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Ab4t'uw.t - Thanks to the progress in chemical and enzymatic methodologies, and to
the use of high-resolution NMR spectroscopy the primary structure of hundreds
of glycoprotein glycans has been determined. The knowledge acquired in this field
has been decisive in the elucidation of the mechanisms of glycoprotein biosynthesis
and of their regulation, and in a better understanding of their biological roles.
In this connection, the determination of the spatial configuration became a

necessity. Ten years ago, future results were anticipated by building the Y-shaped
molecular model of a biantenmary glycan. Little by little, this structure has been
refined and modified thanks to experimental data obtained by using physical
methods : X-ray diffraction, EPR, NMR, including two-dimensional NMR and one-
dimensional 1H—nuclear Overhauser effect (NOE) experiments, neutron scattering
and hard-sphere CXO—anomeric (HSEA) calculations. So, the concept evolved
successively from the Y—, to the T-, the bird— and the 'broken wing"- conformation,
until the demonstration that these conformers are interconvertible. The bird-
conformation as well as the concept of the mobility of antennae are in a good

agreement with the reactivity of lectins, including membrane lectins, by rendering
accessible any specific sugar structure, and with the activity of glycosyltransfe—
rases by making attainable the substituable hydroxyl groups even in the case of
pentaantennary structures. In the same way, we know now that the tetraantennary
glycans adopt an "umbrella conformation" in which the four antennae are disposed
parallely to the protein surface and act as protective shields. So could be
explained the resistance towards proteases and the weak antigenicity of numerous
glycoproteins as well as the peculiar behaviour and resistance of metastatic
cancerous cells since it has been recently demonstrated that membrane glycoproteins
and fibronectin of this kind of cells are significantly enriched in tn- and

tetraantennary glycans.

INTRODUCTION

Ten years ago, in a lecture delivered at the 7th International Symposium on Carbohydrate

Chemistry organized at Bratislava by Stefam Bauer, I reviewed (Ref. 1) our knowledge
concerning the primary structure, the metabolism and the biological roles of the
carbohydrate moiety of glycoproteins. At that time, the situation was as follows : the
primary structure of about a dozen of glycans had just been determined, the first
informations about the biosynthesis and the catabolism of glycans of N-glycosylproteins
were available and nothing was known of the spatial conformation of glycans. However, the
concept of glycans as recognition signals was already firmly established thanks to the
discovery by Ashwell's group of the membrane lectins.

Ten years later, it is of interest to draw the general features of our knowledge in the
field of glycoprotein structure and conformation, and to look backward the way which has
been followed during the past decade.

For a long time, carbohydrates have been considered as reserve substances, energy-storage
compounds and support structures and regarded as entirely devoided of any "biological
intelligence". But, during the last 15 years, the chemistry and biochemistry of glycoconju-
gates -which result from the covalent linkage of a sugar moiety called glycan with a
protein (glycoprotein) or a lipid (glycolipid)- have acquired an importance as great as
that of proteins and nucleic acid because of the tenacity and trust of a few scientists
who were firmly convinced that the knowledge of the metabolism and of the molecular
biology of glycoconjugates was based on the knowledge of the primary structure of glycans.
Thanks to the improvement of chemical, physical and enzymic approaches they developed, the
chemistry of glycoproteins progressed rapidly, leading to the determination of the primary
structure of several hundreds of glycans which made possible the knowledge in detail of the
mechanisms of glycan biosynthesis and catabolism (for reviews, see Ref. 2 to 18).
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We have now crossed"the shores of the great unexplored continent" announced by A. Gottschalk
in 1973 : that of the molecular biology of glycoproteins. We have now to understand the
biological message the glycans carry and to answer two questions. First : why are proteins

glycosylated ?. Second : how act the glycans L) in the protection of the peptide chain
against proteolytic attack, U) in the induction and maintenance of protein conformation,
(U) in the decrease of immunogenicity of proteins, Lu) in the mechanism of recognition and
association with viruses, with enzymes during the glycan biosynthesis, and with lectins
-particularly with membrane lectins, u) in the intercellular adhesion and recognition and
in cell—contact inhibition ? Moreover, we know now that the glycan structure of the cell
membrane glycoconjugates is profoundly altered in cancer cells, as revealed by the use of
lectins. This molecular transformation could be related to the appearance of surface neo—
antigens and could be a factor of cancer induction and metastatic diffusion.

These problems cannot be solved only on the basis of primary structure of the glycans but
also on the basis of their spatial conformation. Unfortunately,up to the 1980's, our
ignorance about this latter was immense and our knowledge was essentially restricted to the

structure of the human IgG crystallisable Fc fragment explored by X-ray diffraction by
Deisenhofer and Huber (Ref. 18 to 23) . This situation was due to the difficulties encounte-
red in obtaining crystals of glycoproteins and of glycans, the X-ray diffraction being at
that time the absolute arm for determining the spatial conformation of molecules. However,
in the last few years, our knowledge rapidly progressed thanks to the improvements of the
organic synthesis of glycans which solved the problem of quantity and of purity of these
compounds, on the one hand, and thanks to the development of the physical methodologies,
in particular, of the n.m.r. techniques, on the other hand.

Thus, after a long period of slow development, the research on glycoconjugates suddenly
explosed during the last decade, simultaneously in the fields of primary structure, spatial
conformation, normal and pathological metabolism and molecular biology. In this connection,
the following title of a review of Nathan Sharon and Halina Lis (Ref. 10) perfectly reflects
the situation : 'Glycoproteins : research booming on long—ignored, ubiquitous compounds".

CONFORMATION OF THE PROTEIN MOIETY

Our knowledge of the spatial conformation of glycoproteins as a whole is still too limited
to draw general laws. However, fundamental informations have been brought about the
configuration of the peptide chain around the glycan-amino acid linkage to which I shall
focuse this short review.

It is now well established that the existence of key peptide sequences called qLLov16

(Ref. 24), around the glycan receptor amino-acid, is a prerequisite feature for glycosyla-
tion of a protein. For example, the tripeptide sequence Asn-X—Ser(Thr), where X can be

almost any amino-acid, except proline, is the prerequisite for N-glycosylation of proteins.
However, as sequons of certain peptide chains are sometimes not glycosylated, their presence
is not a sufficient condition for glycosylation. Recently, a second requirement for carbo-
hydrate attachment to proteins has been defined which is associated with a specific
secondary structure of the polypeptide chain : the -tLUtn. In fact, by applying predictive
methods (Ref. 25) to amino acid sequences adjacent to the glycosylated sites of numerous
glycoproteins, Aubert and Loucheux-Lefebvre (Ref. 26 & 27) and Beeley (Ref. 28 & 29)
demonstrated that glycans are located in amino—acid sequences favouring turn or loop or
hairpin structures (Fig. 1). Most are in tetrapeptide s-turns. These turns consist of only
4 amino-acids enabling a polypeptide chain to reverse by nearly 1800, this conformation been
maintained by a hydrogen bond between the CO function of the first amino-acid of the tetra-
peptide and the NH function of the fourth amino-acid. Asparagine, serine and threonine are
especially abundant in these regions.

