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Sixty-two scientists, from France and other European
countries as well as North America and Asia, participated in the
above conference. There were 33 lectures, usually of 45 min-
utes each (including discussion), most of which were by invited
speakers. In addition, some 25 posters were presented.

The field of glycoconjugates, more recently referred to
as glycobiology, is one of the fastest growing areas of biomedi-
cal research; the number of papers published annually in this
field approaches the 10,000 mark. To summarize the confer-
ence, it is convenient to deal separately with structure, biosyn-
thesis and functions of glycoconjugates, always remembering
that knowledge of structure is required for understanding bio-
synthesis (and degradation), which together provide a basis for
elucidation of the biological functions of glycoconjugate gly-
cans in health and disease.

Structure

There have been remarkable advances in techniques for
separation of glycoprotein glycans and for their structural
analysis, especially by instrumental methods such as the vari-
ous forms of mass spectrometry (Fournet) and NMR (Vliegen-

thart). Current methodology permits the structural elucidation -

of glycans at the nanomole, and sometimes even picomole,
level. One result of this is the discovery of new monosac-
charide constituents of glycoconjugates, and the realization of
the wide occurrence of sugars considered to be a rarity. The
latter include furanose forms, such as galactofuranose (Kamer-
ling, Ferguson), that are usually ignored by biochemists; in this
context, it should be recalled that arabinofuranose is a common
constituent of many plant glycoproteins such as potato and
tomato lectins. This raises interesting problems of biosynthe-
sis, since nothing is known about the enzymatic formation of
such components. N-Glycolylneuraminic acid appears to occur
much more widely than thought before (Schauer, Bouhours). It
contributes to microheterogeneity of glycoproteins, a subject
litle discussed at the conference (except in relation to heparin).
Because it is apparently a strong immunogen, it should be care-
fully considered by the biotechnological industry. A previ-
ously unrecognized 6-O-sulfated N-acetylglucosamine, located

in the vicinity of the carbohydrate-protein linkage region of

heparin, has been identified (Sugahara). Other examples of rare
constituents include 3-O-methyl sugars (Kamerling, Van der
Ven), deaminated Sia (Troy), sialic acid in insects reported for
the first time (G. Komfeld), and o-linked N-acetylglucosamine
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in several glycoproteins.

The variety of structures found in glycoproteins is over-
whelming, as exemplified by the mucins (Roussel, Hounsell)
and the glycophosphatidyl inositol anchors (Ferguson). In the
1970's, it was commonly believed that, although an immense
number of oligosaccharides can theoretically be formed from a
dozen or so monosaccharides found typically in glycoconju-
gates, nature is fortunately quite selective in producing only a
small fraction of these. With the unraveling of increasing
numbers of new structures, the above belief seems no longer to
be justified.

Chemical synthesis is essential for the confirmation of
the structures of compounds found in nature or synthesized en-
zymatically. It is also extremely useful for the investigation of
structure-function relationships in studies of enzymes, lectins,
antibodies, etc., and for pharmacological purposes. Enormous
advances have been made in the area of synthetic carbohydrate
chemistry, so that oligosaccharides consisting of up to about 10
units, linear or branched, as well as different glycopeptides can
now be synthesized; these include constituents of N- and O-
linked glycoproteins (Paulsen, Van der Ven) and glycolipids
(R. Schmidt), of the glycophosphatidyl inositol anchors
{(Ogawa) and of heparin (Sinaij, van Boeckel). It would appear
that any oligosaccharide can now be synthesized by the experts,
given the required time and resources. Simple methods for
enzymatic synthesis of oligosaccharides, at a hundred milli-
gram scale, using immobilized enzymes, have also recently
become available (Auge). v

Striking progress has been made in our knowledge of
three-dimensional structures of oligosaccharides, based on X-
ray, NMR and various modelling techniques. Many more mo-
lecular models were shown at this conference than at any past
conference on glycoconjugates. The importance of such mod-
els is obvious - seeing is believing, and, as an ancient Chinese
saying goes, one picture is better than a thousand words. Such
models also have an enormous predictive power, as illustrated
impressively by studies on the interaction between the active
heparin pentasaccharide and antithrombin III (van Boeckel).
One result of the modelling has been the design and synthesis of
a super-active heparin pentasaccharide with 6-O-sulphate at the
reducing end glucosamine. These studies also clearly illus-
trated that the frequently ignored electrostatic interactions may
play a key role in the formation of carbohydrate-protein com-
plexes. In fact, nearly all the interactions which bind the hepa-
rin pentasaccharide to antithrombin III are electrostatic.

