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A solution of the nonionic detergent Triton X-114 is
homogeneous at 0°C but separates in an aqueous phase
and a detergent phase above 20°C. The extent of this
detergent phase separation increases with the temper-
ature and is sensitive to the presence of other surfac-
tants.

The partition of proteins during phase separation in
solutions of Triton X-114 is investigated. Hydrophilic
proteins are found exclusively in the aqueous phase,
and integral membrane proteins with an amphiphilic
nature are recovered in the detergent phase.

Triton X-114 is used to solubilize membranes and
whole cells, and the soluble material is submitted to
phase separation. Integral membrane proteins can thus
be separated from hydrophilic proteins and identified
as such in crude membrane or cellular detergent ex-
tracts.

Integral membrane proteins are characterized by a hydro-
phobic domain which interacts directly with the hydrophobic
core of the lipid bilayer (1). Nonionic detergents are widely
used for the solubilization and characterization of these pro-
teins (1-3). During solubilization the nonionic detergent re-
places most lipid molecules in contact with the hydrophobic
domain of the integral membrane protein and leads to the
formation of a soluble protein-detergent mixed micelle (1, 2).
Several properties of this mixed micelle such as size and
hydrophilicity will depend on the properties of the protein
solubilized as well as on the properties of the detergent present
in the complex. In contrast to integral membrane proteins
which have an amphiphilic structure, water-soluble or hydro-
philic proteins show little or no hydrophobic interaction with
nonionic detergents, and their physicochemical properties are
not expected to be influenced by the presence of such a
detergent in the solution (2, 23).

The commonly used nonionic detergent Triton X-100'
forms clear micellar solutions at room temperature. As the
temperature is raised the micellar molecular weight increases,
and the solution turns suddenly turbid at 64°C (4, 5). At this
temperature, called the cloud point, there occurs a microscopic
phase separation in the solution. This phase separation could
be due to secondary association of small micelles into large
micelle aggregates (27). With increased temperature phase
separation proceeds until two clear phases, respectively de-
pleted and enriched in detergent, are formed.
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Within the Triton X series the temperature of the cloud
point depends strongly on the number of hydrophilic oxyethy-
lene units condensed on the hydrophobic octylphenyl residue
(6, 7). The solubility in water of the most hydrophobic mem-
bers of the Triton X series (n < 6) barely exceed the critical
micelle concentration, and the detergent is found in a sepa-
rated phase, even at 0°C (7). A diluted solution of Triton X-
114 (average n = 7 to 8) exhibits a cloud point at about 20°C
(6). This temperature is convenient for the reversible conden-
sation and separation of the detergent under conditions com-
patible with the isolation of native proteins.

Considering that integral membrane proteins, and only
those, form mixed micelles with nonionic detergent, I inves-
tigated the possibility of isolating them from the hydrophilic
proteins by phase separation above the cloud point of the
detergent. This article describes the experimental conditions
for such a separation in Triton X-114 solution and shows that
hydrophilic proteins are recovered in the aqueous phase
whereas amphiphilic integral membrane proteins are found in
the detergent phase after the separation.

EXPERIMENTAL PROCEDURES®

The protein samples (0.2 to 1.0 mg/ml) were prepared in 200 gl of
10 mm Tris-HC), pH 7.4, 150 mM NaCl, and 0.5 to 1.0% Triton X-114
at 0°C.

For the separation of the proteins a cushion of 6% (w/v) sucrose,
10 mm Tris-HCI, pH 7.4, 150 mM NaCl, and 0.06% Triton X-114 (300
wl) was placed at the bottom of a 1.5-ml conical Eppendorf microfuge
tube. The clear sample was then overlaid on this sucrose cushion, and
the tube was incubated 3 min at 30°C. Clouding of the solution
occurred.

The tube was centrifuged for 3 min at 300 X g at room temperature
or at 30°C in a clinical centrifuge equipped with a swinging bucket
rotor. After centrifugation the detergent phase was found as an oily
droplet at the bottom of the tube. The separation was then repeated
as follows. The upper aqueous phase was removed from the tube and
received 0.5% fresh Triton X-114. After dissolution of the surfactant
at 0°C the mixture was again overlaid on the sucrose cushion used
previously, incubated 3 min at 30°C for condensation, and centrifuged
on the previous detergent phase.