Thus, the glycosylation by enzymes may be favoured as turn and loop conformations are
generally located at the surface of globular proteins, making the receptor amino—acids
readily accessible to glycosyltransferases (Ref. 30). In addition, proofs have been obtained
that the carbohydrate moieties are located on the outside of glycoprotein molecules. This
result is in a good agreement with the role of recognition signals played by numerous
glycans. Moreover, it is possible that the protection against proteolytic attack may be due
to the masking of turns and loops by the glycans acting as protective shields. The poor
immunogenic activity often observed with glycosylated proteins could be also related to
this masking. This opinion is reinforced by the molecular model given in Fig. 19.

However, it seems that the presence of the required sequons located in s—turns is not a
sufficient condition for glycosylation. In fact, the knowledge of the complete primary
peptide sequence of some glycooroteins leads to the conclusion that the double concept of
the sequon and of the s-turn must be completed by an additional one, because certain

glycoproteins possess residual unglycosylated sequons located in s-turns. For examDle, even
though the human lactotransferrin peptide chain contains three Asn—X-Ser(Thr) sequons in
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Fig. 1. Suggested secondary structure of cq—acid glycoprotein (Ref. 26)
according to the predictive method of Chou and Fasman (Ref. 25). Residues
are represented in their respective conformational state : helical (o),
s—sheet (,-), coil (-), lB-turn tetrapeptide ( ). Asn 15, 38, 54, 75 and
85 carry a carbohydrate moiety.

B-turns, only two asparagine residues (Asn 137 and Asn 488) are glycosylated (Ref. 31). Thus,
at least a third condition must be envisaged. We hypothesize that the protein could carry

specific peptide sequences recognized by and associating with the glycosyltransferases.

STRUCTURE OF GLYCOPROTEIN GLYCANS

The knowledge we now possess of the structure of numerous glycans raises a very exciting
problem from a comparative biochemical point of view and entirely confirms the concepts
I developed since 1962 (Ref. 1, 32 & 33). In fact, glycan structures are not randomly
constructed. On the contrary, they are subject to laws the bases of which are found in the
specificity of glycosyltransferases and in a conservative evolution of these enzymes. In
this connection, the survey of all the glycan structures determined up to now shows that they
may be divided into families, within each of which, structures are very similar and present

common oligosaccharide sequences,whether they originate from animals, plants, microorganisms,
or viruses. Consequently a series of classes, concepts and rules is now firmly established,
including the sugar-protein linkage.

Nature of linkages between glycans and proteins

Glycans are conjugated to peptide chains through two types of primary covalent linkages
N-glycosyl and 0-glycosyl linkages, leading to the definition of two classes of glycopro-
teins : N-glycosylproteins and O-glycosylproteins (Table 1).

TABLE 1. Classification of glycoproteins

Types of glycoproteins Types of linkages
Monosaccharide Amino acid

N-gPyoep/wteLvi4 G1cNAc Asn

O-gLico4 p)o-teAvU
Mucin type Ga1NAc Ser,Thr

Proteoglycan type Xyl Ser

Collagen type Gal OH-Lys

Extensin type SAra OH-Pro
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Until now, the only N-glycosidic bond characterized in glycoproteins is the N-acetylgluco-
saminyl-asparagine : GlcNAc(1-N)Asn, which is considered as the ancestral linkage (Ref. 34).
on the contrary, the 0-glycosidic type offers a wide variety of linkages the most distribu-
ted ones being the following
-L - linkage between N-acetyl-D-galactosamine and L-serine or L-threonine : GalNAc(z-1,3)Ser
or GalNAc(c-1,3)Thr, alkali-labile, found in very numerous glycoproteins which are said of
the 'mucin type"
Lci - linkage between D-xylose and serine : Xyl(1-3)Ser, also alkali-labile involved in the
acidic mucopolysaccharide-protein bond of proteoglycans

- linkage between D-galactose and 5-hydroxy-L-lysine : Gal(1-5)OH-Lys, alkali-stable,
characterized in collagens

- linkage between L-arabofuranose and 4-hydroxy-L-proline : L-Ara(1-4)OH-Pro, alkali-
stable, identified in plant glycoproteins.

Primary structure of glycoprotein glycans

1. The concept of the common inner-core. The carbohydrate moiety of N- and O-glycosylproteins
derive from the substitution of oligosaccharide structures common to all glycans of a given
class of glycoproteins. These non-specific and invariant structures are conjugated to the
peotide chain and constitute the ,LflneA-cO/ie. The most current inner-cores characterized
until now in glycans are described in Fig. 2. Cores A and B exist in the O-glycosylproteins

Gal(1-3)GalNAc(ct1-3)Ser or Thr A
G1cNAc

(1_3)\
/Ga1NAc(cZl-3)Ser or Thr B

GlcNAc(1—6)

Gal(1—3)Gal(1—4)Xyl(1—3)Ser C

Man(z1_3)\

)Man(1—4)GlcNAc(1_4)GlcNAc(1_N)Asn D

Man(od-6Y'

Fig. 2. Oligosaccharide inner-cores of glycoprotein glycans.

of the mucin—type. Core C constitutes the terminal sequence of almost all the glycosamino-
glycans of proteoglycans. Core D is common to all N-glycosylproteins.

2. The concept of the antenna. The glycan structures derive from the substitution of the
invariant inner-cores by a wide variety of oligosaccharidic structures which carry the
specificity of the glycans and constitute the variable fraction of these latter. On the
basis of their morphology, their flexibility and their property of being recognition signals
the term i,tevtviae has been proposed, from 1974, for the outer arms substituting the inner-
cores (Ref. 1).

