‘““LIPOPHILIC FRAGMENT’® FROM MEMBRANE GLYCOPROTEIN

Association of Glycoproteins with the Membranes. II.
Isolation and Partial Characterization of “Lipophilic
Fragment” from Human Erythrocyte Membrane

Glycoprotein?

Javaid 1. Javaid*¥ and Richard J. Winzler$

ABSTRACT: The trypsin digestion of the isolated glycoprotein
from human erythrocyte membranes resulted in a carbohy-
drate rich soluble sialoglycopeptide and an insoluble lipophilic
peptide. The amino acid composition of the sialoglycopeptide
showed an enrichment in hydroxy amino acids and a decrease
in hydrophobic amino acids in comparison with the membrane
glycoprotein, and was similar to the glycopeptide isolated from
intact human erythrocytes by trypsin digestion (Winzler, R. J.,
Harris, E. D., Peakas, D. J., Johnson, C. A., and Weber, P.
(1967), Biochemistry 6, 2195). The insoluble lipophilic frag-

Tle presence of glycoproteins in cell membranes has been
documented by many laboratories (for review see Cook, 1968;
Winzler, 1970; 1972). These glycoproteins carry certain blood
group antigens, transplantation antigens, and tumor specific
antigens. Winzler (1969) had proposed that these glycoproteins
are associated with the lipoidal trilaminer plasma membrane
by means of regions rich in hydrophobic amino acids and poor
in carbohydrates. This paper describes the isolation and partial
characterization of the “lipophilic fragment” presumably re-
sponsible for the association of human erythrocyte glycoprotein
to the membranes. The method for the isolation of the glyco-
protein in the aggregated and nonaggregated forms was de-
scribed in the preceding paper (Javaid and Winzler, 1974).

Materials and Methods

All reagents used were of analytical grade. Stock solution of
1-dimethylaminonaphthalene-5-sulfonyl chloride (dansyl chlo-
ride 10% in acetone, specially purified grade) was obtained
from Pierce Chemical Co. Marker dansyl amino acids were ob-
tained from Sigma Chemical Co. Dansylglycine, dansylglu-
cosamine, dansylgalactosamine, and dansylamide were pre-
pared according to Morse and Horecker (1966). Precoated sili-
ca gel thin-layer chromatographic plates (20 X 20 c¢m, glass,
Batch 70313503) were from E. Merck, whereas precoated
MN-Polygram Polyamid-6 plastic sheets (20 X 20 c¢cm) were
obtained from Brinkman Instruments, Inc. Ribonuclease and
insulin from Sigma Chemical Co. were used as standard pro-
teins.

Ultracentrifugation. The lipophilic fragment (1.25 mg/ml of
0.05 M phosphate buffer (pH 8.2)) was centrifuged at 32,000

tFrom the Department of Chemistry, Florida State University, Tal-
lahassee, Florida 32306. Received February 14, 1974. Supported by
the U. S. Public Health Grants No. ROl CA11803 and RO! CA08492
and the Army Contract No. DADA 17-70-C0005.

Present address: lllinois State Psychiatric Institute, Research De-
partment, Chicago, 1ll. 60612.

§Deceased September 28, 1972,

BIOCHEMISTRY, VOL. 13, NO. 18, 1974

ment purified by Sephadex G-50 had no detectable carbohy-
drate and was poor in hydroxy amino acids. The hydrophobic
amino acids constituted 64 mol % of the total amino acid resi-
dues. The molecular weight was 7500 and the amino terminal
was leucine. These results suggested that the human erythro-
cyte membrane glycoprotein was an asymmetric molecule the
hydrophilic part of which contains all the carbohydrates and
the lipophilic part was presumably responsible for its associa-

‘tion with the lipids of the membrane.

rpm in a Beckman Model E analytical ultracentrifuge. Partial
specific volume was calculated from the composition of the
peptide as described by Schachman (1957).

NH,-Terminal. Amino end group analysis was carried out
by the dansylation procedure of Gray (1967) using 0.5-1 mg of
the material dissolved in 0.5 ml of 0.5% sodium dodecyl! sulfate.
Dansyl amino acids were separated by thin-layer ascending
chromatography and visualized under ultraviolet light in the
dark.

