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SUMMARY

A method is described for the solubilization of the erythrocyte membrane by
means of succinylation. In this procedure lipids and proteins are solubilized into
an aqueous phase. The physical properties of this preparation were studied by
optical rotatory dispersion, circular dichroism and infrared spectroscopy. The results
indicate that succinylation is associated with a decrease in ordered structure of the
protein. After succinylation the soluble membrane proteins are still loosely associated
with membrane lipids and retain the ABO blood group antigens and phytohemag-
glutinin binding activity. The membrane proteins and lipids can then be separated by
centrifugation, gel filtration or polyacrylamide gel electrophoresis.

INTRODUCTION

Erythrocyte ghosts, which can be prepared with minimal cytoplasmic contami-
nation!»2, have been intensively studied with the ultimate goal of ascertaining the
molecular organization of the component protein, lipid and carbohydrate moieties.
In general, two approaches have been used to study this system. In the first, attempts
are made to solubilize the entire membrane and then study the components of these
preparations. Reports from several laboratories?~7 show the erythrocyte membrane
to consist of many groups of heterogeneous proteins. A second type of methodology
differs in that a single membrane constituent is isolated and its characteristics defined.
By the introduction of new solubilization techniques, MARCHESI ef al.8:° have recently
purified two major membrane proteins to apparent homogeneity.

Following the first approach cited above, the work reported here describes the
solubilization of intact erythrocyte ghosts into an aqueous phase by succinylation.
The proteins are partially characterized prior to and following dissociation from the
lipids, and their heterogeneity confirmed. The data permit speculation on the effect
of succinylation on the configuration of membrane proteins and the possible implica-
tions of this procedure on protein-lipid interaction in the erythrocyte membrane.

MATERIALS AND METHODS

All chemicals used were reagent grade. Succinic anhydride was obtained from
Sigma, and urea was recrystallized from 70 % ethanol. Trypsin (bovine pancreatic)
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and neuraminidase (Clostridium perfringens) were obtained from Sigma Chemical.
Pronase (Streptomyces griseus) was purchased from Calbiochem and B-galactosidase
(Escherichia colr) from Worthington Biochemicals. [4-14C]Cholesterol (150 #C/mg)
was obtained from New England Nuclear.

Protein was determined with bovine serum albumin as a standard?®. Free amino
groups were quantitated with ninhydrin!'. Cholesterol was assayed by the method of
ZLATKIS ef al.'2. Reducing sugars were quantitated by the method of DuBo1s ef al.13
with galactose as a standard. Sialic acid was determined according to WARREN!Y,
ATPase was measured by the method of PosT ¢f af.15. Cholinesterase was determined
according to ELiMAN ef al.®. Following lipid extraction and acid hydrolysis??, in-
organic phosphorous was determined by the method of BARTLETT,

Solubilization procedure

Erythrocytes were obtained from fresh human blood anticoagulated with acid
citrate dextrose. In some experiments, ghosts were prepared from the erythrocytes
of rats that had been fed 20 uC ring labelled [**C]cholesterol by stomach tube 18-24 h
earlier. The cells were washed 3 times with 310 mosM Tris—~HCl buffer, pH 7.4. The
upper layer of red cells was discarded at each washing to insure removal of the buffy
coat.

Ghosts were prepared by a minor modification of the method of DoDGE et al.l.
The washed, packed erythrocytes were suspended in 20 vol. of cold 15 mosM Tris—HCl
buffer, pH 7.4, for 15 min and mixed with a magnetic stirrer. This hemolysate was
centrifuged at 13000 X g in a Sorvall Centrifuge Model RC-2 for 40 min. The residue
was resuspended in the same volume of buffer and washed at least three times or
until the ghosts were creamy white. All procedures were performed at 4°.

The ghost suspension was then mixed with an equal volume of 8§ M urea.
Although succinylation proceeded in the absence of urea, the total amount of mem-
brane protein that could be solubilized without urea was diminished by about zo 9.
Solid succinic anhydride (2 mg per mg of ghost protein) was added with stirring at room
temperature, as described by Krorz". The pH was maintained between 8 and g by
the gradual addition of 3 M NaOH. Succinylation of available amino groups was
judged to be complete when ninhydrin reactive material was no longer demonstrable.
The reaction mixture was then dialyzed for 48 h against several changes of water or
buffer. After dialysis, the material was passed through a 0.45-um Millipore filter;
this filtrate is henceforth referred to as solubilized membrane. The solubilization and
subsequent fractionation were monitored at each step with electron microscopy.

