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1. introduction 

The carbohydrate chains of animal cell membranes 
are covalently lmked to either protein or lipid. Both 
glycoproteins and glycohprds are asymmetrically 
onented m cell membranes, with then saccharide 
chains projecting outwards from the membrane [ 13. 
The carbohydrate chains of both classes of glyco- 
comugates have been suggested to be involved in many 
cell surface-associated phenomena, such as cell adhesion 
and recognition [2-41. They have also been suggested 
to functron as receptors for various brologically-active 
agents, such as hormones and toxins [S-7]. 

In sprte of these smrlarities, glycoprotems and 
glycoliprds have been generally considered two inde- 
pendent classes of glycoconlugates. They have been 
studied by different mvestrgators, and consequently 
their structure, metabolism and function have gener- 
ally been separately discussed. Due to recent advances 
m the analysis of complex carbohydrates, some struc- 
tural srmilanties between glycoprotems and glycoliprds 
have been discovered. In order to make the evaluation 
of these observations possible, it was found necessary 
to collect the scattered mformatron concernmg the 
structure of both classes of glycocomugates. From 
the data presented a striking slmrlarrty between the 
glycoproteins and glycohpids becomes evident. The 
simrlanties occur in the terminal carbohydrate 
sequences of the molecules, whereas the portions near 
to protein or hprd carrier structure are different. The 
structural simrlarities may mdrcate that the terminal 
carbohydrate sequences are synthesrzed by common 
glycosyl transferases. It is furthermore possible that 
the structural simrlarrtres reflect similar functional 
properties. 

ElsewerlNorth-Holland Biomedical Press 

2. Terminal sugar sequences of protein- and lipid- 
bound carbohydrates 

The mternal or ‘core’ portions of the carbohydrate 
chains of glycoprotems and glycoliprds are different. 
Most glycoliprds have as their carbohydrate core a 
lactose unit, which 1s linked to the liprd [8]. In the 
N-glycosidrc type of glycoprotein saccharides a rather 
invariable core structure is also found, whrch consists 
of mannose and N-acetylglucosamme [9]. To thrs 
core structure are linked different carbohydrate 
chams, whereas these are directly linked to the pep- 
tide, wrthout a distinct core portron, m the alkali-labile 
O-glycosidrc type of heteroglycans [IO]. Most of the 
structural variation m the carbohydrate chains of 
both glycoproteins and glycolipids is due to the struc- 
ture of the nonreducing terminal sugar sequences. For 
the comparison of these structures, they have been 
collected m table 1. To faditate the descrrptron of 
the structures, they are presented as derivatives of 
basic disaccharides. For brevrty, the various types of 
sralic acids are not specified, although rt should be 
realized that they may contribute srgmficantly to the 
biological properties of the sacchande structures [ 111. 

A. Structures related to gahctosyl(/31 -I)N-acetyl- 
glucosamine 
Sacchande chams structurally related to 
Gal@1 -4)GlcNAc (structures 1-1.5) are commonly 
encountered in animal glycoprotems and glycolipids. 
The CorrespondingN-acetylglucosamme-terminated 
precursor structures also occur in glycoproteins 
[lo] and glycoliprds [59]. Most of the so-called 
acidic or complex N-glycosrdic saccharides of 
glycoprotems [9,10] contam terminal sequences 
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Table 1 
Termmal sugar sequences of glycoprotems and glycohplds 

Structure 
References 

Glycoprotems Glycohplds 

January 1979 

A Sequences related to Gal@1 -4)GlcNAc 

I 

2 

3 

4 

5 

6 

7 

8a 

9a 
10 
II 
12 

13 
14 
15 

Gal(pl-4)GlcNAc@l- 

v 

G:@l-4)GlcNAc(pl- 

slau? 

