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CHAPTER 1|

Introduction

There has been a remarkable expansion of interest in glycoproteins
over the past two decades. From being a specialised area of structural
research on the borderline between carbohydrate and protein chemis-
try the study of these molecules has become highly relevant to a wide
range of biological phenomena. This change has come about because
of developments in our knowlcdge of the distribution, biosynthesis,
molecular organisation and functions of these molecules.

Glycoproteins (i.e. proteins containing covalently bound carbohy-
drate) are ubiquitous constituents of all living organisms with the
possible exception of bacteria, in which they have to date on'y t »n
unequivocally demonstrated in one genus (Sharon and Lis, 19 2).
Glycosylation is a very common modification of extracellular and
integral membrane proteins of higher organisms. Covalently bound
carbohydrate groups occur in glycoproteins which function as en-
zymes, antibodies, hormones, structural proteins, carrier proteins,
mucins of epithelial secretions, membrane transport proteins and
receptors.

The amount of carbohydrate present in glycoproteins can vary
from less than 1% to more than 85 % of the dry weight of these
molecules. Proteoglycans are a class of highly glycosylated glycopro-
teins which are important constituents of the extracellular matrix of
animal connective tissues. Some proteoglycans are closely associated
with the surfaces of animal cells. The presence of glycoproteins and
proteoglycans in, or attached.to, the surfaces of animal cells (Hughes,
1976) has stimulated many enquiries into the role of these molecules
in cellular adhesiveness, differentiation, in the control of growth and

1



2 ‘GLYCOPROTEIN AND PROTEOGLYCAN TECHNIQUES

in disease processes such as neoplasia and the infection of tissues with
bacteria and viruses.

The biosynthesis of glycoproteins occurs within the internal memb-
rane systems of cells. Glycoprotein oligosaccharide units are assem-
bled and modified as the molecules move through successive subcellu-
lar compartments en route for destinations outside the cell, as memb-
rane components of the cell surface, or as components of the memb-
ranes or contents of cellular organeiles. Studies of the biosynthesis
of glycoproteins are therefore not only of inherent interest in showing
the mechanisms by which these molecules are assembled but can
provide insight into the biological problem of how macromolecules
are directed to specific destinations. For example, the examination of
glycoproteins synthesised by cells obtained from individuals with
genetic disor ‘ers of proteoglycan catabolism (‘mucopolysaccharid-
oses’) has provided evidence that specific signals associated with the
carbohydra e ' nits of lysosomal enzymes are responsible for directing
these glvcoproteins to their destination as lysosomal contents
(Neufeld and Ashwell, 1980). Studies of the biosynthesis and catabo-
lism of proteoglycans and glycoproteins are also clearly of importance
in understanding diseases of connective tissue, including the most
widespread f all ailments, ageing.

The roie of carbohydrate in the function of glycosylated proteins
has becn a continuing, and at times elusive, theme in research over
many years. With such wide variation in both the protein components
of these molecules and the carbohydrate units attached to them it
would be surprising if several different functions had not evolved. In
the proteoglycans and some glycoproteins (e.g. mucous glycopro-
teins) the physico-chemical properties associated with the carbohy-
drate units (such as visco-elastic behaviour, water retention and the
exclusion of macromolecules from their solvent domain) are clearly
of functional significance (Muir, 1983). The high negative charge on
heparan sulphate present in the basement membrane of the renal
glomerulus appears to have a physiological role in the reteniion of
macromolecules i+ ' ie bloodstream (Lemkin and Farquar, 1981). A
Qle for oligosacchari&}g_ units of glycoproteins and proteoglycans in
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the protection of the peptide chains of these molec::'es ‘rom proteoly

tic cleavage has also been established. The ca 'ohydrate units of
glycoproteins can also have a pronounced e'fec: "‘nth foiding of the
peptide chain to which they are attached (Rose et al , 1984). Howeve' ,
there is now also sound evidence that the cells of animal ssu:s
contain several different types of specific receptors which can recog-
nise and respond to oligosaccharide units of glycoproteins by enhanc-
ed pinocytosis (Ashwell and Harford, 1982). The occurrence of these
well-characterised receptors gives credibility to some of the many
suggestions which have been made regarding the potential role of
specific recognition of glycoproteins in biolog'cal processes.