Analytical Methods. Total neutral sugars were determined
by the phenol-sulfuric acid method of Dubois er al. (1956). In-
dividual neutral sugars were quantitated by gas chromatogra-
phy as described by Lehnhardt and Winzler (1968). Hexosa-
mines were determined either by the colorimetric method of
Good and Bessman (1964) or by the amino acid analyzer using
the borate buffer system as described by Weber and Winzler
(1969). Sialic acid was determined by the thiobarbituric acid
method of Aminoff (1961). Amino acid composition was deter-
mined by Beckman-Spinco Model 120 B amino acid analyzer
using the buffer system described by Spackman er al. (1958).
Total proteins were determined by the colorimetric method of
Lowry et al. (1951) using albumin as the standard.

Trypsin Digestion of the Glycoprotein. Trypsin digestion of
the glycoprotein (10 mg/ml) was carried out for 24 hr at 37°
in 0.05 M Tris-HCI buffer (pH 8) containing 11.5 mM CaCl,
and crystalline trypsin (1:50 trypsin to substrate ratio); 1-2
drops of toluene was added to prevent bacterial growth. After
24-hr incubation the digestion was stopped by acidification of
the reaction mixture to pH 4.5 with 1 N acetic acid. All the in-
soluble material was collected by centrifugation. The sediment
or “lipophilic fragment” was then washed with 0.1 N acetic
acid and the washings were combined with the first superna-
tant, dialyzed against distilled water, and lyophilized as the sol-
uble sialoglycopeptide.

Results

Trypsin digestion of the aggregated glycoprotein resulted in
the formation of a flocculant precipitate in 8-10 hr of diges-
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FIGURE 1: Sephadex G-100 chromatography of trypsin soluble frac-
tion; 10 mg of the lyophilized material obtained from the trypsin diges-
tion of the aggregated glycoproteins was loaded on the column (2.5 X
85 cm) in 3 ml of 0.1 N acetic acid and eluted with the same buffer; 5-
ml fractions were collected and analyzed for proteins (ODasgo, O- - -O)
and carbohydrate (ODggo, A—A).

tion. After 24 hr of digestion 20-25% of the glycoprotein pre-
cipitated as the “lipophilic fragment.” Recovery of the soluble
fraction as nondialyzable glycopeptides was 60-65%. Increas-
ing the trypsin to substrate ratio did not increase the yield of
either fraction. Likewise, treatment with additional trypsin and
incubating for further 24 hr did not affect the amount of solu-
ble glycopeptide.

Purification of the Sialoglycopeptide. The sialoglycopeptide
was chromatographed on Sephadex G-100 as indicated in Fig-
ure 1. Peak I was further purified by DEAE-cellulose chroma-
tography (formate form) using the procedure of Winzler et al.
(1967) to determine whether the major glycopeptide obtained
from the isolated glycoprotein was similar to the major glyco-
peptide obtained from intact erythrocytes. It emerged as a sin-
gle carbohydrate rich fraction in the volume identical with that
of the trypsin fragment from intact cells.

Physicochemical Properties of the Sialoglycopeptide. More
than 80% of the carbohydrates of the aggregated glycoprotein
were recovered in the purified sialoglycopeptide. Proteins ac-
counted for about 24% of the glycopeptide and total carbohy-
drates accounted for 76% if the glycopeptide (Table I). It pos-
sessed both M and N blood group activities but did not inhibit
the agglutination of human erythrocytes by influenza virus
PRjs. The amino acid composition of the glycopeptide is given
in Table II. It was enriched in hydroxy amino acids whereas

TABLE 1: Chemical Composition of the Soluble Sialoglyco-
peptide.

8/100 g°
Fucose 1.5
Mannose 38
Galactose 18.1
N-Acetylgalactosamine 11.0
N-Acetylglucosamine 5.8
Sialic acid 37.2
Proteins 23.9

@ Average of two determinations.
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TABLE 1I: Amino Acid Composition of the Sialoglycopeptide
from Isolated Erythrocyte Membrane Glycoprotein and Intact
Erythrocytes.

