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Carbohydrate-Binding Module Family 40 (WT-CBM40) is a protein domain that enhances the proximity of the 
enzyme to its substrate for efficient hydrolysis. CBM40 recognizes sialic acid as a substrate with relatively high 
binding affinity, KD ~ 30 μM. Thus, this study aims to analyze the interaction of the CBM40 and sialic acid through in 
silico mutagenesis and molecular modelling. The amino acid sequence of CBM40 was taken as the template for 
homology modeling from RCSB Protein Data Bank (PDB ID: 2w68). In order to enhance the binding affinity, mutation 
studies were carried out by replacing Threonine to Asparagine at position 200th. Additionally, this study uses the 
template 2w68.1.A to generate a 3-D model of the mutant CBM40 (M-CBM40). The validation of mutant CBM40 
brings to 0.99 GMQE scores and 1.14 QMEAN Z-scores. Both results imply that the mutant model is valid. The 
structural study of mutant CBM40 performed by UCSF Chimera, as evidenced by a MatchMaker sequence alignment 
score of 1005.9 and an RMSD score of 0.08, indicated that the structural similarities between the wild-type and 
mutant CBM40 were highly related. The Arpeggio web server data revealed that mutant CBM40 had a greater affinity 
than wild type CBM40 due to increases in 12 hydrogen bonds and 3 weak hydrogen bonds. Thus, in silico affinity 
predictions study can benefit in gaining a thorough understanding of its structural clefts, while mutation studies 
would aid in enhancing binding affinity.    
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INTRODUCTION 
Wild type CBM40 (WT-CBM40) domain 

from Vibrio cholerae sialidase is a carbohydrate-
binding module located at the N-terminal domain 
has been categorized into Family 40. This domain 
was found to be very specific to sialic acid 
substrate (Asang et al. 2020). Based on a study by 
Crennell et al. (1994), binding affinity of CBM40 
domain from V. cholerae sialidase towards sialic 
acid was found relatively high with KD ~ 30 μM as 

compared to other CBM such as, Clostridium 
perfringens NanJ  sialidase which also has the 
identical domain. Generally, affinity systems of 
monovalent interactions between glycan and their 
substrates are typically quite weak (del Carmen 
Fernández-Alonso et al. 2012). The weak protein-
substrate interaction may reduce the occurrence of 
insoluble substrates hydrolysis, the orientation of 
the catalytic domain will be in distance to the 
substrate, thus would affect the sialic acid-binding 
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and its complete hydrolysis. In order to facilitate 
efficient polysaccharide hydrolysis, CBMs and their 
substrates must situate in close proximity, 
consequently leads to the complete hydrolysis of 
polysaccharides in the active site (Guillén et al. 
2010). 

In order to understand this weak protein-
substrate binding interaction, some structural 
computational approaches can be applied such as 
homology modelling, in silico mutagenesis, 
molecular docking and scoring quantitative 
structure-activity relationship can support and 
expand the data necessary for creating more 
quantifiable predictive model (Conolly et al. 2017). 
Enzymes function when proteins fold correctly to 
form appropriate three-dimensional (3D) 
structures. Thus, information on the three-
dimensional structure is critical for studying and 
comprehending the catalytic mechanism of 
enzymes. Site-directed mutagenesis and structural 
data have been applied to identify the amino acid 
residues involved in the binding sites (Rodríguez-
Sanoja et al. 2009). The information gained from in 
silico analysis is vital to obtain knowledge into the 
protein interaction and provided an understanding 
of the architecture of the full-length protein 
structure (Asidah et al. 2012a).  Experiments with 
in silico mutagenesis have been successful in 
determining the effect of mutation on the function 
of protein targets. Utilization of the CBM's affinity to 
the cell surface carbohydrates offers useful insight 
for the potential treatment against respiratory 
pathogens such as influenza and parainfluenza 
virus (Alias and Mamat, 2018; Asang et al. 2020). 