The aim of this book is to describe techniques which can be used
to answer 'some of the basic questions about gl)"cosylated proteins
Methods are discussed for isolation, characterisation, compositional
analysis, for determination of the primary structu e of c.irbohydrate
units and the nature of protein carbohydrate lin'ages of glycopro
teins and proteoglycans. An attempt has been made to keep in mind
the diverse nature of glycosylated proteins and the many different
types of problem, alluded to in preceding paragraphs, which readers
may have to tackle. For example, quite different approaches are
required for the isolation of mucins and membrane glycoproteins
The amount of sample available is often a limitation in the analysis
of membrane glycoproteins or the products of viruses or cultured
cells, and some emphasis has therefore been placed on the quantities
of sample required for particular procedures and a chapter has been
devoted to radioactive.labelling techniques. Lectins have become -
important tools for the investigation of glycoproteins and these
reagents are considered in a separate chapter. Emphasis has been
placed on describing techniques which can be applied in most labora-
tories without requiring highly sophisticated equipment. However,
when the best approach to a problem would be to use major equip-
ment (e.g. high-resolutigf ﬁMR)' this has been indicated in terms of
the nature of"the sample required and the tvp: f 'nformation
obtainable, but without-detailed description of instrumentation or the
theoretical background.
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A feature of this book is that proteoglycans and other glycoproteins
are considered together. For historical reasons they have usually,
although not always (Spiro, 1973), been treated separately and, on
the whole, research workers have tended to concentrate on one or the
other of them. The artificiality of considering proteoglycans ‘sep‘arate-
ly from other glycosylated proteins has become obvious since it has
been shown that a single peptide chain can carry carbohydrate units
of both the ‘proteoglycan type* and units characteristic of other
glycoproteins. It is hoped that the inclusion of proteoglycans and
glycoproteins will help to counteract the dichotomy which has arisen
in the study of these molecules. The reader should be aware that there
are also marked similarities between glycoproteins and glycolipids
(Chapter 2). Some of the methods described here could quite easily
be adapted to glycolipids.

Most research workers concentrate their efforts in a limited field
of glycoconjugate research. The author’s own interests, and limi-
tations, may well be apparent in the selection of methods for this
book, though au attempt has been made to cover a wide variety of
different types of molecule.

Preparation of this book has been greatly aided and encouraged by
a number of people. These include the secretarial staff of the Bio-
chemistry Department at the University of Glasgow, who have typed
the manuscript with great skill and perseverance. The illustrations
have been prepared by Mr. Ian Ramsden and his staff in the Medical
lllustration Unit. Dr. R. Eason kindly agreed to read and comment
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CHAPTER 2

Glycoproteins and proteoglycans

2.1. Introduction

This chapter is intended to provide a brief guide to the molecular
structures of glycosylated proteins. More extensive discussion of the
structures of these molecules can be found in reviews of proteoglycans
(Kennedy, 1979; Rodén, 1980) and other glycoproteins (Marshall,
1972; Spiro, 1973; Kornfeld and Kornfeld, 1976; Montreuil, 1980;
Sharon and Lis, 1982).

Glycoproteins are proteins to which carbohydrates are covalently
linked through glycosidic bonds (Spiro, 1973). Proteoglycans are a
subclass of glycoproteins with distinctive features of carbohydrate
structure (Spiro, 1973; Sharon and Lis, 1982). In describing method-
ology it is, however, convenient to differentiate between proteogly-
cans and other glycoproteins. For this reason the term glycoprotein
will, subsequently in this book, be used to describe enzymically
glycosylated proteins excluding proteoglycans.

Glycoproteins and proteoglycans have carbohydrte units which
vary in size from monosaccharides to polysaccharides anc there may
be from one to some hundreds of carbohydrate units attached to a
single polypeptide chain. Subsequent sections of this chapter contain
descriptions of the components from which the carbohydrate units
are built up (Section 2.2), types of protein-carbohydrate linkage
(Section 2.3), the structural organisation of carbohydrate units
(Section 2.4), polypeptide components (Section 2.5), molecular'orga-
nisation of the different types of glycosylated protein (Sections 2.6
and 2 7), structural microheterogeneity (Section 2.8) and the relation-
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ship between glycoproteins, proteoglycans and other glycoconjugates
(Section 2.11). Non-enzymatic glycosylation of proteins (Section 2.9)
and chemically synthesised glycoproteins (Section 2.10) are also dis-
cussed.

2.2. Carbohydrate components

The structures of the monosaccharides which have been isolated from
glycoproteins and proteoglycans are shown in Fig. 2.1 When the
sugar residues are glycosidically linked they cccur as six membered
pyranoside rings, with the exception of L-arabinofuranoside, which
ha" been found in plant glycoproteins. The stereoisomers of monosac-
charide given in Fig. 2.1 are those which have been identified in
glycoproteins and proteoglycans.

T*e mon~saccharide residues of glycoproteins often carry si'b-
stituen groups Hexosamines in glycoproteins and proteoglycans
other th n eparin and heparan sulphate are N-acetylated. Both
heparin and heparan sulphate contain N-sulphated as well as N acety-
lated h xosamine. Most proteoglycans and several glycoprot-ins have
O-sulphate substituents. A few glycoproteins (lysosomal enzymes)
have be.n found o have mannose residues esterified with O phos-
phate (0: B-N cetylglucosaminyl-O-phosphate). Sialic acids can car-
ry a wide rang of substituents. Either the N-acetyl or N-glycolyl
(-COCH,0H) d r ative of neuraminic acid can be present and there
may also be a var ety of O-acetyl and/or O-glycolyl groups

The Hawor h perspective formulae given in Fig. 2.1 show sub-
stituents and tereochemistry clearly but the conformations of sugar
rings are not represented accurately. For consideration of the mo  cu-
lar shape and reacti ty of the carbohydrate units of glycosyl ‘ed
proteins confor a ‘onal formulae are preferable. The Haworth pers-
pective formula and the conformational formula for the m st stab e
IC, structure in aque us solution of - B-N-acetyl-D-glucosami' e-
pyranose are illustrated 1 Fig 2.2. Both Haworth and conformat’onal
representations of structu es wili be employed elsewhere 171 this b- ok



