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The main polypeptide isolated from lens fiber membrane has been solubilized in octyl glucoside and studied by gel fiitra-
tion in high-performance liquid chromatography (HPLC). The combination of Sy, value obtained from analytical ultra-
centrifugation and Stokes radius determined by HPLC of the soluble fraction indicates that more than 90% of the protein
is monomeric. The solubilization of the protein seems to be dependent upon the presence of the NH, and COOH terminal
sequences, since proteolytic degradation of MP26 which removes these terminal sequences is less soluble than the un-
cleaved polypeptide. Moreover, there is a higher amount of oligomer after proteolysis. Fatty acid analysis by gas chro-
matography shows that the inscluble membrane fraction from both cortical and nuclear fibets comprises a special class
of long (C22) saturated fatty acids (behenic acid).

Membrane protein; Solubilization; Gel chromatography; Monomer

1. INTRODUCTION

Differentiation of epithelial cells into cortical
fibers in the lens, is characterized by the biosyn-
thesis of an intrinsic polypeptide of 28 kDa (called
MP26), representing more than 50% of the total
membrane proteins, and assembled in junctional
domains. The molecular model of MP26 based on
amino acid analysis and cDNA cloning [1] con-
ceives the existence of six transmembrane a-helical
domains and the presence of the NH; and COOH
terminal segments exposed at the cytoplasmic side
of the membrane. It is remarkable that among
these o-helices, one of them displays an am-
phipathic nature which might generate a potential
domain for the hydrophilic transmembrane chan-
nel. More recent experiments of Horwitz and Bok
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[2] on MP26 solubilized in octyl glucoside tend to
prove that this polypeptide comprises 50% of «-
helical domains and about 20% of A-sheets. A
number of experiments have shown that MP26 in
reconstituted proteoliposomes [3} or black film [4]
forms a transmembrane channel. Further informa-
tion concerning the type of structure that MP26
and its natural proteolytic derivative (MP22) adopt
in the lipid bilayer clearly indicates that this
polypeptide in reconstituted proteoliposomes
forms tetragonal oligomers either randomly
distributed or clustered in geometrical arrays [5].
Moreover, the exposed domains of the
reconstituted oligomers are potential sites of mem-
brane to membrane interaction. It remains to be
established whether the MP26 and MP22
reconstituted oligomers resulting from the
reassociation of single copies of this polypeptide
solubilized in the octyl glucoside, or reinsertion of
non-disassembled oligomers. Preliminary results
by ultracentrifugation ruled out that the par-

Published by Elsevier Science Publishers B. V. (Biomedical Division)

148 00145793/88/$3.50 © 1988 Federation of European Biochemical Societies



Volume 233, number 1

ticulate membrane domains found by freeze frac-
ture  e¢xperiments of  the  reconstituted
proteoliposomes were merely remnants of junc-
tional domains insoluble in the octyl glucoside [5].
The present paper refers to the study of solubilized
MP26 and MP22 in octyl glucoside, by high-
performance liquid chromategraphy (HPLC).
Morcover, analysis of the lipid composition of the
octyl glucoside soluble and insoluble fractions has
been carried out. It is shown that a high proportion
of the two polypeptides is solubilized by octyl
glucoside in its monomeric form. V8 proteolysis of
NH; and COQOH terminal sequences yields a solu-
ble fraction which contains a higher amount of
oligomeric form. Moreover, the lipid composition
of the octyl glucoside inseluble membrane material
is characterized by a high content of long saturated
fatty acid chains which might trap the protein
tightly in a rather insoluble and solid bilayer.

2. MATERIALS AND METHODS

Purification of MP26 was performed as described in [5].
Briefly, a membranous fraction, called U-Na fraction, was ob-
tained by repeated treatments of the fibers with 6 M urea and
0.1 N NaOH. Solubilization of MP26 from this fraction was
performed with a 10% octyl glucoside solution, in Tris-HCl
buffer (50 mM Tris, 100 mM NaCl, t mM azide, pH 7.3). The
octyl glucoside soluble (called Csol. and Nsol., respectively, for
cortex and nucleus fibers) and insoluble (Cins. and Nins.) frac-
tions were separated by centrifugation at 120000 x g, for 1 h.
The supernatant contained 70—80% of the proteins of the mem-
branous fraction [5].

2.1. Fatty acid analysis

Fartty acid analysis was performed on the cortex and nucleus
soluble and insoluble fractions, as described below. Lipids were
extracted according to Bligh and Dyer [6], based on a separa-
tion between an aqueous and an organic (chloroform) phase.
Lipids were then conserved in a toluene-ethanol solution (4:1,
v/v) at 4°C. We used the Carreau and Dubacq [7] method, con-
sisting of a treatment with sodium methylate, to obtain methylic
esters of the total lipidic extract. These esters were extracted
with pentane, and conserved in chloroform. We used capillary
gas chromatography (Girdell chromatography) for the analysis
of these samples, with a 25 m x 0.25 mm column. Helium was
used as the vector gas and the temperature was 185°C.

