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Solubilization and Reconstitution of an Amiloride-Inhibited Sodium
Transporter from Rabbit Kidney Medulla'

Edward F. LaBelle* and Sun O. Lee

ABSTRACT: An octyl glucoside extract has been formed from
rabbit kidney medulla microsomes from which reconstituted
proteoliposomes can be formed by lipid addition and dialysis
to remove detergent. These proteoliposomes are capable of
amiloride-inhibited 22Na* transport. The amiloride-inhibited
Na* transport process is complete within 10 min and directly
proportional to the vesicle protein concentration. Sodium
accumulation by the proteoliposomes has been proven to
represent transport by the demonstration that all Na™* taken
up by the vesicles can be removed by the ionophore nigericin.
The process has been shown to be specific for amiloride by
the demonstration that the effect of amiloride on Na* transport
could not be reproduced by the similar compound sulfa-

Microsomal fractions, isolated either from the medulla of
the rabbit kidney or from the urinary bladder of the tropical
toad Bufo marinus, have been shown to be capable of ami-
loride-sensitive Na™ transport (LaBelle & Lee, 1982; LaBelle
& Valentine, 1980). Amiloride (N-amidino-3,5-diamino-6-
chloropyrazinecarboxamide) is a well-known inhibitor of Na*
transport into epithelial cells lining either the distal tubules
of the mammalian kidney or the urinary bladder of the tropical
toad (Bentley, 1968; Stoner et al., 1974). Microsomal fractions
from these organs have been isolated to provide starting ma-
terial for the eventual purification of the amiloride-sensitive
Na* transporter (LaBelle & Lee, 1982; LaBelle & Valentine,
1980). Such a purified transporter would be useful in the
elucidation of the molecular mechanism of the hormone al-
dosterone, which is currently believed to stimulate epithelial
Na* transport via effects on the synthesis of this transporter
(Sharp & Leaf, 1973; Reich & Scott, 1979; Edelman, 1979).

The development of reconstituted membrane transport
systems has provided much information concerning the role
of specific purified proteins and lipids in catalyzing such
processes (Racker et al., 1975, 1979). Such reconstituted
systems have also permitted the partial purification of proteins
responsible for certain transport processes (Kasahara &
Hinkle, 1976; Carter-Su et al., 1980).

We have been able to produce an octyl glucoside extract
of rabbit kidney medulla microsomes from which reconstituted
proteoliposomes could be formed that were capable of ami-
loride-inhibited Na* transport. From such a detergent extract
of the microsomes, the eventual purification of the amilo-
ride-inhibited Na* transporter may be possible.

Materials and Methods

Materials
Amiloride hydrochloride (N-amidino-3,5-diamino-6-
chloropyrazinecarboxamide) was the generous gift of Dr.
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guanidine nor by pyrazine, 2-pyrazinecarboxamide, 2-
pyrazinecarboxylate, or 3-amino-2-pyrazinecarboxylate. The
relationship between Na* uptake into proteoliposomes and Na*
concentration was similar to the relationship between Na*
uptake and concentration observed with medulla microsomes.
The concentration of amiloride required for half-maximal
inhibition of Na* uptake into either proteoliposomes or medulla
microsomes was also the same. The evidence seems clear that
the protein responsible for amiloride-inhibited Na* transport
into rabbit kidney medulla microsomes has been extracted
from the membranes and incorporated into purified lipid
vesicles.

Clement A. Stone of Merck Sharp & Dohme Research Lab-
oratories, West Point, PA. Amiloride methanesulfonate was
formed by treating amiloride hydrochloride with Dowex
1X4-100 (CH;3;SO;" form) resin. Nigericin was generously
provided by Dr. R. J. Hosley of Eli Lilly, Indianapolis, IN.
Hepps,! sulfaguanidine, and Dowex 50X8-100 (H* form) were
obtained from Sigma Chemical Co., St. Louis, MO. ?Na*
was obtained from Amersham, Arlington Heights, IL. Aso-
lectin was obtained from Associated Concentrates, Woodside,
NY, and octyl 8-D-glucopyranoside (octyl glucoside) was
obtained from Calbiochem-Behring, La Jolla, CA.

