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SUMMARY

The major sialoglycoprotein of the human erythrocyte membrane has been
selectively released by the non-ionic detergent Tween 20 and further purified in
detergent-free buffers by hydroxyapatite chromatography and, finally, by hydrophobic
interaction chromatography on pentyl-Sepharose. The purified glycoprotein shows
one main zone, PAS-1, and up to three minor zones after staining both for protein
and carbohydrate in polyacrylamide gel electrophoresis in the presence of dodecyl
sulfate. The relative staining intensities are concentration dependent. When the puri-
fied glycoprotein has been heated to 100 °C in dodecyl sulfate, more stain appears in
the most rapid zone, PAS-2, and less in the slower zones, indicating a disaggregation
of oligomeric forms of this glycoprotein, including a dimer, PAS-1.

INTRODUCTION

The human erythrocyte membrane contains several glycoproteins [1]. One of
these, the major sialoglycoprotein (glycophorin, the MN-glycoprotein) seems to be
present in much larger amount than any of the others. It carries a large part of the
sialic acid of the membrane (which amounts to 1.2 % of the membrane weight [2]).
This glycoprotein is exposed on the outside of the erythrocyte [1, 3] and penetrates the
membrane [1, 4], on the inside of which it might interact with the major protein
components (spectrin) [5-7]. The MN blood group antigen (as well as other blood
group antigens) seems to reside in the large acidic carbohydrate part of the major
sialoglycoprotein [8], which gives the erythrocyte surface a highly negative charge.
No specific function of this glycoprotein is known.

The major sialoglycoprotein has been purified earlier in many laboratories.
It has been released from the membrane by treatment with two-phase systems of
organic solvents [9, 10] or phenol [11], with 33 % pyridine [12, 13] or with lithium
diiodosalicylate [14, 15]. Recently it has also been released with the non-ionic deter-
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gent Triton X-100 [16, 17] and purified by adsorption chromatography on immo-
bilized lectins in the presence of Triton X-100 [17]. We have found that the non-ionic
detergent Tween 20 releases the major sialoglycoprotein with partial selectivity,
which forms the basis of a mild and rapid procedure to purify this glycoprotein.

The erythrocyte membrane components solubilized with dodecyl sulfate and
separated by polyacrylamide gel electrophoresis show a distribution of stain between
the two dominating carbohydrate (glycoprotein) zones, PAS-1 and PAS-2, (gel zones
are numbered according to Steck and coworkers [1]) that can be varied by keeping
the sample solution at different temperatures before electrophoresis [18-20]. Some
authors interpret this as due to a temperature-dependent equilibrium between a
monomer (PAS-2) and a dimer (PAS-1) form of the major sialoglycoprotein. The
purified glycoprotein is reported to aggregate reversibly even at room temperature in
the presence of dodecyl sulfate [21, 22]. Other authors have, however, found some
evidence that indicates that the glycoprotein in zones PAS-1 and PAS-2 might differ
[23, 24] or that the zones can be heterogeneous [15].

Our results with the purified glycoprotein indicate that in dodecyl sulfate the
solubilized and purified glycoprotein mainly exists as a dimer at room temperature.
We also have indications that the dimerization is concentration dependent. It should
be noticed that our results are obtained with glycoprotein prepared by a method
different from those used earlier.

MATERIALS AND METHODS

Membranes and the membrane residue. Human erythrocyte membranes were
prepared in sodium phosphate buffer (pH 7.4) according to Dodge et al. [25]. The
membranes, at a total protein concentration of 4 g/l, were extracted once with 1 mM
EDTA and 5mM 2-mercaptoethanol in 5mM glycine/NaOH (pH 9.0), which
removed part of the water-soluble protein. The resulting non-solubilized material is
here called the membrane residue (cf. ref. 26).

Bed material for the chromatographic experiments. Hydroxyapatite was pur-
chased from Bio-Rad, Richmond, Calif., USA (Biogel HTP) or was prepared as
described in ref. 27. Pentyl-Sepharose gel for hydrophobic interaction chromato-
graphy was prepared by coupling pentyl groups to Sepharose 4B by the glycidyl ether
method, according to Hjertén et al. [28]. The pentylglycidyl ether was prepared by
Dr. Jan Rosengren and Mr. Magnus Glad.