2.2, Soluble fraction analysis

Soluble fraction analysis by HPLC was processed on a TSK
3000 LKB column, of 60 cm length, used with a Millipore
Waters model 510 pump system. Isocratic elution was perform-
ed with Tris-HC! buffer containing 2.5% octyl glucoside. The
flow rate was 0.75 ml/min and 400 xl of each sample were in-
jected for the different experiments. Samples corresponding to
the different peaks were collected, and analyzed by elec-
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trophoresis, after precipitation of proteins with 10%
trichloroacetic acid (TCA). This was done incubating 1-1.5 ml
of the soluble fractions with 10% TCA for 10 min, followed by
centrifugation for 15 min at 10000 x g. The pellets were
resuspended in electrophoresis sample buffer (50 41} and
neutralized with 1 N KOH. Electrophoresis was performed ac-
cording to Laemmli [8] in 15% polyacrylamide gels. The gels
were stained with silver. The same experiments were performed
on a proteolyzed fraction of MP26, referred to as solubilized V8
fraction (V8 sol,). This fraction was obtained by treating the C
U-Na fraction with V8 protease, as described in [9], and by
solubilizing the resulting membrane fraction. SDS-PAGE
analysis of the protease-treated membrane fraction shows the
presence of MP21, very similar to MP22, the natural proteolytic
derivative of MP26 [5,9].

The calibration of the TSK 3000 SW HPLC column was per-
formed with water-soluble proteins of known Stokes radius as
previously described {10,11]. The molecular mass determination
of the protein-detergent complex (M*) is based upon the follow-
ing equation [12]:

_ s6ayRSN

M* —
1-V*

)

where s is the sedimentation coefficient measured with a
Beckman mode! E analytical ultracentrifuge equipped with a
photoelectric scanner [5], » is the viscosity coefficient of the
solution, Rs the Stokes radius obtained from HPLC column
calibration, N is the Avogadro’s number and 1 — IT"Q is the
buoyancy of the complex.

=V, + Vi1 +6 @)

where L_’,, is the partial specific volume of the protein calculated
here to be 0.735 cm’/g from the amino acid sequence [1] and
Va the partial specific volume of octyl glucoside (0.859 cm®/g).
J is the detergent binding ratio in g/g of protein. It may be
noted that the possible presence of a few phospholipids which
may remain bound to the protein after solubilization does not
affect the molecular mass determination, since their partial
volumes are very close to 1 cm?®/g [13]. The molecular mass of
the protein part of the complex (M) is calculated from:

M* = My{1 + 6) 3)

3. RESULTS AND DISCUSSION

The elution profile of the octyl glucoside
solubilized cortical membrane fraction when the
absorption is measured at 280 nm, is composed of
three main peaks called P1, P2 and P3 (fig.1a). In
some experiments, a variable amount of insoluble
material is eluted in the void volume (P0). When
the supernatant of the centrifugation at 100000 x
g prior to HPLC analysis was very carefully
removed, PO was not present in the elution profile
(see fig.1c,d). P3 contains about 80% of the ab-
sorption, P2 about 15% and P1 about 3%, Hence
we assume that P3 contains almost exclusively pro-
tein moiety, This assumption is reinforced by fur-
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Fig.1. (a and b) HPLC elution prafiles of cortex soluble fractions at 280 nm (a) and 260 nm (b). (c and d) HPLC elution prefiles of

cortex soluble fractions obtained from a previously proteolyzed (V8 protease) membranous solution. (¢} HPLC elution profile of an

azolectin solution (4 mg/ml) solubilized in 2.5% octyl glucoside. (f) Calibration curve of HPLC column with known Stokes radius
proteins.

ther analysis of the fraction using a 260 nm
wavelength (fig.1b). In this case, P3 and P2 inten-
sities decrease in a proportion indicating absorp-
tion by proteins. Conversely, P2 increases,
indicating its non-proteic nature, probably due to
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a high lipid and detergent content. We confirmed
this hypothesis by injecting into the column a solu-
tion of azolectin (a mixture of various lipids)
solubilized with octyl glucoside (fig.le), and show-
ing that the main peak of this profile (mixed
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micelles) possessed the same retention time as P2 in
fig.1a. These data lead to the conclusion that P3
contains more than 90% of the total protein con-
tent. Peak 3 in fig.1b (Az60) shows a small shoulder
in its profile with a retention time of 35 min whose
non-proteic nature is difficult to assess. The
calibration of the column with water-soluble pro-
teins of known.Stokes radius (fig.1f) gave an Rs
value of 2.05 nm for the protein detergent complex
present in P3, This Rs value can be used in con-
junction with analytica} ultracentrifugation data to
estimate the molecular mass of the protein present
in P3.