In the present study, we are interested to 
study the affinity of the Carbohydrate-Binding 
Module Family 40 (CBM40) domain towards its 
substrate by mutagenesis approach. The aim was 
to create a more stable protein-substrate binding 
interaction. The orientation of carbohydrate-
binding domain which was in close proximity for 
ligand binding will promote the hydrolysis of sialic 
acid at the active site on the catalytic domain. In 
order to achieve this, a single point mutation at the 
substrate-binding site of the CBM40 domain was 
carried out to form a stable protein-substrate 
construct with higher binding affinity. 

 
MATERIALS AND METHODS 
 
Screening of Family 40 Carbohydrate-Binding 
Module (WT-CBM40) Protein. 

Development of the wild-type (WT) 
recombinant Family 40 Carbohydrate-Binding 
Module (CBM40) from Vibrio cholerae Non-O1 

sialidase was performed previously (Nadiawati and 
Shadariah, 2018). Clone A3B3 in pET-22b(+) 
plasmid harbouring in Escherichia coli strain BL21 
(DE3) was employed as the main template for this 
study. Protein sequence of the carbohydrate 
binding module (WT-CBM40) from Vibrio cholerae 
sialidase was retrieved from the RCSB Protein 
Data Bank (PDB) database (https://www.rcsb.org). 
Sialic acid-binding module from Vibrio cholerae 
sialidase with PDB ID: 2w68 was used and 
selected as the template for this study. The 2w68 
protein sequence comprised of chain A, B and C 
with 195 amino acids length each. Chain A was 
selected as the representative of the CBM40 
monomer as in Figure 1. 

 

 
 
Figure 1: Protein sequence of the sialic acid-
binding domain from Vibrio cholerae sialidase 
(2W68) in the PDB database. 
 
Amino Acids Selection for In Silico Site 
Directed Mutagenesis. 

Prediction of amino acids mutation was 
carried out using UCSF Chimera program 
(https://www.cgl.ucsf.edu/chimera/). Dunbrack 
backbone-dependent rotamer library was applied 
in this research. Potential hydrogen bonds 
formation with sialic acid were predicted by 
Chimera’s FindHBond with relax constraints of 4.0 
Å. The following parameters, as shown in Figure 2, 
were used to display only specific H bonds for a 
residue of interest. Hence, Threonine 200 (Thr200) 
was targeted for the mutation study based on close 
interactions with the sialic acid substrate. It is a 
common site for carbohydrates attachment in 
glycoproteins and high propensity to hydrogen 
bond. 

 
The Three-dimensional (3-D) Model Structure 
Prediction 

In order to gain valuable insights into 
mutant CBM40 (M-CBM40) function on a molecular 
level, the 3-D modelling structure of CBM40 was 
estimated using the SWISS-MODEL 
server (http://swissmodel.expasy.org/interactive).  

http://swissmodel.expasy.org/interactive
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Figure 2: The H-bond parameters executed to 
display only specific H bonds for a residue of 
interest. 
 

SWISS-MODEL automatically generates a 
model with all non-hydrogen atoms and recognised 
templates chosen by the server based on the 
sequence to be modelled. Along with sequence 
similarity and alignment of the chosen template, the 
homology between the template and target was 
predicted. 

 
The Three-dimensional (3-D) Model Validation 

The three-dimensional (3-D) model 
validation of mutant CBM40 (M-CBM40) is required 
to validate the SWISS-MODEL server's 
3D structure prediction (http://swissmodel.expasy.
org/interactive). SWISS-MODEL calculates a 
Global Model Quality Estimation score (GMQE), 
suggesting the anticipated quality of the model 
following the rendered alignment. SWISS-MODEL 
also depends on the QMEAN (Quality Model 
Energy Analysis) scoring function to quantify 
modelling errors as well as provide estimates on 
expected model accuracy. Comprehensive protein 
elucidations, as well as exhibit functionalities, are 
also given to help with the determination of 
difficulties in the alignment. In other words, SWISS-
MODEL executes comparative protein structure 
modelling by satisfying the spatial restraints and 
carrying out extra works, multiple alignments of 
protein sequences and configurations, de novo 
modelling of loops in protein structures, along with 
comparing protein model structures.  
 
