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Lectin affinity chromatography has proven to be a powerful method to separate
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oligosaccharides based on their stereochemical structures. This technique has not been used
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for the separation of glycolipids since mixtures of these compounds form micelles in aqueous
solution. Since N-acetylgalactosamine (GalNAc) is commonly found in glycolipids, three
GalNAc-specific lectins were selected to develop a lectin affinity chromatographic method for
glycolipids. To circumvent the difficulty of working with micelles, the autoradiographic detection of

125 1-labeled

lectins binding to glycolipids on thin-layer chromatograms was used to

study the glycolipid-binding specificty of the lectins from Helix pomatia, Wisteria f/oribunda
and Dolichos biflorus. All three lectins detected the Forssman glycolipid which has a terminal
GalNAcoc1-3 residue. The

Helix pomatia

and

Wisteria f/oribunda lectins also bound to

glycolipids with GalNAcP-linked residues. The interactions of these lectins with glycolipidderived,

3

H-labeled oligosaccharides were also analyzed by affinity chromatography on

agarose-immobilized lectins. Only the immobilized Helix pomatia lectin was able to specifically bind oligosaccharides with oc-linked GalNAc residues.
The Helix pomatia lectin was selected to develop an affinity chromatography system for
the purification of intact glycolipids having terminal GalNAcoc1-3 residues. This technique relies on the ability of the immobilized lectin to bind its oligosaccharide ligands in aqueous
solutions of tetrahydrofuran (THF) which inhibits micelle formation and permits the separation
of non-specifically bound glycolipids. Forssman glycolipid and a human blood group A-active
hexaosylceramide were bound to the Helix pomatia column equilibrated in water/THF (5:95).
After applying a step gradient of increasing water content (to 50% water), the specifically

bound glycolipids were eluted when GalANc was included in the mobile phase. Using these
chromatographic conditions, the Forssman glycolipid from the neutral lipid fraction of sheep
erythrocyte stroma and the A-active glycolipids from a total extract of type A human
erythrocytes were purified in the Helix pomatia column.
The ability to purify human A-active glycolipids from total lipid extracts in a single
chromatographic step with the Helix pomatia column was used to isolate A-active glycolipids
present in erythrocytes from donors from a rare blood group B(A). The erythrocytes from B(A)
subgroup of blood group B individuals, are weakly hemagglutinated by a murine monoclonal
anti-A antibody although these erythrocytes should not express blood group A antigens. The
Helix pomatia lectin was used to determine the presence and isolate A-active glycolipids from
the neutral lipid fraction of erythrocytes from two blood group B(A) donors. However, A-active
glycolipids were absent in the glycolipid extracts from erythrocytes from a third B(A) donor
and plasma of all three B(A) donor as well as erythrocytes of blood group B and 0 donors.
Based on the fact that only glycolipids and oligosaccharides with GalNAca1-3 residues
specifically bind to the Helix pomatia column, this lectin column was used to isolate the 'terminal products' of the biosynthetic pathway of the human blood group A glycolipids and
glycopeptides from the human epidermoid carcinoma cell line A-431. The metabolically active
A-431 cells were grown in the presence of 3 H-labeled monosaccharide precursors and the
Helix pomatia column was used to determine and compare the rate of incorporation of labeled
precursors in the A-active glycoconjugates from these cells.
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CHAPTER I
INTRODUCTION

As components of mammalian cell membranes, glycolipids are primarily present
on the outer layer of the plasma membrane with their hydrophilic oligosaccharide
chain exposed to the cell's external enviroment and their hydrophobic ceramide
moeity imbedded in the lipid bilayer (1,2). Their surface location and the structural
features of the oligosaccharide chain determine the biological significance of
glycolipids as immunological surface markers and receptors. It is known that the
oligosaccharides of cell surfaces glycolipids are carriers of the human blood group
ABH and Lewis antigens on the membranes of human erythrocytes (3-7). Hakomori
has recently reviewed evidence that implicate glycolipids in cell-cell recognition,
cell-cell interactions, and cell growth regulation during embryonic and oncogenic
development (8-10). Some glycolipids have been identified as tumor specific antigens
and as cell surface markers for differentiation of early embryo cells, teratocarcinoma
cells, intestinal cells, and erythrocytes (9, 10). In addition, several plasma membrane
glycolipids have been identified as receptors for bacteria (11,12), bacterial toxins
(13-15), viruses (12,16), hormones (17,18) and antibodies (19-21). Sufficient structural

1

diversity of the glycolipid oligosaccharide chains provides for these varied proposed
functional roles.
Most investigations of glycolipid function have focused on structural analysis of
purified glycolipid followed by their analysis for biological activity. ·The methods used
for purification of glycolipids are based primarily on their separation as a function of
the number and nature of the monosaccharides linked to the ceramide moiety. These
methods include solvent partitioning, column chromatography in organic solvents,
preparative thin layer chromatography and more recently high performance liquid
chromatography of chemical derivatives (22,23). Cell surface glycolipids are present
in small quantities on cell membranes ( 2% of their dry weight ) (24). Therefore, the
isolation of a pure glycolipid component using the above mentioned methods requires starting with large quantities of material.
Since most of the roles assigned to glycolipids involve a carbohydrate-protein
interaction, carbohydrate-binding proteins such as lectins and antibodies can be used
to detect and isolate their corresponding carbohydrate receptor for subsequent
structural analysis. The application of lectins for the isolation and structural analysis
of cell-surface glycoconjugates has been recently reviewed by Lis and Sharon (25,26).
Although most studies have concentrated on glycoproteins (27,28), the ability of cell
surface glycolipids to function as lectin receptors has been demonstrated by specific
lectin binding to glycolipids incorporated onto liposomes (29-36) or separated on thin
layer chromatograms (37,38). These methods were developed largely to overcome
the difficulty of working with mixed micelles that glycolipids form in the aqueous
systems normally used to study such lectin-carbohydrate interactions.
Our laboratory has chosen the procedure of immunostaining of glycolipids after
their separation on thin layer chromatograms (TLC) with
lectin-glycolipid interactions (38,39).

125 1-labeled

lectins to study

This method was first described by Magnani,

2

Smith and Ginsburg (13) for the autoradiographic detection of GM1 on TLC
125

by

1-labeled cholera toxin. Using this method, crude lipid extracts of cells or plasma

membranes rather than pure glycolipids can be analyzed for the presence of components that have the ability to bind to lectins. Visualization of the radiolabeled lectins
by autoradiography provides the sensitivity to detect minor components. We have
analyzed the reactivity of several N-acetylgalactosamine (GalNAc) binding lectins with
pure glycolipids such as Forssman glycolipid ( for structure see Table 1 ) and with
glycolipid components in lipid extracts from sheep and human erythrocyte membranes (38,39). The

125

1-labeled lectins from Helix pomatia, Wisteria floribunda and

Dolichos bif/orus bound to Forssman glycolipid on TLC when present alone or as part
of a mixture of glycolipids (39).
During previous studies on lectin-glycolipid interactions on TLC, l tried to isolate
the minor lectin-reactive glycolipids from erythrocyte lipid extracts. I found that the
classical methods for glycolipid purification were laborious and relatively inefficient
(39). Since affinity chromatography is a very powerful technique for purifying

biologically active

molecules,

I focused

on the

development of an

affinity

chromatographic procedure to purify glycolipids. Carbohydrate-binding proteins such
as antibodies and plant lectins attached to a solid support have been used to purify
and characterize glycoproteins, glycopeptides and oligosaccharides (40-46). The advantage of lectin affinity chromatography lies in the fact that it is based on specific
stereochemical interactions of the immobilized lectin with the oligosaccharide chains,
allowing the purification of specific carbohydrate structures sometimes present in
very small amounts, as well as the separation of isomeric structures. The affinity
chromatography of glycolipid mixtures could result in the purification of a single class
of glycolipids based on common structures recognized by lectins.

3

Table 1.

Structure of glycolipids.

NAME

Forssman glycolipid
Globoside

STRUCTURE*

GalNAco:1-3GalNAcP1-3Galo:1-4GalP1-4Glc-Cer
GalNAcP1-3Galo:1-4GalP1-4Glc-Cer

Asialo-GM2

GalNAcP1-4GalP1-4Glc-Cer
GalNAcP1-4GalP1-4G lc-Cer

3

NeuNAco:2
A type 1 hexaosylceramide
(A-6-1)

GalNAco:1-3GalP1-3GlcNAcp1-4GalP1-4Glc-Cer

2

Fuco:1

* All monosaccharides in the oligosaccharide structures mentioned
in this dissertation have D configuration except for Fucose that has
L configuration

4

Since

GalNAc

is

more

commonly found

in

glycolipids,

I chose

three

GalNAc-specific lectins to develop a lectin affinity chromatographic method to purify
glycolipids. First, I studied the interaction of

125

1-labeled lectins from Helix pomatia,

Wisteria floribunda, and Do/ichos bif/orus with glycolipids using the immunostaining

on TLC and a solid-phase assay. Second, it was necessary to determine if the
specificities of these multivalent interactions on TLC and microtiter plates corresponded to the specificities of the
[3

lectin

interacions in solution.

I used

H]oligosaccharides derived from GalNAc-containing glycolipids to determine the

specificities of tile three lectins immobilized to agarose for carbohydrate ligands in
solution. Based on these studies, the Helix pomatia lectin was selected to develop
a lectin affinity system for glycolipids due to its stability, our knowledge of the
specificity

of the

lectin

for

terminal

GalNAc

residues

on

glycolipids

and

oligosaccharides, and its capacity to bind to extremely low levels of Forssman and
human blood group A-active glycolipids on TLC. Finally, the lectin affinity column
would

have to function

in a solvent or mixture of solvents in which the

carbohydrate-binding ability and specificity of the lectin were retained in the mobile
phase required to efficiently disrupt glycolipid micelle formation. I found that using a
mobile phase of tetrahydrofuran/water, a HeJ;x pomatia lectin-column retained its
carbohydrate-binding specificity for the [3 H]Forssman oligosaccharide and for the intact Forssman glycolipid, requiring the haptenic monosaccharide GalNAc for its
elution ( chapter II ). I was able to purify the Forssman glycolipid from sheep
erythrocytes with the Helix pomatia lectin affinity column using tetrahydrofuran /water as the mobile phase. Since the Helix pomatia lectin is specific for iX-linked GalNAc
terminal residues and the lectin bound to A-active glycolipids ( for structures see
Table 2 ) from human blood group A erythrocytes separated on TLC (38), I attempted
to purify these glycolipids on the lectin column. Using the same chromatographic
5

conditions, the A-active glycolipids present in a total lipid extract of human blood
group A erythrocytes were successfully purified in the Helix pomatia column. The
immobilized

Helix pomatia lectin specifcally bound to the terminal cx1-3-linked

GalNAc residue and the fucose residue present in the glycolipids carrying the blood
group A antigen did not interfere with the lectin-binding ability. I have developed a
lectin affinity chromatography system to purify in a single step one particular class
of glycolipids, the glycolipids that have a cx1-3-linked GalNAc terminal residue specific
of the human blood group A determinant.
Dr. David Zopf at the National Cancer Institute, Bethesda, MD, is investigating a
possible new subgroup of blood group

B individuals designated B(A). The

erythrocytes from these donors were weakly hemagglutinated by a new murine
monoclonal anti-A blood antibody used for blood grouping. According to their genetic
background, these individuals belong to human blood group B . Their erythrocytes
were not agglutinated by commonly used anti-A lectins and polyclonal antibodies. In
addition, these B(A) individuals had circulating isoanti-A antibodies in their plasma.
With the Helix pomatia affinity system for glycolipids, we were in a unique position
to

investigate the possible presence of A-active glycolipids on these

B(A)

erythrocytes. We initiated a collaborative effort with Dr. Zapf to determine the presence of blood group A-active glycolipids in the erythrocytes and plasma of these rare
B(A) individuals with the Helix pomatia chromatographic system. It was possible to
detect and purify

Helix pomatia-reactive glycolipids from the blood group B(A)

erythrocytes with the Helix pomatia lectin and the results are described in Chapter
II I.

Although a large number of investigators have focused in the determination of
the presence and structural characterization of human blood group active glycolipids
on different tissues, very little is known about the biosynthesis of blood group active
6

Table 2.

A-active glycollpids from human erythrocytes

NAME

STRUCTURE

GalNAca1-3Gal{J1-4GlcNAc{J1-3Gal{J1-4Glc-Cer

2

Fuca1

GalNAca1-3Gal{J1-4GlcNAc{J1-3Gal{J1-4GlcNAc{J1-3Gal{J1-4Glc-Cer

2

Fuca1

GalNAca1-3Gal{J1-4GlcNAc{J1

2

Ac

Fuca1

GalNAca1-3Gal{J1-4GlcNAc{J1

6

Gal{J1-4GlcNAc{J1-3Gal{J1-4Glc-Cer

3

2

Fuca1

GalNAca1-3Gal{J1-4GlcNAc{J1
Ad

2

Fucal

6

Gal{J1-4GlcNAc{J1-3Galf11-4Glc-Cer
3
GalNAca1-3Gal{J1-4GlcNAc{J1-3Gal{J1-4GlcNAc{J1

2

Fuca1

7

glycolipids and their rate of synthesis and turnover compared to blood group active
glycoproteins. Human erythrocytes do not actively synthesize their blood group active
glycolipids and glycoproteins. The blood group antigens on erythrocytes are remnants of synthesis that occured in the hematopoietic tissue or as a result of uptake
from plasma. Therefore, information of the biosynthesis of blood group antigens
cannot be obtained from the erythrocyte model. The A-431 cells, on the other hand,
actively synthesize blood group A-active glycolipids as well as glycoproteins (47,48).
The human epidermal carcinoma A-431 cell line (49) has been used for several investigations on the epidermal growth fa1ctor (EGF) receptors since these cells express
large amounts of this receptor on their surface (50). This continuous cell line represents a unique system to investigate the biosynthetic pathway of a single antigenic
determinant found on two different ce!ll surface glycoconjugates.

The new

Helix

pomatia affinity chromatographic method can be used to purify the blood group Aactive glycolipids as well as glycoprotedns from cultured A-431 cells. The addition of
a terminal GalNAcix1-3 residue to blood group H antigen is the final step in the
biosynthesis of the A antigen. If the A-431 cells are cultured in the presence of
radiolabeled monosaccharide precursors , the metabolically labeled glycopeptides
and glycolipids isolated by

Helix pomatia affinity chromatography will represent

'terminal products' of this specific biosynthetic pathway. In chapter IV, the results of
the metabolic labeling of A-431 cells with 6-3 H-galactose and 6-3 H-glucosamine are
described. The Helix pomatia affinity column was used to study the relative rate of
incorporation of radiolabeled monosaccharides into the blood group A-active
glycolipids and glycopeptides from A431 cells.
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CHAPTER II
LECTIN AFFINITY CHROMATOGRAPHY OF GLYCOLIPIDS

INTRODUCTION

Lectins are carbohydrate-binding proteins that have the ability to agglutinate
cells, precipitate polysaccharides and glycoproteins, and in some cases induce
mitogenesis in human lymphocytes (25,51). As a result of their carbohydrate binding
properties, lectins have been very useful tools in many areas of biological and medical research.

Some important applications of lectins include the isolation and

structural analysis of cell surface glycoconjugates, identification of cell surface
receptors, study of cell surface assyrnetry, detection of changes in cell surfaces during

differentiation

or

malignancy, selection

of lectin

resistant

mutants,

cell

fractionation and blood typing (25,26,51).
The agglutination of cells by lectins is specifically inhibited by the presence of
free rnonosaccharides, indicating that lectins bind to the carbohydrate moiety of cell
surface glycoconjugates. Traditionally, the carbohydrate-binding specificities of

9

lectins have been defined by the structure of their best mono- or oligosaccharide
inhibitor

in either lectin-dependent

hemagglutination

or polysaccharide

( or

glycoprotein ) precipitation assays (25,52). The best inhibitor was assumed to be
similar or identical to the cell-surface lectin receptor and located at the non-reducing
end of the glycoconjugate oligosaccharide chain. These studies limited the analysis
of lectin specificity to available known carbohydrate structures and this restricted the
classification of lectins into a small number of specificity groups based in their
monosaccharide inhibitor (53). The redefinition of lectin specificities occured as more
glycoconjugates were tested and their oligosaccharide structures determined. Such
was the case of the N-acetylgalactosamine-specific lectins from Helix pomatia and
Dolichos biflorus which were presumed to be specific for the human blood group A-

active oligosaccharides (53) until Baker et al (54) demonstrated that these lectins
have a much higher affinity for the Forssman oligosaccharide. In addition to the
hapten-inhibition technique, carbohydrate specificity of lectins can be carried out by
affinity

chromatography

on

agarose-immobilized

lectins

of

water

soluble

oligosaccharides and glycopeptides of defined structures (43,44).
The majority of the applications of lectins for the isolation and structural analysis
of cell surface glycoconjugates have been concentrated on glycoproteins. The solubility properties of glycolipids have limited the study of lectin-glycolipid interactions
in the aqueous systems normally used to study lectin-carbohydrate interactions. Due
to their amphipatic character, glycolipids tend to aggregate in water, forming high
molecular weight micelles.

Most values for critical

micelle concentration of

glycolipids are in the range of 10-4-10- 6 M, however, values can be as low as 10-8M
(55). To overcome the difficulty of glycolipid solubility properties and to demonstrate
the ability of cell surface glycolipids to function as lectin receptors, glycolipids are
usually mixed with auxiliary lipids such as phospholipids, cholesterol and lecithin to
10

form

liposomes.

These

glycolipid-containing

liposomes

have

been

used

in

agglutination and binding assays to study the interactions of the lectins from Rici nus
communis, Concanavalin A, Wheat germ, peanut and soybean with glycolipids (29-36).
Although these data indicate that cell surface glycolipids function as lectin bindingsites, this method requires the use of pure glycolipids. Lipid extracts from cells will
form liposomes or micelles of mixed carbohydrate structures eliminating the possibility of analysing specific lectin-carbohydrate interactions and identifying a lectinglycolipid receptor. The immunostaining procedure described by Magnani et al (13)
using

125

1-labeled proteins to detect protein-binding glycolipids after they have been

separated as a mixture on silica gel thin-layer chromatograms has circumvented this
difficulty.