Methods

Rabbit Kidney Medulla Microsomes. Rabbit kidney me-
dulla microsomes were formed by a modification of the pro-
cedure of Barnes et al. (1975), as described in LaBelle & Lee
(1982). Protein concentrations were measured by the pro-
cedure of Lowry et al. (1951).

Formation of Reconstituted Proteoliposomes. Reconsti-
tuted proteoliposomes were formed from rabbit kidney medulla
microsomes by a modification of the procedure of Racker
(1972). Two volumes of rabbit kidney medulla microsomes
was mixed at 0 °C with 1.25 volumes of a solution containing
octyl glucoside (8%), sucrose (0.25 M), and NaHepps buffer
(50 mM, pH 8.2) to yield a detergent extract with a final
protein-concentration of 3 mg/mL. This extract was cen-
trifuged for 30 min at 200000g, and to 1.6 volumes of the
supernatant was added, at 0 °C, 1 volume of a solution con-
taining sonicated soybean phospholipid (asolectin) (35 mg/
mL), sucrose (0.25 M), and NaHepps (50 mM, pH 8.2). The
phospholipid had been sonicated for 10 min at 22 °C by using
a bath-type sonicator from Laboratory Supplies Co., Hicksville,
NY (Model GI-255-PI). The mixture of lipid, detergent, and
microsomal proteins was then dialyzed for 12-16 h against
1000 volumes of a solution containing sucrose (0.25 M) and
NaHepps (32 mM, pH 8.2) at 0 °C. The dialysis procedure
removed the octyl glucoside and produced reconstituted pro-
teoliposomes.

! Abbreviation:
sulfonic acid.

Hepps, 4-(2-hydroxyethyl)-1-piperazinepropane-
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2Na* Uptake Determination. Na* transport into the
proteoliposomes was measured by a modification of the method
of LaBelle & Valentine (1980). Aliquots of the proteolipo-
somes were incubated at 22 °C with sucrose (0.25 M),
2NaHepps (0.5 uCi, 10.2 mM, pH 8.2), and either NaCl (0.6
mM) or amiloride hydrochloride (0.6 mM) in a total volume
of 0.25 mL. Each incubation mixture was placed on a 1-mL
Dowex 50X8 (Tris) 100-mesh column and eluted with sucrose
as described (LaBelle & Valentine, 1980). The eluted vesicles
were dissolved in 6.5 mL of Aquasol-2 scintillation fluid, and
the radioactivity was determined with a Beckman LS-100C
liquid scintillation spectrometer.

Analysis of Reconstituted Proteoliposomes. Since the
Lowry et al. (1951) protein assay was sensitive to interference
by large amounts of phospholipid and by Hepps, the proteo-
liposome protein concentration could not be determined di-
rectly. The reconstituted vesicles were first dialyzed to remove
Hepps and then extracted with chloroform/methanol by the
procedure of Bligh & Dyer (1959). The lipid partitioned into
the chloroform phase while the protein was recovered from
the H,O/methanol phase and from the interface between the
phases after the chloroform phase had been removed by pipet
and the H,O/methanol had been removed by evaporation
under N,.

