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AISTRACT Integral membrane proteins that form wa-
ter-filied channels through membranes often exist as aggre-
gates of similar or identical subunits spanning the membrane.
It has been suggested that the insertion into the membrane of
the channel-forming domains of the subunits may impart un-
usual structural features to the membrane-intercalated por-
tions of the protein. To test this proposal, we have investigated
the interaction of a multisubunit channel-forming integral
membrane protein, the acetylcholine receptor protein, with
the nonionic detergent Triton X-114. Whereas non-channel-
forming integral membrane proteins that have heretofore been
studied form mixed micelles with the detergent, the acetylcho-
line receptor was excluded from the Triton X-114 micelles.
The structural implications of this result are discussed.

In an early thermodynamic analysis of membrane structure
(1), it was predicted that a class of integral membrane pro-
teins exists that form water-filled channels through mem-
branes and that mediate the permeability of membranes to
ions and small polar molecules. It was proposed that such a
channel-forming protein generally would consist of a specific
noncovalently bound aggregate of a small number n of identi-
cal or similar subunits spanning the membrane, with the
channel running down the n-fold symmetry axis of the aggre-
gate. To allow for thermodynamic stability, it was suggested
that the portion of the exterior surface of the aggregate that
was intercalated into the lipid bilayer would be mainly hy-
drophobic, but that the central channel might be lined with
some of the ionic and polar amino acid residues of the sub-
units, in contact with the water in the channel. The purpose
of such a structure would be to permit low-energy-requiring
quaternary rearrangements (1, 2) of the subunits to occur,
which would result in the directed translocation of specific
ions and small polar molecules through the channel across
the membrane. In further consideration of this model, it was
pointed out (3, 4) that the insertion of such a hydrophilic
channel through a membrane is not a trivial problem and,
furthermore, that certain thermodynamically satisfactory
mechanisms for such insertion might necessitate distinctive
structural properties for channel-forming proteins, which
would not be shared with other types of integral membrane
proteins (see Discussion).

In the years since these predictions were made, several
integral membrane proteins involved in membrane transport
and permeability have been characterized in sufficient detail
to show that they indeed consist of subunit aggregates form-
ing transmembrane channels down their central axes.
Among the best studied of these integral membrane proteins
is the acetylcholine receptor (AcChoR) (for a recent review,
see ref. 5). It is a pentameric aggregate of about 250 kDa
made up of four homologous but nonidentical polypeptides
(a-8) in the stoichiometry a218Y6. The binding of the ligand

acetylcholine to the a chains of the aggregate changes the
permeability of the central channel of the aggregate to small
cations, a process that is critically involved in neuromuscu-
lar signal transmission.
To test the proposition that channel-forming proteins

might have distinctive structural characteristics not shared
by other types of integral membrane proteins, we have stud-
ied the partitioning behavior of AcChoR in Triton X-114
phase-separation experiments as described by Bordier (6). A
1% (wt/vol) aqueous solution of the nonionic detergent Tri-
ton X-114 is homogeneous at 40C but separates into two
phases in equilibrium at temperatures above -20°, one de-
tergent-rich ('20% detergent) and the other detergent-poor
(Q0.03%). All the integral membrane proteins Bordier (6) ex-
amined strongly partitioned into the detergent-rich phase
(DRP), while all the cytoplasmic and peripheral membrane
proteins were found in the detergent-poor phase (DPP), pro-
viding a very simple and convenient means of distinguishing
these categories of proteins. These results reflect the exis-
tence of hydrophobic domains in amphipathic integral mem-
brane proteins (7-9), which intercalate into the micelles
formed by nonionic detergents much as they do into the inte-
rior of lipid bilayers. However, upon subjecting membranes
of Torpedo californica electroplax containing AcChoR to
Triton X-114 phase separation, we obtained the surprising
result that most of the AcCho'R was found as the intact pen-
tamer in the DPP (10). This observation and its significance
are examined in some detail in this report.