G&.M)GlcNAc@l- 
Fucorf 

Gal@1 -4)GlciAc(fll- 

siacu? Fuccut 

G&i1 -4)GlciAc(/31- 

FucY 

Ga&l--4)GlcNAc@l- 

Fucaf Fucorf 

G&l-4)Glc?JAc@l- 

Fuccuf 

GalNAc(orl-3)G&l-4)GlcNAc@l- 

Fucol: 

Gal(cul-3)G&l-4)GlcNAc(pl- 
Gal&l -3)Gal@1-4)GlcNAc@l- 
Gal(or l -4)Gal@l-4)GlcNAc(pl- 
GalQl-3)Gal@l-4)GlcNAc@l- 

Slay 

G&l -3)Gal(pl-4)GlcNAc@l- 
GlcNAc(orl-4)Gal(pl-4)GlcNAc~1- 
GlcNAc(pl-4)Gal(pl-4)GlcNAc@l- 

B Sequences related to Gal@1 -3)GlcNAc 

16 

17 

Gal@1 -3)GlcNAc@l- 

Fucaf 
4 

Gal(pl-3)GlcNAc@l- 

Fuccuf 
2 

[12,191 WI 

WI 1221 

1231 1241 

PL251 LX,271 

WI WI 

[12,251 [30,311 

[lx?51 

[341 
[361 

127,321 
[331 
I351 
1371 

1381 
[391 
1401 

[lull 

WI 

[411 

129,421 
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Table 1 (contmued) 

Termmal sugar sequences of glycoprotems and glycohpids 

Structure 
References 

Glycoproteins Glycoltpids 

18 Gal@1 -3)GlcNAc(pl- 
FUWf FUCIZ~ 

19 G&l -3)Glc:Ac@l- 

Fuca f 

20 GalNAc(al-3)Gz&l-3)GlcNAc@l- 
Fucar: 

2 
21 Gal(al-3)Gal@l-3)GlcNAc@l- 

C Sequences related to Gal(pl-3)GaJNAc 

22b Gal@1 -3)GalNAc- 
Slaory 

23b G&+3)GalNAc- 

Fuccrf 

24b G&U-3)GalNAc- 
Fucof 

25b GalNAc(ol-3)G&l-3)GalNAc- 
Fuccuf 

26 Gal(nl-3)G&&3)GalNAc- 
SiacYf 

27 GalNAc(al-4)G&l-3)GalNAc- 

D. Globosrde-like structures 

28’ GalNAc(@l-3)GalW - 
29 GalNAc(orl-3)GalNAc(01-3)Gal(cY1- 

E. Oligosralosyl sequences 

30 Sra(o2-8)Ba(o2- 
31 Sia(a2-8)Sra(a2-8)Sra(o2- 

[12,251 

112,251 

[I29251 

[12,251 

[44,451 

144,471 

[49,501 

[491 

[521 

1541 

I561 

P91 

[311 

[431 

[461 

[481 

m511 

[531 

1551 
[331 

[QWI 
[57,581 

January 1979 

a Similar structures wrth an additional Fuc(al-3)-substrtutron on the GlcNAc resrdue 
occur both 111 glycoprotems and m glycolipids 

b Snnilar structures with an additional Sia(o2-6)-substrtuton on the GalNAc resrdue 
also exrst in glycoproteins 

c Occurrence in glycoproteins suggested on the basrs of rmmunologrcal data 
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of this series (structures Z-3). Only in the case of 
certain unmunoglobulins have the peripheral chams 
been suggested to contain a drfferent structure, 
namely Gal@1 -6)GlcNAc [60]. Both m glycopro- 
teins and m glycohpids the sralosylated forms 
predominate. Although fucose and sralic acid resr- 
dues can be alternative substrtuents, which compete 
for a common acceptor structure 1611, rt has 
recently been shown that these sugars may occur 
simultaneou~y m the same terminal sequence 
(structure 5) m both glycoprotems and glycohprds. 
The blood group H active derrvatrve (structure 6) 

and the A and B active derrvatrves (structures 8 and 9) 
have been characterized from glycohpids of erythro- 
cyte membrane and gastromtest~n~ mucosa, and 
from the alkali-labile O-glycosrdic glycans of the 
ovanan blood group substances. It has recently been 
shown that these blood group antrgens also exist m 
alkali-stable carbohydrate chains of erythrocyte glyco- 
protems (see section 3) The Pr blood group activrty 
has recently been ascribed to the st~~ture 11 [62]. 

