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The Bioﬁlms Structural Database
(BSD) is a collection of structural,
mutagenesis, kinetics, and inhibition
data to understand the processes
involved in bioﬁlm formation. Presently, it includes curated information on 425 structures of proteins
and enzymes involved in bioﬁlm
formation and development for 42
different bacteria. It is available at
www.bioﬁlms.biosim.pt.

inexorably linked with our failure to control
them by antimicrobial treatments that are
effective against planktonic bacteria. In
fact, once set, bioﬁlm-associated infections are very difﬁcult to treat because
the colonizing bacteria are 10–1000
times less susceptible to antimicrobials
than their planktonic counterparts. This
greatly limits the therapeutic options for
the treatment of many infections [4].

Strategies for Inhibiting Bioﬁlm
Formation

development has allowed researchers to
move from the cellular to the molecular
level, inducing a whole new dimension in
the development of antibioﬁlm therapies.
In particular, the new structures available
offer an appealing alternative for the rational
design of new drugs and for the application
of techniques, such as docking, virtual
screening, quantitative structure–activity
relationship (QSAR) models, and molecular
dynamics.
The BSD was designed to organize all
the available structural information on
these promising targets, presenting upto-date atomic information on the proteins
and enzymes involved in bioﬁlm formation
and development. It is the ﬁrst database
dedicated to the biochemistry of bioﬁlms
from a structural and molecular perspective of the proteins associated. It is a
platform that can be used not only by
those who wish to study the proteins
responsible for the mechanisms of bioﬁlm
formation, but also by structural and
computational biologists who want to
study the molecular details of substrate
recognition. It helps to elucidate the
mechanisms of action of several key
proteins and enzymes and opens the
door to rational development of new
compounds with antibioﬁlm activity.

Antibacterial strategies focusing on inhibiting
cellular growth often induce antimicrobial
resistance by imposing a strong selective
pressure on bacteria. By contrast,
alternatives that target the processes
associated with bioﬁlm formation and
development, which include bacterial
motility, cell adhesion, bioﬁlm dispersion,
the synthesis of EPS, and also cell-tocell communication or quorum sensing
(QS), can be more efﬁcient [5,6], as
these processes are less amenable to
induce antimicrobial resistance. Throughout
Bioﬁlms in Health
Bioﬁlms are heterogeneous and complex the years, many signals, regulatory pathstructures of microorganisms, typically ways, and autoinducer molecules have
adhered to a surface and presenting been identiﬁed, but their intricate network
sophisticated singular and collective remains unclear at the atomic and molecular
behaviors. Bacteria in bioﬁlms are em- level [7]. Understanding the mechanisms
bedded in a self-produced matrix of involved in these processes is essential for
extracellular polymeric substances (EPS) the development of new therapies against
composed of (glyco)proteins, (glyco)lipids, bioﬁlms.
Data Selection
mono- or poly-saccharides, extracellular
The main focus of the BSD is at the
DNA, minerals, and water [1]. This pro- The Shift from the Cellular to the
molecular level. However, bioﬁlm research
tected mode of growth allows bacteria Molecular Level
integrates several different scales. Therefore,
to survive in hostile environments. In Over the past few years, there has been an the database was designed to create a
the health context, some diseases and immense increase in the number of 3D comprehensive repository of structural
adverse medical conditions are now structures (particularly X-ray) of proteins data on bioﬁlm research that could
recognized to be the result of a bioﬁlm and enzymes associated with bioﬁlm integrate with the information available in
infection, and it has been estimated that formation and development. The data other databases, beyond the molecular
more than 65% of all microbial infections associated with these structures, together level, to link different ﬁelds. An intensive
in humans are caused by bioﬁlms with the vast body of work dispersed literature search was performed to
[2]. Accordingly, there has been a great throughout the scientiﬁc literature – extract the relevant structural information
amount of research to understand better including kinetic and mutagenesis data, about the proteins and enzymes involved
bioﬁlm development and to identify im- amino acid sequences, and inhibitory in bioﬁlm formation. The Institute for
proved control strategies [3]. However, activity of known molecules – offers new Scientiﬁc Information (ISI) Web of Science,
the structure, composition, and physiology opportunities to understand bioﬁlms at a Scopus, and PubMed databases were
of microbial bioﬁlms have become structural and atomic level. This recent searched using combinations of bioﬁlmTrends in Biotechnology, Month 2020, Vol. xx, No. xx
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related keywords, such as ‘bioﬁlm’,
‘quorum sensing’, ‘motility’, ‘dispersion’,
‘matrix protein’, and other relevant terms,
with the keywords ‘structure’, ‘X-ray’,
‘NMR’, and ‘cryo-EM’ (cryogenic electron
microscopy). In addition, queries on the
Research Collaboratory for Structural
Bioinformatics (RCSB) Protein Data
Bank (PDB) [8] were also performed.
Additional queries on speciﬁc proteins
known to be involved in bioﬁlm formation
and development were also conducted.
The overall information was manually
checked and cross-validated with the
literature available for each protein, and the
structures were visualized and evaluated.