3. Glycan structures present in O-glycosylproteins
Gyavzís conjiigwted thiwuh a Xy31-3)Sex LLnfzctga. This group of glycans consists of the
acid mucopolysaccharides or glycosaminoglycans. All are linear polymers made up of disaccha-
ride repeating units (Fig. 3) and 0-glycosidically linked to the peptide chain in the

GalNAcU31—4)GlcUA(31—3)

SO3-

Fig. 3. Primary structure of seryl-chondroitin 4-sulfate.

so called proteoglycans, except in two cases : -L) that of hyaluronic acid which does not
seem to exist as a proteoglycan -U) that of keratan sulfate I which is conjugated to the
protein through an N-acetylglucosaminyl-asparagine linkage.
Gcctn ojaga,ed tIvwagh a GaNAcc1-3)Se,'i 0/i TIVt LLntaaga. This group mainly comprises
structures consistingofmucins and these glycans are often designated as nac,Ln—tL(a
structures. Some of these structures are described in Fig. 4. The main observation which
could be formulated about these structures is the lack in structural specificity of
numerous of them. In fact, the same structures can be found in glycoproteins of very
different origins and roles. So, they could be regarded as structures playing essentially
a role of a physicochenical order and intervening essentially in the conformation of the
peptide chain. In this connection, it is worthwhile to note that this kind of glycans is
often located in "strategic" domains of the protein moiety, for example, in the hinge region
of immunoglobulins.
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Ga1(1-3)GalNAc(ct1-3)Ser or Thr 1
NeuAc (ct2-3) Gal (1-3) Ga1NAc (czl-3) Ser or Thr 2

Gal (131—3)

)Ga1NAc (al-3) Ser or Thr 3

NeuAc (ct2-6)"

NeuAc (a2—3)Gal (1_3)\

)GalNAc(c1-3)Ser or Thr LI

NeuAc (a2—6(

Fuc(c1—2)Gal(1—4)GlcNAcU31—3)\
)GalUBl-3)Ga1NAc(al-3)Ser or Thr 5

Fuc (cd—2)Gal (1—4) G1cNAc (1—6)

Gal (1—4)GlcNAc (1_3)\

)GalNAc(cal-3)Ser or Thr 6

Gal(1—4)GlcNAcU31—6(

Fig. 4. Some examples of structures of glycans 0-glycosidically conjugated
to protein through the linkage GalNAc(c1-3)Ser or Thr. These glycans are
distributed in the following glycoproteins : Structure 1 : anti-freeze

glycoprotein from antarctic fish, human chorionic gonadotropin s—subunit,
human serum IgA1, epiglycanin of TA3-Ha cells, T-reactive erythrocytes,
rat brain glycoproteins. Structure 2 : human glycophorin, bovine kappa-
casein, fetuin, human milk secretory IgA, N—blood group. Structure 3
submaxillary mucins, rat brain glycooroteins, trout and herring eggs.
Structure 4 : human glycophorin and gonadotropin s-subunit, fetuin,
lymphocyte plasma membrane, M-blood group. Structure 5 : porcine blood—
groop H substance. Structure 6 : bronchial mucin of patients suffering
from cystic fibrosis. For reviews, see Ref. 9 & 14.

4. Glycan structures present in N-glycosylproteins. The N-glycosylproteins are divided into
three families according to the nature of the carbohydrate linked to the pentasaccharidic
inner-core D (Fig. 2). In the first family, the glycans contain mannose and N-acetylgluco-

samine only. They are called glycans of the oLLgomannoS-LdAic 4jpe or hLgh-rnctnvws type
glycans. In the second family, the sugar composition of glycans is more complex. In fact,
these glycans contain galactose, fucose and sialic acids in addition to mannose and N-acetyl-
glucosamine. They derive fundamentally from the addition to the pentasaccharidic inner-core
D of a variable number of N—acetyllactosamine residues : Gal(1—4)G1cNAc. These structures
have been called glycans of the N-cae)tyP1ctC)tO4CinLne type. or of the eOrnpeX. type. In the
third family, the glycans simultaneously have structures of the oligomannosidic and of the
N-acetyllactosaminic type. They belong to the type. or

hybzLd type. glycans.

G4jcctvi4 o th oLLqornctvivio-Ld,Lc tpe (,Lqh-mcu'ivto type). The glycans of the oligomannosidic
type constitute a very homogeneous group. In Fig. 5 are given the structures of the two

Man (c1-2)Man(c1-2)Man(a1-3)

Man(c1—2)Man(a1-3) ,,Man31—4)GlcNAc(131—4)GlcNAc(1—N)Asn 1
132 A / 3 2 1= = Man(C1-6) = = =

Man(ml_2)Man(al-6) '

Man(ct1-3)
Man

(al_3\
)Man(i1—4)GlcNAci31—4)GlcNAcU31—N)Asn 2

jMan(c1-6)"
Man (o1-6)

Fig. 5. Structure of glycans of the oligomannosidic type (high-mannose
type). Structure 1 is present in calf thyroglobulin unit A, human IgD and
myeloma 1gM, Chinese hamster ovary cell glycoproteins, bovine lactotrans—

ferrin, soybean agglutinin, Newcastle virus, scorpion hemocyanin.
Structure 2 has been found in Taka—amylase, in hen ovalbumin and

in human myeloma 1gM. For reviews, see Ref. 9 & 14.
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glycans, the most widely distributed in plants and animals. These structures are common to

numerous glycoproteins of different origins and roles and, thus, do not present any
structural specificity. On the basis of the findings concerning the biosynthesis of the
N-glycosidically linked glycans, they could be regarded as metabolic intermediates in the
maturation of the glycans of the N-acetyllactosaminic type as shown in Fig. 6 (For reviews,
see Ref. 7, 9, 10, 12, 14-16 & 35). However, this cannot be considered as their only role.

Glc (al—2)Glc (al—3) Glc (al—3)Man(al—2)Man (a1—2)Man(a1—3)

Man(al-2)Man(al-3)1 )Man(1-4)-R 1

)Man
(a1-6)"

Man (al-2)Man (ctl-61

m-gcosLdcseo

Man(al-2)Man(al-2)Man

Man(a1-2)Man(a1-3) ,Man(131-4)-R 2
Man(B1-6)7

Man (o1-2)Man(al-6)

ny-i, 2-manno&Ldae,6

Man(al-3)

Man(1-3)1 ,Man(1-4)-R 3

Man (ml-6/

Man(ml-6)'

tJ-ag&LaoainLny-
t/LcLn iS VLa6 I

G1cNAcU31—2)Man(cxl—3)

Man(a1-3)
Man(131-4)-R 14

Man(cd-6)

Man (ctl-6)

GAc-dependvit
o-rncLvrno4LdW5 e

GlcNAc(131—2)Man(al—3)

an - -R
Man(ml-6)

t/Lans 15 euL6 I I

GlcNAc(f31-2)Man(O1-3)

