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A comparative study of the solubilization of yeast plasma membranes and mitochondria by different types of
non-denaturing detergents has been performed. Zwittergent-14 (3-|tetradecyldimethylammonio]-1-propan-
esulfonate) at low concentrations (3—4 mM) produced maximum solubilization of both membranes. However,
this detergent may inactivate enzymes at high concentrations. Taurodeoxycholate (in the presence of salt)
and Triton X-100 were also effective in mitochondria but not in the plasma membranes. Octylglucoside only
solubilized these membranes at very high concentrations (20 mM). CHAPS (3-|cholamidopropyldimethylam-
monioj-1-propanesulfonate) only achieved partial solubilization even at high concentrations. Our results
suggest that Zwittergent-14 at low concentrations is one of the most powerful detergents for the general

solubilization of native membrane proteins.

Introduction

The study of intrinsic membrane proteins re-
quires their previous solubilization with detergents
[1]. Sodium dodecyl sulfate is the standard deter-
gent used to analyze, isolate and characterize the
individual polypeptide chains of membrane pro-
teins in their denatured state [2]. However, milder
detergents are required for the solubilization of
membrane proteins with preservation of their na-
tive structure and biological activity (catalysis,
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Abbreviations: Octylglucoside, n-octyl-8-D-glucopyranoside;
Triton X-100, p -rert-octylphenyl nona(deca)oxyethylene ether;
C,E,, alkyl polyoxyethylene ether, where the alkyl chain con-
tains n carbon atoms and x is the number of oxyethylene
groups; Zwittergent-n, 3-(alkyldimethylammonio)-1-propane-
sulfonate, where n is the number of carbon atoms in the alkyl
chain; CHAPS, 3-[(3-cholamidopropyl)-dimethylammonio]-1-
propanesulfonate.
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transport, binding). In the past the non-ionic de-
tergent Triton X-100 and the bile salts have been
extensively used for this purpose [1-3]. More re-
cently new types of mild detergents have been
introduced in membrane biochemistry [2). The
non-ionic detergent octylglucoside contains a glu-
cosyl group as a novel type of polar head [4].
Dodecyl octaethyleneglycol monoether (C,,Eg)
matinly differs from Triton X-100 in having a
linear hydrophobic chain [5]. The Zwittergents
constitute an homologous series of zwitterionic
detergents with a sulfobetaine polar head [6]. Fi-
nally, the detergent 3-[(3-cholamidopropyl)-di-
methylammonio]-1-propanesulfonate (CHAPS)
was designed to combine the polar head of zwitter-
gents with the hydrophobic part of bile salts [7].
Very few studies have been performed compar-
ing these novel detergents with those previously
employed in membrane solubilization {4,6,8,9]. In
addition all previous studies utilized a single type
of biological membrane and one or two types of
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non-denaturing detergent (non-ionic, bile salts and
zwitterionic). In the present work we have com-
pared the effectivity of these three types of de-
tergent on the solubilization of plasma membranes
and mitochondria from yeast. These studies were
prompted by the failure of all the usual detergents
to solubilize the yeast plasma membrane ATPase
[10]. Our results support the view [6,10] that
Zwittergent-14 may be one of the most powerful
detergents for the general solubilization of native
membrane proteins.

Methods

Chemicals. The Zwittergents -8, -10, -12, -14
and -16 were donated by A. Seeley (Calbiochem
AG, Luzerne, Switzerland) and are now available
from Calbiochem. CHAPS was a gift of Dr. L.M.
Hjelmeland (National Institutes of Health, Be-
thesda, MD, U.S.A.) and is now available from
Polysciences. Lysophosphatidylcholine (type I,
from egg vyolk), octylglucoside, dodecyl nona-
ethyleneglycol monoether (C,,E,, 9 lauryl ether),
sodium taurodeoxycholate, ATP (grade I), cyto-
chrome ¢ (type III) and crude soybean phospholi-
pids (phosphatidylcholine type 11-S) were obtained
from Sigma. Triton X-100 was from Packard. The
phospholipids were washed with acetone [11], sus-
pended at 2% in water and sonicated to clarity in a
bath sonicator (Laboratory Supplies Co., Hicks-
ville, NY, U.S.A.) operated under nitrogen. Cyto-
chrome ¢ was reduced as described previously [12].

