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Summary- The cell surface-labeled glycoproteins that are reactive to anti-
glycolipid antibodies were solubilized by zwitterionic or non-ionic detergents
and separated by specific anti-glycolipid antibodies through double immune
precipitation or specific absorption on Staphylococcus aureus. The patterns of
these glycoproteins ("ganglioprotein" or "globoprotein") as compared to glyco-
lipids were examined on SDS-acrylamide gel electrophoresis. The major "globo-
protein" of human erythrocytes was not in "glycophorin" or "PAS 1" but in the
"PAS 2 or 3" region. The GM;-ganglioproteins of 3T3 cells were all deleted in
KiMSV transformants, whereas the intense protein peaks reactive to anti-asialo
GMo (ganglio-N-triosylceramide) appeared in these transformants,

Recently a number of studies have indicated that glycolipid composition
and metabolism undergo alterations associated with transformation (1), cell
contact (2) and the cell cycle (3). Various glycolipids have been identified
as blood group {(4) and Forssman antigens (5), Gangliosides have been implicated
as receptors for cholera toxin (6), thyrotropic hormone (7), serotonin (8),
interferon (9) and Sendai virus (10), In these studies glycolipids isolated
from cells were comparatively analyzed, and used as inhibitors of antigen
antibody reactions or ligand-cell interactions, There is the possibility,

however, that the same carbohydrate structures as found in the major glyco-

lipids of cells, such as gangliosides and globoside, could also occur in oligo-

*This investigation was supported by National Institute of Health Research
Grant GM23100 and CA20026.

Abbreviations and glycolipid designations: RBC: red blood cells, SD3: scdium
dodecyl sulfate, Buffer saline: 140 mM NaCl, 1 mM CaClp, 0.5 mM MgClp, 10 mM
sodium phosphate, pH adjusted as indicated, BSA: bovine serum albumin, 3T3KiMSV:
3T3 cells transformed with murine sarcoma virus Kirsten strain, TRIS: tris-
(hydroxymethyl )aminomethane, EDTA: ethylenediaminetetraacetic acid, NET: NaCl
(150 mM)-EDTA(5 mM)-Tris(50 mM) pH 7,0 containing 0.05% NP-LO, GM;:GalBl~+3
GallAcB1+k [ NeurAc2+3]Gal B1+hGlerceramide

ganglio-N-triosylceramide (asialo GMp): GalNAcRl-+hGalBl->LGlcrceramide

globoside: GalNAcBfl+3Galol+hGalBl+UGlerceramide

paragloboside: GalRl-+4GlcNAcBl+LGalRl+4Glc+ceramide
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saccharides linked to proteins, and could function as antigens or receptors.
The present paper describes the result of studies to explore such possibility
by using anti-GM;, anti-asialo GMp, anti~globoside, and anti-paragloboside
antibodies. This preliminary note describes the "globoprotein" pattern of
human erythrocytes and also a remarkable change of "ganglioproteins" of 3T3
cells which results from viral transformation.

MATERIAL AND METHODS

Cells and Surface-Labeling: Cloned Balb/c 3T3 cell lines (A-31) and the "non-
productive" transformed cells with Kirsten murine sarcoma virus (3T3KiMSV;
clone K-234) (11) were obtained from Dr. M, Hatanaska, Frederick Cancer Research
Institute, Frederick, Maryland. These cells were cultured in Dulbecco modified
Eagle's medium (12; GIBCO, Santa Clara, CA.) supplemented with 10% fetal calf
serum in 5% carbon dioxide atmosphere. Human erythrocytes were obtained from
laboratory personnel. Cells were labeled by the procedure as previously
described (13).

Preparation and Properties of Anti-Glyecolipid Antibodies: Anti-globoside,
anti-asialo GMp, anti-paragloboside, and anti-GM; ganglioside antisera were
prepared in rabbits according to the procedure as described previously (1L,15).
Since these antisera contained anti-bovine serum albumin (BSA), the antisera
were treated with BSA-Sepharose column (16), The titer of antigloboside (for
trypsinized human RBC), of anti-GM; (for GMj-coated RBC), of anti-asialo GM,
(for trypsinized guinea pig RBC), and of anti-paragloboside (for sialidase
treated human RBC) were 1:256, 1:512, 1:32, and 1:32, respectively. The
specificities of these antisera have been extensively studied as previously
described (14,15).

