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ABSTRACT
A statistical analysis of the carbohydrate–protein interaction in the PDB was carried out to investigate
sequential aspects of the amino acids that are preferred for the selective binding of N-acetyl-Dneuraminic acid (D-Neup5Ac) chain. 2264 amino acids from 106 protein sequences were analysed in
the vicinity of 277 Neup5Ac residues using GlyVicinity. Within a distance of 4 A° in vicinity of DNeup5Ac, polar amino acids are more frequently observed as compare to other amino acids. There is
a high frequency of occurrence of tyrosine, serine, asparagine, arginine residues in the vicinity of DNeup5Ac chain whereas cysteine is the rarest amino acid found in protein–carbohydrate interaction.
The positional preference of certain potential amino acids in vicinity of Neup5Ac residues has been
discussed in terms of absolute counts, percentage, and deviations from natural abundances. This
analysis provides a basis for further studies on the molecular mechanism of carbohydrate–protein
interaction.
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certain carbohydrate. For carbohydrate binding
proteins, a specific distinction between diverse
carbohydrates residues is also indispensable35
. It is not fully discovered yet how these
proteins are able to differentiate specifically
between very similar carbohydrate structures67
. In order to uncover such mechanism the
participation of a particular amino acid of a
carbohydrate binding protein and
specific
residues of the carbohydrate in the interaction
need to be assessed which would provide
information on the role played by individual
residues
to
the
protein–carbohydrate
interaction8-9.Proteins with similar structural
characteristics can be selectively identifying

INTRODUCTION
For many of the biological functions of
carbohydrates residues, predominantly in
variety of cell adhesion phenomenon, hostpathogen recognition and signal transduction,
a high selectivity is required for these cellular
processes. Carbohydrates frequently found at
the cell surface serve as a cellular address tag
that is used to interact with appropriate
proteinaceous receptors and also clearance
from the circulatory system1–3. Most of these
selective
recognition
mechanisms
are
mediated by carbohydrate binding proteins, the
lectins, most of which selectively recognise
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different types of carbohydrates residues10.
Therefore, the selective recognisation of
specific carbohydrates clearly depends on the
local conformation of the carbohydrate binding
site rather than the overall structure of the
protein. 3D structures of carbohydrate–protein
complexes
from
PDB
provide
useful
information on the structural requirements for
carbohydrate
binding
and
selective
recognisation between different carbohydrates
residues10–16. The major publicly accessible
deposition of such 3D structures is the Protein
Data Bank (PDB) 17 which contains more than
2500 sequences on carbohydrate–protein
complexes. These complexes consist of
around 5900 carbohydrate chains with more
than 10,000 carbohydrate residues. N-acetylD-neuraminic acid (Neup5Ac) is one of most
abundant terminal residue in glycoconjugates
(glycoproteins and glycolipids) and this
particular type of residue has great commercial
application. It is an acidic sugar with a major
function in several biological functions,
including anti-viral and anti-bacterial defensive
activities18. Therefore an attempt is made to
identify the amino acids that are necessary for
the selective binding of Neup5Ac using Insilico
approach.

portal [www.glycosciences.de/tools/glyvicinity/]
106 PDB entries for D-Neup5Ac residues with
254 chains were selected for the present study.
Total 2264 amino acids in the vicinity of 277
carbohydrate residues were statistically analysed

using the GlyVicinity20 tool, available at the
glycosciences.de portal, displays numerical
information on the kinds of amino acids in
vicinity of carbohydrate chains. In order to
identify the amino acids in the vicinity of noncovalently bound D-Neup5Ac residues, the
“ligands only” option has been chosen in
GlyVicinity. Information about the amino acids
within a 4 A° radius around D-Neup5Ac residues
can be displayed as absolute counts,
percentage, and deviations from natural
abundances as numerically in tables or
graphically in diagrams.

RESULT AND DISCUSSION
The frequency of occurrence of each of the 20
amino acids within a distance of 4 A° in the
Vicinity of D-Neup5Ac carbohydrate residues
the PDB database, polar amino acids are more
commonly found than other amino acids (Table
1). The aromatic amino acid especially tyrosine
forms a considerable exception. There is a
high frequency of occurrence of serine,
asparagines, arginine residues in the vicinity of
D-Neup5Ac residues whereas cysteine is the
rarest amino acid found in amino acid
interaction with D-Neup5Ac in the PDB (Graph
1).

MATERIALS AND METHODS

In order to investigate carbohydrate–protein
interactions, D-Neup5Ac residues in the PDB
database were identified by using the
PDB2linucs19 tool located at glycosciences.de
Table 1
Absolute count, percentage, and deviation of 20 aa in vicinity of 277 D-Neup5Ac residues
AA

Asp

Glu

Lys

Asn

Arg

Gln

His

Gly

Ser

Ala Pro

Thr

Tyr

Val

A Count

76

151

118

176

220

118

85

162

285

60

63

137

235

55

1

4

112

43

Perc. (%)

3.4

6.7

5.2

7.8

9.7

5.2

3.8

7.2

12.6

2.7

2.8

6.1

10.4

2.4

0.0

0.2

4.9

Dev.

-34

7.9

10

69

87

29

66

3.9

71

-64

-44

2.2

220

-62

-97

-92

269

(%)

Cy Met Trp
s

Phe Leu

Ile

Total

110

53

2264

1.9

4.9

2.3

100

-53

-47

-58

---

Graph 1
Amino acid count and percentage in vicinity of D-Neup2Ac residues
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The GlyVicinity methodology can be utilised for identification of the specific binding of certain
carbohydrate residues and amino acids. This is demonstrated for D-Neup5Ac residues. Deviation
from average occurrence showed that tryptophan and tyrosine are over-expressed whereas threonine
and glycine are under- expressed in statistical analysis using GlyVicinity (Graph 2). As far as
preference of amino acids in the spatial vicinity of D-Neup2Ac residue is concern tryptophan shows
the maximum deviation from its natural abundance, where as tyrosine is poorly represented in
addition methionine, cysteine and valine. Collectively these results suggest that effective binding of
carbohydrate to D-Neup2Ac require aromatic amino acids for hydrogen bond formation and these
amino acids also strengthen hydrophobic interaction of aromatic ring with D-Neup2Ac surface21
.
Graph 2
Amino acid Deviation from average occurrence in vicinity of D-Neup2Ac residues

The data presented in the present work clearly
indicate that there is a prominent inclination for
the amino acids in spatial vicinity of DNeup5Ac residues this indicates that certain
amino acids occur preferentially to provide
Bioinformatics
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recognition specificity. Statistical analyses of
such protein–carbohydrate interaction can be
useful for identification of molecular basis of
selective binding of glycan in terms of primary
sequence hence, the specificity for certain
carbohydrates residues observably lies in the
local arrangement of the glycan binding site
rather than the overall protein structure.
This analysis is only a predictive and needed to
be verified experimentally, testing in vitro
protein–carbohydrate interaction which could

constitute an important initial way towards the
validation of for the discovery of carbohydrate
recognition specificity. Ser and Tyr residues
are greatly favored, suggesting a structural role
for these amino acids in interaction. In future it
will be of much significant to study further the
potential
structural
and
conformational
implications of some of these identified
positional preferences of the various amino
acids
involved
in
protein–carbohydrate
interaction.
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