Impressive evidence, based on modelling experiments,
was presented to show that oligosaccharides in solution can
adopt a large number of conformations (Perez, Spik). Of these,
only a few - sometimes very few - are recognized by carbohy-
drate specific proteins, for example by lectins. Studies of three-
dimensional structures of lectins are giving insight into the
molecular basis of carbohydrate-protein interactions (Perez,
Sharon) as well as of N-linked oligosaccharides in glycopro-
teins (Sharon).

Biosynthesis and Degradation
Considerable progress has been made in the area of bio-
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synthesis and degradation, based in part on the use of conven-
tional methods and of animal cell mutants defective in glyco-
sylation but greatly stimulated by the use of novel techniques of
gene cloning and manipulation. Also of great importance is the
increasing availability of glycosyltransferase genes and effi-
cient transfection methods (Brockhausen, Lowe). The latter
open the way for the biosynthetic fashioning, at will, of the
carbohydrate units of glycoproteins and glycolipids. Much has
been learned about the mechanism of formation of N-glyco-
lylneuraminic acid by enzymatic hydroxylation of CMP-
NeuAc and of the large variety of O-acetylated sialic acids
(Schauer). Further dissection of the cellular machinery of N-
glycosylation has given a more detailed view of the topography
and mechanism of the individual steps involved (Hirschberg).
Evidence has been presented to show that the reactions leading
to the formation of Man,GicNAc,-P-P-Dol (the early interme-
diate in the dolichol phosphate cycle), all occur at the cytoplas-
mic face of the endoplasmic reticulum). The sugar nucleotides
required for further glycosylation steps in the endoplasmic
reticulum and the Golgi apparatus enter into the lumen of these
organelles by specific carriers, or antiporters, one of which
(that for phosphoadenosylphosphosulfate) has been purified to
a high degree (Hirschberg). Novel control mechanisms of N-
glycosylation, such as the pyrophosphatase cleavage of the
dolichol pyrophosphate-linked oligosaccharides, have been de-
scribed (Verbert). More has been learned about the sequence
and sites of O-glycosylation, from the transfer to the polypep-
tide backbone of the first N-acetylgalactosamine residue in the
cis Golgi to the attachment of the "terminating” sialic acid in
the trans Golgi (Fukuda), the control of fucosylation of
glycoproteins (Glick), and the biosynthesis of gangliosides us-
ing synthetic neoglycolipids as substrates (Egge). There is little
doubt that cloning of additional enzymes required for glyco-
syltransferases will give a more detailed picture of these proc-
esses.

However, in spite of much effort, including the use of
genetically engineered protein mutants (mostly of interleukin-
2, which has one carbohydrate unit, O-linked to Ser-3), no clear
picture has yet emerged of the structural features of the protein
acceptor required for O-glycosylation (Conradt). We still face
the important question of how do glycosyltransferases recog-
nize the acceptor protein (or glycoprotein). If we knew this, we
could explain why glycosylation is cell specific, and often also
protein specific. An important clue comes from studies on the
attachment of sulfated N-acetylgalactosamine in glycoprotein
hormones, such as human gonadotropin and lutropin (Baen-
ziger). Here, genetic engineering has been successfully em-
ployed to identify a tetrapeptide sequence required for binding
of the special GalNAc transferase which catalyses the first reac-
tion in the formation of the sulfated units. This is the first ex-
ample of recognition by a glycosyltransferase of features en-
coded within a primary sequence, in order to produce a unique
oligosaccharide product.