B. Structures related to galactosy#l -3)N-acetyl- 
glucosamme 
Blood group A, B and H active sequences (struc- 
tures 20,2I and 18) are also found as derivatives 
of Gal@1 -3)GlcNAc These structures are present 
in glycohprds and m the O-glycosrdic carbohydrate 
units of glycoprotems. Although Gal@1 -3)GlcNAc 
has been observed in a partial acid hydrolysate of 
N-glycosrdic carbohydrate umts of bram glycopro- 
teins 1241, it IS not known, whether it may generally 
occur as a termmal sequence in t&s type of glyco- 
protein saccharides. In addrtron to the ABH active 
structures, Gal@1 -3)GlcNAc grves rise to the 
carbohydrate determinants of Lea and Leb antigens 
(structures I7 and 19). These cannot be formed 
from G~~l~~l~NAc (sectron 2A). The possible 
occurrence of srahc acid containing structures 
related to Gal@l-3)GlcNAc has not been con- 
firmed for either glycoproteins or glycohprds. 

C. St~c~res related to galact~syl(~~-3~~ce~l- 
galactosamme 
The glycohprds contammg the sequence Gal@1 -3)- 
GalNAc and the N-acetylgalactosamme-terminated 
precursor structure [63] occur almost exclusrvely 

as gangliosides, i.e. the lactosylceramide core of 
these glycolipids 1s sralosylated. Thus type of gan- 
gliosides are especially abundant m the bram, but 
they also occur in extraneural tissues [20,64]. The 
majority of the alkali-labile 0-glycosidically-linked 
glycolipids the sialosylated form (structure 23) 
denvatives of Gal@l-3)GalNAc [65]. As in the 
glycolipids the sialosylated from (structure 23) 
commonly occurs, and the basic disacch~lde can 
also give rise to blood group H, A and B active 
sequences (structures .24,25 and 26). 
The srmilarity of the glycoprotein and glycohpid 

saccharides is also expressed by the finding of glyco- 
proteins reacting with ~ti-gan~loside GM1 and GM2 
antrbodres [54J. It is further known that the glyco- 
protems carrymg the Gal@l-3)GalNAc sequence and 
similar glycoliprds can function as T (Thomsen- 
Friedenrerch) antigens [66]. 

Although the sugar sequences described are snmlar 
m glycoproteins and glycolipids, the g~actosa~ldlc 
linkage 1s different, bemg cw-glycosnhc m ~ycoproteins 
f67] and &glycosrdrc in glycohpids [45]. Also, these 
glycoprotem carbohydrates are directly hnked to the 
protein and not to a core saccharide. These differences 
could cause the fact that the glycoprotein structures 
22-25 are also found as sialosylated at the C-6 of the 
~~cetylg~a~tosamine residue- As a further difference 
compared to the glycoliprds, an isomer of the basic 
drsaccharrde, Gal(ol-3)GalNAc, has only been found 
m glycoproteins [681. 

D. ~lo~os~de-Luke structures 
Globoside, a major glycoliprd of human erythro- 
cytes and krdney (structure 28) has recently been 
identified as the P antigen 1621. An isomer of 
globoside (cytohpm R) has been found from a 
sarcoma of the rat [69]. The Forssman antigen 
(structure 29) IS a derrvatrve of globoside. These 
structures have not been found as sialosyl deriva- 
tives . 
The globoside-like structures have not been chemi- 

cally characterrzed from glycoproteins. However, 
~ycoprotelns reacting with ~ti-~oboside antibody 
were recently found in human erythrocyte membrane 
[54], and Forssman activity could also be present in 
glycoproteins [8]. It is therefore possible that these 
carbohydrate sequences also occur in glycoprotems. 
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E. Oligosialosyl sequences 
Sialic acid residues occur at a terminal position in 
the carbohydrate chains of glycoconjugates (see 
sections 2A-2C). In addrtion, they may be joined 
together to form the disialosyl (structure 30) and 
trisialosyl (structure 31) sequences. These struc- 
tures were previously considered typical of glyco- 
lipids, and they were mainly found in the bram 
gangliosides (section 2C). Recently it was, however, 
shown that the sialosyl-sialosyl sequences also 
occur in glycoprotems [56], especially in the mem- 
brane glycoproteins of bram [70]. The sialosyl- 
sialosyl sequences mainly occur in the N-glycosidic 
chains which have peripheral chains related to 
Gal@l-4)GlcNAc (section 2A), but they are also 
found in the O-glycosidic chams (section 2C). Very 
recently, the sralosyl-sralosyl sequence was also 
shown to occur as linked to the terminal Gal@1 -4) 
GlcNAc unit of a glycolipid [57]. 
Glycolipids containing the sialosyl-sialosyl sequence 