Comparison of Wild Type CBM40 (WT-CBM40) 
and Mutant CBM40 (M-CBM40) Protein 
Structure and Interaction 
 

Protein Structure Study  
The UCSF Chimera programme was used 

to analyse the protein structures of WT-CBM40 and 
M-CBM40, as well as their related amino acid 
(https://www.cgl.ucsf.edu/chimera/). TheMatchMa
ker extension of Chimera rendered to superimpose 
structures in the presence both sequence and 
secondary structure. WT-CBM40 protein structure 
was superimposed with a 3-D model of M-CBM40 
generated from SWISS-MODEL for protein 
structure comparison. Superimpose of both WT-
CBM40 and M-CBM40 was begin by opening both 
files simultaneously.  

 
Protein Interaction Study 

The interactions of wild type and mutated 
CBM40 domain with their related amino acids was 
investigated using Arpeggio web server. Arpeggio 
(http://biosig.unimelb.edu.au/arpeggioweb/about/) 
is a web server for computing interatomic 
interactions of 15 subtypes according to atom type, 
angle terms and distance. The web execution of 
Arpeggio gives the user the option of uploading a 
structure or selecting a file from the PDB. The user 
can compute interactions for a specific heteroatom 
group and its binding site and/ make a custom 
selection for calculation of binding-site interactions 
using a straightforward selection syntax. Upon 
completed, Arpeggio renders downloadable 
tabular data listing interactions between interest 
molecular entities for advance investigation. Next, 
to identify amino acids of mutant CBM40      that 
are involved in the interaction with sialic acid 
through hydrogen-bonding, UCSF Chimera was 
employed.   
 
RESULTS AND DISCUSSION 
 
In Silico Site Directed Mutagenesis  

Based on the findings of Moustafa et al. 
(2004), one amino acid was chosen for in silico 
site-directed mutagenesis. Before advent site-
directed mutagenesis, mutagenesis predictions 
using in silico provided insight into potential 
residues involved in disaccharide binding, prior 
confirmed by actual mutagenesis study (Fu et al. 
2013). Here, threonine 200 (Thr200) was targeted 
for the mutation study based on its proximity to the 
sialic acid binding site's active pocket but did not 
formed any hydrogen bond with sialic acid (Figure 
3). UCSF Chimera program was executed to 
analyse the molecular structure of CBM40 domain 
and the substrate, sialic acid. Protein with PDB ID 
of 2w68 corresponded to the sialic acid-binding 
domain from Vibrio cholerae sialidase was utilized.  

http://swissmodel.expasy.org/interactive
http://swissmodel.expasy.org/interactive
https://www.cgl.ucsf.edu/chimera/
http://biosig.unimelb.edu.au/arpeggioweb/about/
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In order to discover the potential amino 
acid to be mutated at the targeted residue, Thr200 
was substituted with any of the twenty amino acids 
using Rotamers tool in UCSF Chimera program 
(https://www.cgl.ucsf.edu/chimera/). Any additional 
hydrogen bonds formed between amino acid and 
sialic acid substrate was observed. Based on the 
observation, the most potential amino acid to be 
mutated at the target residue Thr200 was 
asparagine 200 (Asn200) as presented in Figure 4. 
Alignment from both wild type and mutant versions 
of CBM40 were shown in Figure 5.  

 
Figure 3: Thr200 residue (green) located close 
to the active pocket of sialic acid (SIA) binding 
site (red) (UCSF Chimera, 2020). 

 
Figure 4: Superimposed at targeted residue site 
of mutation from Thr200 (green) to Asn200 
(rotamers configuration) (UCSF Chimera, 
2020). 

 

 
Figure 5: Amino acid alignments from both WT-
CBM40 and M-CBM40. The targeted residue 
threonine (Thr200) was substituted to 

asparagine (Asn200) in mutated CBM40 is 
presented with red asterisks (UCSF Chimera, 
2020). 