,,,Man(131-4)-R
6

GlcNAc()1—2)Man(ct1—6)

EongatLo n cixtLo ns
catcthjzd by gataoy!-
and La4iLtJLano 15e/ao eo

Biantennary glycan of the N-acetyllactosaminic type
(Structure 2 of Fig. 10)

Fig. 6. Biosynthesis pathway of a glycan of the N-acetyllactosaminic type.
R = GlcNAcU31-4)GlcNAc(31-N)Peptide. Glycan 1 is transferred en bloc from
a dolichol pyrophosphate intermediate onto the nascent peptide chain in
the granular endoplasmic reticulum. The newly formed glycoprotein is
further trimmed in the Golgi apparatus by specific ct-glucosidases and -
mannosidases leading to glycans of the oligomannosidic tvoe first to the
glycan 2 and then to the glycan 3. This latter is the acceptor for the
transfer of the N—acetylglucosaminyl residue on the c-1,3—linked mannose
(glycan 4). The two o-1,3 and c-1,6 "extra" mannose residues are then
cleaved off leading to the glycan 5 which is the acceptor of the N-acetyl-
glucosaminyl residue on the -1,6-linked mannose (glycan 6). The completion
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NeuAc (a2—6) Gal (1—4) G1cNAc (1—2)Man (al—3)\

,Man(1—4)G1cNAc(1—4)G1cNAcU31—N)Asn
Man(al-6)"

NeuAc (ct2—6) Gal (1—4) GlcNAc U31—2)Man(al—3)\

')Man(1—4)GlcNAc U31—4)GlcNAc (1—N)Asn 2/3 2 1NeuAc(a2—6)Gal(I31—4)GlcNAc(1—2)Man(a1—6) = = =

NeuAc(ct2—6)Gal(131—4)G1cNAc(131—2)Man(al—3)\
G1cNAc ( 1—4) )Man (f3 1-4) GlcNAc ( 1—4) GlcNAc ( 1—N) Asn 3

NeuAc(a2—6)Gal()3l—4)G1cNAc()31—2)Nan(al—6)' Fu6
NeuAc (ct2-6)Gal ()31-4) GlcNAc (1_2)Man(a1_3)\

,>Man(131—4)GlcNAc(131—4)GlcNAc(131—N)Asn 4
Gal(1-4)GlcNAc(1-2)Man(a1-6) Fu6

(al—3)
Fuc

NeuAc (a2—3)Gal (1—4)GlcNAc()31—4)

1Man(a1_3)
NeuAc(a2—6)Gal(131-4)G1cNAc()31-2)' >Man31—4)GlcNAc()31—4)GlcNAcW1-N)Asn 5
NeuAc (a2—6) Gal ()31—4)G1cNAc U31—2)Man(al—6Y'

NeuAc (a2—6) Gal (131—4) G1cNAc (131—2)Man(al—3)\

NeuAc(a2—6)Gal(131—4)G1cNAc(131—2)
/ManU3l_4)GlcNAc(131_4)G1cNAc(131_N)Asn 6

1Man(al-6)
NeuAc(a2—3) Gal (131-4)GlcNAc (131_6)I

A NeuAc(a2—3 or 6)Gal(f31—4)G1cNAcU31—4)

1Man (cd—3)
B NeuAc (a2—3 or 6)Gal (131—4)G1cNAcU31—2)1 Man(f31—4)G1cNAc (131—4)GlcNAc()31—N)Asn

C NeuAc(a2—3 or 6)GalU31—4)GlcNAc(f31—2)
7

)Man (al-6)

D NeuAc(a2—3 or 6)Gal()31—4)GlcNAc()31—6)

Gal (al—4) Gal (131—4) G1cNAc (131_4)

)1an (al—3)

Gal (czl-4)Gal (131-4) GlcNAc (131-2(

GlcNAc(I31—4)——jManUBl—4)G1cNAcUB1—4)GlcNAc(131—N)Asn 8
Gal (al—4) Gal (131—4) G1cNAc (f31_2)

Gal (al—4)Gal (131—4)GlcNAc (131—4)-Man(a1—6)

Gal (al—4)Gal (131—4)G1cNAc (131—6)'

Fig.1O. Structure of glycans of the N-acetyllactosaminic type (complex
type). 1 : monoantennary glycan of secretory component from human milk and
of human chorionic gonadotropin; 2: biantennary glycan of human serum
transferrin ; 3 : monofucosylated and bisected (presence of a bisecting
N-acetylglucosamine residue) biantennary glycan of human IgG ; 4 : difu-
cosylated biantennary glycan of human lactotransferrin 5 and 6 : tn-
antennary glycans of human serum transferrin ; 7 ; tetraantennary glycan
of human a1-acid glycoprotein ; 8 : pentaantennary glycan of turtle—dove
ovomucoid possessing a P1-serologic activity. For reviews, see Ref. 9 & 14.

h1jbLd type. These structures are considered as intermediates in the biosynthesis of the
glycans of the N-acetyllactosaminic type (see Fig. 6).

Conclusion
The survey of the structures we described shows that the substitution of monosaccharides
taking part of a glycan structure conforms to a certain orthodoxy which is very restrictive,
the basis of which is found in the specificity of glycosyltransferases and in a conserva-
tive evolution of these enzymes. In fact, the possibilities of substitution of a given sugar
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are limited to 1,2 or 3 well—defined monosaccharides, generally conjugated by a unique
type of glycosidic linkage. So could beestablished the concept ofone-glycosidic bond-one

glycosyltransferase' , the action of which is, in addition, guided by substitution rules
which depend on the primary structure and conformation of the nascent glycan (For reviews,
see Ref. 14 & 35) . Moreover, the substitution rules raise very interesting questions of
comparative biochemistry and of phylogeny and, in addition, allow the foundations to be laid

for genetics of glycosyltransferases.

SPATIAL CONFORMATION OF GLYCANS

Glycans of O-glycosylproteins

Glycosaminoglycans and proteoglycans. Conformation of acidic mucopolysaccharides and assem-
bly of proteoglycans are pretty well known due to their relative simplicity (for recent
reviews, see Ref. 44 & 45) . X-ray diffraction studies have shown that the polysaccharides
are generally in a helical conformation. For example, X-ray diffraction of highly crystal-
line oriented fibers of hyaluronic acid demonstrates that this compound possesses a double
helical structure in which two identical left-handed strands having four disaccharide units
per turn, are antiparallel to one another and maintained in this conformation by hydrogen
bonds. In the intercellular matrix of cartilage, most of the proteoglycans exist in the
form of aggregates which are constituted of the association of proteoglycan monomers with
hyaluronic acid. The structure of the monomer molecules is that of a central core to which
glycosaminoglycans are covalently bound. A low molecular weight (43-48 Kd) glycoprotein,
called £AivLta pJw;teAIvL is responsible for promoting proteoglycans-hyaluronic acid aggregation.