Momoi

GalP1-3GalNAc

et al (37) have found that
disaccharide

bound

125

1-peanut agglutinin specific for

to

asialo-GM1

glycolipid

(GalP1-3GalNAcP1-4GalP1-4Glc-Cer) when present alone or as part of a mixture of
glycolipids on TLC.

In our laboratory we have used

125

1-labeled lectins from

Bandeiraea simplicifo/ia, Helix pomatia, and Glycine max (soybean) to detect their
corresponding glycolipid receptors in human and bovine erythrocytes (38). Using this
technique, minor components of partially purified glycolipid mixtures were shown to
support the binding of particular antibodies and toxins (14, 19,20). This method was
subsequently used to demonstrate the ability of radiolabeled viruses, bacteria and
cells to bind directly to specific glycolipids separated on TLC plates (12,56).
I have analyzed the glycolipid binding ability of three GalNAc-binding lectins to
pure glycolipids and glycolipid extracts from human and sheep erythrocytes. The
125 1-labeled

lectins from Helix pomatia, Wisteria floribunda and

Dolichos biflorus

bound to Forssman glycolipid on TLC when present alone or as a part of a mixture
of glycolipids (39). Since this technique is based on the reactivity of a carbohydratebinding protein with a multivalent presentation of oligosaccharides on the surface of
11

a thin-layer plate, it is important to determine if the specificity of these interactions
correspond to the specificity of the lectins in solution . The three lectins are thought
to be specific for terminal ex-linked GalNAc residues based on inhibition studies with
monovalent haptens.
The Helix pomatia lectin, isolated from the albumin gland of a vineyard snail, was
first reported by Prokop (57) and was affinity purified by adsorption on insoluble blood
group A and H glycoproteins or on GalNAc -Sepharose (58,59). This lectin is a 79 KDa
glycoprotein with six identical subunits each with one carbohydrate binding site
(58,60). The

Helix pomatia lectin specifically agglutinates blood group A human

erythrocytes (58) and some strains of bacteria (57).
properties, the

Although it has no mitogenic

Helix pomatia lectin binds to neuraminidase treated human

lymphocytes (60-62) and Helix pomatia-Sepharose columns have been used for the
fractionation of human lymphocytes (63). In addition, this lectin has been used as a
histological tool to analyze a variety of normal and pathological human tissue (64-66).
The Helix pomatia lectin binds or precipitates a variety of glycoconjugates carrying
the human blood group A determinant and the best monosaccharide inhibitor tested
was Methyl-cx-GalNAc (57-60)'. Baker

et al (54) observed that the Forssman

oligosaccharide,
GalNAccx1-3GalNAcP1-3Galcx1-4GalP1-4Glc ,
bound to the lectin with an higher affinity than a A-active pentasaccharide,
GalNAccx1-3[Fuccx1-2]GalP1-4GlcNAc,81-3Gal .
However, after the original report of the blood group A specificity of the

Helix

pomatia lectin, Uhlenbruck and Prokop (67) showed that this lectin formed a precipitin
band with ganglioside GM2,
Ga INAc,81-4[Neu NAcet2-3]Ga 1,81-4G lc-Cer
12

in immunodiffusion assay. Recently, Blanchard
pomatia

lectin

agglutinated

protease

treated

erythrocytes and used the overlay assay with

125

et al (68) reported that the
human

blood

group

Cad

Helix
( +)

1- Helix pomatia lectin to detect the

human Cad ganglioside,
GalNAcP1-4[NeuNAca2-3]GalP1-3GlcNAcP1-3GalP1-4Glc-Cer
These observations raised questions regarding the specificity of this lectin for terminal a.-linked GalNAc residues.
The Dolichos bif/orus

lectin, isolated from the Dolichos bif/orus (horse gram)

seeds by affinity chromatography on insoluble blood group A glycoprotein (69,70), is
a 110 KDa tetrameric glycoprotein with two types of subunits and only two subunits
have a carbohydrate-binding site (69-72). The carbohydrate-binding specificity of the
Dolichos bif/orus lectin has been studied in detail by Etzler and Kabat (59,69,72). This
lectin precipitates blood group A-active glycoproteins from salivary mucin and
ovarian cysts. The Dolichos biflorus lectin preferentially agglutinates human blood
group A erythrocytes from subgroup A1. Subgroup A1 erythrocytes present more Aantigens on their plasma membranes than the erythrocytes belonging to subgroup
A2 (95). Due to this property, the Dolichos biflorus lectin has been used to distinguish
the human blood groups A1 and A2 from each other. In hapten inhibition studies, the
best inhibitor of the precipitation reaction with human blood group A glycoproteins
was the A-active pentasaccharide (shown above) followed by the structurally related
terminal tri- and disaccharides and Me-a.-GalNAc. These results indicated that the
binding site is apparently no larger than a1-3-linked GalNAc terminal residue although
a better inhibition by the A-active pentasaccharide suggests that the fucose residue
could contribute to a more favorable binding. Baker et al

(54) observed that the

Forssman pentasaccharide and structurally related terminal tri- and disaccharides
strongly inhibited the precipitation reaction between the Dolichos biflorus lectin and
13

blood group A glycoproteins. Baker et al found that when comparing the inhibitory
capacity of these oligosaccharides, the Fors3man related structures were 5-fold
stronger than the A-active pentasaccharides. As with the

Helix pomatia lectin, the

Dolicos biflorus lectin has been used extensively as a histological tool (73-75).
The hemmagglutinin of the Wisteria f/oribunda seeds, isolated by adsorption on
insoluble hog gastric blood group A glycoprotein, is a 68 KDa glycoprotein with two
subunits each with a carbohydrate-binding site (76,77). The Wisteria floribunda lectin
agglutinates human erythrocytes of blood group A, but also, to a lesser degree,
erythrocytes of blood group B and 0 donors. Its hemagglutination of blood group A
erythrocytes is best inhibited by GalNAc. Sugii and Kabat (78) reported that the precipitation reaction of the lectin with Lea substance was best inhibited by the
disaccharide GalNAccx1-6Gal followed by GalNAccx1-3Gal and that the lectin prefers
the cx-anomer but will react with the {J anomer. Baker et al (54) showed from their
precipitin inhibition data and in comparison with the data from Sugii and Kabat (78)
that except for the (1-6)-linked disaccharide, the Forssman pentasaccharide was the
best inhibitor followed by the oligosaccharide structures:

GalNAccx1-3Gal >

GalNAccx1-3GalfJ1-3GlcNAc > GalNAcfJ1-3Galcx1-4GalfJ1-4Glc (globoside).
In addition, the Wisteria f/oribunda lectin has been found to bind to neuraminidase
treated human lymphocytes (79) and to desialylated human bronchial blood group
A-active glycoprotein (75).
Lectin affinity chromatography has proven to be an important method for separating oligosaccharides and glycoproteins from complex mixtures on the basis of
their stereochemical structure (40-44).

A series of affinity columns prepared with

lectins with different carbohydrate-binding specificities, called Serial Lectin Affinity
Chromatography (42,43), has been used by Cummings and coworkers to purify and
characterize glycopeptides of complex

mixtures generated from cell surface
14

glycoproteins

(42,48, 132).

The

advantages

of

affinity

chromatography

of

oligosaccharides include simplicity, speed, high yields of pure components sometimes present in low concentrations in mixtures and the separation of positional
isomers extremely difficult to separate by other means. Unfortunately, this method
is not available for the separation and purification of glycolipids due to their low solubility in water. The lack of a suitable affinity chromatographic method for glycolipids
has contributed to the difficulties encountered during purification of these membrane
components. The presence of detergents may facilitate the solubility of glycolipids
in aqueous solutions and permit the use of immobilized lectin columns for glycolipid
purification.

The incorporation of detergents to the aqueous mobile phase has al-

lowed the sucessful purification of insoluble membrane glycoproteins by lectin affinity
chromatography (40). Lotan

et al (80) observed that several nonionic detergents did

not interfere with the carbohydrate-binding capacity of the lectins from peanut,
soybean and wheat germ and that the immobilization of lectins on agarose enhanced
their stability in the presence of detergents. Although Triton X-100 was compatible
with the carbohydrate-binding properties of the lectins from Helix pomatia, soybean
and peanut, Mansson and Olofsson (81) observed that glycolipids solubilized in a
solution containing this detergent did not bind to the immobilized lectins. The phenomenon that non-ionic detergents may abolish lectin-glycolipid binding has also
been reported for the lectin of

Ricinus communis. Tsao and Kim (82) found that

immobillized Ricinus communis lectin equilibrated in buffer containing non-ionic detergents specifically bound solubilized membrane glycoproteins but not glycolipids.
Although the ganglioside GM1 and its asialo-derivative have been reported to bind to
peanut lectin in the presence of sodium deoxycholate (37), this detergent cannot be
used for soybean and

Helix pomatia lectins due to loss of binding activity of the

lectins (80,81). The inability of these lectin columns to bind glycolipids in the pres15

ence of detergents may be due either to the properties of the glycolipid micelles
formed in detergents or to the low affinity of the lectins for monovalent glycolipids (as
opposed to polyvalent glycoproteins) in detergents if the glycolipid micelles are
completely disrupted. The latter possibility is supported by the fact that purified
glycolipids when applied as polyvalent liposomes, are bound by appropiate lectin
columns in aqueous solutions (33,34,81).
Tetrahydrofuran (THF) has been used to extract glycolipids from tissues (83) and
to facilitate their accessibility to the action of galactose oxidase without apparent loss
of enzymatic activity (84). Based on these observations, I investigated the possibility
that an immobilized lectin might retain its carbohydrate-binding specificity in solutions of tetrahydrofuran and that tetrahydrofuran under appropiate conditions, might
sufficiently disrupt micelle formation to permit tfie purification of glycolipids by affinity
chromatography.
We analyzed the binding specificity of the lectins from Helix pomatia, Wisteria,
floribunda and Dolichos biflorus for GalNAc-containing glycolipids and their derived

oligosaccharide structures. Based on this analysis , the

Helix pomatia lectin was

selected for developing an affinity chromatography system to purify glycolipids using
THF in the mobile phase. Following the development of the method using pure
glycolipids, the affinity purification of Forssman and human blood group A-active
glycolipids from crude lipid extracts from erythrocyte membranes was accomplished
on a column of Helix pomatia lectin.
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EXPERIMENTAL PROCEDURES

MATERIALS

Helix pomatia lectin and bovine serum albumin (BSA) were purchased from
Sigma (St. Louis, MO); Wisteria f/oribunda lectin was purchased from E.Y. Labs (San
Mateo, CA); Dolichos bif/orus lectin was provided by Dr. Marilynn Etzler, University
of California at Davis, or purchased from Sigma. Forssman glycolipid was purified
from

sheep

erythrocyte

stroma

glycolipid

extracts

by

latrobeads

column

chromatography and preparative thin-layer chromatography (39). Ganglioside GM 2
was purified by preparative thin-layer chromatography from a Tay Sachs brain
ganglioside fraction obtained from Dr. T.W. Keenan, Virginia Tech.

Asialo-GM 2

(gangliotriaosylceramide) was a gift from Dr. Hakon Leffler (University of California,
San Francisco).

Globoside was purchased from Supelco (Bellefonte, PA). Blood

group A (type 1) hexaosylceramide (A-6-1) from rat intestine (85) was a gift from Dr.
Gunnar Hansson (University of Goteborg , Sweden). Sheep blood was obtained at
slaughter from the Department of Food Science and Technology, Virginia Tech. Human erythrocytes from type A donors were obtained as out-dated red cell concentrates from the American National Red Cross, Appalachian Red Cross Blood Center
(Roanoke, VA).
Precoated

Merck

silica

gel

60

aluminum-backed

plates

for

thin-layer

chromatography were from Bodman Chemicals (Media, PA). Na 125 1 (carrier free) and
Na8 3 H4 (sp act 10 Ci/mmol) were purchased from Amersham (Arlington Heights, IL);
lodogen was from Pierce Chemical Co. (Rickford, IL); and Kodak X-Ray film (X-Omat

17

AR) and Cronex intensifying screens (Dupont) were from X-Ray Engineering Co.
(Richmond, VA). Affi-Gel 10 and 15 were purchased from Bio-Rad (Richmond, CA).
Sephadex G-25, Sephadex G-25, PD-10 prepacked columns and DEAE-Sepharose
were from Pharmacia (Uppsala, Sweden).

Plastic (PVC), 96-well plates for solid-

phase assays were from Dynatech Labs, Inc. and purchased from Fischer Scientific
(Raleigh, NC). Tetrahydrofuran (THF) was purchased from Fischer Scientific and distilled before used.
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METHODS

125 /-Labeling

of /ectins

Lectins were dissolved (2 mg/ml) in phosphate buffered saline (PBS, 1.5mM
KH2P04, 2.7 mM KCI, 8.1 mM Na2HP04, 0.14 M NaCl, pH 7.2) and stored at -20°C until
used. Labelling with Na 125 1 was carried out as previously described by Smith (38) for
5 minutes at room temperature in lodogen coated tubes (25 µg/tube) containing 0.5
mg of lectin in 0.5 ml of PBS and 0.5 mCi Na 125 1. After removal of free Na 125 1 by gel
filtration on PD-10 prepacked columns equilibrated in PBS, the specific activity of the
labeled lectin was 0.1-0.2 µCi/µg.

Radioactivity was determined using a Beckman

Model 4000 gamma counter.

Lipid extracts from erythrocytes

Human erythrocyte membranes were prepared according to the procedure of
Dodge et al (86), and sheep erythrocyte membranes were prepared by hypotonic lysis
following the method of Hanahan and Ekholm (87). Lipid extracts were prepared from
lyophilized membranes using the procedure developed for extraction of brain
gangliosides with minimal protein contamination described by Svernnholm and
Fredman

(88).

Briefly,

membranes

were

extracted twice

with

chloroform/

methanol/water (4:8:3) for 30 minutes and the extract evaporated to dryness under
reduced pressure. The sheep erythocyte crude extract was desalted using Sephadex
19

G-25 equilibrated in chloroform/methanol/water (60:30:4.5) as described by Wells and
Dittmer (89) and then separated into neutral lipid and ganglioside fractions on
DEAE-Sepharose according to the method of Ledeen and Yu (22). Lipid extracts and
neutral glycolipid fractions were evaporated to dryness under a stream of nitrogen
and dissolved in chloroform/methanol (2:1) so that 1 ml of solution was contained
lipid equivalent to approximately 100 mg of membrane protein.

Binding of

125 /-/ectins

to g/ycolipids on thin layer chromatograms

Detection of lectin-binding glycolipids was carried out as previously described
by Smith (38). Briefly, glycolipids on precoated Merck silica gel-60 aluminum-backed
thin-layer chromatograms (TLC) were developed in chloroform-methanol-0.25%
potassium chloride in water (5:4:1 by volume). Air-dried TLC were sprayed and allowed to soak in PBS containing 1% polyvinylpyrrolidone (PVP) for even wetting
during 2 hours. The moist chromatograms were overlaid with

125

1-lectin solution (50

µl/cm 2 , 0.5-1.0 x 106 CPM/ml, in PBS containing 1% PVP), incubated at 4°C for 3
hours, and washed 7 times with

PBS to remove the unbound

lectin. The

chromatograms were air dried and subjected to autoradiography using a Cronex intensifying screen for 18 hours at 75°C.

Solid phase assay for

Binding of

125

125 1-lectins

binding to glycolipids

1-labeled lectins to glycolipids by solid phase assay was carried out

as described by Rosenthal et al. (90), as follows. Aliquots of the glycolipids (5-200 ng)
20

dissolved in methanol (50 µI) were added to the wells of polyvinylchloride microtiter
plates and allowed to dry. PBS (70 µI) containing 1 % bovine serum albumin was
added to each glycolipid coated well. After 2 hours, the protein solution was removed
and

125

1-labeled lectins (10 pmol) in 50 µI of PBS with 1% bovine serum albumin was

added to each well. Incubations are carried out at 4°C for 3 hours. The lectin solution
was removed, the wells were washed 6 times with cold PBS, and individual wells cut
from the plate and counted in a Beckman model 4000 gamma counter. Specifically
bound

125

1 -labeled lectin was calculated by correcting for nonspecific binding deter-

mined by including GalNAc (20 mM) in the

125

1 -lectin solution or by omitting

glycolipids from the assay. Nonspecific binding was never more than 2% of the bound
counts.

Affinity chromatography of oligosaccharides on immobilized /ectins

The lectins (5-10 mg) were covalently coupled to 1 ml of Affi-Gel 10 or 15 in
0.1 M MOPS buffer (4-morpholinepropanesulfonic acid), pH 7.5 by incubating overnight at 4°C according to the manufacturer's instructions in the presence of 50 mM
GalNAc. Excess reactive groups on the resin were blocked by ethanolamine at a final
concentration of 0.1 M. The column was washed with 10 volumes of PBS, and the
coupling efficiency was determined by analysis of the washes for protein using the
method of Bradford (91).

3

H-labeled oligosaccharides were derived from purified

glycolipids by ozonolysis and alkali-fragmentation followed by reduction with
NaB[ 3 H]4 as described previously (92,93). The

3

H-labeled oligosaccharides from

Forssman glycolipid, globoside, asialo-GM 2 and GM 2 were used to determine the
specificity of the immobilized lectins during affinity chromatography on lectin col-
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umns (0.5 x 5 cm, 7 mg lectin/ml gel) equilibrated in PBS. The 3 H-oligosaccharides
were applied in 0.1 ml of PBS and allowed to interact with the column for 15 minutes.
The

3

H-oligossaccharides that bound to the column were specifically eluted with

GalNAc in PBS (0.5-1.0 mg/ml). Fractions (0.3ml) were collected at a flow rate of 12
ml/hour and aliquots assayed for radioactivity by scintillation counting in a Beckman
model 7500 counter in Ready-Solv™ scintillation cocktail (BEckman).

Affinity chromatography of oligosaccharides on immobilized Helix pomatia
/ectin equilibrated in THF/water.