 
Chimera Rotamers tool enables the 

mutation of a particular residue into a different type 
of residue (Yang et al. 2012). In globular proteins, 
the representative donor atom–donor hydrogen–
acceptor atom gap is estimated to be 3.5 Å 
(Rallapalli et al. 2020) with accordingly the Asn200 
lie within 4 Å distance from the sialic acid. 
Succeeding in silico mutagenesis performed using 
UCSF Chimera, polar uncharged residues Thr200 
was mutated to polar uncharge Asn200 and formed 
three hydrogen bonds (Figure 6b). Asparagine 
provides functional groups for strong and high 
propensity to hydrogen bond formation (Breitling 
and Aebi, 2013), thus a common amino acid site 
for attachment of carbohydrates in glycoproteins. 
Whereas, threonine contributes hydrogen bonds 
by peptide groups which help to increase protein 
stability more than the side chain hydrogen bonds 
(Pace et al. 2014). The ability of the side chains of 
polar amino acid residues to form hydrogen bonds 
with the sugar ligand aids in the stabilisation of the 
interaction (Zhou and Wang, 2019). Here, mutation 
from Thr200 to Asn200 shows the increase number 
of hydrogen bonds formed to sialic acid binding 
site. The increasing number of hydrogen-bonding 
interactions may indicate enhancement in stability 
of protein-substrate binding interaction. Pantsar 
and Poso (2018) pointed out that in ligand binding, 
both strong and weak hydrogen bonds are 
necessitated. Strong evidence indicates that 
hydrogen bonds contribute significantly to protein 
stability, with an average contribution of about 1 
kcal/mol per hydrogen bond (Pace et al. 2014). 
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Figure 6: The hydrogen bond (blue) formed 
between selected residue (green) and sialic 
acid (red) analyzed by UCSF Chimera. (a) 
Interaction between sialic acid (red) and 
residue Thr200 (green) on the WT-CBM40 
before in silico mutagenesis; (b) Interaction 
between sialic acid (red) and residue Asn200 
(green) on M-CBM40 after in silico mutagenesis 
(UCSF Chimera, 2020).  
 

The Three-dimensional (3-D) Model Structure 
Prediction of Mutant CBM40 (M-CBM40). 
 

Structural study on mutant CBM40 isolated 
from Vibrio cholerae Non-O1 sialidase was 
important to enhance the knowledge of the binding 
of sialic acid with mutant CBM40 domain. SWISS-
MODEL server was implemented for homology 
modelling approach for tertiary structure. 
Templates with the best quality should have the 
lowest E-value, maximum sequence 
similarities/identities and maximum query 
sequence covered for homology modelling (Bhalla 
and Lal, 2015). The server discovered 70 
templates, which were then filtered by a heuristic 
down to the top eight (Figure 7). All the templates 
given were monomers. Top two templates were 
2w68.1.A and 2w68.3.A have the same sequence 
identity (99.49%). Template 2w68.1.A had the 
complete ligand (calcium, sialic acid and 
galactose), while template 2w68.3.A only has one 
ligand (sialic acid). If the sequence similarity was 
more than 60%, it is the most compatible for 
homology modelling template with the target 
sequence (Bhalla and Lal, 2015). The sequence 
coverage for both models given with the template 
was 1.00 which refer to high sequence identity. 
Therefore, template 2w68.1.A (Figure 8) which is 
recognizes as sialidase was more suitable to 
function as a template for the mutant CBM40 
protein due to its complete ligand presence.  
 

Figure 7: Top 8 templates for homology 
modelling of CBM40 domain by SWISS-MODEL.     
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Figure 8: M-CBM40 3-D model predicted by the 
SWISS-MODEL server. 
 
The Three-dimensional (3-D) Model Validation 
 

The SWISS-
MODEL server (http://swissmodel.expasy.org/inter
active) was used to evaluate the quality of the 
obtained mutant recombinant CBM40 model. 
Model validation was crucial to validate the proteins 
configuration quality. GMQE (Global Model Quality 
Estimation) is a quality evaluation which integrates 
features from the target–template alignment along 
with the template search approach. The GMQE 
score for the predicted 3-D model of mutant 
recombinant CBM40 was 0.99. According to a 
study done by Biasini et al. (2014), closer the 
GMQE score value of a predicted model is to one, 
the higher the reliability of the GMQE. GMQE 
reflects the anticipated precision of a model built 
with the alignment and template as well as the 
coverage of the target. Thus, GMQE score for the 
generated mutant CBM40 denoted high reliability 
of the model predicted.  