Determination of Octyl Glucoside Concentration. Octyl
glucoside was quantitated by a modification of the phenol/
sulfuric acid assay for carbohydrate (Dubois et al., 1956). First
the octyl glucoside was extracted into ethyl acetate in order
to separate it from sucrose and other simple sugars. A 2-mL
sample of an aqueous solution containing octyl glucoside was
mixed with 2 mL of ethyl acetate, the mixture shaken and
centrifuged at low speed, and the aqueous phase extracted with
2 mL more of ethyl acetate. Then the ethyl acetate fractions
were combined and added to 4 mL of H,O and shaken and
centrifuged again. The ethyl acetate phase was dried under
a N, stream, and the solid remaining was dissolved in 0.5 mL
of H,0. Then 0.3 mL of phenol (5%) and 1.8 mL of H,SO,
(concentrated) were added to the sample and mixed, and the
optical density was measured at 480 nm. This procedure gave
the same optical density values for purified octyl glucoside as
it did for purified glucose. The ethyl acetate extraction pro-
cedure was performed on a sample of sucrose (0.25 M) solution
in order to prove that it separated all but undetectable amounts
of sucrose from the octyl glucoside, and while the ethyl acetate
failed to extract 100% of a known amount of octyl glucoside
from an aqueous solution, the recovery was between 70 and
80%. Interference by glycolipid with this assay could be ne-
glected because of the extremely low levels of glycolipid present
in the samples analyzed. Interference by glycoprotein could
be neglected because it could be demonstrated that nearly all
of the glycoprotein in the samples partitioned into the aqueous
phase during ethyl acetate extraction. So that it could be
determined whether protein or other membrane components
could carry much octyl glucoside into the aqueous phase during
extraction, a known amount of the detergent (0.7 mg) was
extracted into ethyl acetate in both the presence and absence
of a mixture containing medulla microsomes (1.4 mg of pro-
tein) and asolectin (14 mg). The membranes were incapable
of significantly decreasing the amount of octyl glucoside re-
covered from the ethyl acetate phase.

Results and Discussion

We have been able to form proteoliposomes from a detergent
extract of rabbit kidney medulla microsomes that were capable
of amiloride-inhibited sodium transport (Figure 1). When
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FIGURE 1: Kinetics of 2Na™ uptake into proteoliposomes formed from
rabbit kidney medulla microsomes. Proteoliposomes were formed from
rabbit kidney medulla microsomes by the procedure described under
Methods. Aliquots of the protecliposomes (60 ug of protein) were
incubated for the times indicated at 22 °C with sucrose (0.25 M),
ZNaHepps (0.5 uCi, 10.2 mM, pH 8.2), and either NaCl (0.6 mM)
(O) or amiloride hydrochloride (0.6 mM) (®) in a total volume of
0.25 mL. The incubations were terminated by the application of the
incubation mixtures to Dowex columns (1 mL). The columns were
eluted with 1 mL of sucrose (0.25 M), and the radioactivity in the
eluants was determined. The amiloride-sensitive sodium uptake is
also indicated (A), which is the difference between the other two curves.

aliquots of rabbit kidney medulla microsomes were treated with
increasing amounts of octyl glucoside (from 0 to 3%), and
centrifuged for 30 min at 200000g, about 72% of the micro-
somal protein could be recovered from the pellet as long as
the detergent concentration was 0.5% or below (even when the
detergent concentration was 0%). Once the detergent con-
centration was increased above the critical micelle concen-
tration (to 1%) (Baron & Thompson, 1975), then 70-80% of
the protein could be recovered from the supernatant after
centrifugation. When microsomes treated with concentrations
of octyl glucoside of 0.5% or less were centrifuged at high
speed, they could be recovered from the pellet with undimin-
ished amiloride-inhibited Na* transport activity. However,
if the microsomes were treated with more than 0.5% octyl
glucoside and centrifuged at high speed, the microsomal
fragments recovered from the pellet had lost all Na* transport
activity. Likewise, if phospholipid was added to the super-
natant fractions obtained after octyl glucoside treatment of
the microsomes, and the lipid-treated fractions were dialyzed,
the vesicles capable of amiloride-inhibited Na* transport could
only be formed from supernatant fractions obtained after
treatment with 1.5% or more octyl glucoside. If the micro-
somes were treated with increasing concentrations of detergent
and centrifuged and both lipid and detergent were added to
the supernatants, so that the final detergent concentration was
3%, these supernatants could be dialyzed to form proteolipo-
somes of high amiloride sensitive activity provided the initial
octyl glucoside concentration was 1% or above. This indicated
that the formation of reconstituted vesicles was a critical
function of both the concentration of octyl glucoside and the
presence of added lipid. The ratio of phospholipid to protein
employed in the average reconstitution experiment was 7:1.
The pH of the reconstitution medium was held at 8.2 by Hepps
buffer since unpublished experiments with medulla microsomes
indicated that the amiloride-inhibited Na* transport activity
of such microsomes was optimal at pH 8.2.