Whether this kind of architecture could be generalized and would exist in the intercellular
matrix of any tissue remains to be demonstrated.

Mucin-like glycans. In contrast to proteoglycans, very little is known at the moment about
the conformation of 0-glycosidically linked glycans and of O-glycosylproteins, except in
the case of submaxillary mucins. In fact, mucins have an elevated axial ratio and are in a
rod- conformation maintained as a result of repulsive electronegative charges carried by the
sialic acid residues present in the 800 disaccharide moieties NeuAc(n2-6)GalNAc(cd-3)Ser or
Thr which are almost regularly distributed along the long peptide chain (Ref. 46) . This
extended conformation is responsible of the high viscosity of mucin solutions and of secre—
tions of mucous cells. Removal of sialic acid makes the glycoprotein globular, the solutions
of which become weakly viscous. This example clearly illustrates the role the glycans could
play in maintaining the protein in a biologically active conformation.

Glycans of N-glycosylproteins

1. From the Y- to the "broken-wing" conformation
The Y-conjço/unwtAion. Until recently the only image we had of the spatial conformation of
glycams N-glycosidically conjugated was speculative because it was obtained by the construc-
tion of molecular models (for review see Ref. 1, 9, 14, 17 & 47). The first one was presen-
ted (Ref. 1) in 1974 at the 7th International Symposium on Carbohydrate Chemistry in
Bratislava. The construction of the biantennary glycan molecule of human serotransferrin

(Fig. 10; structure 2), in creating thermodynamically possible hydrogen-bonds, led to the
y- shaped conformation illustrated in Fig. hA. This structure may be divided into two parts.
The first is compact and constituted of the Lnv pemtasaccharidic innercore of mannotriosido-
di-N-acetylchitobiose. The terminal trisaccharide Man31-4)GlcNAc(131-4)GlcNAc(IB1-N) is flat
(Fig. 12) and rigid due to hydrogen bonds. The second part is looser and made up of the two
antennae constituted of the trisaccharide NeuAc(a2-6)Ga1()31-4)GlcNAc(31-2). It corresponds
to the VcVL structure attached to the inner-core and carries the biological activity.

Of course, when I proposed the Y— shaped model, I had the choice between different confor-
mations, but I preferred the Y-conformation because, at that time, one still believed
that lectins, including membrane lectins discovered in 1968 by Morell and Ashwell ( for
reviews, see Ref. 48), were able to recognize and to bind only the monosaccharides in a
terminal non-reducting position. Thus, the Y-conformation was in a good agreement with this

concept.

The T-conokrnwtLovi. During the past 10 years, the Y-conformation was revisited and little by
little refined on the basis of experimental data . For example, using X-ray diffraction
studies, we brought in 1978 (Ref. 49) the first modification and proposed the T-coviouaatLon
(Fig. 11B) in which the a-1,3 antenna is disposed perpendicularly in relation to the n-1,6
antenna. In fact, the X-ray diffraction pattern of crystals of the trisaccharide Man(ml-3)
Man()31-4)G1cNAc isolated from urine of mannosidosis showed that the a-1,3 linked mannose
residue was perpendicular to the plane of the disaccharide Man(31-4)GlcNAc (Ref. 50).
Moreover, the obtained results confirmed that the latterdisaccharide was planar.

This particular position in space of the a—1,3 mannose residue has been experimentally
confirmed (Ref. 51 to 54). Moreover, according to Sutton and Phillips (Ref. 54),
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3°) crystallographic structural studies of Fc fragment from human IgG (Ref. 19, 20-23, 54 &
55) are in favour of an extended conformation of glycan residues.
4°) More recently, Bock e,t aL. (Ref. 51) explored the most favoured conformations in
aqueous solution of synthetic oligosaccharides related to the N-acetyllactosaminic type
using high-resolution NMR (both 1H and 13C) combined with hard-sphere ex0-anomeric (HSEA
method) calculations. The results they obtained indicate that the N-acetyllactosamine units
are arranged in such a way that they are widely separated in space.

8/wf7evL-wLvtg conwtmwtLovt. On the basis of NMR experiments (Ref. 11, 53 & 64) or by using the
HSEA-calculations (Ref. 65), authors proposed the model described in Fig. liD, I suggested
to call bo!zen-wLng conoiunatLon. In this utmost conformation which takes advantage of the
large angle of rotation of the c-1,6 linkages (see below), the m-1,6 antenna folds back
towards the protein backbone and sets along the inner-core. According to carver et a&.
(Ref. 64) this conformation is favoured by a bisecting N-acetylglucosamine residue.

Con4o'wiatLovt o gctns o -the. otLgornctnno&LthLc tqp. Spatial conformation of glycans of the
oligomannosidic type has been explored by high-resolution NMR by Vliegenthart €t a!. (Ref.
13 & 66). On the basis of the NMR-spectral features, the authors proposed that the favored
conformation of the glycan with 9 mannose residues (Structure 1 ; Fig. 5) is as depicted in
Fig. 14. In this model, the orientation of the entirely rigid 4-c-D1 trisaccharide antenna

Fig. 14. Molecular model proposed for the oligomannosidic type glycan that
contains 9 mannose residues. Numbers and letters correspond to the coding
used in structure 1 of Fig. 5 (Ref. 13 & 66).

with respect to the Man(1-4)GlcNAc()31-4)GlcNAc(1-N)Asn core is similar to that of the 4-5
unit in N-acetyllactosaminic type structures. Regarding the positional arrangement around —
the 1,6-linkage of mannose-4' residue, the two disaccharide antennae D2-A Man(al-2)Man(cXl-3)
and D3-B Man(o1-2)Man(c1-6) are in an extended-conformation and the -i-p2 part of the
molecule is in close proximity of the di-N-acetylchitobiose unit and folds back towards the

peptide chain.

2. Are extended conformations compatible with the properties and biological behaviour of

glycans and glycoproteins ?
lnteJLctc,tLon wAik £eetth4. As I mentioned above, the extended conformations of glycans seem
to be far from the concept of the terminal monosaccharides as recognition signals. But, we
know now that lectins could recognize and bind "laterally", and not 'terminally", mono— or
oligosaccharides in an LntAna,e position. For example, as demonstrated by Kornfeld and
Ferris (Ref. 67), the most active part towards comA of an N-glycosidically linked glycan is
not constituted of an a—mannose residue in a terminal position, but of the disaccharide
GlcNAc(1-2)Man(m1-3 or 6). Thus, the glycans in an extended conformation provide good
targets for recognition by other proteins in general, by lectins in particular.