At the end of the separation the aqueous phase was rinsed with 2%
Triton X-114 in a separate tube without sucrose cushion. The deter-
gent phase of this last condensation was discarded. After separation
Triton X-114 and buffer were added, respectively, to the aqueous and
detergent phases in order to obtain equal volumes and approximately
the same salt and surfactant content for both samples.

Aliquots of the separated phases were analyzed together with the
input sample by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis on slab gels (14).

2 Portions of the paper (including “Materials,” “Results,” and Figs.
2 to 6) are presented in miniprint at the end of this paper. Miniprint
is easily read with the aid of a standard magnifying glass. Full size
photocopies are available from the Journal of Biological Chemistry,
9650 Rockville Pike, Bethesda, Md. 20014. Request Document No.
80M.-620, cite author, and include a check or money order for $5.60
per set of photocopies. Full-size photocopies are also included in the
microfilm edition of the Journal that is available from Waverly Press.
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Fic. 1. Phase separation of hydrophilic and amphiphilic
proteins. Various purified hydrophilic and amphiphilic proteins were
mixed with Triton X-114 and submitted to phase separation at 30°C
as described under “Experimental Procedures” (samples 4 and 5 were
mixed in 1.5% Triton X-114 and incubated at 35°C). Aliquots of the
input sample and of the aqueous and detergent phases were analyzed
by sodium dodecyl sulfate polyacrylamide gel electrophoresis on 10
to 15% polyacrylamide gradient gels (sample 2 is unreduced, samples

RESULTS

Serum albumin, catalase, ovalbumin, concanavalin A, my-
oglobin, and cytochrome ¢ were used to test the partition of
hydrophilic proteins during phase separation in Triton X-114
solution. Fig. 1, part 1, shows the result of such a separation.
Lane a is the starting material, lane b is an aliquot of the
aqueous phase, and lane c is an aliquot of the detergent phase.
It is evident that the hydrophilic proteins were recovered
exclusively in the aqueous phase and were even excluded from
the volume of the detergent phase after sedimentation
through the sucrose cushion. The quality of this separation
allows a repeated extraction of the aqueous phase with fresh
Triton X-114 without unwanted contamination of the deter-
gent phase with hydrophilic proteins.

Acetylcholinesterase from the human erythrocyte mem-
brane, bacteriorhodopsin, and the cytochrome ¢ oxidase from
yeast and from Paracoccus denitrificans are amphiphilic
integral membrane proteins or protein complexes. They have
been used to test the partition of integral membrane proteins
during phase separation in Triton X-114 solution. Fig. 1, parts
2 to 5, show the results of these separations. In contrast to the
hydrophilic proteins of Fig. 1, part 1, all four amphiphilic
proteins tested show a strong depletion in the aqueous phase
and are recovered in the detergent phase (lanes c).

This experiment as well as the separations presented in
Figs. 4 to 6 in the miniprint demonstrates that water-soluble
proteins and detergent-solubilized integral membrane proteins
can be rapidly separated from each other under mild condi-
tions and with an excellent recovery.

DISCUSSION

Integral membrane proteins, bound by hydrophobic inter-
actions to the core of the lipid bilayer, were first operationally
defined by the agent required for their solubilization as well
as their solubility properties after removal of this agent (18).
It became, however, rapidly obvious that these proteins, when
solubilized by nonionic detergent were found in solution in the
form of protein-detergent mixed micelle and thus could be
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4 and 5 were warmed up 5 min at 56°C). The samples contained the
following proteins: I, serum albumin, catalase, ovalbumin, concana-
valin A, myoglobin, cytochrome c. 2, human erythrocyte acetylcholin-
esterase. 3, Halobacterium halobium bacteriorhodopsin. 4, yeast cy-
tochrome c¢ oxidase. 5, Paracoccus denitrificans cytochrome ¢ oxi-
dase. a, input sample before phase separation. b, aqueous phase after
separation. ¢, detergent phase after separation.

characterized by their ability to bind detergent (1, 2, 19, 20).
The amount of Triton X-100 bound to solubilized bacterio-
rhodopsin (21), erythrocyte band 3 and PAS-1 (22) and yeast
cytochrome ¢ oxidase (23), all integral membrane proteins
used as examples in this article, was found to range from 0.8
g to 4.7 g of detergent per g of protein. In contrast nonionic
detergent was not binding to hydrophilic proteins. Catalase,
ovalbumin, hemoglobin, and cytochrome c, all hydrophilic
proteins used as examples in this article, bind less than 1 to
3% of their own weight of Triton X-100 (22). Serum albumin,
an exception among hydrophilic proteins, had four strong
binding sites for Triton X-100 (24).