Mol

Glycopeptide Glycopeptide

from Isolated from Pooled
Amino Acid Glycoprotein Erythrocytes®
Lysine 3.6 4.2
Histidine 4.8 4.3
Arginine 2.9 2.2
Aspartic acid 7.2 9.8
Threonine 22 .4 23.4
Serine 22.9 21.7
Glutamic acid 7.1 7.4
Proline 4.2 5.1
Glycine 3.8 2.6
Alanine 5.6 6.4
1/,-Cystine
Valine 5.5 5.8
Methionine 2.1
Isoleucine 2.7 2.9
Tyrosine 0.5 0.2
Phenylalanine

2 Calculated from the data of Winzler ez al. (1967).

the amount of branched lipophilic amino acids and aromatic
amino acids was reduced as compared to the glycoprotein from
which it was isolated (Javaid and Winzler, 1974). Serine and
threonine accounted for almost half of the total amino acids.
The hydrophobic amino acids glycine, alanine, valine, isoleu-
cine, leucine, and phenylalanine represented only 20% of the
total amino acids. The amino terminal was blocked.

Sedimentation equilibrium studies of the sialoglycopeptide
gave a number average molecular weight of 9344. The weight
average molecular weight was found to be 10,524. These values
are in excellent agreement with those of Winzler et al. (1967)
who found a molecular weight of 10,000 for the major glyco-
peptide obtained from erythrocytes. On a calibrated Sephadex
G-100 column the glycopeptide eluted at a volume correspond-
ing to an apparent molecular weight of 41,000 which corre-
sponds to a Stoke’s radius of 25.5 A. Using a molecular weight
of 10,000 the frictional ratio, f/f,, was calculated to be 3.95 in-
dicating that the sialoglycopeptide was an asymmetric or rod-
shaped molecule.

Characterization of the “Lipophilic Fragment’ Obtained
Sfrom Aggregated Glycoprotein. The insoluble “lipophilic frag-
ment” isolated by the trypsin digestion of the aggregaged gly-
coprotein did not dissolve in any of the aqueous buffers ranging
from pH 4.5 to 8.5. It was also insoluble in common lipid sol-
vents such as acetone, methanol, butanol, and chloroform. The
composition of this lipophilic fragment is given in Table III.
Protein accounted for 80% of the peptide. It also contained 4-
5% of chloroform-methanol (2:1, v/v) extractable material.
Total carbohydrates accounted for 8-12% of the precipitated
material. The most striking observation concerning the amino
acid composition was the enrichment of hydrophobic amino
acids and decrease in hydroxy amino acids relative to the solu-
ble sialoglycopeptide (Table 1V).

The amino end group analysis was used to ascertain the
amount of heterogeneity of the lipophilic fragment obtained
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TaBLE 11 Chemical Composition of the *“Lipophilic Frag-
ment.”

g/100 g*
I° 1I°
Protein 80.4 98.4
Hexoses 4.1 0
Sialic acid 3.0 0
Hexosamines 52 0
Lipid 4.7 0

¢ Average of three determinations. ®Lipophilic fragment
obtained from the aggregated glycoprotein. ° Lipophilic frag-
ment obtained from the nonaggregated glycoprotein,

from the aggregated glycoprotein. The Rg values were deter-
mined in two different solvent systems. In chloroform-zert-
amyl alcohol-acetic acid (140:60:1) system the insoluble pep-
tide gave one major spot corresponding to isoleucine, leucine,
or valine. There was also one minor spot. The benzene-pyri-
dine-acetic acid (40:10:1) chromatographic system gave one
major spot corresponding to leucine or valine with two minor
spots. Finally the dansyl derivatives were separated in a two-
dimensional chromatographic system. The plates were first de-
veloped in chlorobenzene-acetic acid (9:1), dried in air for 2
hr, and then developed in water-formic acid (200:3). The insol-
uble peptide gave one major spot corresponding to leucine.
There was also one minor spot with an Ry close to e-lysine.
These results showed that there are small amounts of hetero-
geneity in the insoluble glycopeptide with respect to the num-
ber of peptide chains and that the major peptide had leucine as

TABLE 1v: Amino Acid Composition of the “Lipophilic
Fragment.”