The same glycolipid-derived

3

H-oligosaccharides were used to determine the

carbohydrate-binding specificity of the immobilized Helix pomatia during affinity
chromatography carried out in THF/water solvent system. A Helix pomatia column
(0.5 x 5 cm, 9 mg lectin/ml gel) was equilibrated in THF containing 5% water (by volume). The 3 H-oligosaccharides were applied in 0.1 ml of this starting solvent and allowed to interact with the column for 15 minutes. The column was eluted stepwise
increasing the concentration of water up to 50%. The 3 H-oligosaccharides specifically
bound to the lectin column were eluted in 50% water/THF containing 0.5 mg/ml
GalNAc. Five column volumes of each elution solvent were used. Fractions (0.3ml)
were collected at a flow rate of 12 ml/hour and aliquots were assayed for radioactivity
as indicated previously.
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Affinity chromatography of glycolipids on immobilized Helix pomatia Jectin

Pure glycolipids or glycolipid extracts in THF containing 5% water were applied
to a Helix pomatia column (0.5 x 5 cm) equilibrated in this starting solvent and allowed to interact with the column for 15 minutes. The column was washed stepwise
increasing the concentration of water up to 50% and subsequently with GalANc at 0.1
to 0.5 mg/ml in order to elute specifically bound glycolipids as described for
3 H-oligosaccharides.

In order to follow the elution of glycolipids during the affinity

chromatography procedure, the eluate at each step was dried under a stream of nitrogen, and the GalNAc-containing fractions were desalted on Sephadex G-25
equilibrated in chloroform-methanol-water (60:30:4.5) (89).

The resulting fractions

were dissolved in a small volume of chloroform-methanol and aliquots were
chromatographed

on

aluminun-backed

thin

layer

chromatograms

using

chloroform-methanol-0.25% potassium chloride in water (5:4:1 by volume) as the developing solvent. The glycolipids were detected by orcinol (94) staining of the thinlayer plates. Replicate thin-layer plates were overlaid with

125 1

-Helix pomatia lectin

and subjected to autoradiography to detect the Helix pomatia-reactive glycolipids.
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RESULTS

Reactivity of

125

1-labeled lectins with GalNAc-containing glycolipids

Purified Forssman glycolipid, globoside, GM2 ganglioside and asialo-GM2 (for
structures see Table 1) and sheep erythrocyte neutral glycolipids were subjected to
thin layer chromatography and assayed for binding by the
Helix pomatia, Wisteria f/oribunda, and

125 1-labeled

lectins from

Dolichos bif/orus. In this assay, the Helix

pomatia lectin bound to nanogram amounts of Forssman glycolipid, asialo-GM2 and
GM2, but did not bind to globoside (Fig 2.18). In addition to Forss man glycolipid, the
Helix pomatia lectin bound to other glycolipid conponents from sheep erythrocyte
neutral glycolipid fraction (lane 1). The Wisteria floribunda lectin bound to Forssman
glycolipid, globoside and asialo-GM2, but binding required significantly more
glycolipid (Fig 2.1C). The reactivity of this lectin with GM2 was very weak and suggested that the sialic acid residue may sterically interfere with binding. The Wisteria
floribunda lectin bound to Forssman and other glycolipid components from sheep
erythrocyte neutral glycolipid fraction. The Dolichos biflorus lectin bound only to the
Forssman glycolipid, when present alone or on the sheep erythrocyte neutral
glycolipid fraction (Fig 2.1 D).
A solid phase assay was used to determine the relative reactivities of the three
lectins for these GalNAc-containing glycolipids. As shown in Fig. 2.28, the order of
reactivity of the Helix pomatia lectin for the glycolipids tested was Forss man>
asialo-GM2 > GM2. Consistent with the results in Fig 2.18, the affinity of the Helix
pomatia lectin for globoside was very low. The binding of the Helix pomatia lectin to
24
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Binding of 1251-lectins to GalNAc-containing glycolipids on TLC:
Chromatography
and lectin overlay were carried out as described in Experimental procedures with
125 1-labeled lectins from
Helix pomatia (8), Wisteria f/oribunda (C), and Dolichos
bif/orus (D). (A) Staining with orcinol reagent. Lanes 1 are sheep erythrocyte total
neutral lipids equivalent to 500, 60, 300 and 300 µg membrane protein, respectively
(A·D). Lanes 2 are Forssman glycolipid at 10, 250, and 500 ng, respecively (8-D).
Lanes 3 are globoside glycolipid at 1, 5, and 5 µg respectively (8-D). Lanes 4 are
asialo-GM 2 glycolipid at 50, 500 and 500 ng, respectively (B·D). Lanes 5 are GM 2
ganglioside at 0.1, 1 and 1 µg respectively (8-D).
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Binding of 1251-lectlns to pure glycolipids in a solid-phase assay:
The solid-phase
assay was performed with 125 1· labeled lectins binding to glycolipid-coated wells of a
microtiter plate as described under Experimental procedures. The binding curves
were obtained using Forssi'nan glycolipid (0), asialo-GM 2 ( • ) . globoside (;it:.), and
GM 2 ganglioside (A) with 125 1- Helix pomatia (A), 125 1- Wisteria floribunda (B), and 125 1Dolichos biflorus (C). Binding of 125 1- Helix pomatia to Forssman glycolipid was completely inhibited by preincubation of the lectin with 20 mM GalNAc ( 0 ).
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Binding of 125 1-Helix pomatia lectln to glycolipids on TLC:
Autoradiograph after
overlay with 125 1- Helix pomatia lectin of Forssman (A), globoside (B), asialo-GM 2 (C)
and GM 2 (D) glycolipids on TLC. The numbers in each lane indicate the amount of
glycolipid spotted on the TLC in ng for Forssman, asialo-GM,. and GM 2 and in JLQ for
globoside. Chromatography and lectin overlay was carried out as described in Experimental procedures.
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Forssman glycolipid was inhibited by including GalNAc (20 mM) in the lectin solution.
The amounts of glycolipids required to detect binding in the solid-phase assay were
essentially identical to those required to detect binding of the Helix pomatia lectin
on thin layer chromatograms as shown in Figure 2.3.

The lectin from

Wisteria

f/oribunda bound equally well to Forssman glycolipid and asialo-GM2 and had a low
affinity for globoside with no affinity for GM2 (Fig 2.28). Similar to its pattern on the
thin layer chromatogram , the Dolichos biflorus lectin demonstrated a strict specifity
for the Forssman glycolipid (Fig 2.2C).

Affinity chromatography of glycolipid-derived 3 H-oligosaccharides on
immobilized lectins.

In order to determine if the specificity of the three lectins for carbohydrate
ligands in solution corresponded to their ability to detect glycolipids on TLC,
3 H-labeled

oligosaccharides derived from the glycolipids tested were applied to col-

umns of immobilized lectins equilibrated in phosphate buffered saline (PBS) as described in Experimental Procedures. The

3

H-labeled Forssman oligosaccharide

specifically bound to the Helix pomatia column and required GalNAc at a concentration of 1 mg/ml for its elution of the column (Fig 2.4A). Although the

125

1-lectin

bound to asialo-GM2 and GM2 on the TLC assay, the 3 H-labeled oligosaccharides derived from these glycolipids had no affinity for the immobilized lectin (Fig 2.48 and
2.4C). Furthermore, the

3

H-labeled oligosaccharide from globoside was not bound

to the lectin column (data not shown).
The column of immobilized Wisteria floribunda lectin retarded the elution of the
3

H-oligosaccharides derived from the Forssman glycolipid (Fig 2.5A) and globoside
28
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Affinity chromatography of glycolipid-derived 3 H-oligosaccharides on immobilized
Helix pomatia:
The 3 H-oligosaccharides were applied in 0.1 ml of PBS to 7 mg/ml
Helix pomatia lectin agarose column (1 ml) equilibrated in PBS. The column was eluted
with PBS and 0.3 ml fractions were collected. (A) The 3 H-oligosaccharide derived from
Forssman glycolipid. (B) The 3 H-oligosaccharide from asialo-GM 2•
(C) The
3 H-oligosaccharide from GM 2 • The bound oligosaccharides were eluted with 1 mg/ml
GalNAc in PBS (indicated by the arrow). Aliquots of fractions were assayed for radioactivity.
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Affinity chromatography of glycolipid-derived 3 H·oligosaccharides on immobilized
Wisteria floribunda:
The 3 H-oligosaccharides were applied in 0.1 ml of PBS to a 6
mg/ml Wisteria floribunda lectin-agarose column (1ml) equilibrated in PBS. The col·
umn was eluted as described in legend to Fig 2.4 and aliquots of the fractions were
assayed for radioactivity.
(A) The 3 H-oligosaccharide derived from Forssman
glycolipid. (B) The 3 H-oligosaccharide from globoside. (C) The 3 H-oligosaccharide from
asialo-GM 2• (D) The 3 H·sialyloligosaccharide from GM 2 •
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(Fig 2.58); however, it had no affinity for the sialyl-3 H-oligosaccharide derived form
GM2 (Fig 2.50). The 3 H-oligosaccharide bound by the immobilized lectin (Fig 2.50)
was neutral based on its behaviour on OEAE-cellulose (data not shown) and most
likely represent a 10% contamination of the GM2 oligosaccharide with its asialo derivative. Although little difference was observed in the avidity of

125

1-Wisteria

floribunda lectin for the Forssman glycolipid and asialo-GM2 on TLC or in the solid

phase binding assay, the 3 H-trisaccharide derived from asialo-GM2 was bound to this
immobilized lectin with high affinity (Fig 2.5C). Elution of the 3 H-oligosaccharide required addition of competing sugar, GalNAc at a concentration of 1 mg/ml.
The column of immobilized
3

H-Forssman oligosaccharide (Fig 2.6A) and consistent with the inability of the

125 1-lectin
3

Dolichos biflorus lectin retarded the elution of

to detect other glycolipids on TLC , the lectin column had no affinity for the

H-oligosaccharides from asialo-GM2 (Fig 2.68) or from globoside and GM2 (data not

shown).

Helix pomatia affinity chromatography of glycolipid derived
3

To

determine

whether

carbohydrate-binding
3

H-oligosaccharides in THF

immobilized

specificity

in

a

Helix

solvent

lectin

retained

containing

THF.

pomatia

system

its
The

H-oligosaccharides derived from the GalNAc-containing glycolipids were dissolved

in 5% water in THF and applied to a column of immobilized Helix pomatia lectin
equilibrated in this starting solvent. The column was eluted as described under Experimental Procedures with a stepwise gradient of water in THF (from 5% to 50%
water in THF).

The

3

H-Forssman oligosaccharide was retained in the

Helix
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Affinity chromatography of glycolipid derived 3 H-oligosaccharides on immobilized
The 3 H-oligosaccharides were applied in 0.1 ml of PBS to a 6
Dolichos biflorus:
mg/ml Dolichos biflorus lectin-agarose column (1 mg/ml) equilibrated in PBS. The
column was eluted as in the legend to Fig 2.4 and aliquots of the fractions were
assayed for radioactivity.
(A) The 3 H-oligosaccharide derived from Forssman
glycolipid. (B) The 3 H-oligosaccharide from asialo-GM 2
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Figure 2.7.

Helix pomatia chromatography of glycolipid-derived 3 H-oligosaccharides in THF:
The 3 H-oligosaccharide derived from Forssman glycolipid (A) and from asialo-GM 2 (8)
were applied in 0.1 ml of 5% water in THF to a 9 mg/ml Helix pomatia column (1 ml)
equilibrated in this starting solvent. The column was eluted stepwise by increasing the
concentration of water in THF to 10% at (a), 25% at (b), and 50% at (c). Specifically
bound oligosaccharides were eluted with 0.1 mg/ml GalNAc in the 50% solvent at (d)
and 0.5 mg/ml GalNAc in 50% water in THF at (e). Aliquots of fractions-were assayed
for radioactivity .
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pomatia-column (Fig 2.7A) and the addition of GalNAc at a concentration of 0.5 mg/ml

in 50% water in THF was required to elute the bound oligosaccharide. The
3

H-asialo-GM2 trisaccharide was eluted from the

water/THF containing no GalNAc (Fig 2.78).

Helix pomatia column with 50%

The 3 H-oligosaccharide derived from

globoside and GM2 presented the same chromatographic profile on the Helix pomatia
column as the asialo-GM2 oligosaccharide (data not shown). These results indicate
that all oligosaccharides including those with no affinity for the lectin in aqueous
systems were non-specifically retained by the lectin-column at concentrations of THF
above 50%. Increasing the water content in the elution solvent eliminated the nonspecific interactions. Therefore, the binding-specificity of the lectin column in concentrations of water above 25% are consistent with the ligand-binding specificity of
the immobilized Helix pomatia lectin for GalNAc-containing glycolipid-derived
oligosaccharides in aqueous buffer (Fig 2.4).

Affinity chromatography of N-acetylga/actosamine containing g/ycolipids
on immobilized Helix pomatia lectin

Since the carbohydrate-binding specificity of the lectin column was retained in a
mobile phase containing THF, this affinity chromatographic system was analyzed to
determine if it was compatible with the lipid derivatives of the oligosaccharides.
Forssman glycolipid, globoside, asialo-GM2 and GM2 were subjected to lectin affinity
chromatography on a Helix pomatia column (Fig 2.8). The unlabeled glycolipids were
monitored during chromatography by assaying each eluted fraction by TLC using
orcinol reagent or

125

1-Helix pomatia lectin overlay to detect glycolipids . As with the
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Helix pomatia chromatography of GalNAc-containing glycolipids: Glycolipids were
applied in 0.1 ml of water/THF (5:95) to a 9 mg/ml Helix pomatia column (1ml)
equilibrated in this starting solvent. The column was eluted with a stepwise gradient
of water in THF and the eluate at each step was pooled and analyzed on TLC as described under Experimental Procedures. Lanes 1 represent the starting glycolipid applied to the column. Lanes 2 to 6 represent the elution fractions with 5, 10, 15, 25 and
50% water in THF respectively. Lanes 7 and 8 represent the elution fractions with
0.1 and 0.5 mg/ml GalNAc in water/THF 1:1 respectively. (A) Forssman glycolipid
(500ng) was applied to the column and aliquots representing 1% of each elution
fraction were analyzed on TLC (lanes 2 to 8). Glycolipids were detected by
autoradiography after overlay with 125 1- Helix pomatia lectin. (B) Asialo-GM 2 (500 ng)
was applied to the column and aliquots representing 10% of each elution fraction
(lanes 2 to 8) were analyzed on TLC as in (A). (C) Globoside (10 µg) was applied to the
column and aliquots representing 25% of each elution fraction (lanes 2 to 8) were
analyzed on TLC using orcinol reagent. (0) GM 2 (500 ng) was applied to the column
and aliquots representing 20% of each elution fraction (lanes 2 to 8) were analyzed
on TLC as in (A).
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3

H-oligosaccharides, all of the glycolipids were initially retained by the Helix pomatia

column with the starting solvent of 5% water in THF. However, the glycolipids not
specifically bound by the lectin were subsequently eluted by increasing the concentration of water in the elution solvent. For example, globoside (Fig 2.8C) and GM2 (Fig

2.80) were eluted from the column with 15% water in THF (lanes 4). When
asialo-GM2 was subjected to lectin affinity chromatography (Fig 2.88), it was somewhat retarded by the column relative to globoside and GM2, eluting from the column
with 25% water in THF. As shown in panel A of Figure 2.8, only the Forssman
glycolipid was specifically bound to the immobilized lectin, requiring 0.1 mg/ml of
GalNAc in 50% water in THF to be eluted. These results are consistent with the
oligosaccharide-binding specificity of the Helix pomatia lectin in the THF/water system (Fig 2.6). The mechanism of non-specific retardation of oligosaccharides and
glycolipids during chromatography in 5% water in THF is unknown; however, these
interactions are eliminated by increasing the concentration of water in the mobile
phase. The oligosaccharides and glycolipids behaved identically on unsubstituted
Affi-Gel or BSA immobilized on Affi-Gel (data not shown).

Purification of Forssman g/ycolipid by /ectin affinity chromatography

In order to determine if the Helix pomatia-affinity column was useful to purify
glycolipids with terminal a-linked GalNAc residues, the purification of Forssman
glycolipid from a mixture of glycolipids was attempted. The neutral lipid fraction from
sheep erythrocyte stroma containing Forssman and other Helix pomatia lectin-binding
glycolipids (Fig 2.1 B, lane 1) was chromatographed on the lectin column using the
36

t-1234

Figure 2.9.
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Helix pomatla affinity purification of Forssman glycolipid from sheep erythrocyte lipid
fraction:
Sheep erythrocyte neutral lipid fraction equivalent to 10 mg membrane
protein, was applied to the Helix pomatia column (9 mg/ml, 1ml) equilibrated in
water/THF (5:95). Aliquots representing 4% (A) and 2% (B) of each elution fraction
were analyzed on TLC. Lanes 1 represent the starting material applied to the column
equivalent to 400 and 200 µg membrane protein in (A) and (B) respectively. Lanes 2
to 6 represent the elution fractions with 5, 10, 15, 25 and 50% water in THF respectively. Lanes 7 and 8 represent the elution fractions with 0.1 and 0.5 mg/mlGalNAc in
water/THF 1:1 respectively. (A) Staining with orcinol reagent. (8) Autoradiograph after overlay with 125 1- Helix pomatia lectin.
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same elution conditions used for the pure glycolipids (Fig 2.8). Consistent with previous results, the bulk of the starting material was eluted with the starting solvent and
with increasing the concentration of water in the elution solvent (Fig 2.9A, compare
lane 1 to lanes 2-4). When material detected by orcinol staining on the TLC had been
eluted, the column was washed with the final solvent mixture (50%) containing
GalNAc to elute the specifically bound glycolipids. A replicate of the chromatogram
of the elution fractions was assayed for binding with
overlay procedure (Fig 2.98).

125

1- Helix pomatia lectin with the

The resulting autoradiography indicated that the

Forssman and the other Helix pomatia-binding glycolipids had been successfully purified in a single step from a crude lipid extract. The column capacity was determined
by increasing the amount of glycolipid extract applied to a 1ml column substituted
with 9 mg of Helix pomatia lectin until the Forssman glycolipid was detected in the
eluate. The column had a capacity to specifically bind up to 250 µg of Forssman
glycolipid. This value corresponded to approximately one mol of Forssman glycolipid
bound per mol of immobilized Helix pomatia lectin.