Below the temperature of its cloud point Triton X-114
forms micellar solutions and is an efficient solubilizer of mem-
brane proteins (26). The separation procedure described in
this paper is based on the low solubility of Triton X-114 above
its cloud point. Under conditions promoting the condensation
of Triton X-114 the mixed micelles formed by the amphiphilic
proteins and detergent were found to aggregate with the rest
of the detergent while the hydrophilic proteins remained in
the aqueous phase.

As Triton is a “mild” detergent (1-3), it is anticipated that
a number of assays requiring a native protein structure will be
feasible after phase separation. The procedure could also be
scaled up as a preparative step for the purification of mem-
brane proteins. It is finally suggested that the method could
be used as an assay for solubilized amphiphilic membrane
receptors of hydrophilic ligands, provided the ligands are
available in a labeled form.
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Supplementary material

PHASE OF INTEGRAL
PROTEINS IN TRITON X-114 SOLUTION

by Clément BORDIER

MATERIALS

Bacteriorhodopsin was prepared from Halobacterium
halobium purple membrane and solubilized as described by
Dencher and Heyn in O. 18 Triton X-100 (8) .

Human ery y y a gife of Drs.
U. Brodbeck and P. Ott, was by affinity

phy and freed of surfactant on Bio-Gel HTP column (9). The
protein nnun of the enzyme were solubilized in 0.6V
Triton

Saccharomyces cer ns cyto-
chrome c oxidase, a gift of Dr. B. Ludwig, were prepared
respectively according to Mason et al. (10) and Ludwig and
Schatz (11). The enzymes were solubilized in O.1% TX-100.

[%5) methionine labelled mouse myeloma cells MOPC 21
(PIK) were prepared by Dr. B. Meghler. The Cells were s
ded at a concentration of 2 x 10° cells/ml in methionine-free
t;g becco modified Eagle's medium supplgmented with 0.5 mCi/ml

'S}methionine. After incubation at 37°C for 2 hrs the cells
were separated from the culture sypernatant by centrifugation
and lysed in 1% Triton X-114 at 0°C. Nuclei and debrig were
discarded by centrifugation at 2500 xg for 5 min at 4 C.

Erythrocytes lmll.g by treatment with neuraminida
galactose oxidase and NaB'H, (12) were a gift from
Dr. J. Pinne. Ghosts, prepafied according to Dodge et al. (13),
vere suspended at a concentration of 1.7 mg/ml in 1.7%
Triton X-114, 10mM Tris-HCl pH 7.4, 600 mM KCl. The prepara-
tion wi incubated 20 min. on ice and centrifuged 3O min. at
10°000 x g below 10°C. The supernatant was diluted to a final
concentration of 1% Triton X-114 and 350 mM KCl.

ion of Triton X-114

Triton X-114 was purchased from Pluka AG, Buchs,
Switzerland. 20 g Triton X-114 containing 16 mg butylated
hydroxytoluene were added to 980 ml, 10 mM tris-HCl pH 7.4,
150 mn n-cl. Alsnr dissolution at 0°C the clear solution was

n of the and
up.nv.-a ov.nuqm into a large aqueous pha
depleted in detergent smaller pha riched in de
gent. The aqueous phase was discarded and replaced by the
same volume of 10 M Tris-HCl pj 7.4, 150 mM NaCl. Buffer and
detergent phase were mixed at O°C and condensation was repea-
ted twice at 30°C under the same cvmuuon Triton con-
centration in the third lower pha: measured at 275 na.

4605% ok ALY oxperiments

r-

This phase was used as Triton X-
described her:

J4-labelled Triton X-114 vas prepared as follows. H-
labelled Triton X-100 from New England Nuclear was mixed with
,dc.ooo x excess of Triton X-114. Condensation of 1.0 ml of

Lulreseon (v s de
paration occurred in ’ centrifuge at 30O x

in 3 min. After these condensations "H-labelled Triton lﬁo'.d
the same partition as Triton X-114 during phase separation.