Analytical gel electrophoresis. Polyacrylamide gel electrophoresis was per-
formed in 3 mm thick gel slabs, 90 mm long, and with 7 mm wide sample wells.
The gels contained 10 mM sodium dodecyl sulfate and 50 mM glycine/NaOH (pH
9.8). The gel concentration was T = 6 %, C = 39 [26]. The gels were stained for
protein and carbohydrate essentially according to Fairbanks et al. [29].

Chemical analyses. Protein concentrations were estimated by absorbance mea-
surements. To estimate the yield of the glycoprotein the sialic acid concentrations in
the chromatographic fractions were determined, according to- Warren [30]. Amino
acid analyses were performed with a Beckman 121 M automatic amino acid analyzer.
The amounts of different carbohydrates in the purified glycoprotein were determined
by gas-liquid chromatography according to Clamp et al. [31].
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Preparation of the major sialoglycoprotein

Release from the membrane residue. The membrane residue was suspended in
60-80 ml 8 mM Tris/acetate buffer (pH 8.5), containing 2 g/l of Tween 20* (Tween
20 SD, Atlas Chemie GmbH, Essen, GFR) to a final protein concentration of 2 g/l.
After 0.5 h at 0-4 “C, the mixture was centrifuged at 100 000 > ¢ for 1.5 h and the
supernatant was collected.

For the following chromatographic steps only detergent-free buffers were used.

Hydroxyapatite chromatography (Fig. 2). The above supernatant was dialyzed
against 0.005 M potassium phosphate buffer (pH 6.8) and applied to a hydroxy-
apatite column equilibrated with the same buffer. Non-adsorbed material, which
contained little glycoprotein, was washed out with the same buffer. The glycoprotein
was then eluted with 0.07 M potassium phosphate buffer (pH 6.8).

Pentyl-Sepharose chromatography (Fig. 3). The fraction eluted with 0.07 M
buffer from the hydroxyapatite chromatography was made 0.3 M in potassium phos-
phate buffer (pH 6.8) and applied to a pentyl-Sepharose column equilibrated with
0.3 M phosphate buffer. Non-adsorbed material was washed out with 0.3 M phos-
phate buffer and the adsorbed glycoprotein was eluted with 0.005M phosphate
buffer (pH 6.8).

RESULTS

Release of the major sialoglycoprotein

Solubilization of human erythrocyte membrane proteins with Tween 20 can be
done more or less selectively [26]. This is true also specifically for the major sialo-
glycoprotein. In the present work we have used a low detergent : protein ratio and a
moderate pH, thereby achieving a high selectivity. This is illustrated in sections 2 of
Figs 1A and 1B, which show that mainly components 1 and 2 (spectrin), 4.1, PAS-1
and PAS-2 can be released, of which PAS-1 and possibly PAS-2 represent the major
sialoglycoprotein. (Components 4.1 and PAS-1 are poorly separated in this type of
dodecyl sulfate gel.)

About half of the sialic acid of the membrane, and therefore also roughly
half of the major sialoglycoprotein** was released by 0.2 9, Tween 20 at pH 8.5
(Table I). Less sialic acid is released at pH 7 than at pH 8.5 and, as can be expected
for hydrophobic interactions, much less at the ionic strength 0.05 than at 0.005
(pH 9.8). The release of the major sialoglycoprotein by the non-ionic detergent
Triton X-100 is less dependent on the ionic strength [16].

Fractionation of the glycoprotein
Hydroxyapatite chromatography. Fig. 2 shows a chromatogram of Tween
20-solubilized erythrocyte membrane proteins on hydroxyapatite. Fraction I, which

* According to the manufacturer, Tween 20 is a polyethylene ether (with 20 oxyethylene groups
in three chains) of sorbitan lauryl ester. Gas-liquid chromatographic analyses of fatty acids from
Tween 20 SD also indicated considerable amounts of longer alifatic chains (Johansson, K.-E.,
personal communication).