Electron microscopy

Precipitated ghosts (or pellets) were fixed in 3 % glutaraldehyde?0 and 2z ¢
0s0,, dehydrated in increasing concentrations of alcohol and propylene oxide, and
embedded in Epon 8122, Thin sections were cut with an LKB ultratome and contrast-
ed with uranyl acetate®* and Pb(OH),*. Negative staining was accomplished by
allowing a drop of the suspension to dry on a grid and subsequently contrasting it with
I 9% phosphotungstic acid at pH 5.5, or by mixing the suspension with an equal volume
of 2 9%, phosphotungstic acid and subsequent application to a carbon-coated Formvar
covered grid. The specimens were viewed with a Siemens Elmiskop I electron micro-
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scope with accelerating voltage of 60 kV at original magnifications ranging from
8000~40000.

Amino acid analysis

Material was hydrolyzed in evacuated sealed glass tubes with 6 M HCl at 110°
for 18 h. The hydrolysate was analyzed in a Spinco model 120 C with a range expander
or a Technicon amino acid analyzer?.

Column chromatography

After dialysis against 0.15 M NaCl, adjusted to pH 7.0 with Tris-HCI buffer,
the soluble membrane was chromatographed on Sephadex G-200, Sepharose 6B or
2B in 0.01 M Tris. The Sephadex G-200 was allowed to swell for three days and “fines”
were removed by decanting before use. In some experiments, samples were incubated
with 3 % sodium dodecylsulfate under sterile conditions for 24 h at 37° prior to
chromatography in this detergent. Blue dextran (Pharmacia) and NaCl were used to
measure the void volume (V) and total column volume (Vy), respectively.

Polyacrylamide gel electrophorests

Gels prepared according to the method of ORNSTEIN?® were run at pH 8.7
without urea; samples were applied directly in 25 9% glycerol to 7.5 % gels. In the
most frequently used system, acrylamide gels (7.5 %) in 0.1 % sodium dodecyl sulfate
were prepared by the method of VINUELA ef al.%. Samples after incubation in 1 %
sodium dodecyl sulfate for 24 h at 37° were applied without stacking gels in 25 %
glycerol. Electrophoresis was performed in sodium phosphate buffer (0.01 M, pH 7.2)
with 0.1 % sodium dodecyl sulfate at room temperature for 2.5 h at 3 V/cm per gel
with recirculation of the buffer. Following electrophoresis, the gels were fixed over-
night in 20 % sulfosalicylic acid, stained with 0.2 9% Coomassie blue for 2 h, and de-
stained with 7 % acetic acid.

ORD and CD

ORD and CD spectra were determined with a Cary 60or spectropolarimeter
using I-cm cells and protein concentrations of approx. 200 ug/ml¥. Baseline buffer
contained 0.15 M NaCl. Infrared spectroscopy was done on a Perkin—~Elmer Model 221
infrared spectrophotometer on dried film samples®,

Phytohemagglutinin binding

Purified phytohemagglutinin (lot No. 1553), generously donated by Burroughs
Wellcome, was iodinated with carrier free Na'?%I according to McCONAHEY AND
Dixon? and further purified for erythroagglutinin activity by passage through Sepha-
dex G-200. A specific activity of 1 uC/ug protein was achieved. Sucrose density
gradient ultracentrifugation was performed at 4° with a swinging bucket rotor in a
Spinco Model L-2 ultracentrifuge. Gradients were from 5-20 % sucrose in 0.15 M
NaCl.

Hemagglutinin inhibition studies were done with Difco purified phytohemag-
glutinin prepared daily by a 1:20 dilution with 0.15 M saline. The hemagglutinin inhi-
bition studies were performed as follows: Each assay tube contained o.r5 M NaCl,
0.1 ml purified phytohemagglutinin, and a dilution of the test sample in 0.1 ml. This
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Fig. 1. Erythrocyte ghosts showing empty membrane sacs. Fibrillar material is attached to their
inner surface. X 88000. The inset is illustrated at higher magnification on bottom (b) to show

trilaminar structure to better advantage. X 180000.
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was incubated for 10 min at room temperature and 0.1 ml of a 1 % solution of washed
type O erythrocytes was added. This mixture was centrifuged at 100 X g for 30 sec
and resuspended with gentle agitation. Units of activity expressed per mg of protein
are defined as the reciprocal of the highest dilution of material which produced hemag-
glutination inhibition. A similar test system employing antisera and the appropriate
erythrocyte suspension was used to ascertain the ABO and Rh activity of the suc-
cinylated membrane.