have been implicated as cell-surface receptors for some 
biologically-active substances, like protein hormones 
and serotonin [ 5,6]. The fmdmg of similar sequences 
in glycoproteins demonstrates that structural require- 
ments for this type of sugar-containmg membrane 
receptors could also exist in glycoproteins. 

3. Puly(glycosyl)chains 

The occurrence of a new type of heteroglycans 
containing saccharide chains of 20-60 sugar residues 
was recently demonstrated for glycolipids [71,72] 
and glycoproteins [73] of human erythrocyte mem- 
brane. This type of chains account for a major fraction 
of the carbohydrates of glycolipids [74] and glyco- 
proteins [75-771 of the erythrocyte membrane. 

The structural features of the protein- and liprd- 
bound forms of these glycans are very similar. They 
are composed of highly branched chains containing 
the repeating unit [. . . -3)Gal(&4)GlcNAc(l-. . .]. 
In glycolipids the carbohydrate is joined to the 
ceramide via a lactose unit [71,72]. The glycopeptrdes 
from the erythrocyte membrane do not contain 
glucose, but they contain mannose, and have an alkali- 
stable linkage to asparagine [73,76]. The core regron 
of the protein-bound poly(glycosyl)chains thus 
resembles that of the known N-glycosidic type of 

carbohydrate units [9], and it is possible that the 
only difference from the lipid-bound poly(glycosyl)- 
chains is found in the core structure. The peripheral 
sequences are structurally related to Gal@l-4)GlcNAc 
(section 2A), and they are composed of ABH blood 
group determinants, their precursors and related sialic 
acidcontaming sequences [76]. 

The structural features of the poly(glycosyl)chains 
are in many respects similar to those described for 
keratan sulphate, the main drfference being the 
presence of sulphate in the latter. Thus, rt might be 
better to classify keratan sulphate as a sulphated 
carbohydrate unit of glycoprotems rather than an 
‘unusual’ type of glycosaminoglycan [ 781. 

4. Other structures 

In spite of the similarities discussed above, many 
differences also exist between glycoproteins and 
glycolipids. A major group of glycoprotein saccharides 
are the neutral or mannose-rich N-glycosidic glycans. 
They have been characterized from soluble [79,80] 
and membrane-bound [81,82] glycoproteins of several 
sources. Similar mannose-rich chains have not been 
described in animal glycosphingolipids. However, 
mamrose and N-acetylglucosaminecontaining saccha- 
rides are found as linked to polyisoprenoid lipids, and 
they function as carbohydrate donors in the biosyn- 
thesis of glycoproteins [83,84]. Another major class 
of protem-bound carbohydrates that does not have rts 
counterpart among glycolipids is glycogen [85]. 

With the exceptions of the mannose-rich chams 
and glycogen, most protein- and lipid-bound saccha- 
ndes that occur only in glycoproteins or glycolipids 
are of comparatrvely small size. Carbohydrate chains 
that have been found only in glycoproteins mclude 
the Glc(ol-2)Gal- and Gal-units of collagen [86] and 
the S-glycosrdically-linked Glc-Glc-Glc- and Gal- 
Gal-units of erythrocyte membrane and urinary glyco- 
peptides [87]. Glucosyl- and galactosylceramide occur 
m several tissues and give nse to galactose, sralic acid 
and sulphatecontaining glycoliprds [S] with up to 
four sugar units, which are not comparable to protem- 
bound carbohydrates. In addition, galactose and 
glucose are components of ammal glyceroglycolipids 

w31. 
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5. Implications for metabolism and function 

It is unlikely that the occurrence of many similar 
sugar sequences in glycoprotems and glycolipids 
would be only madental. Instead, the possrbrlrty that 
these saccharides may be synthesized by the same 
glycosyl transferases should be considered. 