When the medulla microsomes were treated with detergent
and centrifuged and the supernatant was dialyzed in the ab-
sence of added lipid, the Na* transport activity of the resulting
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Table I: Effect of Nigericin on Na* Accumulation
by Proteoliposomes®

#2Na* accumulated (nmol/mg of
protein = SD, n = 2)

—amiloride +amiloride
before dilution 31.5+0.26 14.6 £ 0.74
after dilution — nigericin 24.6 + 2.4 13.4 £ 0.95
after dilution + nigericin 7.43:0.74 2.6 + 0.45

@ Proteoliposomes were formed from rabbit kidney medulia
microsomes as described under Methods. Aliquots of the proteo-
liposomes (75 ug of protein) were incubated for 20 min at 22 °C
with sucrose (0.25 M), 22Na* (5 uCi, 15 mM), CI" (0.6 mM), and
sufficient Hepps buffer (pH 8.2) to serve as a counterion for Na*
both with and without amiloride (0.6 mM) as indicated in a total
volume of 0.27 mL. Aliquots (0.04 mL) of the incubation mix-
tures were either applied directly to Dowex columns or diluted 1:7
with sucrose (0.25 M), with and without nigericin (120 ug/mL),
incubated 30 s further, and then applied to Dowex columns.

protein preparation was less than 1% of the Na* transport
activity of reconstituted proteoliposomes formed by dialysis
of the detergent extract in the presence of added lipid. This
result indicated that the detergent had thoroughly broken the
microsomes into fragments of protein and lipid that were
incapable of Na* transport after the detergent had been re-
moved. Pure lipid vesicles formed by the dialysis of a sonicated
mixture of asolectin and detergent were capable of only 5~10%
of the Na™* transport activity of the reconstituted proteolipo-
somes, and the Na™* transport activity of the lipid vesicles was
totally insensitive to amiloride. In order to form functional
reconstituted proteoliposomes, it was necessary to extract the
microsomes with the detergent octyl glucoside and to remove
the detergent in the presence of added excess phospholipid.
After the octyl glucoside extract of the microsomes had been
mixed with asolectin and dialyzed for 16 h, the octyl glucoside
concentration of the dialyzed preparation was shown to be less
than 0.035%, which was less than 2% of the octyl glucoside
concentration before dialysis.

The uptake of 2Na* into the proteoliposomes was almost
entirely sensitive to nigericin (Table I). The proteoliposomes
were preincubated for 20 min with 22Na*, with and without
amiloride, and then diluted 1:7 into sucrose (0.25 M) for 30
s. Hardly any 22Na™ leaked out of the vesicles after dilution,
unless the ionophore nigericin was present in the dilution
mixture. Nigericin permitted the 2?Na* inside the proteoli-
posomes to equilibrate with the external solution, so that the
final 2Na™* concentration inside the vesicles was nearly the
optimal 14% of the initial concentration before the 1:7 dilution
(Table I). This indicated that the 22Na* accumulation by the
proteoliposomes represented transport into membrane vesicles
rather than some form of binding (LaBelle & Lee, 1982;
LaBelle & Valentine, 1980; LaBelle & Racker, 1977).