Membrane preparations. The plasma mem-
branes and mitochondria of baker’s yeast (Sac-
charomyces cerevisiae) were obtained by slight
modifications of described methods [13]. Briefly,
the yeast cells were washed with water and broken
by vibration with glass beads (Vibrogen Cell Mill,
E. Biihler, Tubingen, F.R.G.) in a medium con-
taining 0.15 M Tris-HCI (pH 8.5), 10 mM EDTA
and 5 mM mercaptoethanol. After centrifugation
of debris at 100 X g for 10 min, the supernatant
was centrifuged for 45 min at 20000 X g. The
pellet was homogenized in glycerol buffer and
applied to a discontinuous sucrose gradient. The
glycerol buffer contained: 20% glycerol (v/v), 10
mM  N-tris(hydroxymethyl)methylglycine, 1 mM
EDTA and 1 mM dithioerythritol (pH 7.5). After
overnight centrifugation at 50000 X g the

mitochondria corresponded to the 30 /46% sucrose
(w/w) interface and the plasma membranes to the
46 /57% sucrose (w/w) interface. The bands were
collected, diluted with three volumes of water and
centrifuged for 30 min at 70000 X g. The pellets
were homogenized in glycerol buffer and stored at
—-70°C.

Membrane solubilization. Plasma membranes
and mitochondria were diluted in glycerol buffer
to 1.1-1.3 mg protein/ml in aliquots of 2.5 ml.
After 5 min at room temperature (17-19°C), 0.5
ml of detergent solution in water were added to
obtain the final concentrations indicated in the
figures. After 10 min at room temperature the
turbidity of the suspensions was estimated by their
absorbance at 650 nm (Spectronic 20, Baush&
Lomb). The incubation mixtures were centrifuged
at 10°C during 30 min at 100000 X g (40000
rev./min in a Beckman 50 rotor). The pellets were
homogenized in 3 ml of glycerol buffer.

ATPase assay. The plasma membrane ATPase
was assayed in 1 ml of medium containing: 50
mM 2-( N-morpholino)ethanesulfonate (Mes) (pH
5.7 with Tris), 10 mM MgSO,, 0.2 mM ammonium
molybdate (to inhibit acid phosphatase), 5 mM
sodium azide (to inhibit mitochondrial ATPase)
and 0.4 mg/ml phospholipids. The volume of sam-
ples was 50 pl. The assay medium for the
mitochondrial ATPase contained: 50 mM Tris (pH
8.7 with HCl), 2 mM MgSO,, 0.1 mM sodium
orthovanadate (to inhibit plasma membrane
ATPase) and 0.1 mg/ml phospholipids. The
volume of samples was 5 ul. In both cases the
reaction was started with 2 mM ATP and the P
liberated after 10 min at 30°C determined as
described [13]. One unit of activity corresponded
to 1 pmol P,/min.

Cytochrome oxidase assay. The assay medium
(0.5 ml) contained: 50 mM potassium phosphate
(pH 7.0), 25 pM reduced cytochrome ¢ and 0.4
mg,/ml phospholipids. Samples of 5-25 ul were
added and the decrease in absorbance at 550 nm
determined in a Zeiss PM 6 spectrophotometer
operated at 30°C. One unit of activity corre-
sponded to 1 pmol cytochrome ¢/min.

Protein determination. The measurement of pro-
tein concentration in the presence of detergents
was performed by a modification of the Lowry
procedure which utilizes sodium dodecyl sulfate to



avoid the precipitation of the other detergents [14].
The standards were made with bovine serum al-
bumin and to correct for the interferences of
glycerol and dithioerythrytol they received the
same amount of glycerol buffer contributed by the
samples.