RESULTS

ion of Triton X-114

In order to eliminate the most hydrophilic molecules from
the commercial Triton X-114 (5,16), a condensation was per-
formed three times as described in Materials and Methods.

This treatment lowered the cloud point by 2°C and the
concentration of detergent found in the aqueous after
condensation decreased from 0.15% to 0.04V. The distribution
of the polyoxyethylene chain length of the detergent before
and after condensation vas analysed by thin layer chromato-
graphy (15). Ho ditference could be datected visually. The
detergent phase of the third ton
of 11.4% (w/v) Triton X-114 and was used ey
tergent for all the experiments presented ln this article.

Cloud point and phase separation of Triton X-114

The cloud point of a 1V solution of Triton X-114 was de-
termined in 10 mM Tris pH 7.4, 150 mM NaCl. The turbidity of
the visually, sharply above
22°%, the temperature of the cloud point under these condi-
tions (Fig. 2).
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Cloud point and phase separation of Triton 14

A 1.00 solution of Triton X-114 in 10 mM Tris-HCl pH 7.4,

150 mM NaCl was prepared on ice. Duplicate tubes containing
1.0 ml of the were at the tempe-
rat for 10 min and then sedimented at the same temper
ture at 30O x g for ) min. After sedimentation the phase se-
paration was checked visually and an aliquot (200 ml) w
Femoved from the wpper half of the tubss for the determina-
tion of the concentration of Triton X-114 remaining in the
upper phase.

of the into gwo

phases was detected after centrifugation above 23°C. This
separation is reflected in the decrease in detergent concen-
tration in the r half of the tube above this temperature
(Pig. 2). At 30°C, the standard temperature used for the sepa-
ration of proteins, the concentration of Triton X-114 in the
aqueous upper phase was 0.04% or 3} to 4 times

!llﬁt of other detergents on the phase separation of Triton

The cloud point of a mixture of detergents has a tempera-
ture between the cloud points of the detergents mixed (5,6).
Detergents which are more hydrophilic thln Tl’l X=114 are
often used to solubilization Their
in the sample will raise the temperature o! the cloud point
lﬁ could prevent the formation of two separated phases at
Jo'c.
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Effect of other surfactants on the phi separation of
mx-_n

% labelled Triton X-114 (3250 cpm/mg) was mixed at different
ratios with a number of nyampmnc urhcunu in 10 mM Tris-
tubes the weights
secor nd u t were varied but
The volume (300 p1) and Che total surfactant concentration
(18 w/v) were kept constant.

After_standing 3 hr. at 4°C the tubes were incupated 10 min.
at 30°C and centrifuged 3 min. at 300 x g at JOC. 200 ,ll
were removed from the upper half of the tube and counted.

Second surfactant: @ , none;O , Nonidet P-40; @ , Triton
X-100; & , n-octyl glucoside; & , Na-deoxycholate.

In the experiment presented in Pig. 3 [’u]hn.on X-114 was
mixed at different ratios with detergents commonly used for
membrane solubilization. Jhe condensation of the detergent
mixtures was tested at JO'C in thy presence of 150 mM NaCl.
When mixed in ratio (50x10 @ w/v second surfactant)
with Triton x-114
tion of two separate
of solubilization depended on the nature of the
factant used. The ionic bile salt deoxycholate was the most
efficient solubilizer of Triton X-114, wher

concentration of Triton in the upper pha
spectroscopically.

was determined

nts on Triton 14

Triton X-114 was chosen as the most hydrophobic commerci-
ajly available Triton X  vhich forms micellar solutions above
0°C. More n w r and
more hydrophilic have a cloud point at a higher temperature
(6,7). With an average difference of two Oxyethylene units the
length distribution of the polar moiety of Triton X-114 and
Triton X-100 overlap by more than 70V. Triton X-114 can be
used to solubilize membranes and whole cells (26).