RESULTS

In thin section prior to succinylation the intact ghosts consisted essentially of
empty sacs of unit membranes?, except for some filamentous material attached to
their inner surface which has been described in detail elsewhere®. Wherever these
membranes were sectioned perpendicular to their surface, their trilamellar structure
was readily apparent (Fig. 1a).

Fig. 2. Comparison of ghost suspension with succinylated membrane preparation. Ghosts shown
on left; succinylated membrane shown on right.

TABLE 1

COMPOSITION OF GHOSTS AND SOLUBILIZED MEMBRANE

Ghost “‘Soluble” % of total in %% of solubilized membrane
(mg) membrane ghost solubilized in 100000 X g supernatant
(mg) (range) (range)

Protein 2.90 2.62 9o {75~105) 88 (67—95)

Cholesterol 0.72 0.62 86 (85-100) 4 {o-5)

Phospholipid 1.63 1.34 82 (70—95) 13 (o—15)

Neutral sugar 0.38 0.38 100 (75-105) 33 (30-535)

Sialic acid 0.05 0.05 100 (75-100) 50 (45—70)
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Solubtlization

During succinylation, the milky white ghost suspension became clear (Fig. 2).
Representative data shown in Table I indicate that after dialysis and filtration
through a 0.45-um Millipore filter the relative concentrations of protein, lipid and
carbohydrate in the succinylated membrane were similar to those in the original
material. Usually go 9, of the ghost protein was present in this filtrate (range 75—
100 %). The negatively stained solubilized membranes are illustrated in Fig. 3.

Fig. 3. Negative stained preparation of succinylated membranes also showing micellar structures.
X 78000.
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These preparations showed typical micellar structures. Data will be presented to
support the concept that these microvesicles represent sedimentable lipoprotein aggre-
gates. The myelin figures in this electron micrograph may have been produced either
by the ultracentrifugation or during preparation of the sample for electron microscopy.

When the solubilized membrane was centrifuged for 12 h at 100000 x g, a
pellet formed. The supernatant fluid contained from 67-95 % of the original protein.
This fraction also contained 3055 9% of the total hexose and about 50 % of the sialic
acid. Electron micrographs of negatively stained supernate preparations showed no
discernible structure. There was complete loss of the microvesicles seen in the soluble
membrane.

TABLE II

AMINO ACID COMPOSITION OF ERYTHROCYTE GHOSTS, SOLUBILIZED MEMBRANE AND FRACTIONS
AFTER ULTRACENTRIFUGATION

Hydrolysis of similar samples for 18, 45 and 72 h gave 59, losses for serine and threonine. The
values given are not corrected.

Amino acid Residues per 1000 residues™

Ghost Solubilized 100000 X g§ 100000 X g
membrane supernatant  pellet

Aspartic acid 86 89 94 74
Threonine 57 58 59 57
Serine 8r** 83**" 73 124*"
Glutamic acid 136 141 153 96
Proline 52 55 52 54
Glycine 71 69 66 8o
Alanine 83 83 85 8o
Half-cystine *** 6.5 3.4 6.4 7.9
Valine 59 60 61 65
Methionine 20.1 20.5 18.3 15.7
Isoleucine 39.6 39.8 38.4 49
Leucine 114 113 110 121
Tyrosine 23.7 23.9 23.8 22
Phenylalanine 42 41 37.5 54
Lysine 55 52 60 49
Histidine 26.6 26.8 27.9 20.5
Arginine 50 55 52 47

* These compositions do not include tryptophan.
** Serine values are high because of presence of phosphatidyl serine in these fractions.
*** Half-cystine concentration is low since protein was not peroxidized with performic acid.

Characterization of the solubilized proteins

Amino acid analysis

The amino acid analyses of the ghost, solubilized membrane, and the 100000 x g
supernatant were similar (Table IT). The composition of the pellet will be discussed
below.

ORD, CD and infrared spectra

ORD and CD spectra on the solubilized membrane (Fig. 4) revealed several
differences from the pattern obtained with intact erythrocyte ghosts. The ORD
trough shifts from 236 nm, the value for ghosts to 233 nm. The ORD crossover at
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215 nm is considerably shifted from the value of 226.5 nm obtained with ghosts?. The
CD spectrum reveals a prominent peak at 206 nm and a crossover at 19g nm, both of
which are significantly different from the pattern in intact ghosts. The ORD and CD
spectra of the 100000 X g supernatant was similar to that obtained with solubilized
membrane. It was not possible to resuspend the pellet in a fashion that would allow
meaningful ORD, CD or infrared studies.