The glycoprotein hormones are a recently found ex-
ample of O-sulfation. Classical cases are the proteoglycans
known for many years as "mucopolysaccharides”. This area
was pioneered at Columbia University, New York by Karl
Meyer, who passed away last year at the age of 90. Meyer dis-
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covered hyaluronic acid in the 1930's and subsequently estab-
lished its structure as well as the structures of the chondroitin
sulfates and keratan suifate. The most complex of the various
glycosaminoglycans (the carbohydrate constituents of the pro-
teoglycans) are the highly heterogenous heparin and heparan
sulfate. They are of immense medical interest, although their
function in vivo is still unknown. Current knowledge of the
biosynthesis of these glycosaminoglycans was reviewed at the
conference, with special emphasis on N-deacetylase (a key
enzyme) and N-sulfotransferase (Lindahl). Studies of the puri-
fied enzymes revealed that both contain the same protein, but
that the N-sulfatase requires for its activity an additional protein
constituent. The latter may be a specifier protein, analogous to
lactalbumin which shifts the acceptor specificity of $1-4 galac-
tosyltransferase from N-acetylglucosamine to glucose, thus
leading to the synthesis of lactose for milk. There are indica-
tions that N-acetylneuraminic acid hydroxylase also consists of
two proteins - an enzymic one and a specifier.

Glycoproteins formed must also be degraded - other-
wise we will end up being stuffed with these compounds. The
degradation of their carbohydrates is not random, but a very
precisely ordered process, in which both exoglycosidases and
endoglycosidases participate (Montreuil). Endoglycosidases
may also play a key role in pathological processes, facilitating
the migration and spreading of tumor cells and release of
growth factors, all of which leads to metastasis (Vlodavsky).

Function

Understanding the function of the carbohydrates of gly-
coconjugates is the major aim of most, if not all, workers in the
field. We want to know what the carbohydrates, linked to pro-
teins or lipids in solution and on membranes surfaces, do.
Another question is why and how do the carbohydrate moieties
of glycoconjugates change during development, differentiation
and malignant transformation? One thing is clear - carbohy-
drates have multiple functions. In the search for function, there
is much emphasis on lectins, since these are carbohydrate rec-
ognizing proteins, widely distributed in nature.

One report at the conference dealt with bacterial adhe-
sion mediated by surface lectins of these cells, which combine
with glycolipids on the surface of the eukaryotic host cells
(Karlsson). There is compelling evidence that such adhesion is
prerequisite for infection. A recent demonstration is the finding
that the specificity of Escherichia coli strains for dogs or hu-
mans is dependent on the presence, in the host tissues, of gly-
colipids to which the bacteria can specifically bind. Also, E.
coli K99 causes diarrhea in young piglets and not in adult ones
because N-glycolylneuraminic acid, for which the bacteria are
specific, is present in the intestine of the young animals only.

Another presentation described elegant gene cloning
and transfection experiments which led to the identification of
the carbohydrate units involved in the lectin-like adhesion of
leukocytes to endothelial cells, via ELAM-1, the endothelial -
leukocyte adhesion molecule (Lowe).

Concluding Remarks
In this report, we have not been able to do justice to
other presentations of interest, such as those on: the structure of
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bacterial S-layer glycoproteins and their potential industrial ap-
plications as microfilters (Messner); the properties and func-
tions of Man-6-P receptors (Hoflack, Jourdian); the structure
and biosynthesis of leukosialin and the role of B1-6 GIcNAc
transferase in differentiation and malignancy of leukocytes
(Fukuda); the polysialic acids (Troy, Brisson); lectins in brain
(Zanetta); and in macrophages and the possible use of the latter
for drug targeting (Monsigny, Roche).

Together with the other participants, we listened with
amazement to many of the lectures, wondering at the striking
progress made, and being pleased to hear many unpublished
results. Almost all the lectures were followed by lengthy and
lively discussions. In addition to the extensive exchange of
information, this Monod Conference, like the previous ones in
the same series, have undoubtedly achieved another important
aim, that of providing a fertile ground for the start of many re-
search collaborations.

Allin all, we had a great deal of stimulating discussions,
not only in the lecture hall, but also outside it, and the right
blend of hard facts, theory and speculations. Still, it is clear that
many tantalizing questions remain, some of which have hardly
been touched upon at this conference. These include the prob-
lem of microheterogeneity - it is random or functional; the ina-
bility of most bacteria to synthesize glycoproteins; the fact that
N-glycosylation is lipid-linked, while O-glycosylation is not;
and of course the question of function.

Some answers to these questions will undoubtedly
emerge at future Monod Conferences, where we shall certainly
hear also about new and surprising findings on the chemistry,
biochemistry and molecular biology of glycoconjugates.
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