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Glycans – the third alphabets of life 
 
Sambasivan Venkat Eswaran 
 
Amino acids and nucleotide bases (adenine, thymine, guanine and cytosine) constitute the first and the 
second alphabets of life. Glycans, i.e. carbohydrates bound to proteins are considered as the third alphabets 
of life. In addition to glucose, other monosaccharides like mannose, sialic acid, fucose, etc. are constituents 
of glycans. Like the genetic code, the importance of the sugar code is now being understood. Glycans are in-
volved in the classification of blood groups. Studies on mechanism of binding of viruses to glycans leading 
to influenza and H1N1 flu have led to the development of new drugs to treat such infections. Glycans in  
nanotechnology (glyconanotechnology) is an emerging area of study as carriers for vaccinations, drug deli-
very in cancer detection, and as energy sources. 
 
Scientists and the general public alike 
have become accustomed to the amino 
acids and the nucleotides as being the 
two sets of alphabets of life. The N-
terminal and the C-terminal ends are the 
elongation points in amino acids, while 
the 3′- and 5′-ends are points for linear 
extension of nucleotides. Undoubtedly, 
amino acids have played the most impor-
tant role in the origin of life. Some of 
these are referred to as ‘essential’ amino 
acids and are the building blocks of pro-
teins and enzymes, which have led to 
science of proteomics. Ever since the 
structure of DNA was unraveled by Wat-
son and Crick, nucleotides have contin-
ued to occupy centre stage and led to the 
emergence of genetic engineering, bio-
technology and genomics. The complete 
successful sequencing of the human  
genome has led to the hope that the era 
of personalized medicine is almost here. 

The glycans 

It is in this context, that another class of 
compounds, the glycans have emerged as 
the ‘third alphabets of life’. There was 
much confusion in literature1 whether 
carbohydrates are impurities in proteins 
or whether proteins were the contami-
nants in this class of compounds. The 
IUPAC-IUB definition of glycans re-
moved this confusion and established 
that these are compounds of carbohy-
drates bound to proteins, keeping nucleo-
tides out of their purview. Glycans, could 
be co- or post-translational modifications 
of proteins. Unlike the amino acids and 
the nucleotides, the carbohydrates offer 
multiple positions for elongation and 
branching and therefore provide many 
more possibilities for encoding and stor-
ing information. Reading and decoding 

such data will obviously pose many more 
challenges than hitherto has been the 
case. Under the term ‘sugar code’,  
Gabius2 talks about new alphabets, 
words, the antennae, postal codes read by 
a process similar to that a courier deli-
very person follows. Tools for reading 
sugar coded information are available 
and are the receptors called lectins (from 
legere; to read in Latin). Two major 
types of glycans are the N-glycans and 
the O-glycans. The former is attached to 
proteins through Asn Xxx Ser/Thr, where 
Xxx can be any amino acid other than 
proline. O-glycans, on the other hand, 
are linked via hydroxyl amino acids. 
These possess a reducing end and a non-
reducing end.  
 Which are then the new alphabets, 
words? These naturally come from the 
monosaccharaides; Glucose has been the 
most well known member form this 
class. However, from the point of view 

of this paper, D-galactose, D-mannose, 
D-xylose, D-glucoronic acid, N-acetyl-D-
glucosamine (GlcNAc), N-acetyl-D-
galactosamine (GalNAc), L-fucose and 
sialicacid are also equally important.  
 One letter abbreviations for the known 
amino acids are now in common use and 
everyone is familiar with the use of alpha-
bets A, T, G, C in the context of DNA and 
the genetic code. Symbols and characters 
of new letters/alphabets for monosaccha-
rides of the ‘sugar code’ have already been 
generated, e.g. a filled circle with different 
colors represents D-glucose (Glc; blue), D-
mannose (Man, green) and D-galactose 
(Gal, yellow) respectively. Other symbols 
used include, filled/crossed square, divided 
diamond, filled/divided triangle, flat rec-
tangle, filled star, flat hexagon and penta-
gon3. These look very impressive and 
remind one of a veritable Periodic Table. 
 As early as 1966, the importance of  
sialic acid as a receptor for influenza  

 
 
Figure 1. Structure of a N-glycan with a core pentasaccharide (in blue), with two anten-
nae (in black). Figure adapted from ref. 4. 
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virus with a core pentasaccharide (in 
blue) and the antennae (in black) is well 
known (Figure 1). 
 Soya bean agglutinin (SBA), Man9 
(GlcNAc)2 (Figure 2) is one of the earliest 
examples of a glycoprotein and is found 
in human urine up to 100 mg/day and is 
referred to as uromodulin when isolated 

from human pregnancy urine5, the amino 
acid sequence remaining the same. 
 SBA is routinely used in hospitals dur-
ing bone marrow transplants, is used to 
treat patients of leukemia and is used for 
immune deficient ‘bubble children’. 
Blood serum is a rich source up to 150 
known glycoproteins6. Hen egg white 