The effect of time on 2*Na* uptake into the reconstituted
proteoliposomes is shown in Figure 1. The amiloride-sensitive
portion of the Na* uptake process reached a maximal equi-
librium level very quickly (within 10 min), but the amilo-
ride-insensitive portion of the transport did not reach an
equilibrium level within 2 h. Therefore, the incubation times
of nearly all of the transport experiments with the proteoli-
posomes were limited to 2 min, when the ratio of amiloride-
sensitive to amiloride-insensitive activity was optimal. The
rapid kinetics of the amiloride-inhibited Na* uptake were
consistent with a transport process. Similar kinetics have been
observed by our laboratory while investigating amiloride-in-
hibited Na* uptake into rabbit kidney medulla microsomes
and into toad bladder microsomes (LaBelle & Lee, 1982;
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FIGURE 2: Effect of sodium concentration on 22Na* uptake into
proteoliposomes from rabbit kidney. Aliquots (30 ug of protein) of
proteoliposomes were incubated for 2 min at 22 °C with increasing
amounts of 2NaHepps (0.31 4Ci/umol Na*, pH 8.2) and sufficient
sucrose to keep the osmolarity constant, with either amiloride hy-
drochloride (0.6 mM) (@) or NaCl (0.6 mM) (0), in a total volume
of 0.25 mL. The incubation mixtures were applied to Dowex columns
as described in the legend of Figure 1. The means of triplicate
determinations are shown above.

LaBelle & Valentine, 1980). Other investigators have mea-
sured similarly rapid transport processes with membrane
vesicles formed from a variety of tissue (Stiernberg & LaBelle,
1981; Kinsella & Aronson, 1980; Cheng et al., 1978; Paris &
Ailaud, 1980; Zala & Perdue, 1980; Inui et al., 1980; Hilden
& Sacktor, 1979).

The uptake of 2Na* into reconstituted proteoliposomes was
shown to be directly proportional to the proteoliposome con-
centration (data not shown). The Na* accumulation could
be extrapolated to zero at zero proteoliposome concentration,
and the rate of uptake was 25.6 nmol min~! (mg of protein)™!
in the absence of amiloride and 13.3 nmol min™! (:ng of pro-
tein)™! in the presence of amiloride (0.6 mM). The propor-
tionality between Na*t uptake and proteoliposome concen-
tration was also consistent with a transport process (LaBelle
& Lee, 1982; LaBelle & Valentine, 1980; Zala & Perdue,
1980; Fairclough et al., 1979). Sodium uptake also increased
as a function of Na* concentration (Figure 2), but no K, or
V values were determined since the amiloride-inhibited
transport was too rapid to permit the determination of an initial
rate (Figure 1). The amount of 22Na™ taken up by the vesicles
in 2 min in the presence and the absence of amiloride appeared
to saturate with increasing Na* concentration (Figure 2). The
relationship between Na™ uptake by the proteoliposomes and
Na* concentration was not identical with the relationship
previously reported between Na* uptake by medulla micro-
somes and Na* concentration (LaBelle & Lee, 1982). The
effect of Na* concentration on transport into microsomes was
previously determined at pH 7.4 (LaBelle & Lee, 1982), while
the effect of Na*t concentration on transport into proteolipo-
somes was determined at pH 8.2. When the effect of Na*
concentration on transport into microsomes was measured at
pH 8.2, the amount of Na* taken up by the microsomes in
the presence and absence of amiloride was shown to be a
saturable function of the Na* concentration (data not shown).

The effect of amiloride concentration on Na* uptake into
either rabbit kidney medulla microsomes or proteoliposomes
formed from such microsomes is detailed in Figure 3. Sodium
uptake into either the microsomes or the proteoliposomes was
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FIGURE 3: Effect of amiloride concentration on 22Na* accumulation
by either microsomes or proteoliposomes formed from rabbit kidney.
Aliquots of either rabbit kidney medulla microsomes (100 ug of
protein) (O) or proteoliposomes (60 ug of protein) (@) formed from
the microsomes as described under Methods were incubated for 2 min
at 22 °C with sucrose (0.25 M), #¥Na* (0.5 xCi, 12 mM), CH;SO;,"
(4 mM), and sufficient Hepps buffer (pH 8.2) to serve as a counterion
for Na* in the presence of increasing concentrations of amiloride, in
a total volume of 0.25 mL. The incubations were terminated as
described in the legend of Figure 1. The Na* uptake activity is
presented as the percentage of activity observed in the absence of
inhibitor vs. log of inhibitor concentration.