The protein ssparations described here were performed in
10 mM Tris HCl pH 7.4, 150 mM NaCl in two condensations at
30°C with 0.5 to 1V Triton X-114. These conditions can be mo-
dified. In particular at a higher ionic strength the cloud
point of the Triton solution is lowered and pha: paration
can also be performed at a lower temperature (1 lternati-
v.ly4 phase up.uuon 1s -on complete and less sensitive to
the when performed at
hh)Mr t-plrn(ur' A qu.r Triton X-114 concentration in-
es also the yield of amphiphilic proteins in the deter-
q-nv. phase but interferes later with the SDS-PAGE of the
sampl

Phase of bacter n_and hemoglobin

A 1% solution of Triton X-114 separates at 30°C into a
large upper phase depleted in detergent and o small lover
P! enriched in detergent. Fi ows the relative volu-
mes of the two phases as well a: Lh.lr Triton X-114 content
after separation. 94V of the detergent was recovered in the
at a concentration of 108 (w/v).
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Fig. ¢4
Phase of bacter and hemoglobin

Ba led to two tubes con-
umlug 500 ul o‘ l\ Triton l-lN. lO mM Tris HCl pH 7.4,
150 mM NaCl at O°C

The tubes were incubated 10 min at 30°C and centrifuged ) min
at 300 x g at the same temperature. The volumes of the resul-
ting two le‘l were mea \Il’d AIIM!I of the two phai
were analysed by of
bacteriorhodopsin and h—wlohln vas deterained by quantita-
tive estimation of the Coomassie blue stain bound the
protein bands in the gel. The relative concentration of
Triton in the two phases of a third tube was measured photo-
metrically at 275 na.

VoL: Voluse, TX-114 1 Triton X-114, BR: bacteriorhodopsin,
Hb: hemoglol

The distribution in the two phases of the amphiphilic
bacteriorhodopsin matches closely the distribution of Trito:
X=114 (Fig. 4). This result shows that the mixed micelles
formed by Triton X-114 and this protein aggregate above the
cloud point almost as efficiently as pure detergent micelles.

n- ounr hand 98% of the hydrophilic hemoglobin was
m the ageous upper phase (Fig. 4). The concentra-
tion of h-:'lobln T the de detergent phase was lower than the
concentration before phase separation.

Solubilization and phase of plasma pro-
teins and glycoproteins
human 1ly la-

uu-a with triciam ln the glycoproteins ind solubilized
under hypertonic conditions with Triton X-114. The soluble ma-
terial was analysed by the phase separation method. Fig. 5.1
shows the stained protein pattern and Fig. 5.2 is a fluoro-
gram of the same gel. With a few exceptions most proteins are
recovered either in the aqueous or in the detergent phase. In

particular 7 of band 3 AM 78% of PAS 1 + both integ
tel .+ are in the phase
(lanes ¢).
2
ab c
n'w
ASI
- im )
Fig. )
Extraction and phase separation of human Y
g:ot-lnl
Human ery ively labelled in the glyco-

wer
proteins and qumllpldl (12) . Membranes were prepared and
extracted with 1V Triton X-114
soluble extract was analysed by phase separation
in Experimental Procedures and in the legend to Pig. 1.
1, Cooma blue protein stain. 2, Fluorogram of 1 (25).

a, Triton 14 solubilized proteins before phase separation
(36 ug protein, 420'000 aqueous phase after separa-
tion. c, detergent phase atter separation.

Some proteins are recovered in bou: pha
pheral which ar.
from integral membrane proteins durlnq solubilization.

and may be peri-

Phase of cellular and I

’ myeloma cells were metabolically labelled with
 wehiSatee ard aftae separation of the cultufe superna-
tant lysed in Triton X-114, The soluble material was analysed
by the phase separation method. Fig. 6.1 shows the separation
of the cellular proteins. The vast majority of the label was

incorporated into hydrophilic proteins. In particular the
intracellular precursor of the secreted immunoglobulin G
(arrow) is found in the aqueous phase. A few protein:
ever, are selectively fecoversd 1n the d-torq.nt Ph

2
i e &

o m—

separation of cellular and

Mouse myeloma cells were labelled in vivo with ’°S methionine
and a Triton X-114 soluble -xuan s prepared as described
in Materials. This the proteins secreted
ih the coltare medium were analyeed by phase & s
described in-Experimental Procedures and in the legend to
Fig. 1. Samples vere prepared without reducing agent. The
lanes 1a and 1b were exposed 2.8 x less than the other lanes
of the figur,

1, Triton X-114 solubilized cellular material. 2, culture
supernatant. a before phase separation
phase after separation. c, detergent phase after separation.

Pig. 6.2 shows the of the
found in the culture medium. As expected from their soluble
nature, these proteins are recovered in the ageous phas
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