ovalbumin (42 kDa) was isolated and 
crystallized at the turn of the previous 
century7. Pine apple stem gives a homo-
geneous glycoprotein8. The copper con-
taining blue blood of scorpions9 contains 
haemocyanin. Glycoproteins have also 
been isolated for molluscs10. The best 
known examples of glycoproteins are 
erythropoietin, interferons, blood clotting 
factors whose sales exceed US$ 3 billion 
per annum. Phytoagglutinin has been 
synonymous with plant lectins but that 
changed after the identification of the 
first mammalian glycan (from rabbit liver), 
and has the structure GlcNAc (β1-4) 
MurNAc, where GlcNAc (β1-4) stands 
for N-acetyl glucosamine and MurNAc 
stands for N-acetyl muramic acid. Simi-
larly, lysozyme digests of bacterial cell 
walls yielded a tetrasaccharide. Recom-
binant glycoproteins have come into con-
tention as these can be produced in larger 
amounts as and when required. It has 
been stated ‘that sugar specific adhesion 
might be pre requisite for bacterial colo-
nization and infection was not considered 
at all though it was known that influenza 
virus requires its attachment to sialic acid 
on cells’. Seven such papers by Ofek et 
al.11 have been cited 4500 times. Under-
standing the importance of the adhesion 
of leukocytes and their hampered flow 
being linked to asthma, arthritis and in-
flammation are leading to anti-adhesion 
therapy being developed. Infection of 
mouse bladders with a mannose-specific 
E. coli was markedly diminished by  
methyl alpha mannoside12. Much work 
has been done on 1H-NMR and 2D-NMR 
by the Utrecht group led by Vliegenthart 
(loc. cit.) over four decades and these 
studies help in tracking the changes,  
especially before and after a periodic acid 
(HIO4) treatment. 
 GlcNAc–MurNAc is a disaccharide 
fragment commonly present in bacteria. 
The very minor difference (NHCOCH3 
and OH) between, for example, blood 
group A and B can make a difference  
between life and death, if the wrong 
blood group is transfused to a patient4. 
The crystal structure of a H1N1 virus is 
shown in Figure 3.  
 H1N1 virus causing swine flu attaches 
to the exposed sialic acids, the virus then 
enters the host cell and takes over the 
cellular genetic machinery. As it starts 
bursting out its own copies, it ensures 
that the original binding to sialic acid is 
cleaved by neuraminidase to ensure that 
it does not become a hindrance for the 

 
 

Figure 2. Oligomannoside, Man9GlcNAc2 from soya bean agglutinin. 
 
 

 
 
Figure 3. Crystal structure of a H1N1 influenza virus, 2009; doi:10.2210/pdbSLG/pdb.
 
 

 
Figure 4. A synthetic glycan adapted from ref. 1 (c) and its 3D structure. 
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virus to spread. The name H1N1 stems 
from the involvement of both hemagglu-
tinin (H) and neuramidinase (N). A de-
tailed study of the cleavage step showed 
the involvement of a sp2 hybridized car-
bocation intermediate and the design of a 
drug resembling this intermediate led to 
the successful development of the drug 
Tamiflu to treat H1N1 flu. Sulfated gly-
cans present on cell surface are important 
for normal growth of axons13,14. These 
interact with selectins (L, P and E), 
which, too, are glycoproteins; low sul-
fated levels retard axon growth. Synthetic 
glycans are now available which could 
serve as vaccines (Figure 4). 

Glycans and nanotechnology 

With diminishing petroleum reserves, 
plant glycans and lectins are increasingly 
being sought after as, ‘energy sources, 
building materials, clothes, paper prod-
ucts, animal feed, and food and beverage 
additives’. In this context, immense pos-
sibilities arise, when glycans and nano-
technology (glyconanotechnology) come 
together, e.g. in their use as ‘vehicles for 
vaccination and drug delivery, for detec-
tion of cancer and other pathogens’. The 
agglutinin (RCA 120) of the castor oil 
plant, Ricinus communis and the cholera 
toxin induce a reversible colour change 
in gold nanoparticles, which is useful  
in colorometric studies of binding of  
biological molecules. α-D-mannosyl 
[60]fullerenes (‘sugar balls’) prepared 
via the alkyne-azide ‘click’ reaction have 
been shown to inhibit erythrocyte aggre-
gation and are nearly-spherical glycans, 
with 0.7-nm diameter, constituting the 
smallest ‘nanoparticles’ for glyconano-
technology15. It has been stated that 
‘translation of fundamental studies to 
biomedical glyconanotechnology appears 
to be imminent’. 

Summary 

Glycans, carbohydrates bound to pro-
teins, have emerged as the third alpha-
bets of life, whereas amino acids and the 
nucleotide bases (adenine, thymine, gua-
nine and cytosine) are the first two  
alphabets of life. Although the genetic 
code is well established, the sugar code 
is now being actively explored. Glycans 
are important in blood group classifica-
tion and soya bean agglutinin is com-
monly used in hospitals during bone 
marrow transplants. Studies on binding 
of influenza virus to sialic acids in the 
onset of influenza and H1N1 flu have led 
to the successful development of drugs 
like Tamiflu. Biomedical glyconanotech-
nology is emerging as an attractive area 
of study as vehicles for vaccines, drug 
delivery and detection of cancer and also 
as energy sources, in food and beverage 
additives. 
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