code associated with the corresponding
structure in the PDB and by the name
of the protein. Entries are classiﬁed by
protein category and mechanism. The
term ‘category’ refers to the general and
main function of the protein. The term
‘mechanism’ refers to the mechanism
by which the protein is associated with
bioﬁlm formation and development. These
include QS, quorum quenching, motility,
EPS production, dispersion, and signaling.
Database entries are also listed by bacteria,
speciﬁc strain, and by Gram type. Entries
are also classiﬁed by the existence
of a ligand in the structure and by its
designation.

contain information on collections of
molecules previously shown to exhibit
experimentally conﬁrmed activity against
the corresponding protein. These links
enable direct download of all known
inhibitors or activators for a speciﬁc
protein, with the corresponding activity
and properties for drug development
efforts.

Each BSD entry contains a link to a
dedicated webpage containing a summary
of all the information indicated previously,
including an interactive 3D representation
of its structure (Figure 1C). An interactions map of the ligand, obtained with
LigPlot+ [15], is also displayed. This
Other databases, such as ChEMBL [9], Mutagenesis data is important to identify is complemented with an interactive
BindingDB [10], ExPASy [11], KEGG [12], amino acid residues with a special role in 3D representation of the ligand and
and UniProt [13], were cross-referenced protein function, including ligand binding, surrounding amino acid residues and
to provide additional information for each enzymatic activity, etc. For each protein, main interactions, which allows users to
protein. The BSD contains direct links the availability of mutagenesis information quickly visualize the 3D structure of the
for other drug-like molecules that have is indicated. Links to the mutants sec- protein–ligand complex at the binding
already been tested against that bioﬁlm tion in BRENDA (Braunschweig Enzyme pocket without having to use a molecular
protein, information on kinetic and binding Database) [14] were included, providing visualization software.
afﬁnity data on mutant variants, and information on the effect on kinetics
genomic and proteomic data regarding and/or KM data of the corresponding Entries are also organized by ligand
(Figure 1D). A total of 93 unique ligands
each speciﬁc protein. As investigations mutations.
are presently available, including substrates,
into bioﬁlm progress and new structures
are made available on the PDB database, Information about the biological and autoinducers, and inhibitors. For each
the BSD will continue to be expanded, metabolic pathways in which each protein ligand, the corresponding PDB code, sysupdated, and maintained to ensure that it is involved is also presented (KEGG). This tematic name, molecular weight, isomeric
remains a useful and scientiﬁcally accurate allows the user to quickly visualize the SMILES (simpliﬁed molecular-input linetool to study bioﬁlms from a molecular whole mechanism of action and consider entry system, molecular formula, and
perspective. The database will be main- including other intervening proteins in several other molecular properties are
tained and regularly updated by the BioSIM the study. The BSD also lists information included. An interactive image of the
research group at UCIBIO/REQUIMTE, about the method by which the atomic ligand’s structure is also displayed.
Faculty of Medicine, University of Porto, structure of the protein was obtained
and any researcher can contribute with (X-ray crystallography, solution NMR, or The database enables queries through a
new entries by ﬁlling the available form at cryo-EM), resolution, year of deposition variety of options, including queries by
www.bioﬁlms.biosim.pt.
on the PDB, and DOI of the corresponding protein, ligand, category, mechanism,
autoinducer type, bacteria, strain, and
publication.
Gram type. Selections can be easily
Organization of the Database
The BSD is organized in a simple and intuitive Each entry contains direct links for downloaded as a CSV (comma-separated
manner. Each entry in the database structure retrieval from the PDB and for values) ﬁle or as a collection of PDB
corresponds to one atomic structure with a direct access to the entries associated structures.
unique PDB code. A total of 425 PDB entries with each protein in the ChEMBL,
are currently included, corresponding to a BindingDB, ExPASy, KEGG, and UniProt Concluding Remarks
total of 133 unique proteins (Figure 1A). databases, when available (Figure 1B). The BSD is a free-access catalogue
Each entry is identiﬁed through the PDB The ChEMBL and BindingDB databases containing the structures of all known
2
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Figure 1. The Bioﬁlms Structural Database (BSD). (A) BSD main page. (B) List of database entries in BSD. (C) Entries by structure for each Protein Data Bank (PDB)
code with indication of the main information available for each protein/structure and interactive 3D representation of the protein. (D) Entries by ligand with main information
and interactive 3D representation.
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proteins and enzymes involved in bioﬁlm
formation. This database is a tool that
helps to visualize, explore, and understand
bioﬁlm targets to design and develop new
and effective antibioﬁlm drugs and to
understand the structure and activity of
proteins and enzymes involved in bioﬁlm
development. The interface is easy to use
and accessible to anyone wishing to start
their work in this ﬁeld.
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