MATERIALS AND METHODS
AcChoR. AcChoR-rich membrane vesicles prepared with-

out detergent from T. californica electric organ, purified Ac-
ChoR (purified with and containing cholate), 1251-labeled a-
bungarotoxin, and antibodies to AcChoR used in the bunga-
rotoxin-binding assay, all as described (11), were kindly
provided by J. Lindstrom and R. Anholt (Salk Institute). Al-
kali treatment of the AcChoR-rich membrane vesicles was
carried out by a published method (12).

Triton X-114 Phase Partitioning. Triton X-114 (Sigma) was
precondensed three times to obtain a more homogeneous
preparation (6). Radioactive Triton X-114 was prepared by
the addition of [3H]Triton X-100 (New England Nuclear) as
described (6). Phase partitioning was carried out by a minor
modification of the method of Bordier (6) to be described in
detail elsewhere. AcCboR-rich membranes were solubilized
in 1% Triton X-114 in 0.02 M Tris Cl, pH 7.4/0.15 M NaCl
(Tris/NaCI) at 40C for 10 min and centrifuged at 27,000 x g
at 40C for 20 min. A 0.3-ml aliquot of the supernatant was
layered on 0.15 ml of 6% (wt/vol) sucrose/0.06% Triton X-
114/Tris/NaCl, warmed to 350C for 3 min, and centrifuged at
1300 x g for 3 min at 220C. The upper phase, the DPP, was
removed and washed twice with Triton X-114 as described
(6). The lower phase, the DRP, was made to the same vol-

Abbreviations: AcChoR, acetylcholine receptor; DRP, detergent-
rich phase; DPP, detergent-poor phase.
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ume as the DPP and equal volumes of the two phases were
analyzed, along with the starting mixture, by NaDodSO4/
PAGE (13). In some cases, the a-bungarotoxin binding ca-
pacities of the starting mixture, DPP, and DRP were deter-
mined by using 1251-labeled toxin in conjunction with immu-
noprecipitation as described (11). When phase partitioning
was carried out with radioactive Triton X-114, the sucrose
solution did not contain Triton X-114 and the two washes of
the DPP were omitted.
Sucrose Gradient Centrifugation. Sucrose gradient centrif-

ugation was carried out as described (14) on 5-ml linear 5-
20% (wt/vol) sucrose gradients in Tris/NaCl containing 1%
(starting mixture) or 0.03% (DPP) Triton X-114. Samples
were pretreated with a slight excess of 1251-labeled bungaro-
toxin for 15 min at 40C, layered on the gradients, and centri-
fuged at 40C for 5 hr at 225,000 x g. Seven-drop fractions
were collected from the bottom of each tube and the radioac-
tivity in each fraction was measured with a y-counter. Beef
liver catalase (11.3 S), rabbit muscle aldolase (7.3 S), and
horse heart cytochrome c (2.5 S) were used as standards for
S values.

Linoleic Acid/Triton X-114 Phase Partitioning. A 10%
(wt/wt) solution of linoleic acid (Applied Science Labora-
tories, State College, PA) in ethanol was mixed with 1% Tri-
ton X-114 in Tris/NaCl on a rotary shaker for 3-5 days at
40C. The AcChoR-rich membranes were solubilized directly
in the mixture and subjected to phase partitioning. In some
cases, [14C]linoleic acid (Amersham) was used to estimate
the amount of linoleic acid in the DPP and DRP.