Glycolipid Samples: Globoside and paragloboside were prepared from human RBC
(17), ganglio-N-triosylceramide (asialo GMp) from guines pig RBC (18), and GM;
ganglioside from human brain according to the procedure described by Momoi et
al (19). These preparations were homogeneous on thin-layer chromatography as
free state and as acetate, GM) ganglioside was labeled by tritiation of
sphingosine double bond (PtO, catalysis) and the "globosidic acid" was pre-
pared by oxidative ozonolysis of the olefinic bond of sphingosine and coupled
to BSA by the carbodiimide method (20),

Extraction of Cells: Quantitative extraction of both glycoproteins and glyco-
lipids was carried out by a modified combination of methods with zwitterionic
detergent (21,22), non-ionic detergent NP-20 (23) and 3 M KC1 (24), 1% "zwit-
terionic" detergent (Fmpigen BB, Albright and Wilson Ltd., Marchon Division,
Whitehaven, England) in Tris buffer pH 8,0, or 1% "Tergitol" NP-40 (Sigma
Chemical Co., St. Louis, Mo) in 3 M KCl were found satisfactory, These condi-
tions were chosen as these detergents do not interfere with subsequent antigen-
antibody reactions, 1) The surface-labeled erythrocytes (0.5 ml) were lysed in
30 ml of ice-cold 20 milliosmolar phosphate buffer (pH T.4), and centrifuged at
27,000 xg for 20 minutes. The peliet was washed 3 times with the same buffer.
The final pellet was then suspended in 0,5 ml of 1% "Empigen" in 50 mM Tris
buffer, pH 8.0 and allowed to stand for 1 hour in ice with occasional shaking.
The suspension was centrifuged at 27,000 xg for 30 minutes, followed by 100,000
xg for 60 minutes. The supernatant was filtered through a packed “glass-wool"
filter to eliminate insoluble floating material, The filtrate was immediately
reacted with anti-glycolipid antibody as described in the next section.

2) Surface-labeled 3T3 Cells (four 15 cm plates; 3,8 x 107 cells) or the
surface~labeled 3T3KiMSV cells (two 15 cm plates; 8 x loz\pells) were pelleted,
and mixed with 0.5 ml of 1% WP-40O 3 M KC1 in buffer saline (pH 7.0), The
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Fig. 1. Protein and Lipid Profile that React with Anti-~-Globoside and
Anti-Paragloboside Antibodies.

The upper panel (1A) shows SDS gel electrophoresis pattern of surface-
labeled human erythrocyte ghosts, @&—&——# Total solubilized membrane in
SDS on heating., e---e~-e Extract with "Empigen-Tris" buffer pH 8.0, From
the front of gel; the first peak (GL) is glycolipid, the second, third and
fourth are corresponding to bands of PAS 3, PAS 2 and PAS 1 or to bands "g",
"e", and "e" of Itaya et al (27). The lower panel (1B) shows SDS gel electro-
phoresis pattern of the fraction reactive to anti-globoside and anti-paraglobo-
side isolated from "Empigen-Tris" extract of the surface-labeled ghost.
——m—8 activity with anti-globoside, @ ~—@~~-¢ activity with anti-para-
globoside, ke o ke e %k activity with preimmune serum. The peak 1 is globoside
and paragloboside; note that the major peak is corresponding to the PAS 2 band
or "band e" (27). No pesk is seen which corresponds to "PAS-1" or "band c".
The right ordinate indicates the activity for glycolipid, and the left ordinate
indicates the activity for other peaks.
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suspension was kept in an ice bath for 2-3 hours with occasional shaking. The
extract was separated in the same way as in the "Empigen" extract,

Reaction of the Extract with Anti-Glycolipid Antibody and Separation of Antigen-
Antibody Complex: 1) "Empigen"-Tris extract was mixed with anti-glycolipid.