The presence or absence of urea during the succinylation process had no influence
on the position of ORD and CD troughs. Infrared spectroscopy revealed a significant
shoulder at 1635 cm -, characteristic of the - or pleated sheet configuration3!, which
is not found in spectra of whole ghosts.
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Fig. 4. Experimental ORD and CD spectra of solubilized membrane. Solvent 1 mM Tris-HCI,
pH 7.4.

Fig. 5. Gel filtration of the solubilized membrane in the presence of sodium dodecyl sulfate.
Solubilized membrane material was incubated in 39, sodium dodecyl sulfate for 24 h at 37°.
Sepharose 6B column (70 cm X 2.5 cm) was eluted with unbuffered 39, sodium dodecyl sulfate
at a flow rate of 15-20 ml/h, 4-ml fractions were collected. Upper panel: protein pattern. Lower
panel depicts the gel electrophoresis patterns and absorbance at 280 nm.
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Aerylamide gel electrophoresis

When the whole ghosts solubilized with 1 % sodium dodecyl sulfate were electro-
phoresed in the presence of 0.1 % sodium dodecyl sulfate, many bands, including an
atypically staining band migrating in front of the tracking dye were observed. These
findings were in confirmation of previous reports’32. The results of one experiment
using rat erythrocytes labeled with [!C]cholesterol, indicate this leading band
contains the label®. This band was not detectable in the 100000 X g supernatant.
With Tris—glycine buffer (pH 8.7) in the absence of sodium dodecy! sulfate, succinylat-
ed ghosts migrated as a single band with a large amount of material remaining at the
origin®,

Gel filtration studies

Chromatography of the solubilized membrane on Sephadex G-z00 and Sepharose
2B in the absence of sodium dodecyl sulfate revealed a sharp single peak emerging
with the void volume. This same material equilibrated with 3 % sodium dodecyl
sulfate and chromatographed on Sepharose 6B in the presence of this detergent, had
markedly different elution pattern (Fig. 5). The first material (I) appeared with the
void volume and was followed by a broad plateau (IT) which was shown by gel
electrophoresis to consist of a continuum of many bands presumably representing
polypeptides of decreasing molecular weight as has been reported earlier3. Two
sharper peaks (III and IV) which were eluted later had an absorbance at 280 nm
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Fig. 6. Gel filtration of the rat erythrocyte solubilized membrane. Animals were fed [4C]cholesterol
24 h before sacrifice. Erythrocytes were treated identically to the human material illustrated
in Fig. 5. Upper panel: , protein; — — —, radioactivity. Lower panel depicts the gel electro-
phoresis patterns and absorbance at 280 nm.
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greater than expected from their protein content; this may reflect light scattering
due to the high lipid content of these peaks. Studies-of succinylated rat erythrocyte
membranes containing labeled cholesterol have a very similar elution profile (Fig. 6);
Peak III contains all the radioactivity confirming the impression that this peak is
lipid-rich.

Chromatography of the 100000 X g supernatant in the presence of 3 % sodium
dodecyl sulfate on Sepharose 6B showed a pattern vaguely resembling that of the
solubilized membrane (Fig. 7), however, there is better correlation between the
absorbance at 280 nm and the protein content due to removal of the lipid during
centrifugation.
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Fig. 7. Gel filtration of the rooooo X g supernatant chromatographed in the same manner as
illustrated in Fig. 5.

