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Comparative studies of erythrocyte membranes by gel electrophoresis

Current concepts of membrane structure are based upon interacting systems of
proteins and lipids'—4. An understanding of the molecular nature of membrane struc-
ture(s), therefore, requires a detailed knowledge of the number and types of membrane
proteins. In the present study, a method for the solubilization and electrophoresis of
whole erythrocyte membranes has been developed and used to fractionate the protein
components from five different mammalian species in the hope that this information
will further our knowledge concerning the types of membrane structures which can
occur.

Erythrocyte membranes were prepared from fresh blood according to the pro-
cedure of DODGE ¢t al.® and lyophilized before use in electrophoresis experiments.
Membrane samples were dissolved at a concentration of 10 mg/ml in 2.4 % (w/v)
sodium dodecyl sulfate—o0.1 M phosphate buffer (pH 7.8) containing 0.14 M mercapto-
ethanol and 20 % (v/v) glycerol and allowed to stand 18-20 h at room temperature
under a nitrogen atmosphere. Acrylamide gels (6 %) were prepared and run according
to the procedure of SHAPIRO ef al.% on samples containing 100 ug of membrane protein.
Gels were stained for protein using 0.025 % Coomassie Blue and destained with 7 %
acetic acid. Carbohydrate bands were visualized by the periodate-Schiff method of
ZACHARIAS ¢t al.”.

Fig. 1 shows the protein patterns obtained by sodium dodecyl sulfate acrylamide
gel electrophoresis of solubilized (left to right) human, dog, cat, cow and horse erythro-
cyte membranes. A number of features of these patterns are worth noting. (1) Con-
siderable heterogeneity of the erythrocyte membrane proteins is evidenced by the
large number of separate bands. Visual inspection indicates at least 12 major bands
for the human membranes and 15 for the dog. A densitometer tracing of the human
membrane gel pattern indicated approx. 25 bands. (2) There is no apparent common
pattern of proteins among the various species to suggest a common membrane struc-
ture based on similar proteins. The slow-running doublet which appears at the top of
all the gels appears to be the only significant common feature. This material can be
extracted from the membranes by EDTA and appears to be identical to the protein
isolated by TILLACK ef al.8 from a number of different erythrocyte membranes. (3) The
molecular weights of the components vary from about 20000 to 190000 when com-
pared to a series of protein standards. However, the acceptance of the absolute values
of the molecular weights should be viewed with caution since deviations from linearity
in the molecular weight plots are likely near the ends of the gels, and highly hydro-
phobic membrane proteins may show altered behavior in sodium dodecyl sulfate
solutions when compared to the common standard proteins. (4) The protein patterns
from human erythrocyte membranes are virtually identical to those reported recently
by LENARD? in a description of a similar sodium dodecyl sulfate solubilization and
electrophoresis technique. This is particularly important since a number of frac-
tionation techniques for erythrocyte membrane proteins have not proven to be readily
reproducible.

The periodate~Schiff staining patterns for electrophoretic gel separations of
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Fig. 1. Sodium dodecyl sulfate polyacrylamide gel electrophoresis protein patterns of sodium
dodecy! sulfate solubilized erythrocyte membranes. Left to right: human, dog, cat, cow, horse.
Gels were run in 0.1 9% sodium dodecyl sulfate, stained with Coomassie Blue and destained with
7% acetic acid.

membrane proteins from the same species are shown in Fig. 2. The major fast-running
band on these gels does not correspond to any protein band. This was identified as
a lipid band by an exchange experiment in which [*C]cholesterol was incorporated
into human red cell membranes!®. The radioactivity in the gel after electrophoresis
of the membranes was shown to be coincident with the fast-running carbohydrate
band by slicing and counting! duplicates of gels stained for carbohydrate. LENARD?
has made a similar identification using lipid extraction before electrophoresis. The
nonlipid bands which stain for carbohydrate are assumed to be glycoproteins. These
bands also show considerable diversity among the different species. Again, there is
no apparent evidence for a common membrane structure based on similar proteins
common to each of the different species.
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Fig. 2. Carbohydrate patterns of sodium dodecyl sulfate solubilized erythrocyte membranes after
polyacrylamide gel electrophoresis in 0.1 %, sodium dodecyl sulfate. Left to right: human, dog,
cat, cow, horse. Gels were stained by the periodate—Schiff procedure of ZACHARIAS ef al.”.

Comparative studies of erythrocyte membranes are essential to an under-
standing of their structure if one is to avoid oversimplification of structural inter-
pretations. The sodium dodecyl sulfate gel electrophoresis technique offers a simple,
fast and reproducible method for analyzing membrane protein components. One
problem which must be considered, however, is the possibility that the solubilization
technique does not result in complete disaggregation of the membrane proteins to
their individual polypeptide chains. In this case, some of the bands could represent
aggregates of lower molecular weight chains, resulting in a more complex pattern
with more protein appearing at higher molecular weight. If such aggregates are
formed, they must be extremely stable for the human membranes, since they have
resisted such diverse treatments as urea, hydroxylamine (pH 8.0), guanidinium thio-
cyanate, 1.0 M salt, piperidine?® and heat®.

The present study confirms the heterogeneity of the proteins of erythrocyte
membranes suggested by earlier work? 12-14 and offers further promise of the possi-
bility of relating specific membrane proteins to particular structural or functional
aspects of the membrane. It will be of particular interest to try to relate the various
species differences in functional properties of red cells to changes in the content and
organization of their membrane proteins.
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