Phospholipid determination. Aliquots of 0.5 ml
of the pellets obtained after solubilization were
extracted by the method of Bligh and Dyer [15]
and the washed chloroform phase was dried and
ashed as described [16]. Phosphate determination
was as described in Ref. 13.

Results

The solubilization by detergents of yeast plasma
membranes and mitochondria was studied by four
different criteria: decrease in turbidity of the sus-
pensions and solubilization of protein, phospholi-
pid and specific enzymes, like the plasma mem-
brane ATPase and the mitochondrial ATPase and
cytochrome oxidase. The relevant properties of the
detergents used are presented in Table L.

The effect of different sulfobetaine detergents
on the plasma membrane is shown in Fig. 1. The
most effective detergents of this group were
Zwittergent-16 and Zwittergent-14, which at con-

TABLE1

PROPERTIES OF THE DETERGENTS USED IN THE
PRESENT WORK

Data on the Zwittergents are taken from Ref. 6 and on CHAPS
from Ref. 7. Other data are taken from Ref. 2. Triton X-100
and lysophosphatidylcholine are mixtures of related com-
pounds and average values of their properties are shown. CMC,
critical micelle concentration.

Detergent Mol. wt. CMC (mM)
Zwittergent-8 279.6 390
Zwittergent-10 307.6 39
Zwittergent-12 335.6 3.6
Zwittergent-14 363.6 0.3
Zwittergent-16 391.6 0.03
CHAPS 614.9 4-6
Lysophosphatidylcholine 510 0.02
Triton X-100 626 0.3
C,E, 582 0.1
Octylglucoside 292.2 25
Taurodeoxycholate (sodium salt) 521.7 1.7-3
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Fig. 1. Effect of sulfobetaine detergents on the yeast plasma
membrane. Turbidity (A) and solubilization of protein (B) and
phospholipid (C) are presented as percent of the values of the
respective parameters in the suspension of membranes. These
absolute values were: turbidity, 0.80 units of absorbance; pro-
tein, 0.90 mg/ml; phospholipid, 0.38 pmol/ml. The total
ATPase activity (pellets plus supernatant, D) and the ATPase
solubilized (E) are also indicated.

centrations of 3-5 mM produced a 90% decrease
in turbidity (Fig. 1A) and solubilized 75% of the
protein (Fig. 1B) and 85% of the phospholipid
(Fig. 1C). Zwittergent-12 was slightly less effective
and Zwittergent-10 only solubilized at high con-
centrations (10-20 mM). Zwittergent-8 was com-
pletely ineffective by all the studied criteria.
CHAPS did not solubilize any significant amount
of protein and its effects on turbidity and phos-
pholipid solubilization were partial even at con-
centrations greater than 10 mM.

With the exception of Zwittergent-8 and
Zwittergent-10, all these detergents activated the
plasma membrane ATPase up to 3-fold (Fig. 1D).
A likely explanation is that the detergents destroy
a permeability barrier between the enzyme and its
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substrate. Accordingly, the plasma membranes
contained an space inaccessible to ATP which is
greatly reduced by the detergents (Navarrete, R.
and Serrano, R., unpublished data). However, the
possibility of a conformational change induced by
the detergents can not be discarded. CHAPS did
not inactivate the ATPase even at high concentra-
tions but the Zwittergents become inhibitory at
concentrations greater than 3-5 mM. Concerning
this inactivation it must be recalled that the solu-
bilization was performed in the presence of
glycerol, EDTA and erythritol to protect the en-
zyme [10] and that the assay included 0.5 mM
phospholipid to counteract the reversible inactiva-
tion produced by the detergents [1,10]. Accord-
ingly, the ATPase activity of the pellets resulting
from solubilizations at high detergent concentra-
tion was stimulated up to 10-fold by the phos-
pholipids. The inactivation observed at high deter-
gent concentration may reflect either denaturation
of the enzyme or reversible inactivation which
would require higher concentrations of phos-

pholipid to be reverted. In any case, only Zwitter-
gent-14 and Zwittergent-16 solubilized the ATPase,
although the maximum solubilization achieved was
only 40-50% (Figs. 1D and 1E).