RESULTS
Phase Partitioning of AcChoR. The results of the phase

partitioning of AcChoR preparations in Triton X-114 are
shown in the electrophoregrams in Fig. 1. The sets of sam-
ples shown were electrophoresed at different times in poly-
acrylamide gels of different concentrations, and the mobil-
ities are therefore not directly comparable. In each set, lane
1 represents the starting mixture in Triton X-114 before par-
titioning, and lanes 2 and 3, respectively, the DPP and the
DRP after partitioning. With Torpedo membranes dissolved
directly in 1% Triton X-114/Tris/NaCl, Coomassie blue
staining for protein (Fig. 1C) and periodic acid/Schiff rea-
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gent staining for oligosaccharide (Fig. 1B) show that all four
chains ofAcChoR were found in the DPP (lanes 2). A similar
result was obtained with alkali-extracted membranes (Fig.
1A), as well as with cholate-purified AcChoR (not shown).
On the other hand, a 115-kDa glycoprotein (arrow, Fig. 1 A-
C) was found in the DRP, demonstrating behavior more typi-
cal of integral membrane proteins. In addition, a 100-kDa
protein (filled arrowhead, Fig. 1 A and C), probably the a
chain of the Na+,K+-ATPase (11, 15), was found distributed
between the DPP and DRP. Another band at 43 kDa (striped
arrowhead, Fig. 1C) was found in the DRP, but it was not
clear whether the same protein was responsible for the 43-
kDa band in the DPP (see ref. 16). In these experiments, the
phase partitioning results were not affected by varying the
protein concentration (from 0.2 mg/ml to 1.3 mg/ml with 1%
Triton X-114), the detergent concentration (from 0.5% to
2.0% Triton with 0.6 mg of protein per ml), the incubation
time in the 1% Triton before partitioning (from 10 min to 5
days), or the partitioning temperature (from 35°C to 56°C) or
by pretreatment of the membranes with a-bungarotoxin or
3.5% 2-mercaptoethanol. In the experiment with 125I-labeled
a-bungarotoxin, 93% of the binding activity (11) was found
in the DPP.
Phase Partitioning of the Detergent. When a 1% solution of

radioactive Triton X-114 was used in the phase-partitioning
experiments, in the absence of membranes the concentration
of Triton in the DPP was 0.03%, and in the presence ofmem-
branes, 0.04%. Therefore, no significant redistribution of de-
tergent accompanied the partitioning of the AcChoR protein
into the DPP.

Sucrose Gradient Centrifugation. When 1251-labeled a-bun-
garotoxin was added to membranes solubilized with Triton
X-114, and this mixture was sedimented in a sucrose gradi-
ent (Fig. 2 Top) or when 1251-labeled toxin was added to the
DPP after phase partitioning of the membranes and the
DPP/toxin mixture was then sedimented in a gradient (Fig. 2
Bottom), in both cases the radioactivity profile peaked
sharply at about 13 S. This is the sedimentation rate of the
dimer of the a2f3y8 aggregate (14). These results show that
the AcChoR that partitioned into the DPP was present as the
dimer of the original subunit aggregate and had retained its
a-bungarotoxin binding activity.
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FIG. 1. NaDodSO4/polyacrylamide gel electrophoregrams of AcChoR membrane preparations and controls subjected to phase partitioning
in Triton X-114 detergent systems. In each set, lane 1 represents the original preparation dissolved in detergent prior to phase partitioning, and
lanes 2 and 3, respectively, the DPP and the DRP after partitioning. (A-C) Alkali-extracted (A) and untreated Torpedo membranes (B and C),
phase-partitioned in Triton X-114. (D and E) Untreated Torpedo membranes (D) and ovalbumin (E), phase-partitioned in the Triton X-114/lino-
leate mixture. A and C-E show Coomassie blue staining and B shows periodic acid/Schiff reagent staining. The subunits of AcChoR are
designated by a, 13, -y, and S. The arrows in A-D designate a 115-kDa glycoprotein that invariably partitions into the DRP; the filled arrowheads
in A, C, and D designate a 100-kDa protein that may be the a chain of the Na+,K+-ATPase; and the striped arrowheads in C and D designate a
43-kDa band (see text for details).
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FIG. 2. Sucrose gradient centrifugation of the starting mixture of
Torpedo membranes solubilized in Triton X-114 (Top) and the DPP
after phase separation (Bottom). The samples were pretreated with
"25I-labeled a-bungarotoxin and the distribution of radioactivity in
the gradients was measured. The letters and arrows indicate the po-
sitions in the gradient expected for the AcChoR dimer (D), the Ac-
ChoR monomer (M), the single a chain (S), and free a-bungarotoxin
(B). The sedimentation profile was calibrated with standards as de-
scribed in Materials and Methods.