AacebLLL4j to eJIZyneS. The extended conformations are the most satisfactory ones from the
point of view of the glycan biosynthesis because all smbstitutabie hydroxyl groups are
readily accessible to glycosyltransferases, as shown by the following examples

1°) Substitution of c-4 of the )3-mannose residue by a bisecting N-acetylglucosamine,
like inhuman IgG (Fig.1O ; Structure 3). This residue interacts with the two ct-mannose
residues 4 and 4' and covers in particular a wide area of the surface of G1cNAc(iBl-2)Man
(cti-3)Man(31-) unit (Ref. 57 & 64), thus explaining -L) the shifts of the H-i of the three
mannose residues observed in NMR (Ref. 11 & 18) ; ü) the non-reactivity with con A of this
kind of glycans because of the steric hindrance induced by the bisecting N-acetylglucosamine
residues LU) the inhibition of certain glycosyltransferases (Ref. 35 & 68).

1



bWC ?Q-c

eçrrcçrie ) çpe qmeiJeou2 qeçenpg p7 meanLpJd cJJG wo6cnjgL woqe Tc2GT
iu cpe cg ot g pguçeiiii7 d7cu cc o pnwu LrnJJ (ETaTo

cowbgLrou Mrcp çpoe o çpe bLoçepi moeç7
brcçime g dITG2çTOU gLr2ea : gLe çpe qiJJeU2oU2 giq çjje 2uILgGG2O2flCp a7cIJ2 TIJ

g - bLocGccTAe GtCç o d7cLJ2 çoqe çp bLoçeTu worec7 coIJ2qGLLJa çpee
ççotrçb? pti cc cc oçctr

LG8qrsG8
(p) uq (C) moqe (g) peeu qgAoriLGq oi. o çpe IJGdgçTAG cpLdea o eflc cq
co1JoLwçroJJ qebcçeq tu rjd iq coucnqeq çpgç woeç ot çpe aAci MGLG O çpe çAba
UGIIçLOU 2cgcceLrJJd 6XbGLTWGUc2 ou pcrmu c1-cq aT7CObLoc6TIJ rr crc bLobo8eq cpe
comppq MTçp U2EV-CgrCf1TcToU2 gug p?i rr 'ç crc' (I�e \T) oiJ çpe pgre o

LPT2 2becrrcAe ATGM pge peGu COLJ]pJIq P? BOC}C crc' (Ie ) n8pld JJTdp-LeeorIlcToIJ MW

ETa' 10

coLLoLwgcrou recc LGtGL ço çpe orn guçeuuge o çpe eçJncçcrLe o
ETd' e veir ATGM ot g çeçLg-guçeuueL7 d7icu ru çpe nJJJpLefle—

(I�et' 8 i
TO 2L[TCuILG fl gIJ geLrg ATGM O MJJTCp äTAG2 ET ie I bLoboeeg ço çpe

ço çpe WOqG] at çpe priwu cxT-crq ar7cobLoceTu çeçLuçeuuL7 àT2icgu2 (ETa'
JJJ6 aeuegjrsgcrou ot cJJG COUCGbç o; çpe exçeuqeq cou;oLmcoIJ ço çjJe eqqTcToLTg guceuuge

gJJçeLJLJgG' — —

30) 2npecrcnclou a; C- a; mguuo2e- guq c-e 0; wguuoee- pA çio
WaL6 gcce22Tp]e ço cjJG TcT'J (J�e;' o)•

coiJoLiiJgçou a; çpe d1Acgu LeuqeLud çpe cGLUJpJgT dcçoe a; çpe c-3 guceuug
ägcca2G-eCcTu eeeq ;iam arsue blà COTOIJIC CGT] çpe Ldq

a17cgu a; prnueu ccocu;GLLTu pe çpe pdpeç pJJJpçoLA e;;ecç au g
MPOTG pecuiee a; çpe ruAgrguce a; çpe cc-J'3 gIJçGIJUe6' 20 coirq pe exbueq çpeç çpe

a; çje ç7be (i�e;' )' WOL60A6 çpe dAcu mOecrre 6C00G2 Lrdrq gg g

dco2eiuuqe2e ;iam oc MpCJJ abrtc çpe LeggnG a; ACIJ
çoqe çpe quq a; açrscçne a; CGLçgTIJ cc-;ncaerqe2ee uq a; çpe 6uqa-J4-CeçA--D-
uq CIJ uçGLcc uq TTLJC pA pAqLobpopc ggg (eLLOM meLeq)' ea exb1grurua çpe rugcçrArçA

LG20G2 uq ;am çpe gcecmrqo dLarsbe a; LG2qflG) pecawe cou;rneuc

a; ;Td' TO)' vaM uqcce2 cpe cau;ineuce a; ;orn meçpA aLocrb2'
ETa' T2' warecnrL uoqe a; g q;ncoAçeq pguceuIJLA a1Acgu (3cLnccnLe

T'- ETd' çpe dAcu eçLncçne pecowe cambcç gag ' weçpA aLorrba (5 LOIJJ çpe ;ccae
0; TTK t' pnmu gcçaçLgu2;eLLTIJ (ETa'To a;LncçcLe fl' Va

) Jpe anpaclcrsclau pA ;crcaae Le2[qnea a; c-e a; gijq 0 C-3

3bacraJ alLnCcflLGa a; jAcau cparua a; JAcobLo1erua



bLocsTu pAud JJG 2UJ6 Tse ga çpgç o prsmu eersm çLgIJeLLru (IGt oie 28)
L1d 1fLGg COAGLG pA ço çGçL—uçGuULA dAcue 22ocTçeg trçp g

guçeuugLA çAbe çp bioçeru conjq pe ermoc combreceiA eIJAeobGq pA çjje jAceue (jd J3y
(hiM : 3OOO) MpTcp coIJçgrIJ2 2 aAci WOTGçTG2 MJJTCJJ gLe e22eUçTeflA ot çpe cr- eiq çeçLg-
ggg o gporc o- IJW iz çpe cee o dTAcObLoceTIJet TTI(G çjje pnIuelJ ohT-cq aTACObLOceTIJ
lu çpe gwe MeA' g çeçLguçeuugLA dAcu' pi eqobçud go COAGL2 gO