The effect of other types of detergents on the
plasma membrane is shown in Fig. 2. Lysophos-
phatidylcholine was the most effective and at a
concentration of 5 mM resulted in 75% decrease of
turbidity and 75% solubilization of protein. Phos-
pholipid solubilization was not measured with this
detergent because it contained phosphorus and
therefore interferes with our analytical method.
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Fig. 2. Effect of non-ionic detergents and bile salts on the yeast
plasma membrane. Triton X-100 (O), lysophosphatidylcholine
(a), C|,E, (@), octylglucoside (X ) and taurodeoxycholate (&)
corresponded to the indicated symbols. Turbidity (A) and
solubilization of protein (B) and phospholipid (C) are presented
as percent of the values of the respective parameters in the
suspension of membranes. These absolute values were: turbid-
ity, 0.90 units of absorbance; protein, 1.0 mg,/ml; phospholi-
pid, 0.44 pmol/ml. The total ATPase activity (pellets plus
supernatants, D) is also indicated.

>
= 100 . , ;
& A
m
S 15 1 W ZWITTERGENT 14
; b-..TFO/A o :TRITON X-100
w 50 o 8 A :TAURO DEOXYCHOLATE
o—_

g - / X : OCTYLGLUCOSIDE
w
S 25 / 4 a ® : CHAPS
ot x 4
a2 ]

oe L | 1 @

2

100 T | ; 3 100 , :
a B 5
N B tw b D
575 4 Qs W 4
& ! O~g—0 o 8 /
@ 50 éjé>'x\. 1 ¥ %0 4
z x: S C;
i} v %
52 4 & esf ——xZe
a 4 K
S 5
0 L L 2 0 I | |

5

@ 100 T T T
2 " C
3 % 9
g 75/ . A
[72) |
o ‘// 2
5 %0 f/A 3
s I :
o 25 X . 2
@« <}
e / x/ [
o X | | <
2 ®

o] 5 10 15 20
DETERGENT CONCENTRATION, mM

Fig. 3. Effect of different detergents on yeast mitochondria.
Turbidity (A) and solubilization of protein (B), phospholipid
(C), Cytochrome oxidase (D) and ATPase (E) are presented as
percent of the values of the respective parameters in the
mitochondrial suspension. Thes eabsolute values were: turbid-
ity, 0.85 units of absorbance: protein, 1.1 mg,/ml; phospholi-
pid, 0.29 umol /ml; cytochrome oxidase 1.2 units/ml: ATPase,
7.6 units/ml. The cytochrome oxidase was slightly activated by
the detergents (up to 1.9 units/ml). In addition, the Zwitter-
gent-14 at concentrations greater than 3 mM slightly in-
activated the enzyme. These effects were corrected in the
calculation of the percent solubilization.



Triton X-100 and C|,E, produced a 60% decrease
in turbidity at low concentrations (Fig. 2A) but
they solubilized very little protein (Fig. 2B) and
required high concentrations for effective phos-
pholipid solubilization (Fig. 2C). Taurodeoxycho-
late was inefficient by all criteria and octylgluco-
side required high concentrations to solubilize
phospholipid and to reduce the turbidity. How-
ever, as occurred with Triton X-100 and C,E,,
octyl glucoside solubilized very little protein. All
these detergents produced a 3.5-4.0-fold activa-
tion of the plasma membrane ATPase (Fig. 2D)
but only octylglucoside at 20 mM produced some
solubilization (20%, not shown).

These results show a good qualitative agreement
between turbidity decrease and phospholipid
solubilization. The solubilization of total protein
or of the ATPase were not related to the global
solubilization of the plasma membrane indicated
by the previous parameters.