** A great part of the sialic acid in the membrane is covalently bound to the major sialoglyco-
protein and only a small part of the glycolipids (which also contain sialic acid) are solubilized, as
judged by gel electrophoresis in dodecyl sulfate.
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Fig. 1. Purification of the major sialoglycoprotein of the human erythrocyte membrane. Gel electro-
phoresis in the presence of dodecyl sulfate. Section 1: the membrane residue; gel A, 0.1 mg protein,
gel B, 0.07 mg. Section 2: supernatant after solubilization with 0.2 %, Tween 20, 0.02 mg. Section 3:
fraction II from the hydroxyapatite chromatography (Fig. 2), 0.03 mg. Section 4: fraction II from
the pentyl-Sepharose chromatography (Fig. 3), 0.02 mg. The gel was first stained with the Schiff
stain (A) and then with Coomassie Brilliant Blue (B), according to ref. 27. The staining of the glyco-
protein zones with Coomassie Brilliant Blue is more intense when the gel has first been stained with
the Schiff stain. The glycolipids in the membrane residue have migrated out of the gel.

TABLE 1

INFLUENCE OF pH AND IONIC STRENGTH UPON THE RELEASE OF SIALIC ACID
FROM THE MEMBRANE RESIDUE

The membrane residue was suspended at 0-4 °C in buffer to final concentrations of 2 g protein/1 and
2 g Tween 20/1 and centrifuged at 100 000 x g for 1.5 h. The supernatant and the suspended pellet
were hydrolysed with 0.075 M H,S0, and their contents of sialic acid determined [30]. The sialic
acid content in supernatant and pellet is expressed in percent of the total amount of sialic acid in the
membrane residue. Each value in the table represents the mean of duplicate determinations from
three preparations. The standard error is given.

pH Ionic Buffer Sialic acid (%)
strength
Supernatant Pellet
7.0 0.007 0.005 M potassium phosphate 23410 7948
8.5 0.003 0.008 M Tris/acetic acid 48+ 7 4843
9.8 0.005 0.010 M glycine/NaOH 594 3 3541
9.8 0.05 0.10 M glycine/NaOH 15+ 1 8448

was not adsorbed to the column, very probably contains Tween 20 (which has some
absorption at 280 nm) and lipids. It contains also small amounts (corresponding to
less than 10 9 of the applied sialic acid) of non-adsorbed glycoprotein. When the
column was eluted with 0.07 M phosphate buffer, material containing a great part of
the sialic acid was desorbed. This material (fraction II) contained components
PAS-1 and PAS-2 (Figs 1A and 1B, section 3), With 0.3 M phosphate buffer spectrin
was eluted (fraction IIT) as well as some PAS-1 and PAS-2 material and other protein
components (analysis not shown).
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Fig. 2. Hydroxyapatite chromatography of proteins solubilized from the membrane residue with
Tween 20. Sample: 70 ml of the solubilized material (4,50 ™ = 0.4), dialyzed aginst 0.005 M potas-
sium phosphate buffer (pH 6.8). The column, 3 cm? x 25 cm, was eluted with potassium phosphate
buffer (pH 6.8) of the following concentration: 0.005 M; 0.07 M; and 0.3 M. Fraction 1I containing
the glycoprotein was applied to a pentyl-Sepharose column.

Pentyl-Sepharose chromatography. The glycoprotein in fraction 1I from hy-
droxyapatite chromatography was further purified by hydrophobic interaction chro-
matography on pentyl-Sepharose [28]. The material was applied to the column at
moderately high ionic strength at which some components were not asdorbed onto
the pentyl-Sepharose (fraction I). The glycoprotein (fraction II) was eluted at low
ionic strength (Fig. 3 and Figs 1A and 1B, section 4). This fraction contained 5-20 %,
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Fig. 3. Pentyl-Sepharose chromatography of fraction 1I from hydroxyapatite chromatography.
Sample: 25 ml (4250 ™ = 0.1) in 0.3 M potassium phosphate buffer (pH 6.8). The column, 1.5 cm?
12 c¢m, was eluted with potassium phosphate buffer (pH 6.8) of the following concentration: 0.3 M;
and 0.005 M. The high absorption in the beginning of the chromatogram is due to absorbing material

in the 0.3 M buffer.
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of the sialic acid in the membrane residue. Recently we have found that higher yields
of glycoprotein can be obtained if the glycoprotein is eluted with, for example 0.001 M
K,HPO,.