Moles 77¢

Amino Acid
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Lysine
Histidine
Arginine
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
1/,-Cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine

[
N RN NN DWW e

—
N Do NN WM

SO U, NN N=\O
00 WL NN 0O N O\

—
O
-

W NN W= o
N O =N W» A
—

[ QS R
W~ NN

¢ Samples in duplicate were hydrolyzed for 24, 48, and 72 hr.
The values represent the average of the two highest determina-
tions for each amino acid. ° Lipophilic fragment obtained
from the aggregated glycoprotein. °Lipophilic fragment ob-
tained from the nonaggregated glycoprotein.
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FIGURE 2: Sephadex G-50 chromatography of the “lipophilic frag-
ment.” The sample (5 ml) was loaded on the column (2.5 X 85 cm)
and 7-ml fractions were collected. The fractions marked as peak 11
were pooled, concentrated by diaflofiltration, and rechromatographed
on the same column.

the NH;-terminal amino acid.

Characterization of the “Lipophilic Fragment” Obtained
from Nonaggregated Glycoprotein. In contrast to the aggre-
gated glycoprotein the trypsin digestion of the nonaggregated
glycoprotein did not give a precipitate until the pH of the di-
gestion mixture was lowered to 4.5. Also, the precipitate redis-
solved in 0.05 M Tris-HC! (pH 8) with vigorous shaking. Fig-
ure 2 shows the elution pattern of the dissolved precipitate.
Peak II was concentrated and upon rechromatography on the
same column gave a symmetrical peak. The purified lipophilic
fragment contained no detectable sugars. In this respect it dif-
fered from the lipophilic fragment obtained from the aggre-
gated glycoprotein. Protein accounted for more than 98% of
the material (Table III). The amino acid composition of the
purified lipophilic fragment was very similar to the insoluble
fragment obtained from the aggregated glycoprotein (Table
IV). Glycine, isoleucine, and leucine are highest in both cases.

In the amino end determination the lipophilic fragment ob-
tained from the nonaggregated glycoprotein gave a single dan-
syl amino acid spot corresponding to leucine. This also suggest-
ed that this lipophilic fragment was a homogeneous peptide as
was indicated by gel filtration. The apparent molecular weight
of the purified lipophilic fragment calculated by calibration of
the Sephadex G-50 column was found to be 7500. The average
value for the molecular weight determined by sedimentation
equilibrium centrifugation was 8135. Minimum molecular
weight calculated from methionine and lysine was 7500. These
values were in good agreement with that determined by gel fil-
tration.

Discussion

The trypsin digestion of the aggregated glycoprotein resulted
in a soluble sialoglycopeptide and an insoluble “lipophilic frag-
ment.” More that 75% of the glycoprotein carbohydrates were
present in the soluble fraction of the trypsin digest. A major
glycopeptide of molecular weight 10,000 was isolated by Se-
phadex G-100 chromatography of the soluble fraction. The
amino terminal of the sialoglycopeptide was blocked and did
not react with 1-dimethylaminonaphthalene-5-sulfony! chlo-
ride. It must, therefore, have been the amino terminal of the
erythrocyte membrane glycoprotein since trypsin hydrolyzes
the bond involving carboxyl group of lysine or arginine. This
glycopeptide was found to be similar in properties to the glyco-
peptide isolated by Winzler er a/. (1967) from the intact eryth-
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rocytes by trypsin digestion. These results would suggest that
the sialoglycopeptide obtained from the isolated glycoprotein
represents that part of the glycoprotein which is available to
trypsin attack in the outer enviroment of the intact erythro-
cytes.

The precipitate formed on treatment of the aggregated gly-
coprotein with trypsin was impoverished in its carbohydrate
content and was enriched in lipophilic amino acids. Hydroxy
amino acids were very low compared to the soluble glycopep-
tide. Further characterization of this precipitate was hampered
by its limited solubility. It was heterogeneous as determined by
NH-terminal analysis and sedimentation equilibrium studies.
Recently, Lisowska and Jeanloz (1973) have also reported that
the proteolytic digestion of human erythrocyte membrane gly-
coprotein resulted in a carbohydrate rich soluble fraction and
an insoluble fraction to be heterogeneous by gel electrophoresis
in the presence of detergent.