Based on the study done by Studer et al. 
(2020), QMEAN (Qualitative Model Energy 
ANalysis) is a composite estimator that yields both 
global (i.e. for the entire structure) and local (i.e. 
per residue) absolute quality estimates on the basis 
of a single model. QMEAN employs statistical 
potentials of mean force to generate global and 
local quality estimates (Waterhouse et al. 2018). 
Concerning the number of interactions, model 
quality estimates according to the QMEAN scoring 
function were normalized. In contrast to high-

resolution crystal structures, model quality scores 
for single models are expressed as 'Z-scores.' The 
QMEAN Z-scores of mutant recombinants CBM40 
was 1.14. QMEAN Z-score renders an estimate of 
the "degree of nativeness" of the structural features 
determined in the model (Benkert et al. 2011). The 
score displays whether the QMEAN score of the 
model is similar to what one would presume from 
experimental structures of akin size. The closer the 
number to zero, the similar the model structure and 
experimental structures while scores of -4.0 or 
below specify models with low quality. In this case, 
The QMEAN Z-scores of mutant recombinants 
CBM40 showed a significant positive correlation 
between the model structure and experimental 
structures of uniform size. More positive values 
present a better model quality (Bordoli and 
Schwede, 2011). 

Several statistical descriptors, including 
Cbeta (Cβ) atoms, the solvation potential, and the 
torsion angle potential, are used by QMEAN as 
potentials of mean force (Biasini et al., 2014). The 
overall QMEAN scores (global quality estimate) of 
the mutant recombinant CBM40 was shown. Figure 
9 represents the bar plot of QMEAN scores (Global 
Quality Estimate) in the form of the colour gradient. 
The white area in the bar plots (numerical values 
near zero) represents that the feature is alike to the 
expected homologous size experimental 
structures. Positive values indicate that the model 
scores better experimental structures on average, 
whilst negative values indicate the opposite. 
 

 
 
Figure 9: Bar plot of QMEAN scores (Global 
Quality Estimate) in the form of the colour 
gradient. 
 
 

http://swissmodel.expasy.org/interactive
http://swissmodel.expasy.org/interactive
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The local quality estimate plot of mutant 
recombinant CBM40 in Figure 10 below shows the 
residues scores between approximately 0.6 to 1.0, 
for each residue number (x-axis) against the 
predicted local similarity to target (y-axis). 
Generally, amino acids exhibiting a score lower 
than 0.6 are anticipated to have low quality. On that 
account, the mutant recombinant CBM40 model 
was estimated to be high quality. Furthermore, the 
comparison plot of the target-template model 
presents model quality scores of mutant 
recombinant CBM40 models are analogous to 
scores gained for experimental structures of the 
same size. The predicted 3-D model of mutant 
recombinant CBM40 assumed to be reliable as the 
red star (represents the actual model) in Figure 11 
was located in the area of the black dots (|Z-score| 
between 0 and 1). QMEAN score within one 
standard deviation of the mean (|Z-score| between 
0 and 1) has higher reliability compared to standard 
deviation which far away from the mean. The mean 
and standard deviation of the experimental 
structures surrounding the star's x-location were 
included when calculating the QMEAN Z-score for 
the anticipated 3-D model. 
 

 
Figure 10: Local quality estimate plot of the 
target-template model by SWISS-MODEL. 
 

 
 
Figure 11: Comparison plot of the target-
template model by SWISS-MODEL. 

Comparison of Wild Type CBM40 (WT-CBM40) 
and Mutant CBM40 (M-CBM40) Protein 
Structure and Interaction 
 