The hydrophobic interaction chromatography step can be omitted if a some-
what lower degree of purity is acceptable.

Components of the purified glycoprotein

The purified glycoprotein showed one major zone (PAS-1) and one minor
zone (PAS-2) upon polyacrylamide gel electrophoresis in the presence of dodecyl
sulfate (Fig. 1, section 4). In some preparations of the glycoprotein, one or two
slower zones (denoted A and B in Table III) also appeared. These zones had no
correspondence in the pattern for the membrane residue. All these zones stained for
both protein and carbohydrate with about the same ratio between the staining
intensities for the zones A, B, PAS-1 and PAS-2. In some preparations the glyco-
protein was contaminated with traces of spectrin or other protein components, or with
glycolipids.

Chemical analyses

Table IT shows the amino acid and carbohydrate composition of the purified
glycoprotein. Similar compositions have been reported for the major sialoglyco-
protein prepared by other methods [8, 13, 15, 32, 33].

TABLE 11

AMINO ACID AND CARBOHYDRATE COMPOSITION OF THE MAJOR SIALOGLYCO-
PROTEIN OF THE HUMAN ERYTHROCYTE MEMBRANE

Amino Mol fraction Carbohydrate % (wlw)
acid (%)

Lys 5.2

His 4.1 Galactose 8.3
Arg 4.9 Mannose 2.0
Asx 7.4 Fucose 0.4
Thr 8.9 Glucosamine 4.8
Ser 10.4 Galactosamine 10.2
Glx 11.7 N-Acetylneuraminic 29.0
Pro 6.9 acid

Gly 5.5

Ala 7.0 Carbohydrate 55
Cys 0.2

Met 1.7

Val 7.5

lle 5.1

Leu 8.0

Tyr 2.8

Phe 2.8

Trp -




532

TABLE Ii1

DISTRIBUTION OF CARBOHYDRATE STAIN BETWEEN THE DIFFERENT ZONES IN
GEL ELECTROPHORESIS OF THE PURIFIED MAJOR SIALOGLYCOPROTEIN

A solution of the purified major glycoprotein was made 0.1 M in dodecyl sulfate, 0.02 M in dithio-
threitol, 0.0002 M in EDTA and 0.02 M in glycine/NaOH to pH 9.8. One half of this solution was
heated to 100 “C and kept at this temperature for 5 min and then rapidly cooled to 25 *C. Another
half was kept at 25 °C. Gels were prepared as described in Materials and Methods and the samples,
each containing 0.05 mg, were applicd and the gels run at 13 V/em for 2 h. The gels were stained for
carbohydrate and scanned at 560 nm. The distribution of stain was determined from the arcus
corresponding to the peaks in the scanning diagram. The given values of the uncertainties are rough
estimates. Both the zones A and B seen in this experiment (but not in that of Fig. 1) had migration
velocities between those of components 2 and 3.

Zone Percent of stain

Normal sample Heated sample
A 442 2
B 143 743
PAS-1 543 48.1-3

PAS-2 2713 443

Aggregation and disaggregation of the glycoprotein

The purified glycoprotein showed a pattern in dodecyl sulfate gel electropho-
resis that changed on heating the sample with dodecyl sulfate. The staining intensities
of zones A and B diminished when the glycoprotein was kept at 100 °C for 5 min,
while the zone PAS-2 increased in intensity (Table IIT). When the same experiment
was performed on a preparation of the glycoprotein in which zones A and B did not
appear, the staining of zone PAS-1 diminished in favor of the staining of zone PAS-2
for a sample kept at 100 °C. Two-dimensional gel electrophoresis in the presence of
dodecyl sulfate in both directions gave, for a heated sample, a pattern indicating that
material that had migrated as PAS-2 in the first direction (2 h) aggregated (overnight)
and migrated as PAS-1 in the second direction (2 h, cf, ref. 20). Similar to the tem-
perature effect, we have found that the amount of PAS-1 relative to the amount of
PAS-2 increases with increasing total concentration of the glycoprotein.

