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ABSTRACT

Dental plaque biofilms plays an important role in the development of chronic oral infections, causing a severe health burden. Many
of these infections cannot be eliminated, as the bacteria in biofilms are resistant to the host’s immune defenses and antibiotics.
There is a critical need to develop new strategies to control biofilm-based infections. Biofilm formation in Streptococcus mutans is
promoted by adhesion of the molecules at adhesion protein binding site. Various chemical compounds investigated in the
prevention of biofilm formation but they produced numerous side effects. The current study was designed to identify five different
herbal compounds that target adhesion protein, thereby inhibiting S. mutans biofilm formation and with the potential to prevent
dental caries. The purpose of this study was to analyze the inhibitory action of adhesion protein by computational docking studies.
For this, herbal compounds Epigallocatechin gallate (EGCG), oleonolic acid, ursolic acid, epicatechin, quercetin isolated from
cranberry, guava, green tea and oolong tea were used as ligand for molecular interaction. The crystallographic structure of
molecular target was obtained from PDB database .Computational docking analysis was performed using iGemdoc option based on
scoring functions. The Epigallocatechin gallate showed optimum binding affinity with a molecular target. These results indicated that
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EGCG could be one of the potential ligands to treat dental caries by inhibiting biofilm formation.

INTRODUCTION

ental caries is a multi-factorial infectious disease

characterized by progressive destruction of tooth

enamel. It is one of the most prevalent human
diseases among all age groupsl.

It is estimated that over 90% of the world’s population
will experience dental caries atleast once during their life
time”.Dental caries may arise from chronic biofilms
containing cariogenic microbes which breakdown
fermentable carbohydrates into organic acids that cause
demineralization and destruction of tooth tissue.

S. mutans, a member of the oral micro flora, is considered
to be the primary causative agent of dental caries (or
tooth decay) and is one of the best known biofilm forming
bacterium’.Several studies showed that individuals with
dental plaque containing low levels of S. mutans are more
resistant to exogenous colonization with other cariogenic
pathogens and are more resistant to dental caries in the
long run®.

Cariogenic dental biofilms are eradicated mainly through
nonspecific mechanical removal (brushing and flossing) or
treatment with broad-spectrum antibiotics
(chlorhexidine). Apart from the extensive use of fluoride,
a number of new anti-cariogenic methods have started to
draw attention. Derivatives of natural products, such as
cranberry, guava constituent’s fractions of green and
oolong tea have been shown to have inhibitory effects
against S. mutans biofilm formation. The study suggested
the possible benefits of herbal compounds which inhibit

the biofilm formation by Streptococcus mutans an oral
pathogen.

MATERIALS AND METHODS

The crystallographic structure of molecular target adhesin
protein was downloaded from the RCSB protein Data
Bank. The chemical structure of Epigallocatechin gallate,
oleonolic acid, ursolic acid, epicatechin and quercetin was
obtained from PubChem compound database. It was
prepared by using Biovia discovery studio 2016 and SDF
format of this ligand was converted to PDBQT file using
PyMol version 1.7.4.5 tool to generate atomic
coordinates. The active sites are the coordinates of the
ligand in the original target protein grids, and these active
binding sites of target protein were analyzed using the
Bravio Discovery Studio version 2016.

A computational ligand-target docking approach was used
to analyze structural complexes of the adhesion protein
(target) with Epigallocatechin gallate, oleonolic acid,
ursolic acid, epicatechin, quercetin (ligand) in order to
understand the structural basis of this protein target
specificity. Docking was carried out by iGemdoc option
based on scoring functions. The energy of interaction of
herbal components with the adhesin protein is assigned.

RESULTS AND DISCUSSION

The binding energy indicate that affinity of the Adhesion
protein (target enzyme) docked with herbal components.
Among the five compounds, EGCG showed, lower
negative value which indicates active binding to the
target site and also showed the best interaction with
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target proteins based on the VDW values as compared to
standard and other compounds such as oleonolic acid,
ursolic acid, epicathechin, and quercetin.

A B C D E
1 Compound Energy VDW HBond  Elec
2 cav3ge5_GLC-EGCG-0.pdb -59.3457 -59.3457 0 0
3 cav3ge5_GLC-oleonolicacid-l.pdb  -48.4854 -43.4834 0 0
4 |cav3ge5_GLC-ursolic acid-1.pdb -48.0147 -48.0147 0 0
5 |cav3ge5_GLC-epicatechin-0.pdb -56.8983 -56.8983 0 0
6 |cav3ge5_GLC-guercetin-0.pdb -29.1543 -29.1549 0 0

Energy values obtained during docking analysis of
Epigallocatechin gallate, oleonolic acid, ursolic acid,
epicatechin, quercetin as ligand molecule and adhesin
protein as target.
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Pymol molecular graphic structure of Epigallocatechin
gallate with target

Adhesions and virulence factors of streptococci have
been reviewed extensively. Carcinogenicity capacity of S.
mutans is largely dependent on the ability of the bacteria
to adhere and produce acid. To establish biofilm,
planktonic bacteria attaches to either inert or coated
surfaces and this can be mediated by electrostatic
contacts or bacterial surface adhesins. Attachment is
followed by proliferation of the primary colonizers and
their co-aggregation with other planktonic bacteria,
production of exopolysaccharide which stabilizes the
architecture, leading to the maturation of the biofilm®.

As the structures of the adhesion protein are considerably
specific for S. mutans, we expected that a structure-based
inhibitor of the S.mutans adhesion would possess narrow-
spectrum anti-biofilm activity. Our results supported the
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idea that the compound had modest selectivity toward
the cariogenic bacterium S. mutans. Another advantage
of an adhesion-targeted inhibitor is that it is very likely to
possess anti biofilm bioactivity without killing the
bacterial cells directly’.

Within the limitation of this study, is that it may not
represent a complete picture of how the small-molecule
inhibitor interacts with genetic network responsible for
biofilm formation, as we tested only the adhesion protein
binding pocket from S. mutans. Since oral biofilms are
complex, multispecies microbial communities, further
research is needed to shed more light on the effect of the
compound in real situations.

CONCLUSION

Docking studies of the herbal compounds showed that,
this Epigallocatechin gallate ligand is good molecule
which docks well with Adhesion protein target. Therefore
Epigallocatechin gallate molecule plays an important play
role in inhibiting the biofilm formation by Inhibiting
Surface Adhesion Protein of Streptococcus Mutans.
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