Similar experiments conducted in mitochondria
with a selected group of detergents are depicted in
Fig. 3. Here Triton X-100 was as effective as
Zwittergent-14 by all the studied criteria. The ef-
fect of CHAPS was again partial even at high
concentrations and taurodeoxycholate and octyl-
glucoside required very high concentrations to be
effective. The solubilizing power of taurodeo-
xycholate was greatly improved by 04 M am-
monium sulfate, becoming almost as effective as
Triton X-100 (results not shown).

Discussion

An important aspect of the present work is that
the three types of non-denaturing detergents
(non-ionic, bile salts and zwitterionic) are com-
pared in two different biological membranes: the
plasma membranes and mitochondria of yeast cells.

Previous studies with non-ionic detergents have
demonstrated that those with hydrophile-lipophile
balance around 13 are the most effective [17-20].
Accordingly, we selected Triton X-100 and C,E,
as representatives of this group and no differences
were observed between them in the solubilization
of the plasma membranes. Octylglucoside corre-
sponds to a novel type of non-ionic detergent. In
agreement with earlier work [4] it required very
high concentrations for effective solubilization. As
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detergent micelles are usually required for mem-
brane solubilization [1], this poor performance can
be explained by the high critical micelle concentra-
tion of octylglucoside (Table I). Accordingly,
solubilization by this detergent is improving as the
critical micelle concentration (25 mM) is ap-
proached (Figs. 2 and 3). Taurodeoxycholate has
been advocated as the most useful of the bile salts
[2] and therefore it was selected as representative
of this group for the present experiments. In the
absence of salts it was a very poor detergent. In
erythrocyte membranes deoxycholate is also much
less effective than Triton X-100 [21]. However, in
mitochondria, taurodeoxycholate becomes very ef-
fective at high ionic strength. This enhancement of
solubilizing power by salts is a general property of
bile salts [3], although in the case of plasma mem-
branes this effect was much less pronounced than
in mitochondria.

The zwitterionic detergents studied in the pre-
sent work included the natural compound lysole-
cithin and the synthetic sulfobetaine detergents of
the Zwittergent series [6] and CHAPS [7]. Our
results suggest that Zwittergent-14 may be the
most powerful detergent for the general solubiliza-
tion of native membrane proteins. At concentra-
tions of 3-4 mM produced maximum solubiliza-
tion of plasma membranes and mitochondria
without inactivating the assayed enzymes. To-
gether with Zwittergent-16 were the only deter-
gents which solubilized the yeast plasma mem-
brane ATPase. Lysophosphatidylcholine was very
effective in the general solubilization of the plasma
membrane but it failed to solubilize the ATPase.
This detergent and also Zwittergent-16 have low
solubility in the cold and therefore are less con-
venient that Zwittergent-14. Lower members of
this series (Zwittergent-10 and Zwittergent-8) are
very poor detergents. As discussed for octylgluco-
side, this can be explained by the high critical
micelle concentration of these detergents (Table I).
Recently, Zwittergent-14 has been successfully
utilized in the solubilization of the yeast [10,22]
and plant [23] plasma membrane ATPases which
could not be solubilized by conventional deter-
gents. Although CHAPS has been reported to be
effective in the solubilization of rat liver [7] and
bovine brain [8] microsomes, in our hands it was a
very poor detergent. Apparently, a linear hydro-
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phobic chain like in Zwittergent-14 is required for
maximum solubilizing power. However, as previ-
ously discussed [7-9], this linear chain is responsi-
ble for the denaturing properties of high con-
centrations of Zwittergent-14. This detergent must
be used with caution because at high concentra-
tions may inactivate enzymes, as we have observed
with the plasma membrane ATPase and, to a
minor extent, with the mitochondrial cytochrome
oxidase.

A remarkable difference between plasma mem-
branes and mitochondria is their susceptibility to
solubilization by Triton X-100. In mitochondria
this classical detergent is as effective as Zwitter-
gent-14 but in plasma membranes it produces very
little solubilization of protein. This result strength
the importance of performing comparative studies
of detergents in more than one type of biological
membrane.
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