50% inhibited by about 1.88 mM amiloride. At the highest
amiloride concentration tested (4 mM), the Na* uptake was
reduced by about 72%. The amiloride concentration required
for half-maximal inhibition of Na* uptake in our previous
study of medulla microsomes (LaBelle & Lee, 1982) was
somewhat lower than the K; observed in the current study
(Figure 3). However, the experimental conditions employed
in our previous study were different (pH, ionic strength), and
the amiloride concentrations used earlier were deliberately kept
low (£0.6 mM) due to the inhibitory effects of CI™ observed
in our study of toad bladder microsomes (LaBelle & Valentine,
1980). Since the amiloride used in our earlier studies was the
HCI salt, the amiloride concentration could not be increased
above 0.6 mM without increasing the CI” concentration to the
same extent. Therefore, in the current study, amiloride hy-
drochloride was replaced by amiloride methanesulfonate which
allowed us to use higher amiloride concentrations (up to 4
mM). Control experiments have shown that CH;SO;™ itself
did not inhibit Na* uptake into either kidney microsomes or
reconstituted proteoliposomes (data not shown). Therefore,
the concentration required for half-maximal inhibition in our
previous study was probably erroneous due to our inability to
get a correct value for maximal inhibition (LaBelle & Lee,
1982).

Sulfaguanidine failed to reproduce the effects of amiloride
on Na* transport into proteoliposomes. During a represent-
ative experiment, sulfaguanidine (0.8 mM) failed to exert a
statistically significant effect on Na* uptake into proteolipo-
somes while the same concentration of amiloride (0.8 mM)
inhibited Na* uptake by 42%. A higher concentration of
sulfaguanidine (4 mM) was shown to inhibit Na* uptake by
only 18% while the same amount of amiloride (4 mM) in-
hibited by 78%. The effect of a number of pyrazine derivatives
other than amiloride on Na* uptake into proteoliposomes was
also determined. None of these compounds, which included
pyrazine (2.4 mM), 2-pyrazinecarboxylic acid (2.4 mM),
3-amino-2-pyrazinecarboxylic acid (2.4 mM), and 2-
pyrazinecarboxamide (2.4 mM), had any effect on Na* uptake
into proteoliposomes. The inability of sulfaguanidine (which
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is structurally similar to amiloride) and the other pyrazine
derivatives to reproduce the effects of amiloride on the pro-
teoliposomes provided strong evidence that amiloride was in-
teracting with a specific biological system rather than merely
exerting a nonspecific effect that any hydrophobic cation might
exert (LaBelle & Lee, 1982; LaBelle & Valentine, 1980;
Bentley, 1968).

When the octyl glucoside extract of the kidney microsomes
was stored at 0 °C for increasing periods of time, reconstituted
proteoliposomes could be formed from this extract by phos-
pholipid addition and dialysis even after 19 h of storage, and
the amiloride-inhibited Na* transport activity of these vesicles
was not significantly diminished. The proteoliposomes,
themselves, were stable for up to 24 h after the conclusion of
dialysis. These data indicate that purification procedures can
be used to begin to fractionate this extract. Such experiments
are currently in progress.

The above experiments provide convincing evidence that the
amiloride-inhibited Na™* transport protein has been extracted
from rabbit kidney medulla microsomes and reincorporated
into functionally reconstituted proteoliposomes.
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Self-Association of Myelin Basic Protein: Enhancement by Detergents and

Lipids'

Ross Smith

ABSTRACT: Self-association of basic protein has been proposed
to be of functional significance in central nervous system
myelin. In aqueous solution this protein self-associates, pre-
vious data being consistent with the formation of dimers, which
then undergo an indefinite isodesmic self-association [Smith,
R. (1980) Bichemistry 19, 1826-1831]. As this protein is
membrane bound in vivo, we have now examined the effects
of amphiphiles on the self-association equilibria. Contrary to
the expected effects, at low molar ratios dodecyl sulfate, de-
oxycholate, Triton X-100, and lysophosphatidylcholine in-
creased protein intermolecular attraction. The anionic de-
tergents led to partial precipitation even at 1:1 protein:de-
tergent molar ratios whereas the zwitterionic lipid and the
nonionic detergent exerted less pronounced effects. Sedi-