The antigen-antibody complex was separated on "Staphylococcus aureus" that
carries "Protein A", according to the method described by Kessler (25) with a
slight modification. 380 ul of NaCl-EDTA-Tris (NET) pH 7.0 containing 0.05%
NP-L0 and 0.1% BSA was mixed with 100 pl of the "Empigen" extract, followed by
addition of 20 yl of antiserum, After standing for 60 minutes in an ice-water
bath, and 40O ul of a 10% suspension of Staphylococcus aureus in NET was added,
mixed well and incubated for 30 minutes at 4° C. The mixture was centrifuged

at 5,000 rpm for 5 minutes, followed by washing of the bacterial pellet with
NET buffer 3 times. The final pellet was mixed with 100 pl of the "sample
buffer" for SDS gel electrophoresis (26), heated in a boiling water bath for

2 minutes, and centrifuged at 5,000 rpm for 5 minutes. The supernatant was
subjected to SDS gel electrophoresis., 2) 100 ul of NP-LO-KC1 extract was
diluted with 360-380 pl buffer saline (pH 7.0) and then mixed with 40-20 pl of
antibody solution, incubated for 1 hour in ice-water, 200 Ml of anti-rabbit
y~globulin goat antiserum was added. The reaction mixture was incubated on ice
for 2-3 hours and then overlayed onto 1 ml of 10% sucrose and 3% NP-40 in buffer
saline (pH 7.0) in a silicon-coated centrifuge tube and spun at 3,000 rpm

(1,800 xg) for 30 minutes (27). The precipitate was suspended in 1 ml of 0.5%
NP-L0 in buffer saline and centrifuged at 3,000 rpm for 10 minutes., This washing
procedure was repeated 3 times. The precipitate was finally dissolved in "sample
buffer" (26) with heating and subjected to SDS gel electrophoresis,

Gel Electrophoresis in SDS-Aerylamide: The final extract with "sample buffer"
was placed onto a disc of acrylamide gel according to the method of Weber and
Osborn (26), disc gels were sliced in 2 mm thickness using "Gilson Gel Slicer"
(Gilson Instr. Co.), and the radioactivity of each slice was counted.

RESULTS

Distribution Pattern of Globoside and Paragloboside Groups in Glycolipids
and Glycoproteins of Human Evythrocytes, The pattern of the surface-labeled
globoside, trapped with anti-globoside, consists of 4 fractions separated on
gel electrophoresis (see Fig. 1), The fastest migrating fraction (peak 1),
coincident with the glycolipid band, showed the highest activity, The second,
third and fourth peaks were not glycolipids as all the glycolipid should complex
with SDS and migrate at the position of "L" (see "Discussion" and Fig. 3).
Although the achivities of peaks "2%, "3", ang "4" were much weaker then "1,
they are consistently present in many separate analyses, The "2" corresponds
to a minor surface-labeled "band k" as previously described (28). The "3",
the major "globoprotein", corresponds to the band "PAS-2 or 3" (29), and the
"' corresponds to "PAS-4" (29), Significantly, none of these "globoproteins"
correspond to "PAS-1" or "glycophorin™ (30) (Fig. 1A and B), The glycoprotein

peaks reacting with anti-paragloboside exactly matched the "globoprotein" peaks,
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TABLE I. RELATIVE QUANTITIES OF THE SURFACE-LABELED GLYCOPROTEINS AND
GLYCOLIPIDS THAT ARE REACTIVE TO ANTI-GLOBOSIDE ANTIBODY

The total [3H]-activity of cell surface labeled

carbohydrates, solubilized on heating in SDS 100%
"Empigen"-Tris extract 93
Total fraction separated by reaction with

anti-globoside 20
Fractions after SDS-gel electrophoresis

globoside 16.6
globoprotein 2 0.4
globoprotein 3 2.0
globoprotein k4 0.6

Numbers indicate % of total activity,solubilized by SDS

and preimmune serum did not give any peak (Fig. 1A and B). The relative pro-
portion of these "globoproteins" as compared to globoside and total surface-
labeled carbohydrates is shown in Table T,

Distribution Pattern of GMy-Ganglioside and Ganglio-N-Triosyl (Asialo GMg)
Group in Glyeolipids and Glycoproteins of Balb/3T73 Cells and their Transfor-
mants. The extract of surface-labeled 3T3 cells was double immune precipitated
by anti-GM; rabbit antibody and anti-rabbit Ig goat antibody, and showed at
least 5 components on SDS gel electrophoresis. The predominant peak 1 obviously
corresponds to GMp-ganglioside, but peaks 2-5 may represent glycoproteins having
the carbohydrate structure as similar to that of GMy ganglioside (Fig, 2A). A
similar experiment with anti-ganglio-N-triosylceramide (asialo GMZ) did not
show any peaks under the same condition (Fig. 2A). This corresponds with the
fact that this glycolipid is virtually absent in 3T3/Balb cells (15).