Purification of human A-active glycolipids by Helix pomatia-affinity
chromatography

The same chromatographic system described above was used to purify the human blood group A-active glycolipids. When a total lipid extract of blood group A
human erythrocytes was applied to the Helix pomatia column in 5% water in THF, the
majority of glycolipids were eluted from the column by increasing the concentration
of water in THF, as detected by orcinol (Fig 2.10, lanes 2 to 4). However, the A-active
38
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Helix pomatia affinity purification of A-active glycolipids from human blood group A
erythrocytes:
Total lipid extract from blood group A human erythocyte stroma
equivalent to 1 mg membrane protein, was applied to the Helix pomatia column (A
and B) and to a BSA column (C and 0) in water/THF (5:95). Aliquots representing 2%
(A,C) and 1% (8,0) of each elution fraction were analyzed on TLC. Lanes 1 represent
the starting material applied to the columns equivalent to 200 µg (A,C) and 100 ,ug
(B,O) membrane protein, respectively. Lanes 2 to 6 represent the elution fraction
with 5, 10, 15, 25 and 50% water in THF respectively GalNAc in water/THF 1:1 respectively. (A) and (C): Staining with orcinol reagent. (8) and (0): Autoradiographs
after overlay with 125 1- Helix pomatia lectin.
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glycolipids present in quantities below the detection limit of the orcinol staining remained bound and were eluted with 0.1 mg/ml GalNAc in the elution solvent (Fig
2.10A and 2.108, lanes 7). A glycolipid component in this lipid extract that was detected by the

125

1- Helix pomatia lectin on TLC but that was not specifically bound to

the column (Fig 2.10A and 2.108, lanes 4) may be a glycolipid having a terminal
P-linked GalNAc residue. As shown in Figure 2.8, both GM2 and asialo-GM2 are not
retained by the immobilized Helix pomatia lectin although they are detected by the
125 1-lectin

on the surface on a TLC plate.

To confirm that the immobilized lectin was specifically binding glycolipids with
terminal ex-linked GalNAc residues, the same total lipid extract from human A
erythrocytes was applied to a 8SA-agarose column ( 1ml ) equilibrated in 5% water
in THF and eluted under the same conditions used for the lectin column. As shown
in Figures 2.10C and 2.100, the A-active glycolipids present in this lipid extract eluted
from the 8SA-agarose column without the addition of GalNAc to the solvent. The
separation of the higher molecular weight, more hydrophilic A-active glycolipids from
the bulk of the starting material is presumably a partitioning of the glycolipids to the
hydrophilic 8SA-agarose column followed by their elution with solvents containing
higher concentrations of water.
The

recovery

of

a

specifically

bound

glycolipid

was

determined

by

chromatographing pure, A-active glycolipid on the Helix pomatia column. One µg of
blood group A, type 1 hexaosylceramide from rat intestine (for structure see Table
1) was applied to the column in 5% water in THF and eluted under the same conditions as above (Fig 2.11 ). The A-active hexaosylceramide eluted with the 0.1 mg/ml
GalNAc elution fraction ( Fig 2.11, lane 7). The purified hexaosylceramide was desalted on Sephadex G-25 and quantified using

125 1-Helix

pomatia lectin binding in a
40

solid phase assay (data not shown). The results indicated that the recovery of the
hexaosylceramide obtained from the Helix pomatia lectin- column was 80%.
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Helix pomatia affinity chromatography of blood group A type 1 glycollpld: Purified
blood group A type 1 hexaosylceramide (A-6-1) from rat intestine (1 µg) was applied
to the Helix pomatia column in water/THF (5:95). Aliquots representing 7.5% of each
elution fraction were analyzed on TLC and detected by autoradiography after overlay
with 125 1- Helix pomatia lectin. Lane 1 represents human A-active glycolipids from
blood group A erythrocytes equivalent to 100 µg membrane protein. Lane 2 is 75 ng
of A-6-1 glycolipid. Lanes 2 to 6 represent the elution fractions with 5, 10, 25 and 50%
water in THF respectively. Lanes 7 and 8 represent the elution fractions with 0.1 and
0.5 mg/ml GalNAc in water/THF 1:1 respectively.
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DISCUSSION

The detection of glycolipid ligands on thin-layer chromatograms by direct binding
of carbohydrate-binding proteins, originally described for the detection of ganglioside
GM1 using

125

1-labeled cholera toxin (13), has been adapted to the detection of

glycolipids by monoclonal antibodies directed against carbohydrate antigens (19,20),
and by lectins (38,39). The applicability of lectins for the detection of glycolipids by
this technique is dependent on the definition of the lectin specificity in this assay.
Using the TLC overlay and a solid-phase assays I have compared the reactivity of
three GalNAc-specific lectins with glycolipids containing terminal GalNAc residues
(Figs 2.1-2.3).
The

125

1- Helix pomatia lectin bound to the Forssman glycolipid when present

alone or as a component of the sheep erythrocyte lipid extract (Fig 2.18, lanes 1 and
2). However, the lectin also bound to asialo-GM2 and GM2 glycolipids which have
terminal GalNAcP1-4 linked residues (Fig 2.18, lanes 4 and 5). According to studies
by competitive inhibition with a variety of carbohydrate derivatives in solution, the
Helix pomatia lectin prefered the cc anomer to the

P (59).

However, observations by

Uhlenbruck and Prokop (61) and Blanchard et al (62) indicated that the lectin bound
both cc- and P-linked GalNAc terminal residues in a multivalent presentation. The results shown in Figure 2.1 and 2.3 are consistent with the previous findings; the avidity
of the Helix pomatia lectin binding to GM2 and its asialo-derivative was weaker and
required higher concentration of the glycolipids on the TLC. The order of reactivity
of the Helix pomatia lectin to glycolipids immobilized on microtiter plates (Fig 2.2A)
was the same as on TLC (Fig 2.3). This lectin prefered the cc-linked GalNAc terminal
residue on the Forssman glycolipid, but bound to the terminal GalNAcP1-4 residue
43

of asialo-GM2 present in a higher concentration. However, both assays indicated that
this lectin will not bind to the terminal GalNAcP1-3 residue in globoside even when
present at 5µg on the TLC.
The

Wisteria floribunda lectin reacted with terminal GalNAc residues with a

slight preference for the a-linkage as described previously (54,78). The

125 1-

Wisteria

floribunda lectin bound to Forssman and asialo-GM2 glycolipids both on TLC or in the

microtiter well, and had a lower affinity for globoside. However, its inability to bind to
GM2 in both assays suggested that unlike the

Helix pomatia lectin, the

Wisteria

floribunda lectin required more than a terminal residue for binding or the charge on

the sialic acid residue interfered with the lectin binding capacity. The

Dolichos

biflorus lectin demonstrated a strict specificity for a-linked GalNAc terminal residue

and reacted only with the Forssman glycolipid among the structures tested on the
TLC overlay and solid-phase assays. The reactivity of this lectin for the Forssman
glycolipid was weaker than the Helix pomatia lectin, requiring 50-fold more glycolipid
to detect binding on the TLC.
To ascertain if the specificities of the three lectins for binding to polyvalent
haptens on surfaces were consistent with their binding to corresponding haptens in
solution, 3 H-oligosaccharides derived from each of the glycolipids were subjected to
affinity chromatography on columns containing similar concentrations of the
immobilized lectins (Fig 2.4-2.6). The Dolichos biflorus lectin again demonstrated its
strict specificity by retarding only the Forssman
structures tested. The

3

H-pentasaccharide among the

Wisteria f/oribunda column retarded the Forssman- and

globoside-derived 3 H-oligosaccharides, which is consistent with the similarity in affinity constants of the lectin for these structures determined by Baker et al (54). The
asialo-GM2 3 H-trisaccharide was bound to the Wisteria floribunda column and specifically eluted with GalNAc (Fig 2.5C). The stronger affinity of the immobilized
44

Wisteria f/oribunda for the asialo-GM2 trisaccharide was not expected and the nature

of this interaction is unknown. The sialyl- 3 H-oligosaccharide from GM2 was not retarded by the Wisteria f/oribunda column, consistent with the lack of binding of the
lectin to GM2 glycolipid .
The

3

H-labeled Forssman pentasaccharide was specifically bound to the

immobilized Helix pomatia lectin and eluted with GalNAc (Fig 2.4A). Although

125 1-

Helix pomatia lectin reacts with GM2 and asialo-GM2 on thin-layer chromatograms,

the
3

immobilized

lectin

showed

no

interaction

with

the

corresponding

H-oligosaccharides in solution (Fig 2.48). This inconsistency is probably the result

of the high avidity of the multivalent Helix pomatia lectin binding to the multivalent
hapten on the surface of the TLC, which amplifies the lectin's low affinity for the terminal GalNAcP1-4 linkage present in GM2.

For example, the

Helix pomatia lectin,

which has the highest avidity among the lectins tested for Forssman glycolipid , has
six carbohydrate-binding sites associated with its six subunits, while the

Wisteria

f/oribunda lectin has two binding sites associated to its two subunits. The Dolichos
bif/orus lectin binds weakest to glycolipid surfaces and has only two carbohydrate-

binding sites associated with its four subunits. Thus, specificities defined by reactivity
of multivalent lectins with multivalent glycolipids on surfaces (cells, TLC or plastic
microtiter wells) may not reflect the specificities determined by binding assays in
solution.
Based on the results of the binding specificity and strong affinity for the
GalNAc-containing glycolipids and their oligosaccharides, the Helix pomatia lectin
was selected for developing an affinity chromatographic system to purify glycolipids.
Our experience with the use of tetrahydrofuran during the 3 H-labeling of glycolipids
with galactose oxidase led us to investigate the use of THF in the mobile phase for
affinity chromatography of glycolipids. The possibility that an immobilized lectin might
45

retain its carbohydrate-binding specificity in aqueous solutions of THF in concentrations sufficient to disrupt glycolipid micelle formation was confirmed by the results
obtained for the Helix pomatia and GalNAc-containing glycolipids as shown in Figure
2.7 and 2.8. When the Helix pomatia column was equilibrated in THF containing 5%
of water, the lectin bound

3 H-labeled

oligosaccharides (Fig 2.78) as well as

glycolipids (Fig 2.8C and 0) nonspecifically until the concentration of water reached
50% for oligosaccharides and 25% for glycolipids. These conditions of nonspecific
binding presumably represent a partitioning of oligosaccharides into the water-rich
agarose gel, since identical results were obtained on unsubstituted Affi-Gel (data not
shown). The addition of 0.5 mg/ml GalNAc to the eluting solvent was required to elute
specifically bound Forssman

3

H-pentasaccharide (Fig 2.7A).

Specific elution of

Forssman glycolipid (Fig 2.8A) was accomplished using a lower GalNAc concentration (0.1 mg/ml). Asialo-GM2 glycolipid was not bound by the Helix pomatia column using the water/THF solvent system. However, it was slightly more retarded by
the column than were GM2 and globoside (Fig 2.88-0); asialo-GM2 required a higher
water percentage in the mobile phase for elution This observation is consistent with
the relative affinity of the Helix pomatia lectin for glycolipids with terminal GalNAc
residues, which has been shown to be Forssman > asialo-GM2 > GM2 > >
globoside.
The lectin affinity chromatography system defined using pure glycolipids was
applied to the purification of Forssman glycolipid from a mixture of glycolipids. As
shown in Figure 2.9, the neutral glycolipid fraction from sheep erythrocytes was applied to the Helix pomatia column in 5% water in THF and the nonspecifically bound
glycolipids were eluted by increasing the water concentration in the mobile phase.
The Forssman and other

Helix pomatia-reactive glycolipid components remained

bound to the column requiring GalNAc for elution. The Helix pomatia column has a
46

capacity to purify 250 µg of Forrsman glycolipid from a crude extract in one single
chromatographic step. Although unspecifically bound lipids were eluted from the
lectin column at or below 50% water in THF, a solution of 90-95% THF was always
used as the equilibration and starting solvent. When the first solvent contained
greater than 25% water, the Forssman glycolipid in a sample of neutral glycolipids
from sheep erythrocytes was not completely retarded by the column. This result may
be due to incomplete disruption of glycolipid micelles at water concentrations greater
than 10%. The solvent used for specific elution of glycolipids was always a 50% solution of THF in water containing GalNAc. When the water content of the eluting solvent was raised above 50%, specifically bound glycolipids were not eluted even at
higher concentrations of hapten. This result may be due to the lack of sufficient organic solvent in the mobile phase for elution of the glycolipid.
Since the Helix pomatia affinity system described above permitted the purification of glycolipids containing nonreducing terminal GalNAccd-3 residues, it was used
for the purification of blood group A-active glycolipids found in human erythrocytes.
A crude lipid extract of human blood group A erythrocytes was applied to the Helix
pomatia column and the A-active glycolipids were purified following the same proce-

dure for the Forssman purification (Fig 2.10). Chromatographic behaviour of the same
crude lipid extract on a Affi-Gel column with immobilized bovine serum albumin, under the same conditions, confirmed that the Helix pomatia lectin specifically bound
glycolipids with terminal a-linked GalNAc residues. The elution of the glycolipids followed an order of increasing length of their oligosaccharide chains as the percent of
water increased, indicating that presumably the

glycolipids partition between the

hydrophilic agarose and the mobile phase.
Chromatography of a pure A-active glycolipid from rat intestine (A-6-1 glycolipid)
on the Helix pomatia column (Fig 2.11), under the same conditions as above, indi-
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cated that the recovery of a specifically bound glycolipid was 80%. The affinity column used in these experiments functioned as described for 5-6 months; during this
time, 30-40 samples were processed. To store the columns between periods of use,
they were equilibrated in PBS with sodium azide (0.02%) and maintained at 4°C.
The Helix pomatia lectin affinity system described here permited the purification
of a specific class of glycolipids. If this method is applicable to other lectins, lectin
affinity chromatography would be possible for other classes of glycolipids, representing an important advance in glycolipid purification. However, it is also possible
that other lectins may not retain their carbol1ydrate-binding activity in an aqueous
THF solvent system. For example, the 3 H-trisaccharide from asialo-GM2 was specifically bound by a column of immobilized Wisteria floribunda in aqueous bufer, but
an irreversible loss of binding occured when the same column was equilibrated in
95% THF. It would be very useful for glycolipid research to expand this to antibodies.
Most monoclonal antibodies directed against human cancer tissue or cell lines recognize carbohydrate antigens present as glycolipids and glycoproteins from plasma
membranes. The majority of these antibodies are immunoglobins of the lgM class
and, in preliminary studies, we have not been able to immobilize these high molecular weight immunoglobins on Affi-Gel 10 or 15. lgM immunoglobins can be
immobilized on a different agarose support, namely, cyanogen bromide activated
Sepharose. However, when a column of

Helix pomatia was equilibrated in a

water/THF solvent system, the lectin initially retained its carbohydrate-binding
specificity for the

3

H-Forssman pentasaccharide but rapidly deteriorated and the

Sepharose support collapsed. The agarose matrix found in Sepharose is less crosslinked than the one found in Affi-Gel, rendering it less resistant to THF. Recent advances in the development of matrices for protein-coupling for HPLC (45) may provide
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us with a support resistant to THF or other mobile phase selected to destroy
glycolipid micelles.
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CHAPTER Ill
A-ACTIVE GLYCOLIPIDS FROM BLOOD GROUP B{A)
ERYTHROCYTES

INTRODUCTION

The ABO blood typing of humans requires the examination of both erythrocyte
antigens and serum antibodies. The blood group antigens on erythrocytes are detected by specific antibodies or lectins. The presence or absence of two antigens, A
and B, on erythrocytes, defines the four main human blood groups: group A, when A
antigen alone is present; group B, when B antigen alone is present; group AB, when
A and B antigens are both present; and , group 0, when neither A nor B antigens are
present (95,96). The antibodies present in human serum always correspond to the
antigen(s) absent on the red cells (95). Thus, group A individuals always have anti-B
antibody; group B individuals have anti-A antibody; group AB individuals have no
ABO antibodies ; and, group 0 persons have both anti-A and anti-B antibodies.
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Structural investigations into the biochemical basis of the human ABO blood
groups have clearly established that the primary products of the A and B genes are
glycosyltransferases (96,97). These enzymes are responsible for the type of blood
group

antigens

present

on

red

blood

cells.

The

A

gene

encodes

for

a:(1-3)-N-acetylgalactosamine transferase that catalyzes the transfer of GalNAc from
UDP-GalNAc to various precursors, all having the blood group H determinant structure

Fuca:1-2GalP-R to form an A determinant GalNAca:1-3[Fuca:1-2]GalP-R. The B

gene specified glycosyltransferase catalyzes the transfer of galactose from UDP-Gal
to

the

same

H

determinant

precursors

to

form

the

B

determinant

Gala:1-3[Fuca:1-2]GalP-R. Group 0 individuals lack both A and B specified enzymes,
therefore they do not present the A and B antigens on their erythrocytes.
The A and B antigens from erythrocytes were first identified as being carried by
glycosphingolipids (3,98). Systematic investigations in the laboratories of Koscielak
and Hakomori have demonstrated that there are families of blood group A,B and H
glycolipids (4,99, 100). More recent evidence indicates that the blood group antigens
are also carried in the red cell membrane by high molecular weight glycolipids (6, 101)
containing 20-40 sugar residues and by glycoproteins (102, 103).

The A and B

antigens are not only present on red cells, but in many other cells and tissue fluids
as well. For example, ABO blood group antigens are found as soluble substances in
normal body fluids such as saliva, gastric juice, bile, seminal fluid, milk, urine and
plasma and in pathological secretions such as ovarian cyst fluids, which are particularly rich in blood group substances. In fact, ovarian cyst glycoproteins were the
source of carbohydrate from where the chemical structure associated with the ABO
system were first established by the groups of Morgan and Watkins (104, 105) and
Kabat (106).
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Dr. David Zopf at National Cancer Institute (Bethesda, MD) is investigating a new
subgroup of blood group B designated B(A). Certain murine monoclonal anti-A blood
grouping reagents weakly hemagglutinate erythrocytes from this subgroup of individuals, designated B(A), belonging to human blood group B (107). The B(A) subgroup
is distinguished from blood group AB individuals by two mayor criteria:

i)

erythrocytes from B(A) individuals are not agglutinated by commonly used anti-A
lectins and polyclonal blood grouping sera; and ii) many B(A) individuals have circulating isoanti-A antibodies.
In recent years, Watkins and coworkers have obtained biochemical evidence for
an overlapping function of the A and B gene encoded glycosyltransferases. The most
frequent assay used for the A and B transferases is the transfer of [ 14 C]-labelled
GalNAc or Gal from their respective nucleotide donor (UDP) to a low molecular
weight, H-active trisaccharide 2'-fucosyllactose Fuccx1-2GalP1-4Glc followed by identification and quantitation of the product and its analysis

(108).