Preliminary results with gel electrophoresis in the presence of Tween 20 indicate
that the purified glycoprotein can also exist as both monomer and dimer in this deter-
gent, In the absencz of any detergent the purified glycoprotein can aggregate to larger
complexes (the zones A and B in Table I1I) that are not easily split by dodecyl sulfate.

DISCUSSION

The non-ionic detergent Tween 20 has a much larger hydrophilic part (see
note in Materials and Methods) than Triton X-100 (isooctylphenoxypolyetoxy-
ethanol) and most other commonly used non-ionic detergents. Tween 20 is generally
less capable of solubilizing membrane proteins or lipids than, for example, Triton
X-100 [34]. Nevertheless, Tween 20 releases the major sialoglycoprotein of the eryth-
rocyte membrane, which penetrates the membrane [35, 36]. Roughly half of this
glycoprotein can be released by 0.2 ¢/ Tween 20 at pH 8.5 (Table I). The high capacity
of Tween 20 to release the sialoglycoprotein selectively is remarkable since, under the
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same conditions, less than 10 ¢/ of the phospholipids of the membrane are solubilized
[26]. At present we do not know whether the solubilizing capacity of Tween 20
could be partly due to a minor fraction of the detergent with other proportions
between hydrophilic and hydrophobic parts or to impurities in the detergent.

The data on the temperature-dependent distribution of carbohydrate stain
between the glycoprotein components (Table III) are in close agreement with the
results of Tuech and Morrison [20], who found several glycoprotein zones in dodecyl
sulfate gel electrophoresis of the purified major sialoglycoprotein, and a temperature
dependence for the distribution of stain (cf. also refs. 18 and 19). Similarly, Janado
and coworkers [21, 22] have reported that the major sialoglycoprotein aggregates
reversibly in the presence of dodecyl sulfate at 20 °C. The zone PAS-1, as well as the
slower zones (A and B) obtained in some of our preparations, can be interpreted as
due to aggregates of a monomer unit, PAS-2. Authors who have obtained only one
zone in gel electrophoresis of their purified glycoprotein [9, 14, 17, 32, 37] may have
used conditions for preparation or analysis (e.g. high protein concentration in the
sample) that greatly favor one form of the protein.

Some authors have reported indications that PAS-1 and PAS-2 are entirely
different glycoproteins [23, 24], which seems inconsistent with the results in Table IIT
or in refs. 18-20. However, it is possible that the zones PAS-1 and PAS-2 can be
heterogeneous owing to incomplete separation of native proteins or to artifactual
aggregates [15, 23].

For the final purification we have used hydrophobic interaction chromato-
graphy, a relatively new technique, which is described in, for example ref. 28. In this
technique proteins are separated on the basis of their interactions with hydrophobic
ligands on a gel matrix. Generally the interactions decrease with decreasing ionic
strength and the proteins can be eluted stepwise, which gives a rapid separation and a
high final concentration of protein. Suitable ligands can easily be coupled to the gel
matrix. For enzymes tested, no appreciable decrease in activity has been detected
after adsorption and desorption [28, 38].

Since the properties of the sialoglycoprotein are somewhat elusive, it is also
valuable to prepare it, as we have done, in a fundamentally new way and compare its
properties with the properties reported earlier for this protein.

The purification procedure used in the present work is simple and rapid, and
gives a fair yield (10-20 9,) of highly purified glycoprotein. The procedure does not
involve extractions with organic solvents or other procedures that are likely to change
the conformation of membrane proteins. We therefore consider this procedure a good
means of purifying the erythrocyte membrane sialoglycoprotein for further studies.

ACKNOWLEDGEMENTS

We thank Miss Barbro Ahlstrém and Mrs. Karin Elenbring for skilful tech-
nical assistance and the other members of our group for valuable discussions. The
carbohydrate and amino acid analyses were performed by Mr. J6rgen Eriksson.
Grants from the Foundation Bengt Lundqvists Minne, the Swedish Natural Science
Research Council and the von Kantzow Foundation are gratefully acknowledged.