Phase Partitioning with Mixtures of Triton X-114 and Lin-
oleic Acid. When mixtures of equal parts by weight of Triton
X-114 and linoleic acid were incubated at 4TC, mixed mi-
celles were apparently produced. This was shown in experi-
ments in which [14C]linoleic acid was included. Phase sepa-
ration (cloud point 150C) resulted in 73% of the initial ra-

dioactive linoleic acid being distributed into the DRP. When
the Triton/linoleate mixture was used to solubilize Torpedo
membranes at 4TC, and phase separation was carried out, the
AcChoR was found in the DRP (Fig. 1D), in contrast to the
situation with Triton X-114 alone (Fig. 1C). As a control
(Fig. 1E), ovalbumin was shown to partition into the DPP in
the Triton X-114/linoleate mixtures as it does in Triton X-
114 alone.

DISCUSSION
The partitioning of the integral membrane protein AcChoR
into the DPP in the Triton X-114 two-phase system is a high-
ly anomalous result, because all known integral membrane
proteins that have been examined partition into the DRP (6).
To assess the significance of this finding, we discuss first the
nature of the phase-separation method and then some rele-
vant structural information about the AcChoR protein.
Phase Partitioning of Triton X-114 Solutions. Triton X-114

is a polydisperse nonionic detergent, p-(1,1,3,3-tetramethyl-
butyl)phenoxypolyoxyethylene glycol, containing an aver-
age of 7.5 oxyethylene units per molecule. Above its critical
micelle concentration at 4°C, it forms micelles each contain-
ing about 140 detergent molecules (9) with the p-octylphenyl
groups sequestered in a hydrophobic core and the hydrophil-
ic polyoxyethylene glycol residues in a random-coil confor-

mation in the outer shell of the micelle (17). The micelle
probably has the overall shape of an oblate ellipsoid (18). At
temperatures above 20'C, equilibrium separation into two
phases occurs, a DRP denser than water and concentrated
into about 0.05 of the total volume and a DPP constituting
the remainder. [The closely homologous but more hydrophil-
ic detergent Triton X-100 shows a similar phase separation,
but only at temperatures above 60'C (19)]. The DRP above
20'C contains Triton X-114 micelles much like those in the
homogeneous phase at 40C, but in a highly aggregated form
(20), whereas the small amount of detergent in the DPP is
probably in a nonmicellar state.

Integral membrane proteins generally form mixed micelles
with nonionic detergents such as Triton X-114 (9), in which a
single molecule of a protein freed of membrane lipid is inter-
calated into a detergent micelle, with the hydrophobic do-
main of the protein embedded within the hydrophobic core
of the micelle. Thus, since the DRP in the Triton X-114 two-
phase system contains aggregates of such mixed detergent/
protein micelles, the partitioning of amphipathic integral
membrane proteins into the DRP is understandable. Corre-
spondingly, cytoplasmic proteins and peripheral membrane
proteins, which do not possess hydrophobic domains that
can intercalate into the micelles of nonionic detergents, are
expected to partition into the DPP.* Indeed, in Bordier's ex-
periments (6), the discrimination of several known integral
membrane proteins from other kinds of proteins by their par-
titioning into the DRP was perfect. This was true despite
wide variations in the sizes of the respective hydrophilic and
hydrophobic domains of the integral membrane proteins ex-
amined. In related experiments done using a different tech-
nique, charge-shift electrophoresis (21), there was again per-
fect discrimination between the integral membrane proteins
and other kinds of proteins that were examined with respect
to the capacity of the integral membrane proteins to be incor-
porated into the micelles formed by nonionic detergents.
However, known channel-forming proteins generally were
not included among the proteins that were investigated in
these studies.
The Structure and Assembly of the AcChoR Protein. The

