detergent binding to proteins has been reported by 
numerous investigators [1,3,15,16,37-391. An example is bovine serum al- 
bumin, which binds DOC and Triton X-100 predominantly as monomers 
[ 15,371. Below the cmc of a detergent only monomers would exist in solu- 
tion [7]. An increase in the cmc as the microsomal protein concentration is 
increased (Fig. 3) would be expected if monomers were bound to the micro- 
somes, since they would be unavailable for micelle formation. The linearity 
of the cmc curve in Fig. 3 (slope = 0.6) indicates a fixed ratio of detergent to 
microsomal protein at which micelles begin to form. Above the cmc there 
was an increase in both protein and ATPase specific activity. The change in 
the Hill coefficient indicates that approximately four times (Fig. 6) and 
seven times (Fig, 7) as much detergent per unit of protein interacts with 
membranes above the cmc as below it. These results strongly suggest that for 
both the nonionic detergent, LOC, and the ionic detergent, SDS, micelles 
participate in the disruption of membranes. This is in agreement with the 
models proposed by Kondo et al. [3] for the action of both types of deter- 
gents upon membranes. 

Robinson and Tanford [40] observed that a limited amount of SDS mo- 
nomers bound to the polar fragment of cytochrome k, a protein purified 
from membranes. However, the hydrophobic fragment of this protein bound 
a relatively large amount of SDS in a highly cooperative fashion near the 
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cmc, a process interpreted as co-micellization which is tantamount to the 
incorporation of the hydrophobic portion of the protein into the detergent 
micelle. The hydrophobic fragment also formed co-micelles with the non- 
ionic detergent Triton X-100. Correlating our observations with those of 
Kondo et al. [3] and Robinson et al. [40] would indicate that the disruption 
of membranes by detergents is an ordered sequence of events in which deter- 
gent monomers first bind in a limited amount to exposed polar segments of 
membrane proteins giving rise to openings in the membrane. Then hydropho- 
bic interactions between the detergent and the interior of the membrane lead 
to co-micellization of the detergent with the hydrophobic portions of the 
proteins. This should separate fragments of the membrane. Under the stress 
of a differential centrifugation the co-micelles should more easily float into 
the supernatant than large fragments of membrane with less detergent bound 
to it, thus effecting solubilization. 

Since both polar and hydrophobic forces would be operative, respectively, 
in the initial absorption of detergent monomers and in the subsequent co- 
micellization [1,3,23,37,41], the ionic strength and temperature should af- 
fect the disruptive process. The increase in (Nd,K’)-ATPase activity associ- 
ated with an increase in the ionic strength and temperature is in agreement 
with this. 

In summary, these observations may at least partially describe how deter- 
gents may disrupt membranes and affect membrane bound enzymes. Under- 
standing the nature of the interaction process should increase the potential 
to specifically direct the action of detergents upon the constituents of bio- 
membranes. 
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