The treatment of the nonaggregated glycoprotein with tryp-
sin, however, gave a precipitate only on subsequent lowering of
the pH of the reaction mixture. Unlike the precipitate from the
aggregated glycoprotein this insoluble peptide dissolved in
Tris-HCI buffer. Purification of the dissolved lipophilic frag-
ment on Sephadex G-50 gave a material which was homoge-
neous as determined by the amino end terminal analysis and
the sedimentation equilibrium studies. This material had the
amino acid composition very similar to the precipitate obtained
from the trypsin digestion of the aggregated glycoprotein.
However, the lipophilic fragment obtained from the aggregated
glycoprotein had up to 4% neutral sugars whereas the purified
lipophilic fragment obtained from nonaggregated glycoprotein
had no detectable sugars. It is possible that the carbohydrate in
the lipophilic fragment from aggregated glycoprotein comes
from carbohydrate containing components coprecipitated with
the lipophilic fragment. The fact that the NH»-terminal amino
acid in the lipophilic fragment obtained from the nonaggregat-
ed glycoprotein and the major NH,-terminal amino acid in the
lipophilic fragment from aggregated glycoprotein was leucine
suggested that the same peptide bond is hydrolyzed in the two
glycoprotein preparations.

From these results it was concluded that the lipophilic frag-
ment obtained from the nonaggregated glycoprotein and the
major peptide in insoluble fraction from aggregated glycopro-
tein are identical, and represent that part of the human eryth-
rocyte membrane glycoprotein which presumably interacts
with the lipid trilaminar portion of the membrane. These re-
sults also supported the concept that the human erythrocyte
membrane glycoprotein is asymmetric with respect to the dis-
tribution of carbohydrates along the polypeptide chain. The
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portion of the polypeptide chain containing most of the carbo-
hydrates is rich in hydroxy amino acids while the portion which
presumably interacts with the lipids inside the membrane was
rich in lipophilic amino acids. The similarities of the soluble
glycopeptide from the isolated glycoprotein with that glycopep-
tide from the intact erythrocytes suggested that most of the
carbohydrates of the glycoprotein were available in the outer
environment of the cells. Since the amino terminal in the glyco-
protein and the soluble glycopeptide obtained from the glyco-
protein was blocked, it appears that the carboxyl terminal of
the glycoprotein was blocked, it appears that the carboxyl ter-
minal of the glycoprotein is within the membrane. These find-
ings support the proposed model of Morawiecki (1964) later
adapted by Winzler (1969) for the association of the glycopro-
teins to the cell membranes.

References

Aminoff, D. (1961), Biochem. J. 8, 384,

Cook, G. M. W. (1968), Biol. Rev. 43, 363.

Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A., and
Smith, F. (1956), Anal. Chem. 28, 350.

Good, T. A., and Bessman, S. P. (1964), Anal. Biochem. 9,
253.

Gray, W. R. (1967), Methods Enzymol. 11, 139.

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

Lehnhardt, W. F.,, and Winzler, R. J. (1968), J. Chromatogr.
34, 471.

Lisowska, E., and Jeanloz, R. W., (1973), Carbohyd. Res. 29,
181.

Lowry, D. H., Rosenbrough, N. J., Farr, A. L., and Randall,
R. J. (1951), J. Biol. Chem. 193, 265.

Morawiecki, A. (1964), Biochim. Biophys. Acta 83, 339.

Morse, D., and Horecker, B. L. (1966), Anal. Biochem. |4,
429,

Schachman, A. K. (1957), Methods Enzymol. 4, 32.

Spackman, D. H., Stein, W. H., and Moor, S. (1958), Anal.
Chem. 30, 1190.

Weber, P., and Winzler, R. J. (1969), Arch. Biochem. Bio-
phys. 129, 534.

Winzler, R. J. (1969), in Red Cell Membrane: Structure and
Function, Jamieson, G. A., and Greenwalt, T. J., Ed., Lip-
pincott, p 57.

Winzler, R. J. (1970), Int. Rev. Cytol. 29, 77.

Winzler, R. J. (1972), in Glycoproteins Their Structure and
Function, 2nd ed, Gottschalk, A., Ed., Amsterdam, Elsevier,
p 1268,

Winzler, R. J., Harris, E. D., Pekas, D. J., Johnson, C. A., and
Weber, P. (1967), Biochemistry 6, 2195.

1974