Protein Structure Study  

The UCSF Chimera (https://www.cgl.ucsf.
edu/chimera/) was used to access the analysis of 
the protein structures of wild-type (WT-CBM40) 
and mutant (M-CBM40) CBM40 with their 
associated amino acids. In protein structure-
function study, comparing and viewing analogous 
structures in the context of sequence alignments 
are essential tasks (Wan and Tan, 2019). 
According to Goddard et al. (2018), UCSF Chimera 
has a set of interactive tools for analyzing 
sequences and structures. Automatic association 
of structures with sequences in imported 
alignments allow numerous types of crosstalk. 
MatchMaker extension of Chimera is rendered to 
superimpose structures in the absence of a pre-
existing sequence alignment as well as employs 
both sequence and secondary structure. Besides, 
this approach can align structures with minimal 
sequence identity. MatchMaker extension was 
employed to superimpose both WT-CBM40 and M-
CBM40 structures as the tool can determine the 
best-matching chains based on alignment scores 
(Padmadas et al. 2018). WT-CBM40 protein 
structure was superimposed with a M-CBM40 
structure (Figure 12) generated by SWISS-MODEL 
server. 

Based on the superimposed structure as 
shown in Figure 12 both proteins structure fit with 
each other with no structure distortion. Deupi 
(2012) mentioned that an interpretation of 
structural distortions is that changes in the overall 
bend angle structure cause major alteration. Figure 
13 depicts superimpose of Thr200 (WT-CBM40) 
and Asn200 (M-CBM40) highlighted in green. 
Hence, we can consider that the 3-D structure of 
M-CBM40 was reliable as the proteins structure 
superimposed were closely related. MatchMaker 
sequence alignment score was 1005.9 indicating 
high sequence similarity and displayed good 
alignment between both structures. The number of 
paired residues (N) and the associated root-mean-
square deviation (RMSD) can be used to find 
superposition (Micale et al., 2014). The 
superpositions of WT-CBM40 and M-CBM40 
involve all 195 fully populated columns in the final 
alignment. RMSD score for superimpose was 0.08 
Å which indicates a close alignment between the 
two protein structure. 
 

https://www.cgl.ucsf.edu/chimera/
https://www.cgl.ucsf.edu/chimera/
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Figure 12: Superimpose of WT-CBM40 (yellow) 
and M-CBM40 (blue) structure  
 

 
 
Figure 13: Superimpose of Thr200 (WT-CBM40; 
yellow) and Asn200 (M-CBM40; blue) 
highlighted in green (UCSF Chimera, 2020) 
 
Protein Interaction Study  

The interactions of WT-CBM40 and M-
CBM40 domain with their related amino acids were 
investigated using Arpeggio web server 
(http://biosig.unimelb.edu.au/arpeggioweb/about/). 
Interactions between proteins and their glycans, 
such as micro molecules, other proteins, and DNA, 
rely on particular intermolecular interactions that 
can be categorised according to atom type as well 
as distance and angle constraints (Jubb et al. 
2017). The visualisation of these interactions 
clarifies the nature of molecular recognition 
mechanisms and may have consequences for 
medication development and comprehending the 
importance of mutations in terms of both structure 

and function (Aminpour et al. 2019). The Arpeggio 
web server computes interactions within and 
between proteins and protein, DNA, or small-
molecule ligands, including hydrogen bonds, van 
der Waals', ionic, metal, carbonyl, halogen-halogen 
bond contacts, and interactions between specific 
atoms and aromatic rings as well as aromatic rings 
and aromatic rings (Jubb et al. 2017). Following the 
upload of PDB files for both WT-CBM40 and M-
CBM40 to Arpeggio Web, the server created 
tabular data listing interactions between intact 
protein structures.  The data for both WT-CBM40 
and M-CBM40 were compared and tabulated as in 
Table 1. While, data enumerating interactions 
between residue 200 and sialic acid in both WT-
CBM40 and M-CBM40 was tabulated in Table 2. 