channel-forming integral membrane protein AcChoR is a
pentameric aggregate of four types of glycoprotein subunits,
with the stoichiometry a2,8y8 (5). Although the subunits
have somewhat different molecular weights, they show
striking homologies in their amino acid sequences as de-
duced from the nucleotide sequences of the corresponding
cDNAs (22, 23). In particular, each subunit possesses four
hydrophobic stretches of sequence that very likely individ-
ually span the membrane as a-helices, three clustered in the
middle of the sequence and one near the carboxyl terminus.
Symmetry considerations strongly suggest that each subunit
contributes a homologous region to the formation of the cen-
tral channel of the aggregate, but it is not known which por-
tions of the amino acid sequence are involved in the channel.
Noda et al. (22) and Devillers-Thiery et al. (23) propose that
one of the four transmembrane hydrophobic a-helices of
each subunit combines to form the channel, whereas Finer-
Moore and Stroud (24) and Guy (25) speculate that a particu-
lar region of each subunit sequence, which could form an
amphipathic a-helix, contributes a fifth transmembrane helix
that defines the channel. An important structural finding in
this connection is that the carboxyl termini of the chains are
exposed on the cytoplasmic side of the membrane (26).
*Electrophoregrams such as those in Fig. 1 reflect the relative mass-
es of a given protein that have partitioned into the DRP and DPP.
The concentration in the DRP is about 20-fold greater than indicat-
ed in such figures. Proteins that appear to partition "completely"
into the DRP therefore have partition coefficients, K, ¢200. For
proteins that, like AcChoR, appear to partition "completely" into
the DPP, K < 1.
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The membrane intercalation of the active AcChoR mole-
cule is a complex multistage process. It begins with the co-
translational insertion, via a signal peptide-mediated mecha-
nism, of each subunit individually into the membranes of the
rough endoplasmic reticulum (27). The assembly of these
subunits into the AcChoR molecule in mammalian muscle,
however, does not occur immediately after subunit insertion
but only at a considerably later time via several intermediate
stages which are not understood in detail (28). One interme-
diate stage appears to be dimer, a2, which is the first stage at
which a chains acquire high-affinity a-bungarotoxin binding
activity and which forms before a chains are found associat-
ed with the other subunits (28). a-Bungarotoxin binding ac-
tivity does not arise in vivo until 15-30 min after subunit in-
sertion occurs. The functional integration of the channel of
the intact AcChoR molecule must therefore occur even later,
but the time, the intracellular location, and the mechanisms
are not known.
With these brief remarks in mind, we now analyze the be-

havior of AcChoR in the Triton X-114 phase-partitioning
system.
What is the Basis for the Anomalous Phase-Partitioning

Properties of AcChoR? We conclude that the partitioning of
AcChoR into the DPP means that intact AcChoR molecules,
unlike most other integral membrane proteins (6, 9, 21), do
not form mixed micelles with Triton X-114. Membranes con-
taining AcChoR dissolve in 1% Triton X-114 to form a homo-
geneous solution at 40C, reflecting the dissolution of the bi-
layer and the incorporation of the membrane lipids into the
Triton micelles; the intact AcChoR molecules, however,
most likely are released into the bulk aqueous medium. [This
presumably also occurs in the dissolution of AcChoR-rich
membranes in Triton X-100, which also was found to solubil-
ize the AcChoR in a form that binds a-bungarotoxin (29).] As
a result, when phase separation is induced by raising the
temperature, the AcChoR is found in the DPP. It is probable
that some of the small amount of Triton in the DPP is bound
to the AcChoR molecules, but not in a micellar form.
Why are AcChoR molecules largely excluded from Triton

X-114 micelles? A number of possible explanations are elimi-
nated or rendered unlikely by our results. The partitioning of
the AcChoR into the DPP is not attributable to the following:

(i) A denaturation of the AcChoR, or its breakdown into
subunits. The codistribution of a-bungarotoxin, added to
Torpedo membranes solubilized in Triton X-114, with the
AcChoR into the DPP and the cosedimentation (Fig. 2) of the
toxin and AcChoR of the DPP at rates characteristic of the
intact AcChoR dimer (14) show that the AcChoR molecules
in the DPP largely retain their native subunit structure and
conformation.