In striking contrast, several remarkable glycoprotein peaks were demon-
strated with anti-ganglio-N-triosylceramide antibody in 3T3KiMSV cells (Fig. 2B).
Only a minimum activity was found with anti-GM; antibody. Thesé results

correspond with the accumulation of ganglio-N-triosylceramide (asialo GM2) in
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Fig. 2. Protein and Lipid Profile that React with Anti-GM; and Anti-
Asialo GMp Antibodies.

The upper panel (2A) shows SDS gel electrophoresis pattern of the fraction
reactive to anti-GM; ganglioside and anti-asialo GMp (anti-ganglio-N-triosyl-
ceramide), isolated from NPLO 3M KC1 extract of the surface-labeled 3T3 Balb/c
cells. @———a——a activity with anti-GM; ganglioside, ®— ~@ - ~@ activity with
anti-asialo GMp. The lower panel (2B) shows the SDS gel electrophoresis
pattern of the same fraction as above, but isolated from 3T3KiMSV cells. The
ordinate designition is the same as in Fig. 1. The pattern is based on the
value substracted by the activities with preimmune sera.

Kirsten tumor cells (15), whereas GM; ganglioside was greatly reduced/or

deleted in these cells (1).
DISCUSSION

The results indicate the presence of cell surface glycoproteins that

carry the same carbohydrate chain as those found in the major glycolipid such

as globoside and GM; ganglioside. There is however, a remote possibility that

some cell surface protein may form a "complex" with glycolipid which may be

difficult to dissociate upon heating in SDS, If so, such protein-glycolipid
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Fig. 3. 6SDS Gel-Electrophoretic Mobility of Free and Protein-Bound Glycolipid.

The upper panel (3A) shows the electrophoretic pattern of free [3H]-globo-
side derivative and that covalently bound to BSA. The lower panel (3B) shows
the electrophoretic pattern of [3H]—GM1 ganglioside incorporated into 3T3 cells,
and separated on SDS gel electrophoresis. "A" represents the value with
[3H]-OM; added in serum free medium, "B" represents the value with [3H]—GM1
added in trypsinized cells. A small peak close to the glycolipid pesk could be
an artifact caused by "slicing error", as this peak was not detected in separate
experiments (data not shown).

complexes could be detected as a glycoprotein peak on gel electrophoresis.
Such possibility has been excluded by the following experiments: 1) 3T3 cells
were grown in medium containing [3H]-labeled GM] ganglioside for 2L hours;
gangliosides were incorporated into plasma membranes (31), The cells were
harvested, extracted and analyzed as described under "Methods". [3H]-ganglio-

side was recovered in the glycolipid fraction but not in the glycoprotein

15



Vol. 76, No. 1, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

fractions (Fig. 3B), 2) [3H]-globoside covalently linked to BSA (through
"globosidic acid") was recovered in BSA fraction on SDS gel electrophoresis,
and free [3H]-"globosidic acid" was separated in glycolipid fraction (Fig. 34).
We believe therefore that those protein peaks reacting with anti-glycolipid
antibodies must represent the glycoproteins bearing the same or similar oligo-
saccharides as those present in glycolipids. Recently, the sialosyl 28
sialosyl residue was found in brain glycoprotein (32), this same residue is the
well known structure in brain gangliosides,

Reflecting the deletion of GM; ganglioside and accumulation of asialo GMo
in Kirsten-transformed 373 cells (15), the asctivity of GM; "ganglioprotein" was
virtually absent, but the activity of the protein reacting with anti-asialo GMp
was greatly enhanced in these transformed cells, It may be that a similar
kind of change in carbohydrate structure associated with transformation may
occur both in ganglioside and in "ganglioprotein", Both globoside and para-
globoside groups are mainly present in the PAS 2 or 3 fraction and are absent
in PAS 1 ("glycophorin"). This indicates that each glycoprotein is character-
ized by a specific structure and only a few share specific structure with
glycolipids. It has been stated that "PAS 1" is related to "PAS 2" (29), the
result of this study suggests that "PAS 1" and "PAS 2" may not be related in
their carbohydrate structure, or "globoprotein 3" may be a different molecule
from "PAS 2 or 3" although it migrates to the same position as "PAS 2 or 3".
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