Studies of the 100000 X g pellet

The pellet formed during ultracentrifugation contained practically all of the
cholesterol and phospholipid (Table I). The protein, sialic acid and neutral sugar lost
from the supernatant fluid was recovered in this pellet. When the pellet was washed
with water, 50 % of the protein and all of the sialic acid were removed. The remainder
of the protein was not removed from the pellet in the two additional washes. Succinyla-
tion of this protein fraction was complete as judged from the negative ninhydrin
reaction. The pellet was resuspended in 3 9% sodium dodecyl sulfate and chromato-
graphed (Fig. 8). The elution pattern of the protein revealed a broad peak that did
not correspond to the pattern obtained when absorbance at 280 nm was determined.
Amino acid analysis of the proteins extracted from the washed pellet (Table II,
column 4) clearly indicates decreased content of the acidic amino acids (glutamic and
aspartic acid) while the concentration of some nonpolar amino acids such as glycine,
phenylalanine and isoleucine was increased. A previous report® has noted variations
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in amino acid composition of heterogeneous groups of membrane proteins. The
lipid-associated pellet proteins may be related to Fraction IV of ROSENBERG AND
GuIiporTI3.
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Fig. 8. Gel filtration of the 100000 X g pellet resuspended in 39, sodium dodecyl sulfate and
incubated at 37° for 24 h. Column: Sepharose 6B (70 cm X 2.5 cm), elutant is unbuffered 39
sodium dodecyl sulfate, 4-ml fractions were collected. Upper panel: protein; lower panel represents
absorbance at 280 nm.

On electron microscopic examination, intact membrane sacs were no longer
found in this pellet (Fig. 9). However, fragments of variable length, devoid of any
attached filamentous material still presented a trilaminar structure. Moreover, twist-
ing of these short fragments resulted in frequent tangential sections of membrane
sheets giving the impression that the bimolecular layer had been transected or “opened
up”’ (arrow in Fig. g).

Functional aspects of the solubilized membrane

The solubilized membrane lacked ATPase and cholinesterase activity and had
no Rh blood group activity. The solubilized membrane and the 100000 X g super-
natant fraction retained ABO specificity. Either preparation inhibited phytohemag-
glutinin-induced agglutination of erythrocytes. The binding of '%I-labeled phyto-
hemagglutinin to the succinylated membrane was demonstrated by two findings:
(1) phytohemagglutinin was eluted sooner from a Sephadex G-z00 column after
preincubation of labeled phytohemagglutinin and solubilized membrane (Fig. 10);
(2) the sedimentation velocity of 125I-labeled phytohemagglutinin in a sucrose gradient
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Fig. 9. Thin section obtained from pellet after succinylation of erythrocyte ghosts. Membranes
are fragmented, devoid of fibrillar material and frequently twisted showing tangential sections
at both ends (arrow). X 78000.

Fig. 10. Top: elution profile of solubilized membrane on a Sephadex G-200 (50cm X 1 cm) column.
Elutant was o.o1 M Tris-HCl, pH 7.4. The middle panel depicts the elution of [125IJphytohemag-
glutinin under the same conditions, and the bottom panel shows the change in the migration of
the phytohemagglutinin label after pre-incubation with solubilized membrane for 30 min at 37°.
PHA = phytohemagglutinin.
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TABLE III
EFFECT OF ENZYMATIC DEGRADATION ON PHYTOHEMAGGLUTININ BINDING SITE

All hemagglutinin inhibition tests performed at room temperature, incubations with pronase and
trypsin were performed at pH 7.6, with incubation for 12 h at 37°, the activity of the enzymes
after incubation was determined by their ability to release trichloroacetic acid soluble material
from albumin. The sequential digestion with neuraminidase (pH 5.0) and §-galactosidase (pH 7.5)
was done according to KoRNFELD AND KORNFELD?®.

Hemagglutinin inhibition units

No Pronase Trypsin Neur- B-Galac- Neuraminidase
additive aminidase tosidase  followed by
f-galactosidase

Solubilized membrane 10 10 o

8.75 10 1o
100000 X g supernatant 10 o 1.25 8.75 10 2.25
(Erythrocyte membrane)
Trypsin digested ghosts 7.5 — — 7.5 7.5 o
Succinylated
bovine serum albumin 1.25 — — — — —

was increased in the presence of solubilized membrane when compared to control
gradients containing phytohemagglutinin alone.

KORNFELD AND KORNFELD® have recently reported that sequential exposure
to neuraminidase and f-galactosidase destroy a phytohemagglutinin-binding site
in erythrocyte membranes. The effect of enzyme digestion on the phytohemagglutinin-
inhibitory activity of solubilized membrane and 100000 x g supernatant is shown
in Table III. Incubation of the 100000 X g supernatant with trypsin and pronase,
destroyed the phytohemagglutinin binding activity. Sequential hydrolysis by neur-
aminidase and f-galactosidase also resulted in a marked diminution in the ability
of the 100000 X g supernatant to inhibit phytohemagglutinin-induced hemagglutina-
tion. In contrast to this, the solubilized membrane, while a potent binder of phyto-
hemagglutinin, was resistant to the action of trypsin, pronase, and the combined
effect of neuraminidase and f§-galactosidase. The possible significance of these dif-
ferences is discussed below.