534

REFERENCES

W N -

[Fo RN = SNV N

10
11
12

13
14
5

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

32
33
34
35
36

Steck, T. L. (1974) J. Cell Biol. 62, 1-19

Rosenberg, S. and Guidotti, G. (1968) J. Biol. Chem. 243, 1985-1992

Bjerrum, O. J., Lundahl, P., Brogren, C.-H. and Hjertén, S. (1975) Biochim. Biophys. Acta 394,
173-181

Whiteley, N. M. and Berg, H. C. (1974) J. Mol. Biol. 87, 541-561

Nicolson, G. L. and Painter, R. G. (1973) J. Cell Biol. 59, 395-406

Ji, T. H. and Nicolson, G. L. (1974) Proc. Natl. Acad. Sci. U.S. 71, 2212-2216

Elgsaeter, A. and Branton, D. (1974) J. Cell Biol. 63, 1018-1030

Lisowska, E. and Jeanloz, R. W. (1973) Carbohydr. Res. 29, 181-191

Cleve, H., Hamaguchi, H. and Hiitteroth, K. (1973) J. Exp. Med. 136, 1140-1156

Azuma, J., Janado, M. and Onodera, K. (1973) J. Biochem. Tokyo 73, 1127-1130

Kathan, R., Winzler, R. J. and Johnson, C. A. (1961) J. Exp. Med. 113, 3745

Blumenfeld, O. O., Gallop, P. M., Howe, C. and Lee, L. T. (1970) Biochim. Biophys. Acta 211,
109-123

Tanner, M. J. A, and Boxer, D. H. (1972) Biochem. J. 129, 333-347

Marchesi, V. T. and Andrews, E. P. (1971) Science 174, 1247-1248

Furthmayr, H., Tomita, M. and Marchesi, V. T. (1975) Biochem. Biophys. Res. Commun. 65,
113-121

Yu, J., Fishman, D. A. and Steck, T. L. (1973) J. Supramol. Struct. 1, 233-248

Adair, W. L. and Kornfeld, S. (1974) J. Biol. Chem. 249, 4696-4704

Marton, L. S. G. and Garvin, J. E. (1673) Biochem. Biophys. Res. Commun. 52, 14571462
Slutzky, G. M. and Ji, T. H. (1974) Biochim. Biophys. Acta 373, 337-346

Tuech, J. K. and Morrison, M. (1974) Biochem. Biophys. Res. Commun. 59, 352-360

Janado, M., Azuma, J. and Onodera, K. (1973) J. Biochem. Tokyo 74, 881-887

Janado, M. (1974) J. Biochem. Tokyo 76, 1183-1189

Mueller, T. J. and Morrison, M. (1974) J. Biol. Chem. 249, 7568-7573

Fujita, S. and Cleve, H. (1975) Biochim. Biophys. Acta 382, 172-180

Dodge, J. T., Mitchell, C. and Hanahan, D. J. (1963) Arch. Biochem. Biophys. 100, 119-130
Liljas, L., Lundahl, P. and Hjertén, S. (1974) Biochim. Biophys. Acta 352, 327-337

Tiselius, A., Hjertén, S. and Levin, O. (1956) Arch. Biochem. Biophys. 65, 132-155

Hjertén, S., Rosengren, J. and Pahlman, S. (1974) J. Chromatogr. 101, 281-288

Fairbanks, G., Steck, T. L. and Wallach, D. F. H. (1971) Biochemistry 10, 2606-2617
Warren, L. (1959) J. Biol. Chem. 234, 1971-1975

Clamp, J. R., Bhatti, T. and Chambers, R. E. (1972) in Glycoproteins, their Composition,
Structure and Function (Gottschalk, A., ed.), 2nd edn., 300-321, Elsevier, Amsterdam

Javaid, J. 1. and Winzler, R. J. (1974) Biochemistry 13, 3635-3638

Grefrath, S. P. and Reynolds, J. A. (1975) Proc. Natl. Acad. Sci. U.S. 71, 3913-3916
Helenius, A. and Simons, K. (1975) Biochim. Biophys. Acta 415, 29-79

Bretscher, M. S. (1971) Nat. New Biol. 231, 229-232

Steck, T. L. (1972) in Membrane Research (Fox, C. F., ed.), pp. 71-93, Academic Press, New
York

Fukuda, M. and Osawa, T. (1973) J. Biol. Chem. 248, 5100-5105

Hammar, L., PAhlman, S. and Hjertén, S. (1975) Biochim. Biophys. Acta, 403, 554-562