Using this assay,

Watkins and coworkers have demonstrated that: i) purified A gene specified
transferase from human serum is less rigid in its donor substrate requirements than
previously supposed and under appropiate conditions can transfer Gal from UDP-Gal
to

form

blood

group

B

determinants

(109);

ii)

purified

B-gene

specified

cx-D-(1-3)galactosyl transferase from sera of blood group B individuals had the potential of synthesising blood group A determinants in low molecular weight acceptors
(108, 110); and

iii) there is N-acetylgalactosamine transferase activity in highly con-

centrated samples of serum from blood group 0 donors capable of synthesizing the
A-active tetrasaccharide from 2'-fucosyllactose (111 ).
Greenwell and Watkins' further investigation on the properties of the B-gene
enzyme and its capacity to synthesize A-active determinants has resulted in the following data (112): serum samples from over 50 blood group B individuals were found,
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under certain in vitro conditions, to transfer small amounts of GalNac to H-active
receptors

such

as

2'-fucosyllactose and

other

milk

oligosaccharides.

The

GalNAc-transferase presented the same acceptor substrate specificity for several
ovarian cyst glycoproteins, H-active

glycolipid~

from blood group 0 red blood cells

and polyglycosylceramides as the B gene galactosyltransferase in the same serum.
Both enzymes required the same manganese ion concentration (15 mM) for activation. However, the optimun pH values for the two activities differ; transfer of
galactose is optimal at pH 6.5, whereas transfer of N-acetylgalactosamine is optimal
at pH 8.0. The apparent KM value for UDP-GalNAc for the enzyme in blood group B
serum is 25 times greater than the apparent KM value for UDP-Gal ( 280 µM vs. 11
µM), but the

Vmax

for the transfer of the two sugars is approximately the same ( 195

vs 220 pmol.h- 1.ml-1). Therefore, the affinity for UDP-GalNAc is much lower, but once
the donor substrate has bound to the active site of the enzyme, the catalytic transfer
of either sugar appears to proceed at the same rate. The GalNAc transferase activity
from blood group B serum co-purifies with the B gene transferase activity and the
ratio of Gal to GalNAc transfered by the enzyme prepared from B serum remained
constant at 70:1, supporting the idea of one single enzyme with a broad specificity.
Under normal physiological conditions, it must be assumed that the weak capacity of the B transferase to synthesise A-active structures is either not manifested
or that the A antigens are immediately neutralized by the antibodies directed towards
A determinants which are present in the blood of type B individuals (95). However,
the potential of the B transferase to make A determinants may have relevance to the
atypical expression of blood group A activity which has been reported to occur in
certain malignant tumors in group B individuals (113, 114) and on the erythrocytes of
B(A) individuals. It is possible that an enzyme similar to the one found in serum is
responsible for the synthesis of A-active determinants in glycosphingolipids or
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glycoproteins in the B(A) erythrocytes. An alternative hypothesis involves a GalNAc
transferase

in

the

synthesis

of A-active

glycosphingolipids

associated

with

lipoproteins circulating in human plasma (115). The glycolipids present in plasma
lipoproteins are known to carry blood group determinants such as H and Lewis
antigens (7, 116). In addition, Marcus and coworkers have proven that the Lewis
antigens found on erythrocytes are acquired from the plasma lipoprotein glycolipids
(116). The permanent exchange of lipid-associated material between red cells and
plasma lipoproteins, particularly the low density lipoproteins (115) could be the
source of A-active determinants of the erythrocytes of B(A) individuals.
In colaboration with Dr. David Zepf, I investigated the presence of A-active
glycolipids on erythrocytes and in plasma of B(A) donors. We have attempted the
purification of these A-active glycolipids from human B(A) erythrocytes and plasma
on the Helix pomatia column with the affinity chromatographic system described in
Chapter II.
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EXPERIMENTAL PROCEDURES

Glycolipid Extracts

The neutral glycolipid extracts from human blood group B(A), A, 8, and 0 from
erythrocytes and plasma were supplied by Dr. Zopf, NCI, NIH, Bethesda, Maryland.
Membranes from erythrocytes were prepared by the toluene flotation method (6).
Chloroform-methanol lipid extracts from both plasma and erythrocyte membranes
were prepared (117) and the dried extracts were subjected to mild alkaline degradation and dialysis (118). The neutral lipid fractions were isolated by DEAE-Sepharose
chromatography (19). Alkali-stable non-glycolipids were removed by Florisil column
chromatography of acetylated glycolipids followed by de-o-acetylation (119).

Affinity Purification of Glycolipids on Helix pomatia-Affi-gel

Glycolipid fractions representing 10-30 ml of packed erythrocytes or 25-50 ml
plasma were dissolved in THF/water (9:1) and applied to a one ml Helix pomatia
column (9 mg lectin/ml gel) equilibrated in the same solvent. The column was eluted
with a discontinuous gradient containing increasing proportions of water and finally
with GalNAc (0.1- 0.5 mg/ml) in THF/water (1:1). Material eluted with each solvent
mixture was dried under a stream of nitrogen and analyzed by thin-layer
chromatography. Aliquots of the elution fractions were chromatographed as indicated
in chapter II. Glycolipids were detected with orcinol reagent and a certain class of
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glycolipids were stained by overlay with

125

1-Helix pomatia lectin and identified after

exposure to X-ray film.
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RESULTS

Purification of A-active glycolipids by Helix pomatia chromatography

A new Helix pomatia column was prepared with 9 mg of lectin I ml of Affi-gel 10
and its ability to purify A-active glycolipids was tested with the neutral glycolipid
fraction from blood group A erythrocytes and plasma prepared as indicated under
Experimental Procedures. As shown in Fig 3.1, the A-active glycolipids present on
erythrocytes from a blood group A donor were purified from the rest of the neutral
lipid fraction using the Helix pomatia chromatography system in THF/water under the
same conditions stated in the previous chapter. The high molecular weight A-active
glycolipids seen in previous lipid extracts from blood group A donors (Fig. 2.9) were
either not present in this lipid fraction or present in very low concentration. The absence of high molecular weight glycolipids was probably due to the erythrocytes
membrane preparation and glycolipid extraction

procedures used since these

erythocyte lipid extracts were prepared differently from the previous extracts.
Figure 3.2 shows the purification of A-active glycolipids from plasma from of the
blood group A donor seen in Fig. 3.1. The blood group A glycolipids were separated
from the more abundant neutral glycosphingolipids in human plasma such as
glucosyl, lactosyl, globotriaosyl and globotetraosyl ceramides (116) using the Helix
pomatia column in the THF/water system. This plasma sample presented A-active

glycolipids that comigrated with authentic blood group A type 1 hexaosylceramide
(A-6-1) and another glycolipid component which migrates more slowly. This plasma
sample did not have the slower migrating A-active components seen in erythrocytes
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Helix pomatia affinity chromatography of glycolipids from erythrocytes of blood group
A donor: Total neutral glycolipids from membranes derived from 28 ml packed blood
group A erythrocytes were applied to the Helix pomatia column in water/THF (5:95).
Aliquots representing 2.5% of each elution fraction were analyzed on TLC. Lanes 1
represent the starting material applied to the column equivalent to 0. 7 ml of packed
erythrocytes. Lanes 2 to 5 represent the elution fractions with 5, 10, 25 and 50% water
in THF respectively. Lanes 6 and 7 represent the elution fractions with 0.1 and 0.5
mg/ml GalNAc in water/THF 1:1 respectively. (A) Staining with orcinol reagent. (8)
Autoradiograph after overlay with 125 1- Helix pomatia lectin of a replicate of panel A.
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Helix pomatia affinity chromatography of glycolipids from plasma of blood group A
donor: Total neutral glycolipid fraction from 93 ml plasma from blood group A donor
was applied to the Helix pomatia column in water/THF (10:90). Aliquots representing
2.5% of each elution fraction were analyzed on TLC. Lanes 1 have 2.5µg of globoside
and 25 ng A-6-1 glycolipid standards. Lanes 2 represent the starting material applied
to the column equivalent to 2.4 ml of plasma. Lanes 3 to 6 represent the elution fraction with 10, 15, 25 and 50% water in THF, respectively. Lanes 7 represent the elution
fraction with 0.5 mg/ml GalNAc in water/THF 1:1. (A) Staining with orcinol reagent. (B)
Autoradiograph after overlay with 1251- Helix pomatia lectin of a replicate of panel A.
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3.1). Lipid extracts from plasma from two different blood group A donnors were analyzed for binding by the

125 1

-Helix pomatia lectin on TLC. One of the plasma lipid ex-

tracts presented similar lectin-reactive glycolipid activity as the one shown in Fig 3.2.
However the third plasma sample did not present Helix pomatia-reactive glycolipids.
These results sugested that not all blood group A plasma present A-active glycolipids
and that when present, only the shorter chain A-active glycolipids are found in human
plasma from blood group A donnors.

Isolation of A-active glycolipids from human blood group B(A)
erythrocytes

To determine if A-antigen occured on the glycolipids of the rare 8(A)
erythrocytes, the neutral glycolipid fraction from three different B(A) donnors were
analyzed for binding by the
The

125

1 -Helix pomatia lectin on thin-layer chromatograms.

Helix pomatia lectin detected several glycolipid components present in the

neutral glycolipid fractions from two donnors, labeled donnor #1 and #2, as shown in
Fig. 3.38, lane 2 and Fig. 3.48, lane 1, respectively.

However, the analysis of the

neutral glycolipid fraction from a third B(A) donnor indicated the absence of Helix
pomatia binding activity as seen in lane 1, Fig 3.58.

The purification of these Helix pomatia-reactive glycolipids was carried on the
lectin column using the affinity chromatographic system as described previously.
Figure 3.3 shows the purification of the neutral glycolipid fraction from toluene floated
membranes from 10 ml packed erythrocytes from B(A) donnor #1. Consistent with
previous results, the bulk of the starting material was eluted with increasing concentration of water in the elution solvent (Fig 3.3A, lanes 3-6). The Helix pomatia-active
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Helix pomatla affinity chromatography of glycolipids from erythrocytes of B(A) donor
#1:
Total neutral glycolipid fraction from membranes derived from 10 ml packed
erythrocytes from blood group B(A) donor #1 were applied to the Helix pomatia column in water/THF (10:90). Aliquots representing 8% of each elution fraction were analyzed bonTLC. Lanes 1 have 2.5µg globoside and 25 ng A-6-1 glycolipids standards.
Lanes 2 represent the starting material applied to the column equivalent to 0.8 ml
packed erythrocytes. Lanes 3 to 6 represent the elution fractions wi th 10, 15, 25, and
50% water in THF respectively. Lanes 7 and 8 represent the elution fractions with 0.1
and 0.5 mg/ml GalNAc in water/THF 1:1, respectively. (A) Staining with orcinol reagent. (B) Autoradiograph after overlay with 125 1- Helix pomalia lectin of a replicate of
panel A.
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mg/ml GalNAc was included in the mobile phase (lane 7, Fig 3.38). Comparison of
lanes 7 in both panels A and B indicates that the Helix pomatia-reactive glycolipids
from 0.8 ml of packed erythrocytes are present in quantities below the limits of detection by orcinol staining while the staining with

125 1

-Helix pomatia lectin is sensitive

enough to detect them. The TLC mobility of these glycolipids compared to globoside
and A-6-1 glycolipids included on the TLC indicates that their oligosaccharide chains
have four to six monosaccharides.
The results of the purification of the Helix pomatia-reactive glycolipids present
in erythrocytes from blood group B(A) donor #2 were different from the results for
erythrocytes from B(A) donor #1. As shown in Figure 3.4A, the analysis on TLC of the
column fractions visualized with orcinol reagent was similar to the analysis in Figure
3.3A. However, the analysis of the same fractions for binding by

125

1 -Helix pomatia

lectin indicated that although part of the Helix pomatia-reactive glycolipids remained
specifically bound to the column and eluted when GalNAc was added in the elution
solvent (lane 6), half of the Helix pomatia-reactive glycolipids were eluted when the
water concentration in the elution solvent reached 25 and 50% (lanes 4 and 5). One
possible explanation would be that the lectin column was loosing its binding ability.
The column was tested for its ability to specifically bind authentic blood group A
glycolipids. The experiment shown in Fig. 3.1 was repeated and the results indicated
that the lectin columnn had not lost its binding ability. Another possible explanation
to the chromatographic separation obtained was that the amount of

Helix

pomatia-reactive glycolipids present in this neutral lipid fraction was higher and had
exceeded the column's capacity. The fractions containing the retarded Helix
pomatia-reactive glycolipids (lanes 4 and 5) were reapplied to the lectin column. A
similar chromatographic profile was obtained; only a small portion of the glycolipids,
the band with a faster mobility in lane 5 that comigrated with the bound A-active
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Helix pomatia chromatography of glycolipids from erythrocytes of B(A) donor #2.:
Total neutral glycolipid fraction from membranes derived from 10 ml packed blood
group B(A) erythrocytes from donor #2 were applied to the Helix pomatia column in
water!THF (10:90). Aliquots representing 12% of each elution fraction were analyzed
on TLC. Lanes 1 represent the starting material applied to the column equivalent to
1.2 ml packed cells. Lanes 2 to 5 represent the elution fractions with 10, 15, 25, and
50% water/THF respectively. Lanes 6 and 7 represent the elution fractions with 0.1
and 0.5 mg/ml GalNAc in water!THF 1:1 respectively. Lane 8 has 50 ng of A-6-1
glycolipid standard. (A) Staining with orcinol reagent. (B) Autoradiograph after overlay
with 1251- Helix pomatia lectin of a replicate of panel A.
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glycolipid in lane 6, was bound to the column. The other

Helix pomatia-reactive

glycolipids were again retarded and present in lanes 4 and 5 (data not shown).
Although the

125

1-Helix pomatia lectin had reacted weakly with glycolipids from

8(A) donor #3, this neutral glycolipid fraction was chromatographed on the lectin
column. As shown in Figure 3.5A, these 8(A) erythrocytes presented a lower amount
of neutral glycolipids per ml of packed cells than the previous two samples and the
majority of the glycolipids were in the lower molecular weight range. As expected,
Figure 3.58 shows the lack of binding of the Helix pomatia lectin to the glycolipids in
the area of tetra- and hexaosylceramides both in the retarded and in the bound
elution fractions ( lanes 4 to 7). The

125

1-Helix pomatia lectin recognized only one

glycolipid component in this neutral glycolipid mixture, in the area of the smaller
molecular weight glycolipids (mono- or disaccharide ceramides) of unknown structure ( lanes 1 and 3 ).

Helix pomatia chromatography of glycolipids from blood group B(A) plasma

To investigate the presence of A-active glycolipids in the plasma of these blood
group 8(A) individuals, neutral glycolipid fractions from plasma of the three B(A) donors were chromatographed on the Helix pomatia column. As shown in Figure 3.6A,
the plasma from donor

#1

presented several of the small molecular weight

glycolipids similar to the TLC pattern seen in Fig. 3.2 for blood group A plasma.
However, there were no Helix pomatia-reactive glycolipids found in this plasma lipid
fraction (Fig 3.68). Similar results were obtained for the neutral glycolipid fractions
from the plasma of the other two 8(A) donors.
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Helix pomatia affinity chromatography of glycolipids from erythrocytes from B(A)
donor #3: Total neutral glycolipid fraction from membranes derived from 10 ml of
packed erythrocytes from B(A) donor #3 were applied to the Helix pomatia column in
water/THF 10:90. Aliquots representing 18% of each elution fraction were analyzed
on TLC. Lanes 1 represent the starting material applied to the column equivalent to
1.8 ml packed cells. Lanes 2 to 5 represent the elution fractions with 10, 15, 25, and
50% water in THF respectively. Lanes 6 and 7 represent the elution fractions with 0.1
and 0.5 mg/ml GalNAc in water/THF 1:1 respectively. Lane 8 has 25 ng of A-6-1
glycolipid. (A) Staining with orcinol reagent. (B) Autoradiograph after overlay with 125 1Helix pomatia lectin of a replicate of panel A.
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Helix pomatia chromatography of glycolipids from B(A) plasma:
Total neutral
glycolipd fraction from 40 ml of plasma from B(A) donor #1 were applied to the Helix
pomatia column in water/THF 10:90. Aliquots representing 20% of each elution fraction
were analyzed on TLC. Lanes 1 have 2.5 µg globoside and 25 ng A-6-1 glycolipid
standards. Lanes 2 represent the starting material applied to the column equivalent
to 8 ml plasma. Lanes 3 to 6 represent the elution fractions with 10, 15, 25 and 50%
water in THF, respectively. Lanes 7 and 8 represent the elution fractions with 0.1 and
0.5 mg/ml GalNAc in water/THF 1:1 respectively. (A) Staining with orcinol reagent. (B)
Autoradiograph after overlay with 125 1- Helix pomatia lectin of a replicate of panel A.
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Helix pomatia chromatography of glycolipids from blood group B and 0
erythrocytes

As shown in Figure 3.7 and 3.8, when the neutral glycolipid fraction from
erythrocytes of blood group B and 0 donors were applied to the Helix pomatia column, there were no A-active glycolipids bound or retarded present. Identical results
were obtained for several blood group B erythrocyte samples. The erythrocytes from
these blood group B and 0 donors were not agglutinated by the murine monoclonal
anti-A antibody. These results confirmed that the presence of blood group A-active
glycolipids found in erythrocytes of some blood group B(A) individuals was atypical
and these A-active glycolipids are not present in erythrocytes from blood group B
individuals.
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Helix pomatia chromatography of glycolipids from blood group B erythrocytes:
Total neutral glycolipid fraction from membranes derived from 5 ml packed
erythrocytes from blood group B donor were applied to the Helix pomatia column in
water/THF 10:90. Aliquots representing 20% of each elution fraction were analyzed
on TLC. Lanes 1 represent the starting material applied to the column equivalent to
1 ml packed cells. Lanes 2 to 5 represent the elution fractions with 10, 15, 25 and 50%
water in THF respectively. Lanes 6 represent the elution fraction with 0.5 mg/ml
GalNAc in water/THF 1:1. Lanes S have 2.5 µg globoside and 25 ng A-6-1 glycolipd
standards. (A) Staining with orcinol reagent. (B) Autoradiograph after overlay with
125 1-Helix pomatia lectin of a replicate of panel A.