(ii) A significant shift of Triton X-114 into the DPP along
with the AcChoR. No such shift was detected.

(iii) A strong association of the AcChoR with peripheral
membrane proteins. The AcChoR in membranes stripped of
peripheral proteins by alkali treatment (Fig. 1A), as well as

cholate-purified AcChoR, also partitioned into the DPP.
(iv) The dumbbell shape of the AcChoR dimer, which

might be unfavorable for intercalation into the DRP micelles.
In Torpedo membranes, the AcChoR pentameric aggregate
is dimerized by disulfide-bridge formation between a sub-
units (14). The partitioning of AcChoR, however, was unaf-
fected by the presence of 2-mercaptoethanol throughout the
procedure, under conditions that generated the AcChoR
monomer.

(v) An excessive size of the membrane-intercalated hy-
drophobic domain of the AcChoR pentamer that does not
allow it to fit into a Triton micelle. Freeze-fracture electron
microscopic images (30) of AcChoR molecules show intra-
membranous particles of about 85 A maximum diameter.
The integral membrane protein retinal rod rhodopsin, with

intramembranous particles of 110 A diameter (31), partitions
strongly into the DRP in Triton X-114 phase-separation ex-
periments (unpublished observations), so the size of the hy-
drophobic domain alone cannot be the determining factor.

After eliminating these possibilities, however, we can only
speculate about the correct reasons for the anomalous exclu-
sion of AcChoR molecules from Triton micelles. It is possi-
ble that this exclusion is attributable to the large hydrophilic
membrane-protruding domains of the AcChoR molecule
(32), but this seems unlikely because the hydrophilic shell of
the Triton micelle, consisting of the polyoxyethylene glycol
residues in random-coil configuration (17), should be able to
accommodate a wide range of sizes and characteristics of
such domains. We cannot, however, rule out this explana-
tion. Another possibility, which was in fact the basis for un-
dertaking this study in the first place, is that a channel-form-
ing protein like AcChoR might have a hydrophobic domain
with a somewhat irregular external surface where it is in con-
tact with the lipid bilayer, whereas the hydrophobic domains
of non-channel-forming integral membrane proteins might
generally have smooth surfaces (for reasons that are dis-
cussed briefly below). Domains with irregular surfaces might
not pack well into the hydrophobic core of the Triton mi-
celle. The importance of geometrical factors and packing
considerations for the stability of detergent micelles and re-
lated structures has been emphasized (33). The essential
point for our present purposes is that the hydrophobic core
of a Triton micelle, packed with oriented p-octylphenyl resi-
dues (18), can hardly be thought of as an isotropic liquid; it
must instead have considerable structure, and this structure
might not allow the intercalation of a hydrophobic domain of
an integral membrane protein if that domain were of suffi-
ciently irregular shape. It would follow from these specula-
tions that, if the hydrophobic core of the Triton micelle were
rendered less structured and more fluid, the AcChoR might
then intercalate into the micelle. To make the Triton micelle
core less structured, we sought a compound with a flexible
long-chain hydrocarbon moiety that would form mixed mi-
celles with Triton X-114 with phase-separation characteris-
tics similar to those of micelles of Triton X-114 alone. Lin-
oleic acid served this purpose. When a mixture of linoleic
acid and Triton X-114 was used to dissolve Torpedo mem-
branes and phase separation was then carried out, the Ac-
ChoR partitioned into the DRP (Fig. 1D) as predicted. While
this result certainly does not prove that the hydrophobic do-
main of the AcChoR molecules has an irregular exterior sur-
face, it is at least consistent with that proposal.
Why might the exterior surface of the hydrophobic domain