DISCUSSION

Succinylation of a lipid-free erythrocyte membrane preparation has been re-
ported to be an effective method for the solubilization of membrane proteins?. In the
experiments reported above, succinylation was found to be an effective means to
solubilize whole erythrocyte ghosts. Succinic anhydride reacts with protein under
mild conditions!® 3 introducing a negative charge by substituting the COO- group
from the succinic anhydride for the g-amino groups of lysine and other free amino
groups. The resultant change in protein charge and/or configuration appears sufficient
to cause breakdown of the membrane structure.

Electron microscopy of the soluble membrane revealed myelin forms. It is
perhaps not surprising that this trilaminar ultrastructure was associated with the
lipid. Similar trilaminar patterns have been demonstrated in lipid preparations which
contained no protein at all and which were prepared by almost identical fixation and
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embedding techniques®. Moreover, triple layered membranes have also been resolved
in material from which all lipids had previously been removed with acetone®. These
data and those of others® indicate that electron densities cannot yet be precisely
correlated with chemical structures.

ORD, CD and infrared spectroscopy studies are compatible with a marked
alteration in the configuration of the ghost proteins following succinylation. The
positions of the ORD trough at 233 nm and the CD band at 223 nm of solubilized
membrane are compatible with those of soluble proteins containing a measurable
amount of -helical confirmation. The CD band at 206 nm and crossover at 199 nm
as well as the ORD crossover at 215 nm suggest that a significant amount of protein
is in the beta conformation and that there is an increase in random coil. The shoulder
observed at 1635 cm ! with infrared spectroscopy further substantiates the presence
of f-structure in the solubilized membrane. The increase in the # and random con-
formation are consistent with a diminution in a-helical structure as indicated by the
decrease in magnitude of the mean residue ellipticity and mean residue rotation of
solubilized membrane when compared with the values obtained with ghosts. Con-
figurational changes similar to those observed have been produced in membrane
exposed to extremes of pH%. However, in the present experiments pH was carefully
controlled.

The observed changes could not be completely due to light scattering artifacts®
since infrared spectrum of these solubilized membranes shows the presence of § con-
formation, a pattern not found in ghosts®'. Moreover, there was no difference between
the ORD and CD spectra of the solubilized membrane, which contains lipid and scat-
ters light and that of the clear lipid-free 100000 X g supernatant.

It was anticipated that succinylated membrane proteins would have reduced
affinity for the lipids3; ultracentrifugation resulted in this dissociation, but surpris-
ingly the pellet formed during centrifugation proved to be rich in lipids and carbo-
hydrates. The succinylated proteins in the supernate were virtually free of lipid.

In the procedure outlined above, the erythrocyte membrane proteins and lipids
are solubilized in an aqueous environment. It seems probable that the lipids and pro-
teins still remain associated in some fashion as suggested by their comigration during
gel filtration in the absence of detergent. The observation that phytohemagglutinin
binding activity of the solubilized membrane is unaffected by enzymatic digestion
which destroys this site in the lipid-free 100000 X g supernatant, could be inter-
preted as indicating the association of lipid with the proteins making the glycoprotein
site inaccessible to enzymatic inactivation. The loss of activity following proteolysis
confirms the necessity of an intact protein backbone for full phytohemagglutinin
binding as indicated by KORNFELD AND KORNFELD%,

A limitation on the usefulness of solubilization of erythrocyte membranes by
succinylation alone, is that this method leads to less dissociation of individual proteins
than that achieved with sodium dodecyl sulfate, as judged by electrophoresis and gel
filtration. Solubilization with sodium dodecyl sulfate, however, leads to a significant
binding of the detergent to proteins, which cannot even be altered by extensive
dialysis; this effect precludes many subsequent studies — antigen—antibody reactions
would be affected and the hemolytic action of sodium dodecyl sulfate would prevent
any of the many techniques involving hemagglutination. On the other hand, as
illustrated above with the solubilization of the phytohemagglutinin-binding site and
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ABO antigens, such studies can be performed after succinylation. The application
of this technique to the solubilization of other antigens and virus receptor sites is
currently under study.

The present work describes a method of solubilizing the erythrocyte membrane
in an aqueous environment and investigatess the effect of this procedure on mzm--
brane conformation. Although the proteins remain associated with lipids after the
initial solubilization, separation from lipids as well as further fractionation of proteins
was achieved by ultracentrifugation.
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