Studies on the acceptor specificity of glycosyl 
transferases have shown that m many cases these 
enzymes recognize a short termmal sequence of only 
few sugar units on the acceptor molecule [89-911. 
It 1s therefore possible that glycoprotems and glyco- 
lipids which contain a srmilar carbohydrate sequence, 
separated from the protein or lipid earner by a sugar 
chain of a few monosaccharrdes, could serve as accep- 
tors for the same glycosyl transferases. The differences 
in the internal portions of the molecule would be 
beyond the bindrng site of these enzymes. Such a 
srtuatron 1s suggested to exist for the ABH blood 
group antigen determinants, the protem- and hprd- 
bound forms of which are thought to be synthesized 
by the same enzymes. On the other hand, with carbo- 
hydrated units of smaller size, the influence of the 
protein or hprd portion may be essential, and protem- 
and hpid-bound carbohydrates would not serve as 
acceptors for the same glycosyl transferases. This 1s 
supported by the finding that the structures of the 
short saccharide units of glycoproterns and glycoliprds 
are mostly different, whereas with mcreasing cham 
length the resemblance between glycoprotems and 
glycohprds mcreases. 

The possibility that some protein- and hprd-bound 
heteroglycans may also be degraded by the same 
glycosrdases is indicated by the accumulation of both 
glycohpids and glycoprotem-derived oligosaccharides 
or glycopeptrdes in certam glycosidase deticrencies, 
such as GMr and GM2 gangliosrdons and fucosidosis 
[92,93]. 

The brologrcal role of the protein- and lipid-bound 
carbohydrates of cell membranes is strll for the most 
part unknown. Some physico-chemical functions, 
such as stabrhzation and protection of the cell mem- 
branes as well as binding of morgamc ions [94] have 
been suggested. It is apparent that the carbohydrates 
of both glycoproteins and glycohpids may be mvolved 
m such functions. More specrfic functions suggested 
for glycoprotems and glycolipids include roles in cell- 
to-cell recogmtron [2-41 and as receptors of many 

6 

biologrcally-active agents, such as protein hormones, 
antibodies,lectms and toxins [S-7 1. In such functions 
the terminal carbohydrate sequences of glycoproteins 
or glycolipids are thought to have an essential role. 
Although glycoprotems and glycolipids represent dif- 
ferent molecular species, their simrlar carbohydrate 
terminals could have srmdar functions. The terrnmal 
sugar sequences, being responsible for most of the 
structural variatron found in cell surface saccharides, 
could serve as ‘affinity ligands’ enabling the recogni- 
tron of the target cells by brologically-active agents. 

6. Conclusions 

It has become evident that many srmilarities exist 
between the structure of the carbohydrate chains of 
glycoprotems and glycohpids. The degree of the simi- 
larity is a function of the chain length. Three classes 
of saccharide chams can be discerned: 
1. Short saccharides of only few sugar units, which 

are usually drfferent m glycoproteins and glyco- 
hprds, and which also occur as protein- or liprd- 
linked cores of more extended carbohydrate chams; 

2. Oligosaccharide units of intermediate size, which 
have many common termmal sugar sequences; 

3. Large poly(glycosy1) umts, the structure of which is 
very srmrlar in glycoproteins and glycolipids. 
The structural similarity may indicate that our 

view of glycoproteins and glycolipids as two indepen- 
dent classes of glycoconjugates has to be modified. It 
is possible that the peripheral sugar sequences of 
many glycoproteins and glycolipids, especially of 
those which have extended carbohydrate umts, are 
synthesized by common glycosyl transferases and also 
degraded by common glycosrdases. The structural 
similarity of the terminal sugar sequences of glyco- 
proteins and glycolipids might also mean that some 
brological functions, such as cell surface-associated 
functrons involvmg interactions of proteins with mem- 
brane saccharides, are shared by protein- and liprd- 
linked carbohydrates. 
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