68

.

" ....

A

Gb4

..

"

•

............

--

~,...,._....,

s

Figure 3.8.

1 2

fll

A-6-1

,,,. ,-

3

-·-5 6

----·-·-

4

.1

2 3

4

5

6

s

-

Helix pomatia chromatography of glycollpids from blood group 0 erythrocytes:
Total neutral glycolipid fraction from membranes derived from 5 ml packed blood
group 0 erythrocytes were applied to the Helix pomatia column in water/THF 10:90.
Aliquots representing 20% of each elution fraction were analyzed on TLC. Lanes 1
represent the starting material applied to the column equivalent to 1 ml packed cells.
Lanes 2 to 5 represent the elution fractions with 10, 15, 25 and 50% water in THF respectively. Lanes 6 represent the elution fraction with 0.5 mg/ml GalNAc in water/THF
1:1. Lanes Shave 2.5 µg globoside and 25 ng A-6-1 glycolipid standards. (A) Staining
with orcinol reagent. (B) Autoradiograph after overlay with 125 1- Helix pomatia lectin
of a replicate of panel A.
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DISCUSSION

The analysis of the neutral glycolipid fractions from erythrocytes from blood
group B(A) individuals for binding of the

125 1

-Helix pomatia lectin to glycolipids on

thin-layer chromatograms and Helix pomatia affinity chromatography indicated that
the presence of Helix pomatia-reactive glycolipids differed from donor to donor. Helix
pomatia-reactive glycolipids were present in higher concentrations on erythrocytes
from B(A) donor #1 ( compare the amount of glycolipid applied on the TLC, lane 2,
Fig 3.38, lane 1, Fig 3.48 and lane 1, Fig 3.58). However, the Helix pomatia-reactive
glycolipids detected in erythrocytes from donor #1 were minor components, below
the detection limit of the orcinol reagent and •vere only visualized by staining with
125

1 -Helix pomatia lectin.

The

Helix pomatia-active glycolipids from erythrocytes

from B(A) donor #1 were specifically bound to the immobilized Helix pomatia lectin.
Based on the fact that only glycolipids with 0:1-3-linked terminal GalNAc residues will
specifically bind to the immobilized

Helix pomatia lectin (chapter II), the Helix

pomatia-reactive glycolipids present on these B(A) erythrocytes have this terminal
residue found in blood group A determinant. Their mobility on the TLC corresponded
to glycolipids with oligosaccharide chains containing four to six monosaccharides.
The A-6-1 glycolipid corresponds to the smallest glycolipid carrying the A-antigen on
blood group A erythrocytes. However, a structure similar to A-6-1 glycolipid would
be the largest glycolipid present on these B(A) erythrocytes carrying the A determinant.
The neutral glycolipid fraction from erythrocytes from B(A) donor #2 presented a
similar Helix pomatia-binding pattern to the one presented by cells from B(A) donor
#1, when analyzed for

125 1

-Helix pomatia binding on TLC (Fig. 3.4). However, results
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of the chromatographic analysis on the lectin column were different. Erythrocytes
from B(A) donor #2 have glycolipids that were specifically bound to the immobilized
Helix pomatia lectin with a four to five monosaccharide chain and probably have the
same structure of the glycolipid components found in erythrocytes from B(A) donor
#1. These erythrocytes also have glycolipids that are partially retarded on the lectin
column and are bound by the

125

1-labeled lectin when presented on a TLC. Having

eliminated the possibility of loss of binding ability of the immobilized lectin or of exceeding the binding capacity of the column, it is possible that the glycolipids retarded
on the lectin column have a P1-4-linked terminal GalNAc residue. This property of the
Helix pomatia lectin was discussed in the previous chapter. Structural analysis of the
oligosaccharide chains of these glycolipids may explain their behaviour on the lectin
column.
Analysis of the neutral glycolipid fraction from erythrocytes from the third blood
group B(A) donor of the Helix pomatia column indicated the absence of glycolipids
with ix-linked GalNAc terminal residues in this cells. It is possible that the A-active
glycolipids were present in very low concentration on the membranes of these cells.
It was clear from the orcinol staining of the neutral glycolipid fraction of these
erythrocytes (Fig 3.5A) that glycolipids were present in very low concentration compared with the neutral lipid fractions from the other blood group B(A) donors (Fig.
3.3A and Fig. 3.4A) available to us. There are two possible explanations : first, the
erythrocytes from B(A) donor #3 normally express fewer glycolipids on their surface
therefore, the presence of

Helix pomatia-reactive glycolipids would be difficult to

detect; and second, it is possible that the glycolipid extraction and preparation from
the erythrocytes from this donor were less efficient. The classification of this donor
as a blood group B(A) was done with the same murine monoclonal anti-A antibody
as the other B(A) donors.

Although these erythrocytes did not present glycolipids
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with terminal a-linked GalNAc residues, it would be of interest to investigate a
glycopeptide preparation of these cells for the possible presence of blood group A
determinants. Unfortunately, it was not possible for us to obtain whole blood from this
donor.
Chromatographic analysis of the neutral glycolipid fractions from plasma from the
three blood group B(A) donors on the lectin column indicated the absence of A-active
glycolipids. These results were not consistent with the hypothesis that the source of
A-active glycolipids present on these erythrocytes was plasma. Therefore, the Aactive glycolipids found on the erythocyte membranes of some B(A) individuals were
not the result of glycolipid exchange between plasma low density lipoproteins and
erythrocytes as in the well established case of the glycolipids carrying the Lewis
antigens (7).
We could not detect the presence of A-active glycolpids on the membranes from
blood group B and 0 erythrocytes. Although the origin of the A-active glycolipids
present in the membranes of blood group B(A) erythrocytes is not known, it is
tempting to speculate that a B-gene glycosyltransferase with a broad substrate
specificity as the one described in serum by Watkins and coworkers (110) may be
responsible

for

their

synthesis.

Watkins

and

coworkers

have

found

the

GalNAc-transferase activity present in all the serum samples from blood group B individuals that they tested. However, only a small number of individuals have been
identified as belonging to the B(A) blood group. It would be of interest to investigate
if the GalNAc-transferase activity associated v. ith the Gal-transferase activity in the
serum of these B(A) donors is increased compared to B donors.
The

Helix pomatia-reactive glycolipids purified on the lectin column from the

blood group B(A) donors ( Figures 3.3 and 3.4 ) are being structurally characterized
in collaboration with Dr. Zopf's laboratory at NCI.
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CHAPTER IV
SYNTHESIS OF A-ACTIVE GLYCOCONJUGATES IN A-431 CELLS

INTRODUCTION

A large number of studies have focused in the determination of the presence and
structure characterization of human blood group active glycolipids from a variety of
tissues (1,4,8); however, very little is known about the biosynthesis of blood group
active glycolipids and their rate of synthesis and turnover compared to blood group
active glycoproteins. Human erythrocytes do not actively synthesize their blood group
glycolipids and glycoproteins. The blood group antigens on erythrocytes are remnants of synthesis that occured in the hematopoietic tissue (120) or as a result of
uptake from plasma (7).

Studies on the distribution of the human blood group

antigens between glycolipids and glycoproteins on human erythrocytes have been
accomplished by converting type H erythrocytes to type A by incubation with
radiolabeled UDP-GalNAc and purified blood group A GalNAc-transferase which resulted in radiolabeled blood group A determinants on cell surface glycolipids and
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glycoproteins (121-124). The disadvantage of these type of experiments was that they
depended on the conversion of all blood group H determinants to A under the assumption that all H antigens are equally accesible to the exogenous blood group A
transferase. Since erythrocytes are not capable of the de novo synthesis of blood
group antigens, information of the biosynthesis of blood group active glycoconjugates
cannot be obtained using these cells. A continuous cell line that synthesizes blood
group active glycolipids and glycoproteins would be a useful system to investigate
the relative rates of biosynthesis and turnover of these glycoconjugates.
The human epidermoid carcinoma cell line A-431 established by Giard et al (49)
actively synthesizes blood group A-active glycolipids and glycoproteins (47,48). The
A-431 cell line has been used for several investigations on the synthesis and mechanism of action of the Epidermal Growth Factor (EGF) receptor, since they present
large numbers of this receptor (2 x 106 receptors/cell) on their surface (50, 125).
Studies using antibodies against the EGF receptor have determined the presence of
blood group A determinants carried by glycolipids and glycoproteins on the membrane of A-431 cells.

et al (129) found that two monoclonal antibodies,

Fredman

produced by immunizing mice with A-431 cells (130), were directed against the human blood group H and Y antigens. One of these antibodies, the 101 antibody, recognized

the

blood

group

Y

type

2

(131),

Fuca1-2Gal/J1-4[Fuca1-3]GlcNAc

oligosaccharide structure in the EGF receptor glycoprotein and in the cell surface
glycolipids from A-431 cells. A second antibody, 102, recognized the blood group H
type 2, Fuca1-2Gal/J1-4GlcNAc, oligosaccharide structure in the neutral glycolipids
from

A-431

cells;

however this structure

was absent on the EGF receptor

glycoprotein. According to Fredman et al, there was more antigen for antibody 102
in the neutral glycolipid extract from A-431 cells than for antibody 101 when these
antibodies were used in the immunostaining procedure for glycolipids on TLC.
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Parker et al (47) cloned 10 antibodies that immunoprecipitated the EGF receptor
glycoprotein from A-431 cells.

These authors demonstrated that all of these anti-

bodies were directed against the human blood group A antigen. The antibodies
immunostained the blood group A-active glycolipids on a TLC of a total lipid extract
from A-431 cells and specifically agglutinated type A erythrocytes. Parker et al concluded that the blood group A determinant was present on the EGF receptor and
glycolipids from A-431 cells. In addition, Childs and coworkers (132) used monoclonal
antibodies directed against blood group-related structures to confirm the presence
of blood group A determinants in the oligosaccharide chains of the purified EGF
receptor from A-431 cells. Subsequently, Cummings and coworkers (48) confirmed
the presence of a-linked GalNAc terminal residues in complex type asparagine-linked
oligosaccharides from the EGF receptor glycoprotein from A-431 cells.
These studies indicated that the blood group A determinant was present on both
cell surface glycoconjugates from A-431 cells. This continuous cell line represents a
unique system to investigate the biosynthetic pathway of a single antigenic determinant found on two different cell surface glycoconjugates. The Helix pomatia affinity
chromatography system described in Chapter II can be used to purify the blood group
A-active glycolipids as well as glycoproteins from A-431 cells. The addition of a terminal GalNAca:1-3 residue to blood group H antigen is the final step in the
biosynthesis of the blood group A antigen. If the A-431 cells are cultured in the presence

of

radiolabeled

monosaccharide

precursors,

the

metabolically

labeled

glycopeptides and glycolipids isolated using the Helix pomatia column will represent
'terminal products' of this specific biosynthetic pathway. It has been shown by
Cummings

et al (48, 133) that the A-431 cells will incorporate

mannose and fucose,
3

3

3 H-mannose

as

H-glucosamine as sialic acid, GlcNAc and GalNAc, and

H-galactose as galactose into its glycopeptides. This chapter describes the results
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of the metabolic labeling of A-431 cells with 6-3 H-galactose and 6-3 H-glucosamine.
The Helix pomatia affinity column was used to study the relative rate of incorporation
of radiolabeled monosaccharides into the blood group A-active glycolipids and
glycopeptides from A-431 cells.
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EXPERIMENTAL PROCEDURES

MATERIALS

A-431

cells were purchased from the American Type Culture Collection

(Rockville, Maryland). Dulbecco's modified Eagle's media with glutamine, fetal calf
serum and trypsin-EDTA solution for cell cultures were purchased from Flow Laboratories (Mc Lean, VA). Nunclon tissue culture flasks (80 cm 2 , 260 ml) and Petri dishes
(60x15 mm) were purchased from Hazleton (Denver, PA).

Helix pomatia lectin and

bovine serum albumin were from Sigma (St. Louis, MO). Pronase from Calbiochem
was purchased from Behring Diagnostics (la Jolla, CA). Globoside was purchased
from Supelco (Bellefonte.PA). Blood group A hexaosylceramide type 1 (A-6-1) from
rat intestine was a gift from Dr. Gunnar Hansson ( University of Goteborg, Sweden).
6-3 H-Galactose and 6-3 H-glucosamine (sp act 25 and 40 Ci/mmol, respectively) were
purchased from ICN Radiochemicals (Irvine, CA).

En 3 Hance TM spray surface

autoradiography enhancer (Dupont) was purchased from New England Nuclear
(Boston, MA). Na 125 1 was purchased from Amersham (Arlington Heights, IL); lodogen,
from Pierce Chemical Co (Rockford, IL); and Kodak X-Ray film (X-Omat AR) and
Cronex intensifying screens (Dupont) were from X-Ray Engineering Co. (Richmond,
VA). Sep-Pak C1s Cartridges were from Waters Associates (Milford, MA). Precoated
Merck Silica gel aluminun-backed plates for thin-layer chromatography were from
Bodman Chemicals, (Media,

PA).

Affi-Gel

10 was purchased from

Bio-Rad

(Richmond, CA) and Sephadex G-25 from Pharmacia (Uppsala, Sweden).
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METHODS

A-431 cell cultures

A-431 cells were grown in complete Dulbecco's modified Eagle's Medium (12ml)
supplemented with 10% fetal calf serum and Penicillin-Streptomicin (500 iu/ml) in 80
cm 2 , 260 ml T-flasks at 37°C in an atmosphere of 10% carbon dioxide (48, 129).
Confluent cultures (6-8 days) were harvested with 0.5% trypsin in sterile phosphate
buffered saline (PBS) solution for 5 min at 37°C and washed with PBS by
centrifugation .

Binding of Helix pomatia /ectin to A-431 cells

A-431 cells harvested from confluent cultures were washed four times with PBS
and 4x105 cells were incubated for 2 hours at 4°C with 5 pmol (390 ng) of

125

1- Helix

pomatia lectin (labeled as indicated in Experimental Procedures, Chapter II) and
non-labeled Helix pomatia lectin (0.5-10 µg) in 1.5 ml plastic centrifuge tubes at a final
volume of 170 µI in PBS containing 1% bovine serum albumin. After incubation, the
cells were separated from nonbound lectin by centrifugation (8000 g, 7 min, 4°C)
through a layer of Apiezon- n-buthylphthalate (1:9, 150 µI) as described by Briles et
al

(134). The amount of Helix pomatia lectin bound to cells was determined by

counting the amount of isotope in the cell pellet using an LKB 1282 Compugamma
Universal Gamma counter. Binding of Helix pomatia lectin to A-431 cells was com78

pletely inhibited by including 20 mM GalNAc in the assay mixture. The apparent
binding constant and number of lectin binding sites per cell were determined by the
Scatchard analysis of the binding curve obtained from duplicate data points (135).

G/ycolipid extraction from A-431 cells

Confluent cultures of A-431 cells were harvested and the total glycolipid extract
from these cells was prepared following the procedure described by Finne and
Krusius (136). This procedure is a modification of the method developed by
Svennerholm and Fredman (88) for the extraction of gangliosides from brain tissue.
Briefly, 5.5 x 106 A-431 cells were washed with PBS and extracted twice with
chloroform-methanol-water (4:8:3). The cell pellet was then extracted twice with
chloroform-methanol (2:1) and again with absolute ethanol. All the supernatants were
combined and evaporated to dryness under reduced pressure. This crude lipid fraction was dissolved in chloroform-methanol (2:1, 2 ml). This extraction procedure insures the extraction of the large polyglycosylceramides as well as the low molecular
weight glycolipids.

Helix pomatia affinity purification of A-active glycolipids from A-431 cells

To purify the A-active glycolipids from A-431 cells, the crude glycolipid extract
from the cells was applied to the Helix pomatia agarose column (0.5x6 cm, prepared
as described in Chapter II), equilibrated in 10% water in THF as the starting solvent
and allowed to interact with the column for 15 minutes. The column was eluted step-
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wise increasing the concentration of water to 50% and subsequently with GalNAc at
0.1 and 0.5 mg/ml to elute the specifically bound glycolipids. The eluate from each
elution step was dried under a stream of nitrogen, and the GalNAc-containing fractions were desalted on Sephadex G-25 as described previously (89). Aliquots of each
elution fraction were chromatographed on aluminum-backed TLC using chloroformmethanol- 0.25% potassium chloride in water (5:4:1). The thin-layer plates were
overlaid with

125

1-Helix pomatia lectin and subjected to autoradiography as described

in Chapter II, to detect the Helix pomatia-reactive glycolipids. In addition, these TLC
were stained with orcinol reagent (94) to detect all the major glycolipid components
in this extract.

Metabolic labeling of A-431 cells

A-431 cells were cultured in Petri dishes (60x15 mm) and prior to becoming
confluent ( approximately 3x106 cells per dish), 60 µCi of high specific activity
6-3 H-glucosamine or 6-3 H-galactose were added to the culture medium in separate
experiments. After the cells were incubated with the radiolabeled precursors for 4,
8, 12 and 24 hours, the radioactive culture medium was removed from the cells and
the cell-monolayer washed with PBS to remove the unincorporated radiolabeled
precursors. The cells were harvested by scraping from the dish with a rubber policeman, suspended in PBS and centrifuged.

T~1e

cell pellets were stored frozen until

required for isolation of the glycoconjugates.