of a channel-forming integral membrane protein differ from
that of other kinds of integral membrane proteins? Without
going into great detail here, the structural difference could
be related to different mechanisms for the stable insertion
into the membrane of amino acid sequences that are, on the
one hand, mainly hydrophobic or, on the other hand, sub-
stantially ionic and hydrophilic. Hydrophobic stretches are
thought to be inserted via a mechanism, not yet well-de-
fined, by which the polypeptide chain is threaded through
the membrane, initiated via a signal peptide at its amino ter-
minus (34). Such a threading mechanism may require hydro-
phobic domains to consist of one or more continuous
stretches of about 20 nonionic and mainly hydrophobic ami-
no acid residues, with each stretch forming a transmembrane
a-helix (1). Glycophorin (35), with one transmembrane helix,
and bacteriorhodopsin (36), with seven, are examples of in-
tegral membrane proteins having hydrophobic domains com-

posed exclusively of helices. A hydrophobic domain that
consisted of one helix or of several nearly parallel helices
would exhibit an exterior surface that was rather regular,
even approximately cylindrical.
A hydrophilic amino acid stretch, however, could not be

Biochemistry: Maher and Singer
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stably inserted into the hydrophobic interior of the mem-
brane by the same chain-threading mechanism that operated
to insert a hydrophobic amino acid stretch. It was therefore
suggested (3, 4) that, in cases where each subunit of a multi-
subunit aggregate contributes a hydrophilic surface to the
channel, the integration of the functional aggregate into the
channel might require at least two stages. First, non-chan-
nel-forming hydrophobic portions of the individual subunits
might become integrated into the membrane, after which the
channel would be intercalated by a simultaneous concerted
insertion of all the channel-forming surfaces into the mem-
brane. An important feature of such a channel-intercalation
mechanism is that it would not require the channel to consist
of transmembrane helices but could permit the channel-
forming domains to have a range of chain conformations in
different orientations (4). Such nonhelical chain conforma-
tions within the channel could in turn generate irregularities
on the exterior surface of the membrane-intercalated domain
of the aggregate.

In connection with this proposal, two experimental results
are relevant. One is the finding (28), referred to above, that
the integration of the channel is a late event in the process of
AcChoR assembly, occurring a considerable time after the
membrane-association of the individual subunits. The other
interesting result is that the integral membrane protein porin,
which is a trimeric channel-forming aggregate in bacterial
outer membranes, contains no single stretch of entirely non-
ionic amino acids longer than five residues throughout its
entire sequence (37) and therefore almost certainly does not
exhibit any transmembrane a-helices.

It should also be pointed out that if the proposals either of
Noda et al. (22) and Devillers-Thiery et al. (23) or of Finer-
Moore and Stroud (24) and Guy (25) for the composition and
structure of the AcChoR channel were correct, the mem-
brane-intercalated domain of the molecule would consist en-
tirely of either 20 or 25 nearly parallel transmembrane heli-
ces, and the exterior hydrophobic surface of that domain
should have a quite regular, nearly cylindrical geometry.
The anomalous partitioning of AcChoR into the detergent-

poor phase in Triton X-114 phase-separation experiments is
not the only such case we have encountered. Three other
integral membrane proteins involved in transport, namely,
the a chain of the Na',K+-ATPase of kidney microsome
membranes (and possibly the a chain of the Torpedo
Na',K+-ATPase, see Fig. 1 C), the Ca+2-ATPase of sarco-
plasmic reticulum membranes, and the Band 3 anion-trans-
port protein of erythrocyte membranes, each show a degree
of partitioning into the DPP that is significant, although not
as complete as that shown by AcChoR (unpublished obser-
vations; see also ref. 10). A significant, although prelimi-
nary, correlation appears to exist, therefore, between anom-
alous partitioning behavior in Triton X-114 phase separation
experiments and the probable channel-forming property of
integral membrane proteins, a correlation that needs to be
explored further.
Whatever the validity of these speculations, at least two

interesting points emerge from this study. First, the Triton
X-114 phase partitioning of a protein into the DPP does not
necessarily rule out the possibility that it is an integral mem-
brane protein. Second, it is possible to discriminate some
integral membrane proteins from others by this method, and
this discrimination must reflect some significant differences
in the structures of these proteins.
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