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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,Z). 
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). A t  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 c 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-I14 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  p1 of 
10 mM Tris-HCI, pH 7.4,  150 mM NaC1, 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 m~ Tris-HC1, pH 7.4,150 mM NaC1, and 0.06% Triton X-114  (300 
pl)  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 3OoC 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). 

* 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. F d  size 
photocopies are available from the Journal of Biological Chemistry, 
9650 Rockville Pike, Bethesda, Md. 20014. Request Document No. 
“-620, cite author,  and include a check or money order for $5.60 
per set of photocopies. FuU-size photocopies are also included in the 
microfilm edition of the Journal that is available from Waverly Press. 
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FIG. 1. Phase separation of hydrophilic and arnphiphilic 
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 1.51 Triton X-114 and incubated at 35OC). 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 c 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 c 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 

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 c oxi- 
dase. a, input sample before phase separation. b, aqueous phase after 
separation. c, 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 c 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-1 14 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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