80

Extraction and purification of metabolically labeled glycolipids and
glycopeptides

The glycolipid and glycopeptide extraction of metabolic labeled A-431 cells was
prepared following the procedure of Finne and Krusius (136). This procedure permitted the isolation of glycolipids and glycopeptides from the same labeling experiment. The

3

H-labeled glycolipids from each separate labeling experiment were

extracted as described above for non-labeled glycolipids from these cells . The crude
glycolipid fractions were contaminated with significant amounts of salts and radioactive sugar intermediates. To remove these contaminants, the crude lipid extracts
were partitioned into a chloroform-methanol phase and and aqueous phase (Felch
partition).

The less polar lower layer contained the smaller molecular weight

glycolipids and the upper aqueous layer contained the larger and more polar
glycolipids, salts and free monosaccharides and nucleotide derivatives of the radioactive sugar intermediates. To remove the water-soluble contaminants, the upper
layer fractions dissolved in methanol-water (1:1) were applied to Sep-Pak C1s cartridges (137) and washed with aqueous solvents to elute the contaminants. The
glycolipids were then eluted from the Sep-Pak cartridges with methanol, chloroformmethanol (1:1) and chloroform-methanol-water (4:8:3). The three elution fractions
were combined, evaporated to dryness under reduced pressure and dissolved in
chloroform-methanol (1:1). The lower layer glycolipid fraction was also dried and
dissolved in chloroform-methanol (1:1).
The metabolically labeled-glycolipids from both lower and upper phases were
analyzed

on

TLC.

Aliquots

(1x10 4

CPM)

were

applied

to

aluminum-backed

chromatograms and developed in chloroform-methanol-0.25% potassium chloride in
water (5:4:1). The dry chromatograms were sprayed with En 3 Hance followed by
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autoradiography with X-ray film for 4 days at -70°C. Following autoradiography, the
thin layer plates were kept at 25-30°C for 24 hours in order to complete the removal
of volatile constituents of En 3 Hance from the plates. The plates were analyzed for
bindi'ng with the

125

1- Helix pomatia lectin . The lectin overlay was carried out as de-

scribed in Chapter II and followed by autoradiography.
After the glycolipid extraction, the remaining A-431 cell pellets for each separate
labeling experiment were washed with absolute ethanol to remove residues of the
organic solvents. The ethanol-washed cell pellets were resuspended in a solution of
Pronase (5 mg/ml in TRIS-HCI buffer, pH 8.0, containing 1 mM CaC'2), and digested
for 24 hours at 60°C (136). The Pronase digests thus obtained were desalted by gel
filtration on Sephadex G-25, the breakthrough peak containing the glycopeptides was
pooled and lyophilized. To destroy any remaining Pronase, the glycopeptide fractions
were dissolved in water and boiled 5 minutes. The glycopeptide fractions were stored
lyophilized for further purification steps.

Helix pomatia affinity chromatography of 3 H-labe/ed glycolipids

Total lipid extract from A-431 cells, metabolically labeled with 3 H-galactose and
3

H-glucosamine, were applied to a Helix pomatia column (0.5x6 cm, 9 mg lectin/ml

gel) equilibrated in 10% water in THF and allowed to interact with the column for 15
minutes. The column was eluted stepwise increasing the concentration of water to
50% in the mobile phase and subsequently with 0.5 mg/ml GalNAc to elute the specifically bound glycolipids. Five column volumes of each elution solvent were used.
Fractions (0.5 ml) were collected at a flow rate of 12 ml/hour and aliquots assayed for
radioactivity. The fractions corresponding to each glycolipid peak were pooled and
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dried under a stream of nitrogen. The GalNAc-containing fractions were desalted on
Sephadex G-25 (89).

Aliquots of each glycolipid peak, dissolved in chloroform-

methanol-water (60:30:4.5), were applied on aluminum-backed TLC and developed as
indicated before. The dried chromatogram was sprayed with En 3 Hance followed by
autoradiography for 15 days at -70°C. Following autoradiography, the thin layer plates
were kept at 25-30°C for 24 hours in order to complete the removal of volatile constituents of En 3 Hance from the plates. The plates were analyzed for
pomatia-binding glycolipids with the

125 1-

Helix

Helix pomatia lectin as described previuosly.

Helix pomatia affinity chromatography of 3 H-labeled g/ycopeptides from A-431
cells

The crude glycopeptide fractions from A-431 cells from each metabolic labeling
experiment was applied to the Helix pomatia lectin column equilibrated in PBS. The
non-bound

glycopeptides

were

eluted

with

PBS

and the

specifically bound

glycopeptides were eluted with 1 mg/ml GalNAc in PBS. Fractions (1 ml) were collected and aliquots were assayed for radioactivity as indicated previously. The nonbound and bound glycopeptide fractions were stored frozen for further structural
analysis.
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RESULTS

Binding of Helix pomatia lectin to A-431 cells

To confirm the previous findings on the presence of human blood group A active
determinants in cell surface glycoconjugates from A-431 cells, the binding of Helix
pomatia lectin to these cells was studied. As shown in Figure 4.1,

125

1- Helix pomatia

lectin bound to A-431 cells and its binding was inhibited by including 20 mM GalNAc
in the assay. The apparent association constant and the number of lectin binding sites
per cell were calculated from the linear replot of the binding curve. The A-431 cells
had 8.6x107 sites per cell for the Helix pomatia lectin with an apparent association
constant of 3x108 M-1:

Helix pomatia affinity purification of A-active glycolipids from A-431 cells

Confluent cultures of A-431 cells were harvested and a total glycolipid extract
from these cells was prepared as described in Experimental Procedures. The presence of A-active glycolipids in A-431 cells was confirmed by the binding of

125

1- Helix

pomatia lectin to the crude glycolipid extract from the cells on TLC as shown in Figure
4.28, lane 1. Although the A-active glycolipids from 5.5x105 A-431 cells were present
in quantities below the limits of detection of the orcinol staining (Fig 4.2A, lane 1), the
staining with

125

1- Helix pomatia lectin was sensitive enough to detect the polymorphic

expression of blood group A-active glycolipids from these cells (Fig 4.28,lane 1). The
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Binding of Helix pomatla to A-431 cells:
Binding curve for Helix pomatia lectin
(•)to A-431 cells as a function of lectin concentration. The binding assay was carried
out as described in Experimental Procedures. 4 x 10 5 cells in PBS-1 % BSA were in·
cubated for 2 hours at 5°C with Helix pomatia lectin (5 pmol of 125 1-labeled lectin and
increasing amounts of unlabeled lectin). Binding of Helix pomatia lectin to A-431 cells
was completely inhibited by including 20 mM GalNAc in the assay mixture (A) Insert:
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Helix pomatia affinity purification of A-active glycollpids from A-431 cells:
Total
glycolipid extract from 8.3 x 108 A-431 cells was applied to a Helix pomatia column (9
mg lectin/ml gel) in water/THF (10:90). Aliquots representing 7% of each elution fraction were analyzed on TLC. Lanes 1 represent the starting material equivalent to 5.5
x 105 cells. Lanes 2 to 5 represent the elution fractions with 10, 15, 25 and 50% water
in THF, respectively. Lanes 6 and 7 represent the elution fractions with 0.1 and 0.5
mg/ml GalNAc in water/THF (1:1), respectively. Lanes Shave 2.5 µg of globoside and
20 ng of A-6-1 glycolipid standards. (A) Staining with orcinol reagent. (B)
Autoradiography after overlay with 125 1- Helix pomatia lectin of a replicate of panel

A.
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purification of the A-active glycolipids from A-431 cells was carried out on the Helix
pomatia affinity chromatographic system as described before. Consistent with pre-

vious results, when the crude lipid fraction from A-431 cells was applied to the lectin
column in the water-THF mobile phase, the major glycolipid components were eluted
from the column, while the A-active glycolipids were specifically bound to the
immobilized lectin and were recovered when 0.1 mg/ml GalNAc was included in the
mobile phase (Figure 4.2).

Metabolic labeling of A-431 cells

In separate experiments, the A-431 cells (3x106 ) were grown in the presence of
6-3 H-galactose or 6-3 H-glucosamine from

4 to

24

hours to

label the

cells'

glycoconjugates. As shown in Figures 4.3 and 4.4, the incorporation of these
radio labeled precursors into the total glycolipid and glycopeptide fraction of the A-431
cells was linear during the first 8 hours of incubation and reached a steady state after
12 hours. After 24 hours of labeling, the glycolipid and glycopeptide from 4x106 cells
incubated with 6-3 H-galactose had accumulated approximately 3.3x105 CPM and
2.4x105 CPM, respectively (Fig 4.3). The

3

H-glucosamine incorporation into the

glycolipid and glycopeptide fractions after 24 hours of labeling was 1x105 and 3.4x105
CPM, respectively (Fig 4.4). The values for the total radioisotope incorporated into the
glycolipid fractions from each metabolic labeling experiment represents only the
lipid-bound oligosaccharide. The CPM corresponding to the free monosaccharides
and nucleotide derivatives of the radiolabeled monosaccharide precursors was subtracted from the CPM found in the chloroform-methanol-water extracts.
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A-431 cells incubated in the presence of 6-'H-galactose as a function of labeling time.
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Incorporation of 'H-glucosamlne by A-431 cells as a function of labeling time: Total
CPM incorporated in the glycolipid ( D) and glycopeptide ( ~) fractions extracted from
A-431 cells incubated in the presence of 6- 3 H-glucosamine as a function of labeling
time. At 0 hour, the dishes contained 3x10 8 cells and 24 hours later, the number of
cells was 4x10 8
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The crude glycolipid fractions from each labeling experiment were partitioned
into a lower organic phase and an upper aqueous phase. These glycolipid fractions
were analyzed on TLC and detecte.d by autoradiography after spraying with En 3 Hance
followed by immunostaining with

125

1-Helix pomatia lectin.

The resulting auto-

radiographs in Figure 4.5, for 3 H-galactose metabolically labeled glycolipids for 24
hours are representitative of the other labeling time points.
3

As shown in panel A,

H-galactose was incorporated into glycolipids of low, intermediate and high molec-

ular weight. The binding of

125

1- Helix pomatia lectin to the glycolipids on the TLC

(panel 8), indicated that the A-active glycolipids were present in both lower and upper phases. The resulting autoradiographs for 3 H-glucosamine metabolically labeled
glycolipids from A-431
3 H-galactose-labeled

cells, shown in Figure 4.6, are similar to those for

glycolipids. However, 3 H-glucosamine was incorporated mainly

into the intermediate to higher molecular weight glycolipids (panel A). Similar to the
results in Figure 4.5, the staining with the lectin indicated that the A-active glycolipids
were present in both phases.
The presence of A-active glycolipids in both upper and lower phases would indicate that the partitioning of the crude glycolipid extracts into two phases was an unnecessary step. However, this partitioning was a required step to eliminate all the
radiolabeled intermediate contaminants present in these fractions. The total lipid extracts were not completely soluble in the methanol-water initial solvent used for the
separation of glycolipids from contaminants in the Sep-Pak cartridges. Therefore, the
total lipid extracts were partitioned into an aqueous and an organic phase. Most of
the contaminants, such as free monosaccharides and nucleotide derivatives of the
labeled precursors, were water soluble and partitioned into the upper more polar
phase; thus, only the upper phase glycolipid fractions from each experiment were
purified in the Sep-Pak cartridges. The non-lipid bound radiolabeled contaminants
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2 H-galactose labeled glycolipids from A-431 cells:
Aliquots representing the lower
and upper phase glycolipids from A-431 cells labeled with 3 H-galactose for 24 hours,
were analyzed on TLC. Lanes 1 have 10,000 CPM of lower phase glycolipids equivalent
to 2 x 105 A-431 cells. Lanes 2 have 10,000 CPM of upper phase glycolipids equivalent
to 4 x 105 A-431 cells.
Lane S has 25 ng of A-6-1 glycolipid standard. (A)
Autoradiograph of TLC sprayed with En 3 Hance and exposed for 4 days. (B)
Autoradiograph after overlay with 1251- Helix pomatia lectin
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'H-glucosamine labeled glycolipids from A-431 cells:
Aliquots representing the
lower and upper phase glycolipids from A-431 cells labeled with JH-glucosamine for
24 hours, were analyzed on TLC. Lanes 1 have 10,000 CPM of lower phase glycolipids
equivalent to 1 x 105 A-431 cells. Lanes 2 have 10,000 CPM of upper phase glycolipids
equivalent to 0.5 x 105 A-431 cells. Lane S has 25 ng of A-6-1 glycolipid standard. (A)
Autoradiograph of TLC sprayed with EnlHance and exposed for 4 days. (B)
Autoradiograph after overlay with 125 1- Helix pomatia lectin
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represented approximately 50% of the total CPM present in the cloroform-methanolwater extracts from metabolically labeled A-431 cells, indicating that the Sep-Pak
purification was a necessary step.

Helix pomatia purification of metabolically labeled A-active glycolipids from
A-431 cells

Since the A-active glycolipids had partitioned between the lower and upper
phases in all the fractions, the lower and upper phases of each labeling experiment
were pooled prior to the isolation of the A-active glycolipids on the Helix pomatia
column.
3

The total

3

H-labeled glycolipid fractions from cells incubated with

H-galactose and 3 H-glucosamine were subjected to affinity chromatography on the

lectin column using the THF-water solvent system described above. The separation
of the glycolipids in this column was followed by assaying for radioactivity and by
analysis on TLC.
Figure 4.7 shows the chromatographic profile obtained for the glycolipid fraction
of A-431 cells incubated with 6-3 H-galactose for 12 hours. The nonbound glycolipids,
representing 88% of the total fraction, were eluted from the column as the concentration of water increased. The glycolipids carrying the A-active determinants bound
to the lectin column and required GalNAc for elution. This chromatographic separation is representative of the other labeling time points. The fraction of A-active
glycolipids labeled with

3 H-galactose

for 4 hours represented 6% of the total

glycolipid fraction and reached a steady state of 12% at 8 hours incubation time.
Aliquots of each nonbound glycolipid fraction and the bound glycolipid fraction
were analyzed on TLC by autoradiography and by staining with

125

1- Helix pomatia
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Helix pomatia affinity purification of A-active glycolipids from 3 H-galactose labeled
A-431 cells.: Crude glycolipid extract from 1 x 10 s A-431 cells metabolically labeled
with 6-3 H-galactose for 12 hours was applied to a Helix pomatia column equilibrated
in water/THF (10:90). The column was elrJted stepwise by increasing the concentration
of water in THF to 15% at (a), 25% at (b) and 50% at (c). Specifically bound glycolipids
were eluted with 0.5 mg/ml GalNAc in 50% water/THF at (d). Aliquots of fractions were
assayed for radioactivity.
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lectin. As shown in Figure 4.8, there were no A-active glycolipids detected by the
125 1-lectin

in the nonbound glycolipids fractions. Aliquots representing the glycolipid

fractions specifically bound by the immobilized lectin for all four incubation periods
with 3 H-galactose equivalent to 5 x 105 cells are shown in Figure 4.9. Although the
glycolipid patterns were similar, there were quantitative differences detected by both
methods. The increase in 3 H-labeled glycolipids (Fig 4.9A) as the incubation time increased from 4 to 24 hours was consistent with the incorporation curve shown in
Figure 4.3. However, the binding of

125 1-

Helix pomatia indicated that the amount of

A-active glycolipids in the 4 hour-fraction was higher than in the other fractions
(compare lane 1 with lanes 2-4, Fig 4.98). It is important to remember that when the
glycolipid extracts were prepared, both radiolabeled and non-labeled glycolipids
were extracted; therefore, all the A-active glycolipids present in these glycolipid extracts were purified in the

Helix pomatia column and all lanes have the A-active

glycolipids from 0.5x105 cells. Although all the metabolic labeling experiments were
intended to have the same initial number of cells, it is possible that some dishes were
seeded with a larger number of cells or that the cells in a particular experiment
multiplied at a faster rate, explaining some of the quantitative differences observed.
Figure 4.10 shows the chromatographic profile for the glycolipid extracts from
A-431 cells incubated with 6-3 H-glucosamine for 12 hours. The profile in Figure 4.10
is similar to the one obtained for the 3 H-galactose labeled glycolipids. However, there
were 3 H-labeled glycolipids that were more recarded in the lectin column, requiring
a higher concentration of water in the mobile phase to elute. The total nonbound
glycolipid fraction represented 77% of the tota1I 3 H-labeled glycolipids from the A-431
cells labeled with 3 H-glucosamine. This chromatographic separation is representative
of the other glucosamine labeling time points. The A-active 3 H- labeled glycolipid
fraction ( 23% of the total CPM incorporated) had reached a steady state at 4 hours
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Helix pomatia affinity chromatography of 3 H-galactose labeled glycolipids:
The
elution fractions from the Helix pomatia column corresponding to the non-bound
glycolipids from A-431 metabolically labeled with 6- 3 H-galactose for 12 hours (Fig 4.7)
of peaks 1, 2, and 3 were pooled. Aliquots of each peak representing 5 x 105 cells were
analyzed on TLC. Lanes 1 to 3 represent the non-bound glycolipids in peaks 1, 2 and
3, respectively. Lane 4 has 25 ng of A-6-1 glycolipid standard. (A) Autoradiograph of
TLC sprayed with En 3 Hance and exposed for 10 days. (B) Autoradiograph after overlay with 125 1- Helix pomatia lectin
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Helix pomatia affinity purified A-active 'H-galactose labeled glycolipids: The elution
fractions corresponding to the glycolipids specifically bound to the Helix pomatia
column (Fig 4.7) from 3 H-galactose metabolically labeled A-431 cells were analyzed
on TLC. Lanes 1 to 4 represent the A-active glycolipids from 3 H· galactose labeled
glycolipids for 4, 8, 12 and 24 hours, respectively, equivalent to 5 x 105 cells. Lane 5
has 25 ng A-6-1 glycolipid standards. (A) Autoradiography of TLC sprayed with
En 3 Hance. (B) Autoradiography after overlay with 125 1- Helix pomatia lectin
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of incubation. Aliquots of the nonbound and bound glycolipids from the lectin column
chromatography were analyzed on TLC. Figure 4.11 indicates that there were no Aactive glycolipids detected by the lectin in the nonbound glycolipid fraction. Figure
4.12 represents the glycolipid fractions specifically bound to the lectin column for all
four labeling time points with 3 H-glucosamine equivalent to 5x105 cells. In this case,
the fraction that had the higher concentration of glycolipids both
4.12A) and stained by

125

3 H-labeled

(Fig

1- Helix pomatia (Fig 4.128) was the fraction corresponding

to 12 hour-labeling.