Interest in the self-association of the basic protein of myelin
has been promoted by the suggestion that dimers of this protein
may stabilize the structure of central nervous system myelin
(Smith, 1977b, 1978; Braun, 1977; Rumsby, 1978). The
self-association data (Smith, 1980) are best described by a
scheme involving initial dimer formation followed by an in-
definite isodesmic association of dimers. It can, however,
readily be argued that studies of the protein in aqueous solution
are of limited relevance to its behavior in vivo. For example,
one clear objection is that in vivo the protein does not exist
alone but in intimate contact with lipids that may influence
the properties of the protein, particularly its self-association.
This objection does not diminish the force of the thermody-
namic argument that a full description of the state of the
protein in myelin must take into consideration self-association
of free protein molecules but emphasizes that such equilibria
may represent only a small perturbation on the behavior of
the largely lipid bound protein.

We have previously observed that although the protein is
monomeric at high dodecyl sulfate concentrations it is dimeric
at lower concentrations, suggesting that specific protein—protein
interactions may be retained even in the presence of moderate
detergent concentrations (Smith & McDonald, 1979). The
self-association equilibria have now been reexamined in the
presence of low detergent concentrations. We have found that

t From the Department of Bidchemistry, La Trobe University, Bun-
doora, Victoria 3083, Australia. Received April 22, 1981. R.S. is sup-
ported by grants from the Australian Research Grants Committee, the
National Multiple Sclerosis Society of Australia, and the National
Health and Medical Research Council.

mentation velocity and equilibrium measurements have been
used to define quantitatively the effects of lysophos-
phatidylcholine. The sedimentation coefficient increases up
to a lipid:protein ratio of 4:1 and then remains constant up
to a ratio of 12:1. The sedimentation equilibrium data suggest
that the mode of protein—protein interaction is the same as
in the absence of lipid but with substantially increased asso-
ciation constants. The dimerization constant is increased from
1.20 X 10> M to 1.0 X 10° M™! and the isodesmic association
constant from 3.4 X 10* M1 t0 1.2 X 10° M~1. The effects
of detergents on myelin basic protein are compared with the
effects on other proteins, and the implications for the state of
the protein with myelin are discussed.

binding of just one or two amphiphile molecules per protein
molecule suffices to markedly increase the association and that
the protein—protein interactions persist over a wice range of
amphiphile concentrations.

Materials and Methods

Many of the methods have been outlined in an earlier
publication (Smith, 1980): essential details only are set out
here. Basic protein was prepared from fresh bovine white
matter (Smith, 1977a,b). The protein was fractionated by
chromatography on carboxymethylcellulose (Deibler &
Martenson, 1973), and only the major peak, which eluted last,
was kept. This fraction contained protein that had undergone
no posttranslational modification, except for methylation of
the arginine residue at position 109.

Sedimentation equilibrium experiments were performed on
a Beckman Model E ultracentrifuge with interference optics.
Aliquots of 150 uL of solvent and of solution were used in a
double-sector cell with a capillary-type synthetic-boundary
centerpiece and sapphire windows. In experiments where the
meniscus was hot depleted at equilibrium the actual concen-
tratioh in the cell was determined in a subsequent synthetic-
boundary experiment. Prior to the sedimentation experiments
the protein was dissolved in buffer containing 0.1 M phosphate,
0.2 M sodium chloride, and 2 mM sodium azide and then
dialyzed against this buffer for 48 h at 4 °C. The initial
protein concentration in the sedimentation equilibrium ex-
periments ranged from 0.3 to 2.5 g L.

The apparent partial specific volume (¢’) of the protein in
detergent solution was calculated by using the equation (1 ~
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