3.20 'JUJ (h�Gt 5)
cLgIJ2teLLru MpTcp r2 go opjçe 2bJJeLOq cp eew-xee o '' 300 eoq
qIJJeIJaoIJ2 re TwboLcguc coxnbLeg MTcJJ çpoe o g dOpf1L boçeiu T1G çpe pmniiu GLflW

cu2eLLru (e 8 e 28)
E1a ie o pTIJçGIJJJgLA aAco guq bLoçeru iJ pnwerJ

reiiacp 22 uw perdjJc 5 uw çpcjaJeaa 02 LJIIJ ggg 52 LJUJ VC 2JJOMIJ TO ETd I8 çpG
drTeaçTourua COIJJbOçGL guq pA O2TIJd çjje qgçg O DOu17 €' crç (I�G 22) g2 opoMe

bouq ço çpe bLoçeru COLG T qLMLJ ço 2CgJe P3 (q)•
2TACOBLOcGTLJ (Je J) jjJe GflTBG O qIJeToLJe 23 X 'JIB ço COLLG2-

O T2 TO) qGceiIJIJGq pA 2m-gIJäG uencLou 2cçç6LpJd o pcmJeiJ ccT-cTq
Lr2 coIJoLwgçToLre o g çeçLg-gIJçGIJIJgLAdAcu (2c3rsccrrLe

()

(0) IP)

W0h4JJEflIF

4-
 



Spatial structures of glycan chains of glycoproteins 873

So could be explained the resistance of certain glycoproteins and their weak antigenicity,
glycans acting as protective shields. Moreover, the umbrella conformation of glycans is
solidly maintained by ionic bonds between the electronegative charges of sialic acid
residues and electropositive charges of basic amino acids, as demonstrated by the small-
angle neutron scattering study of Li t aL. (Ref. 71). Removal of sialic acid residues,
by making the antennae free and consequently mobile, abolishes the protective effect of
glycans, so rendering the protein more antigenic and accessible to proteases.

If such structures are present in viral envelopes, one can appreciate at what level the
viruses have brought the art of the camouflage and understand how the glycans may play a
role in masking or altering the nature of the protein's antigenic sites and, hence, play
a role in the process by which the viruses could escape recognition by the immune system.
The possibility that glycans modulate recognition of viral proteins by the immune system
is discussed in a paper of Wiley t al. (Ref. 73).

The protective effect that play the glycans towards the protein moieties could also explain
the peculiar behaviour and resistance of metastatic cancerous cells since we know now that
the membrane glycoproteins of cancerous cells are significantly enriched in tn- and tetra-
antennary glycans as demonstrated by several authors (Ref. 58, 74-80). Table 2 clearly
illustrates this fact. Moreover, the new glycan structures carried by the metastatic cells
could explain the tissue specific localization of the latter by specific lectin recogni-
tion.

TABLE 2. Increase of the proportions(*)of tn- and tetraantennary glycans f
glycoproteins in the case of virus-transformation of BHK 21/C13 fibro-
blasts

Branching type of glycans Biantennary Tn + tetraantennary

"Normal" BHK 21/C13 69 31

HSV-transformed BHK 21/C13 32 68

(*) Proportions are expressed in per cent

In the same way, Delannoy at aL. (Ref. 81) recently observed that fibronectin from cancerous
cells in culture is enriched in tn- and tdtraantennary glycans leading to a complete
inversion of the ratio biantennary/tri + tetraantennary structures (Table 3 ). This trans-
formation is accompanied by an increase of the sialylation. The profound modifications we
observed could be related -L) to the loss of reactivity of the protein moiety of the fibro-

nectin by masking the lectin—sites, £L)to the disappearance of fibronectin from cancerous
tissues and LU) to the mechanism of metastasis itself.

TABLE 3. Increase of the proportionsof tn- and tetraantennary fibronectin
glycans and of the degree of sialylation associated with the viral
malignant transformation of BHK 21/C13 fibroblasts.

8/LcLnahLng tpe o gftjaavis Bntenncv TL + eaanLerznatj
"Normal" BHK 21/C13

HSV-transformed BHK 21/C13

60

28

40

72

SLa1-ici axUd Udaes pvL gycan 0 1 2 3 4

"Normal" BHK 21/C13

HSV-transformed BHK 21/C13

36

12

45

25

14

33

4

23

1

7

() Proportions are expressed in per cent

b — Glycan and protein conformation. The concept of the extended conformation of
glycans allows a better understanding of the role the carbohydrate moiety plays in the conforma-

tion of proteins through specific protein-carbohydrate and carbohydrate-carbohydrate interac-
tions.

A very fine demonstration was recently brought by Sutton and Philips (Ref. 54) by using X-ray
diffraction. It concerns the Fc fragment of rabbit IgG molecule which derives from the
classic association of two half-molecules, each carrying a glycan residue of the biantennary
N-acetyllactosaminic type. The latter is in an internal position in the CH2 domain and its
integrity is indispensable for the maintenance of all properties of immunoglobulins. The
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above mentioned authors have demonstrated that (Fig. 20)

Fig. 20. Glycan structure at the Asn—297 residues (indicated 297 and 597)
with the backbone of polypeptide chains 1 and 2, in the CH2 domains of
rabbit IgG (Ref. 54).

-ii) the pentasaccharidic innercore lies close to the surface of CH2 domain and interacts
with Phe-241, Val—264 and Asp-265 residues
-U) the two antennae of each glycan are in an extended conformation, the orientation of the
c-1,3 antenna being T—shaped and invariant
-<:LL) the a—1,6 antennae of each glycan make several contacts, mainly hydrophobic, with amino
acid residues on the surface of the protein, principally with Phe-243, Pro-246 and Thr-260;
Lv) on the contrary, the a-1,3 antennae have no contact with the surface of the CH2 domain
but do interact with each other between the G1cNAc-5 residue of the one chain and the
GlcNAc-2 and Man-3 residues of the other chain, and it therefore appears that they are
responsible for maintaining the disposition of the two CH2 domains.

Concerning the interactions between glycans and hydrophobic amino acids, it is of interest
to note that the terminal trisaccharide of the inner-core is relatively hydrophobic because

of the presence of the two N-acetylglucosamine residues carrying acetamido groups and of
the two- and sometimes three-fold substituted -mannose residue. The hydrophobicity of the
trisaccharide is still more enhanced when the N-acetylglucosamine-1 residue is fucosylated.
Thus, it is not unreasonable to presume that this hydrophobic part of glycan could interact
with hydrophobic regions of the protein moiety. Its flat structure (see Fig. 12) could be
related to this property.