We recently established that the cortex solubiliz-
ed fraction contained a main species with a
sedimentation coefficient of 4.6 5 [5]. We
estimated the detergent bound to the protein to be
about 1 g/g of protein by comparison with the bin-
ding of other non-iomic detergents to strongly
hydrophobic membrane proteins [14], and found a
malecular mass of 27 kDa for the protein without
the bound detergent. Since the MP26 molecular
mass, calculated from ¢cDNA cloning and amino
acid analysis, is 28.2 kDa we conclude that P3 is
composed of the monomeric form of the protein.
It is important to realise that in this case, the
estimated amount of bound detergent does not af-
fect the conclusion that P3 contains the monomer
of MP26. If instead of 1 g/g, one uses 0.5 g/g or
1.5 g/g in egns 1-3, the M, value becomes respec-
tively 32 or 23.5 kDa. Peak 1 has a Stokes radius
of 3.2 nm, suggesting that it contains an
oligomeric form of MP26, probably the dimer.

Fig.1¢ and d shows the elution profiles of a V8
proteolyzed fraction of MP26, Although it is dif-
ficult to estimate the total amount of the pro-
teolytic derivatives of MP26 which is actually
solubilized by octyl glucoside, the proteic content
of this fraction is clearly lower than the preceding
one (cf. fig.1a and c). Furthermare, P3 in fig.1c is
not as conspicuous as the one of monomeric MP26
prior to proteolysis (70—80% instead of more than
90%). This indicates that the partial removal of the
NH; and COOH segments by V8 protease [9] in-
creases both the insolubility of the polypeptide and
its tendency to aggregate into oligomers (P1). This
may also suggest that the degradation product of
MP26 can establish preferential interactions with a
molecular class of lipids, insoluble in the
detergent.
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SDS-PAGE performed on a cortical membrane
solution fraction (fig.2) demonstrates that the ma-
jor amount of MP26/MP22 is found in P3 (lane
4). The fact that the protein profile of P1 (lane 2)
is characterized only by the presence of MP26 may
suggest that this polypeptide is in its dimeric form,
as was previously proposed. The protein profile of
P2 (lane 3) shows the presence of a little amount of
both MP26 and MP22. Temperature-dependent
aggregation in a reducing environment is a well
established feature of MP26é. Slight aggregation
also seems to occur in the precipitation process
with TCA that we used, and may explain the
presence of a small amount of higher molecular
mass components in fig.2. In fact, Western blot-
ting has shown that high molecular mass com-
ponents are labelled by monospecific antibody
against MP26/MP22 [5].

In the previous study [5], we took into con-
sideration the hypothesis that the particulate en-
tities visualized by freeze fracture experiments of
reconstituted proteoliposomes were the result of
the reassociation in the bilayer of MP26 and/or
MP22 monomers. The data presented in this paper
are consistent with this assumption, since they
show that the majority of MP26 and MP22 is
monomeric. Furthermore, the monomeric form of
MP26 is likely to be essentially associated with
detergent, only few lipids remaining bound after
chromatography, since the detergent concentra-
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Fig.2. SDS-PAGE patterns of Pl, P2, and P3 separated by
HPLC from the cortical soluble fraction (see fig.la). Lanes: L,
molecular mass markers of 92.5, 66.2, 45, 31, 21.5 and
14.4 kDa; 2, SDS-PAGE profile of P1; 3, SDS-PAGE profile
of P2; 4, SDS-PAGE profile of P3. Experimental conditions
permit a direct quantitative comparison between these profiles.
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Table 1

Fatty acid analysis of the octyl glucoside soluble and insoluble
fractions obtained from the cortical and nuclear fiber plasma
membranes

Fatty acid chains
(% of the total
fatty acid Nucleus Nucleus Cortical Cortical
content) soluble insoluble scluble insoluble
fraction fraction fraction fraction

Sampies

Myristic acid

(C14:0y 3.0 - 31 -
Palmitic acid

(C16:0} 24.0 16.9 24.7 21.7
Stearic acid

(C18:0) 10.0 11.3 7.3 18.0
Oleic acid

(C18:1) 42.9 20.2 429 40.3
Arachidic acid

(C20:0) - 6.5 0.2 -
Behenic acid

(C22:0) 2.5 23.2 13 11.7
% of saturated

fatty acids 9.5 57.9 36.6 51.4

tions used are very high [15]. However, we must
take into consideration that at least in the octyl
glucoside insoluble fraction, the lipid-protein or
the protein-protein interactions may be sufficiently
strong to hinder the detergent action. In other
work {5,16], we presume that MP26 and its pro-
teolytic derivative may be comprised in the natural
lens fiber membrane in different domains, where
specific classes of lipids are tightly associated with
the protein, Probably this is the case of the mem-
brane organization in aging lens fibers. We have in
fact demonstrated that the insoluble membrane
fraction comprises long chain saturated fatty acids
(see table 1). Tt is remarkable that behenic acid
(C22:0) is more concentrated in the nuclear insolu-
ble fraction than in the cortical one. From these
results we cannot yet correlate the polar character
of MP26 and of MP22, and the specific classes of
lipids, which might be associated with the different
structural patterns that we have previously studied,
in particular the orthogonal one. Further
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reconstitution experiments are needed with pro-
teoliposomes containing the partially delipidated
MP26/MP22 and well defined classes of lipids.
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