Helix pomatia affinity purification of A-active glycopeptides from A-431 cells

The total

3

H-labeled glycopeptide fraction obtained by exaustive Pronase di-

gestion of the residue from lipid extraction of the metabolically labeled A-431 cells
were subjected to affinity chromatography on immobilized
aqueous

buffer.

The

purification

of A-active

Helix pomatia lectin in

glycopeptides

from

3

H-labeled

glycopeptides from A-431 cells labeled with 3 H-galactose and 3 H-glucosamine for 12
hours are shown in Figures 4.13 and 4.14, respectively. The A-active glycopeptides
from 3 H-galactose labeling of the cells represented approximately 30% of the total
CPM incorporated into the glycopeptide fraction for all four labeling time points. The
A-active glycopeptide fraction from 3 H-glucosamine labeling represented 20% of the
total CPM incorporated on the glycopeptide fraction for all four labeling time points.
Further structural analysis by specific enzyme digestion and affinity chromatography
on other lectin columns as described by Merkle and Cummings (43) will determine
the type of blood group A determinant present in these glycopeptides.
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Helix pomatia purification of A-active 3 H-glucosamine labeled glycolipids:
Crude
glycolipid extracts equivalent to 1.4x108 A-431 cells metabolically labeled with
6·3 H-glucosamine for 12 hours was applied to a Helix pomatia column equilibrated
in water/THF (10:90). The column was eluted stepwise increasing the concentration
of water in THF to 15% at (a), 25% at (b) and 50% at (c). Specifically bound
glycolipids were eluted with 0.5 mg/ml GalNAc in 50% water in THF at (d). Aliquots
of the fractions collected were assayed for radioactivity
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Helix pomatla affinity chromatography of 3 H-glucosamine labeled glycolipids from
A-431 cells: The elution fractions from the Helix pomatia column corresponding to
the non-bound glycolipids from A-431 cells metabolically labeled with
6-3 H-glucosamine for 12 hours ( Fig 4.10) of peaks 1 to 4 were pooled respectively.
Aliquots representing 5x10 5 cells of each peak were analyzed on TLC. Lanes 1 to 4
represent the non-bound glycolipid peaks 1 to 4, respectively. Lane 5 has 25 ng of
A-6-1 glycolipid standard. (A) Autoradiograph of the TLC sprayed with En 3 Hance and
exposed for 15 days. (8) Autoradiograph after overlay with 1251· Helix pomatia lectin
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Helix pomatia affinity purified A-active 'H-glucosamine labeled glycolipids:
The
elution fractions corresponding to the glycolipids specifically bound to the Helix
pomatia column (Fig 4.10) from 'H-glucosamine labeled A-431 cells were analyzed
on TLC. Lanes 1 to 4 represent the A-active glycolipids from 'H-glucosamine labeling
for 4, 8, 12 and 24 hours, respectively, equivalent to Sx10 5 cells. Lane 5 has 25 ng
of A-6-1 glycolipid. (A) Autoradiograph on the TLC sprayed with En'Hance. (B)
Autoradiograph after overlay with 1251- Helix pomatia lectin
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Helix pomatia affinity purification of A-active 3 H-galactose labeled glycopeptides:
Total glycopeptide fraction equivalent to 4.5x10 5 A-431 cells labeled with
3 H-galactose for 12 hours was applied to the Helix pomatia column equilibrated in
PBS. The nonbound glycopeptides were eluted with PBS and the A-active
glycopeptides were eluted with 1 mg/ml GalNAc in PBS (indicated by the arrow).
Aliquots of each fraction were assayed for radioactivity.
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Helix pomatia affinity purification of A-active 3 H-glucosamine labeled
glycopeptides: Total glycopeptide fraction equivalent to4.5x10' A-431 cells labeled
with 3 H-glucosamine for 12 hours was applied to the Helix pomatia column
equilibrated in PBS. The non-bound glycopeptides were eluted with PBS and the A·
active glycopeptides were eluted with 1 mg/ml GalNAc on PBS (indicated by the arrow). Aliquots of each fraction were assayed for radioactivity.
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DISCUSSION

It has been determined by several research groups that the human epidermoid
carcinoma cell line A-431 carries human blood group A determinants on both
glycolipids and glycoproteins of their cell surface (47,48.129, 131). Using the

Helix

pomatia lectin specific for GalNAc terminal residues, we were able to confirm the

presence of human blood group A-active glycoconjugates on the A-431 cell surface.
The Helix pomatia lectin specifically bound to intact A-431 cells in a binding assay
and the haptenic sugar, GalNAc, was a good inhibitor of such binding (Fig 4.1). The
A-431 cells presented 8.6x107 binding sites per cell for the Helix pomatia lectin. When
the total glycolipid extract from these cells was subjected to the immunostaining
procedure, the Helix pomatia lectin detected the presence of a series of glycolipids
(Fig 4.2). This series of Helix pomatia-reactive glycolipids was purified in a single
chromatographic step when the total lipid fraction extracted from A-431 cells was
subjected to

Helix pomatia affinity chromatography using the THF-water solvent

system. Since only glycolipids with terminal GalNAccx1-3 residues are bound by the
immobilized Helix pomatia lectin, these results indicated that the A-431 glycolipids
that were specifically bound by the lectin column have GalNAccx1-3 terminal residues
and could be defined as blood group A-active glycolipids based on their reactivity on
the Helix pomatia column and binding by the lectin on TLC (Fig 4.2). According to
Fredman and coworkers (129), the blood group active glycolipids from A-431 cells
present mainly the structure of the blood group H type 2 antigen as determined by the
reactivity of the neutral glycolipid fraction from these cells with monoclonal antibody
102. It is possible that the the A-431 cells synthesize a series of blood group A-active
104

glycolipids on type 2 core structures similar to the polymorphic expression of the
blood group A glycolipids seen in human blood group A erythrocytes shown in Table

2.
In separate experiments, the A-431 cells were grown in the presence of
3

H-galactose or 3 H-glucosamine monosaccharide precursors of high specific activity

to label the cells' glycoconjugates. The rate of incorporation reached a steady state
at 12 hours for both 3 H-monosaccharide precursors and the incorporation curves for
glycolipid

and

glycopeptides

showed

that the

rates

were

similar for

both

glycoconjugates. As shown in Figures 4.3 and 4.4, 3x106 A-431 cells incorporated approximately 3x10 5 CPM into the total glycopeptide fraction and 1-3x105 CPM into the
glycolipid fraction when they were incubated with either 3 H-labeled monosaccharide
precursor for a period of 12 hours. The total amount of CPM incorporated into
glycolipids and glycopeptides of A-431 cells labeled with 3 H-galactose was very similar for all four labeling time points. However, when the A-431 cells were labeled with
3

H-glucosamine, the glycoproteins in these cells incorporated 3-4 times as much

radiolabeled precursor as the glycolipids from these cells. For our studies the amount
of

CPM

incorporated

was

sufficient,

but

larger

amounts

of

radiolabeled

glycoconjugates could be obtained for structural analysis if the number of cells and
the concentration of the labeled precursors were increased.
Since the A determinant is the terminal product in a specific biosynthetic pathway, the rate of appearaence of these radiolabeled products in the A-431 cells can
be determined by measuring the radioactivity in the

Helix pomatia-affinity purified

glycolipid and glycopeptide fractions as a function of time. Therefore, to determine
the rate of synthesis of blood group A-active glycolipids and compare it with the rate
of synthesis of A-active glycopeptides, these A-active glycoconjugates were isolated
using the Helix pomatia column. The A-active glycolipids from A-431 cells labeled
105

with

3

H-galactose and

3

H-glucosamine were isolated using the lectin column

equilibrated in solutions of THF-water (Fig 4.7 and 4.10). The glycolipids from A-431
cells labeled with 3 H-galactose carrying the A determinant represented 12% of the
total CPM incorporated as galactose . The glyc.olipids from A-431 cells labeled with
3

H- glucosamine carrying the A determinant represented 23% of the total CPM in-

corporated as GlcNAc and GalNAc in the glycolipid fraction from these cells.
The glycopeptides carrying the blood group A determinants from A-431 cells labeled with 3 H-galactose and 3 H-glucosamine were isolated using the Helix pomatia
column in phosphate buffered saline (Fig 4.13 and 4.14). The A-active glycopeptides
represented 30% and 20% of the total CPM incorporated into the glycoprotein from
A-431 cells incubated with 3 H-galactose and 3 H-glucosamine, respectively.
As shown in Figure 4.15, when we express the amount of total radioactivity incorporated in the A-active glycoconjugates of A-431 cells from either labeled precursor as a function of time, we found that the total incorporation of radiolabeled
precursors into the A-active glycopeptides was twice that of the incorporation into the
A-active glycolipids. These data suggest that the ratio of protein-bound to lipid-bound
A-active oligosaccharides is approximately 2.
The results presented in this chapter indicate that we were able to metabolically
radiolabel the total glycolipid and glycoprotein pools of A-431 cells and to purify, using

a single chromatographic step , the glycolipids and

Pronase-generated

glycopeptides having terminal GalNAc£X1-3 residues representing the terminal product of the biosynthetic pathway of blood group A determinants at the time of cell
harvest. This study represents the preliminary steps in the study of the synthesis of
a specific class of glycoconjugates of a metabolically active continous cell line. The

Helix pomatia lectin proved to be a very useful tool for the characterization and isolation of human blood group A active glycoconjugates. Structural analysis of the
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Rate of incorporation of labeled monosaccharides into the A-active glycoconjugates
from A-431 cells:
(A) Incorporation of 6- 3 H-galactose into the A-active glycolipids
( 0) and glycopeptides (.A) from A-431 cells as a function of labeling time. (8) Incorporation of radiolabeled monosaccharides into the A-active glycolipids ( 0) and
glycopeptides ( .._) from A-431 cells labeled with 6- 3 H-glucosamine, as a function of
time.
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glycoconjugates isolated will determine if the A-active determinants present in the
glycoconjugates isolated from A-431 cells have the A type 2 antigenic determinant
and if the structure is identical in both the glycolipids and glycoproteins.

Intact

oligosaccharides from the A-active glycolipids can be obtained by ozonolysis and
alkali fragmentation (92,92) or by digestion with a new enzyme, endoglycoceramidase
(138), that has been recently tested in our laboratory. The structural analysis of these
glycolipid-derived oligosaccharides and the glycopeptides can be done by a using a
combination of procedures such as endo- and exo-glycosidase digestion, serial lectin
affinity chromatography and

methylation of the oligosaccharides followed

by

hydrolysis and identification of the partially methylated 3 H-monosaccharides by thinlayer or paper chromatography as described

by Cummings and

coworkers

(42,48, 132).
If the A-431 cells are synthesizing identical blood group A-active oligosaccharide
structures on both glycolipids and glycoproteins, this cell line will provide an excellent system to investigate the biosynthetic pathway for their assembly and if the cell
has a single group of glycosyltransferases that places the same oligosaccharides on
different glycoconjugate precursors. In addition, the relative turnover rates of the two
types of glycoconjugates may be determined using similar procedures. The

Helix

pomatia affinity system can be used to determine the turnover rate of the A-active

glycolipids and glycopeptides from A-431 cells subjected to pulse-chase labeling experiments.
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CHAPTER V
CONCLUDING REMARKS

Carbohydrate-binding proteins such as lectins and anti-carbohydrate antibodies
are widely used to

study cell

surface glycoconjugates

(20,25).

Analysis of

glycoconjugates with lectins are based on the affinities and defined specificities of the
lectins for their corresponding oligosaccharide haptens. Work by several researchers
(54,68) together with our previous findings (38,39) and the present work indicate that
the carbohydrate-specificities of lectins depends on the type of binding assay and
must be cautiously interpreted. When interpreting results of lectin carbohydrate
specificity based on different assay methods, the multivalent presentation of carbohydrates and the valency of the carbohydrate-binding sites must be considered. An
example of this problem is the analysis of the binding specificities of the lectins from
Helix pomatia, Wisteria floribunda and Dolichos biflorus for GalNAc-containing

glycolipids and their derived oligosaccharide structures described in Chapter II.
The

Dolichos biflorus

lectin presented a strict specificity for cc-linked GalNAc

terminal residue both on glycolipids and on oligosaccharides. This lectin had the
lowest avidity of all three lectins, binding the weakest to glycolipid surfaces and only
retarding the Forssman pentasaccharides when immobilized on an agarose support.
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Although this lectin did not react with sufficient affinity in the immunostaining assay
with glycolipid extracts from blood group A erythrocytes (data not shown), it is currently used in medical laboratories to distinguish between subgroups A1 and A2
within the human blood group A population.

The definition of blood subgroup A2

erythrocytes is based on the inability of these cells to be agglutinated by the Dolichos
biflorus lectin. This is probably due to the lower number of binding sites in these cells
combined with the low avidity of this lectin. The Wisteria floribunda lectin demonstrated reactivity with terminal GalNAc residues in all the neutral glycolipids tested,
with a slight preference for the ex-linkage in the binding assays with glycolipid surfaces. However, the immobilized lectin specifically bound the GalNAcfi1-4 residue of
asialo-GM2 derived oligosaccharide, while the Forssman and globoside derived
oligosaccharides were retarded. The different carbohydrate-specificity presented by
the immobilized Wisteria f/oribunda lectin for oligosaccharide in solution and the free
lectin binding to glycolipid surfaces is a clear example of the previous statement that
the carbohydrate-specificity of a lectin depends on the type of assay used to determine it.
The affinity of the Helix pomatia lectin for GalNAc-containing structures also depended on the assay used to determine it. When tested for biniding to multivalent
presentation of glycolipids, the Helix pomatia showed a broad specificity, binding to
a-linked and fi1-4-linked terminal GalNAc residues , but did not bind to GalNAcfi1-3
residues on glycolipids.

The multivalent presentation of these oligosaccharides

combined with the multivalency of the lectin (six binding sites) amplified the lectin's
low affinity for certain terminal P-linked GalNAc residues. However, the immobilized
Helix pomatia lectin had a strict specificity for ex-linked GalNAc residues when these
were present in oligosaccharides or glycolipids in solution. Of all three lectins, the
Helix pomatia lectin had the highest affinity for ex-linked GalNAc residues and was
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able to retain its binding ability and specificity in solutions of THF in water. These
properties of the Helix pomatia lectin and the fact that THF was miscible with water
and kept glycolpids from forming micelles allowed us to develop an affinity
chromatographic system to purify a certain class of glycolipids. The succesful purification of glycolipids having terminal oc-linked GalNAc residues such as the Forssman
and human blood group A-active glycolipids from crude glycolipid extracts from
erythrocytes, was accomplished using the Helix pomatia column in a water-THF solvent system.
With the

Helix pomatia affinity system for glycolipids, together with the TLC

lectin-staining procedure, we were in the unique position to investigate the presence
and isolate glycolipids with terminal oc-linked GalNAc residues from a variety of
sources. In collaboration with Dr. Zapf, we have investigated the possible presence
of blood group A-active glycolipids in the erythrocytes from a subgroup of blood
group B individuals designated B(A). The Helix pomatia column was used to isolate

Helix pomatia-reactive glycolipids from the erythrocytes of two B(A) donors. Structural analysis of the oligosaccharides of these Helix pomatia-reactive glycolipids currently under way will probably confirm the presence of blood group A determinants.
Based on the fact that only glycolipids with terminal oc1-3-linked GalNAc residues
specifically bind to the Helix pomatia column, we can use this column to isolate the
'terminal products' of the biosynthetic pathway of human blood group A glycolipids
and study the biosynthesis of a specific class of cellular glycolipids. As described in
Chapter IV, the Helix pomatia column was used to purify the A-active glycolipids and
pronase-generated glycopeptides from metabolically labeled A-431 cells and compare the rate of incorporation of radiolabeled precursors in both glycoconjugates.
The data described in Chapter IV, is a preliminary study of the biosynthetic pathway
111

of blood group A antigens taking place in the metabolically active A-431 human cell
line.
In addition, the new Helix pomatia affinity chromatographic system developed
could be used as a fast single chromatographic step to determine the presence and
isolate 'ilegitimate' blood group related glycolipid antigens such as the Forssman and
blood group antigens found in some human malignant tumors. Blood group antigens
are present on blood cells and various epithelial cells. Since the majority of human
cancers are derived from epithelial cells, the changes that occur in the expression
of blood group antigens have been suggested to play important roles during
oncogenic processes.

Although humans are generally classified as Forssman-

negative, Forssman glycolipid has been found in several gastrointestinal, lung and
breast tumors, while the surrounding normal tissue did not express the Forssman
glycolipid (139-141). In addition, the presence of A-like antigens of glycolipid nature
in tumors of blood group 0 or B patients has been well documented (9, 10). The Helix
pomatia lectin affinity chromatography system described in this dissertation may be
used to isolate products of the unusual expression of a-GalNAc transferases that are
responsible for the presence of these glycolipids in tumors and permit the investigation of the factors that control the synthesis of Forssman and blood group A in
these tu mars.
Affinity chromatography with carbohydrate-binding proteins such as antibodies
and plant lectins attached to a solid support has been extensively used to purify and
characterize glycoproteins, glycopeptides and oligosaccharides. The extension of the
affinity purification system for glycol ipids as described for the Helix pomatia lectin,
to other lectins and anti-carbohydrate antibodies will certainly represent a simplification in the isolation and structural characterization of glycolipids. However, it is
possible that other lectins or antibodies may not retain their carbohydrate-binding
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ability in the THF-water solvent system used for the Helix pomatia column. Therefore,
before attempting affinity purification of glycolipids on immobilized lectins or antibodies, it may be wise to work with systems that display the following characteristics:
(i) the lectin should have sufficient affinity to detect glycolipids on thin-layer
chromatograms using the overlay method; (ii) a column of the immobilized lectin
should specifically bind the corresponding glycolipid-derived oligosaccharide with
sufficient affinity to require elution with a monosaccharide inhibitor in aqueous buffer;
and (iii) the carbohydrate-binding activity and specificity of the immobilized lectin
should be retained in the mobile phase selected to prevent glycolipid micelle formation.
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