Table 1 presents the number of hydrogen 
bonds in M-CBM40 increased by 12 bonds and 
weak hydrogen bond increased by 3 bonds. Sugar 
hydroxyl groups create hydrogen-bonding 
interactions with polar residue side chains such as 
asparagine, glutamine, amine and carbonyl groups 
(del Carmen Fernández-Alonso et al. 2012; Lu et 
al. 2020). Hydrogen-bonding interaction 
contributes to affinity and selectivity, which 
conveys the stereochemical arrangement of 
hydroxyl groups provides a protein with its 
specificity for a certain sugar type (Sun and James, 
2015). In essence, hydrogen bond served as major 
protein substrate interaction that contributes 
enhancement of protein ligand binding affinity, that 
afford a yield 6-fold increment in affinity (Sun and 
James, 2015). Table 2 aims to observe significant 
changes in molecular interactions of WT-CBM40 
after mutation. Here, the mutation of amino acid at 
residue 200 from threonine to asparagine formed 
two hydrogen bonds with sialic acid. Different 
residues at different locations participated in the 
hydrogen-bonding interactions with sialic acid after 
the mutation. Even though there was no structure 
distortion when both protein structures were 
superimposed, the amino acids that interact with 
sialic acid had varied after the mutation.   

Hydrophobic interactions contribute to 
ligand recognition by the aromatic amino acids 
within the ligand-binding site of CBMs (Tian et al. 
2016). Armenta et al. (2017) highlighted that 
hydrophobic stacking plays a crucial purpose in 
ligand attachment in several non-catalytic CBMs. 
The recognition of M-CBM40 towards sialic acid 
was enhanced by the addition of 15 hydrophobic 
contacts (Table 1) after the mutation consequently 
improved the protein-ligand binding. According to 
Gilbert (2018) asserts that polar interactions 
enhanced hydrophobic connections. Following the 
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mutation, there was also the introduction of another 
10 polar contacts in M-CBM40. The enrichment of 
polar contact in protein structure is associated with 
an enhancement of protein ligand binding 
efficiency (Ferreira and Schapira, 2017). Hydrogen 
bonding improves the contact between the side 
chains of polar amino acid residues and the sugar 
ligand (Kagra et al. 2020). Ultimately, we can 
assume that the affinity of M-CBM40 towards sialic 
acid is improved as the result of increases in 
hydrogen-bonding interactions, hydrophobic 
interactions as well as polar interactions. 
 
 
Table 1: Whole structure comparison of 
molecular interactions in wild type CBM40 and 
mutant CBM40. 

Feature Contacts Wild Type 
Mutan
t 

Hydrogen bonds 9 21 

Water mediated 
hydrogen bonds 

1 0 

Weak hydrogen bonds 3 6 

Water mediated weak  
hydrogen bonds 

0 0 

Ionic interactions 3 13 

Aromatic contacts 0 0 

Hydrophobic contacts 4 19 

Carbonyl interactions 0 0 

Polar contacts 10 20 

Water mediated polar 
contacts 

2 0 

Weak polar contacts 6 4 

Water mediated weak 
polar contacts 

0 0 

Total number of contacts 205 442 

Of which VdW 
interactions 

4 7 

Of which VdW clash 
interactions 

16 11 

Of which covalent 
interactions 

1 0 

Of which covalent clash 
interactions 

0 0 

Of which proximal 184 424 
 
 
 
 

 
 
 
 
 
Table 2: Comparison of molecular interactions 
between amino acid residue 200 and sialic acid 
in wild type CBM40 and mutant CBM40. 

Feature Contacts Wild Type 
Mutan

t 

Hydrogen bonds 0 2 

Water mediated 
hydrogen bonds 0 0 

Weak hydrogen bonds 1 0 

Water mediated weak hydr
ogen bonds 1 0 

Ionic interactions 0 0 

Aromatic contacts 0 0 

Hydrophobic contacts 2 2 

Carbonyl interactions 1 0 

Polar contacts 1 3 

Water mediated polar 
contacts 0 0 

Weak polar contacts 2 1 

Water mediated weak 
polar contacts 1 0 

Total number of contacts 49 70 

Of which VdW interactions 0 0 

Of which VdW clash 

interactions 1 2 

Of which covalent 
interactions 0 0 

Of which covalent clash 
interactions 0 0 

Of which proximal 48 68 
 

CONCLUSION 
Amino acid substitution of Threonine to Asparagine 
at position 200th created an extra interaction with 
sialic acid when in silico site directed mutagenesis 
was performed. Thus, we can conclude that affinity 
of mutant CBM40 towards sialic acid is improved 
as the increase of the hydrogen bonds interactions 
which is a major interaction that contributes 
enhancement of protein ligand binding affinity.  
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