3. Conformational changes of glycans. Mobility of the antennae.
Glycan structures must not be considered as rigid conformations, because when they have
a certain degree of freedom, for example, when they present no carbohydrate—carbohydrate
or carbohydrate-protein interactions as it is the case for glycans or glyco-oligopeptides
in solution. In fact, glycans present points of flexibility leading to a relative mobility
of the antennae due to the rotation of the rigid pyranose rings around the two bonds
attached to the glycosidic oxygen. The rotation is limited in the case of 1 -*2, 1 --3 and
1 --4 linkages, thel -3-linkage being considered as the most rigid one. On the contrary, the
1 -6 linkages are more flexible because of the additional rotational freedom.

In the case of biantennary structures of the N-acetyllactosaminic type (Fig.1O ; structure
2), the most important point of flexibility is located at the ct-1,6 bond linking the manno-
se—4' residue to the mannose-3 residue explaining that the Y-, T-, bird- and broken wing-
conformers are interconvertible as demonstrated by the following series of experiments

Low anqP X-Jicui at,'ivtg ctvid tez actwt o a LcLaL g?4aoconj ate1. Gallot e aL.
(Ref. 59) showed that the glycan moiety of synthetic glycopeptides in aqueous solution
adopts a bird- or a Y-shaped conformation depending on the molecular weight of the
polypeptide block and on the concentration of the glycopeptide, molecular weight of the
polypeptide between 2,000 and 3,500 and high concentration favouring the Y-conformation.

In the same way, Gallot et aL. (Ref. 82 & 83) synthesized amphipatic liposaccharides by
coupling glycoamino acids with fatty acids containing from 8 to 24 carbon atoms. Mixtures
of these glycolipids and of phospholipids lead to the formation of long and parallel
lamellar structures, glycans and water filling the space between the layers. As long as the

CH2
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glycolipids are in small quantity in the ternary system glycolipid/phospholipid/water, the
glycan takes up a bird-conformation. When the quantity is high, it becomes Y-shaped.

Eeex,tiwvi paJtcLmcLgvLet(ic )Leovlctvice oj pLn-&tbe11ed gctno. The internal degree of freedom of
rotation in space of the antennae has been pointed out by am electron paramagmetic resonance
study by using spin labelled bi- and triantennary glycans (Ref. 84) . Spin-spin interactions

originating from collision effectabetweem probes have been demonstrated. The interactions
were higher in the case of triantennary structures. The addition of ComA reduced the mobili-
ty of the probe bound to the biantennary glycams which are able to bind ComA. It does not
affect the spin-labelled triantennary glycanswhich are well known to be unable to associate

with ConA.

SnictU-w'ig viewtiiovi cattvuinq stud ohuincrn aj-ac,Ld gegcopwte,Ln has shown that also in
the case of tetraantennary structures all antennae are mobile and able to adopt an
'umbrella-conformation" (conformer (c) of Fig. 17) or a "reversed umbrella-conformation"

(conformer (b) of Fig. 17) (Ref. 71).

4. Concluding remarks
The above data bring out the fundamental role that plays the mannotriose core in the
conformation of glycans of N-glycosylproteins. In this connection, it is amazing to note
that all "strategic" branching points systematically associate a rigid 1,3-linkage with a
mobile 1,6-linkage as shown in Fig. 21. What is the reason for the relatively invariant orien-

Man(m1—3) GlcNAc(1_3)\

''Man- A "Gal- B

Man(ctl—6) GlcNAc(1—6)

Gal(tBl—3) GlcNAc(1—3)

GalNAc- C Ga1NAc- D

GlcNAc(1-6) GlcNAc (11—6)

Fig. 21. "Strategic branching" associating 1,3- and 1,6-linkages. A : inner-core
of N-glycosidically linked glycans B and C : branchings currently found in 0-

glycosylprotein glycans of the mucin-type ; D : inner-core of Ii active glycans

from sheep gastric mucin (Ref. 85).

tation of a T-shaped 1,3-bond with a highly flexible and mobile 1,6-bond ? Probably in
order to favour, when necessary, an extended conformation of the antennae which favours

itself L) the occupation of their "vital space" by the glycans U) the interaction of the

glycans with their own protein ; LLL) the glycan-glycan interactions Lv) the action of

enzymes ; v) and/or the recognition of glycans by receptors.

CONCLUS IONS

Ten years ago, I wrote as a conclusion of my report entitled "Recent data on the structure
of the carbohydrate moiety of glycoproteins. Metabolic and biological implications"
"At the end of this brief review, we can conclude that the problem of determination of the
primary struture of glycans is virtually solved. However, it remains to miniaturize the
procedures in order to extend their application to very small quantities of biological
substrates.Thus, we can look forward and claim that the future belongs to Biophysics the
role of which will be to determine precisely the spatial arrangement of glycans and the
conformation of glycoproteins in order to understand the mechanism of their action. The
most exciting and marvellous age of the history of glycoproteins starts right now".

Ten years later, we can claim that the problem of determination of the primary structure
of glycans is actually solved. The procedures have been miniaturized and applied to the
study of cell membrane glycoproteins. In this field, the introduction of high-resolution
NMR has been a decisive event. In fact, this procedure is rapid, non-destructive and
very sensitive since it requires amounts of glycans varying from 25 to 100 micrograms only.

In the sane way, the recent intervention of the Biophysicistsleadto the definition of the
spatial morphology of glycans and to the concept of their steric conformational changes
fitting to the role they have to play. In fact, experimental results obtained in the past

two years by exploring the spatial conformation of glycans through physical methods
X-ray diffraction, nuclear magnetic resonance, electron paramagnetic resonance and small—
angle neutron scattering, led to the fundamental finding that the antennae, which support
the biologically active part of the glycans, are not rigid formations at all. On the
contrary, they must be considered as flexible and mobile parts of glycan molecules
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solidly planted on the rigid arm constituted of the terminal trisaccharide linked to the
peptide chain. In fact, the trisaccharide arm probably fixes in part the conformation of
the glycan, preventing the twist of the whole molecule, due to the relative rigidity of

the G1cNAc—Asn linkage (Ref. 86) . So could be explained why glycoasparagines are often more
potent inhibitors of haemagglutination by certain lectins : for example, the relative
amounts of glycan required to inhibit red cell agglutination by VLCAict ctbct agglutinin is
8-fold higher than for the corresponding glycoasparagine (Ref. 58).

The concept of the antennae changing their conformation according to the environment
fits perfectly with the concept of glycans acting as recognition signals. Moreover, the
double character of rigidity and flexibility of glycans may be central to the biological
role of the carbohydrate moiety of glycoproteins.
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