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Beta-lactamase database (BLDB) – structure and function
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ABSTRACT
Beta-Lactamase Database (BLDB) is a comprehensive, manually curated public resource providing up-to-
date structural and functional information focused on this superfamily of enzymes with a great impact on
antibiotic resistance. All the enzymes reported and characterised in the literature are presented according
to the class (A, B, C and D), family and subfamily to which they belong. All three-dimensional structures of
b-lactamases present in the Protein Data Bank are also shown. The characterisation of representative
mutants and hydrolytic profiles (kinetics) completes the picture and altogether these four elements consti-
tute the essential foundation for a better understanding of the structure-function relationship within this
enzymes family. BLDB can be queried using different protein- and nucleotide-based BLAST searches, which
represents a key feature of particular importance in the context of the surveillance of the evolution of the
antibiotic resistance. BLDB is available online at http://bldb.eu without any registration and supports all
modern browsers.
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Introduction

b-Lactams, due to their safety, reliable killing properties and clin-
ical efficacy, are among the most frequently prescribed antibiotics
used to treat bacterial infections. However, their utility is being
threatened by the worldwide proliferation of b-lactamases (BLs)
with broad hydrolytic capabilities, especially in multi-drug-resistant
gram-negative bacteria. These BLs are divided into four classes
based on their sequence identities1. While a handful of BLs were
known in the early 1970s, their number has ever since been grow-
ing rapidly, especially with the description in clinical isolates of
novel enzymes being capable of hydrolysing carbapenems, last
resort antibiotics2. A representative example is the class A KPC-2
that in a few years became one of the most menacing BL currently
spreading worldwide3.

Historically, the principal resource of BLs was maintained from
2001 at the Lahey Clinic (http://www.lahey.org/Studies/) by
George Jacoby and Karen Bush, by assigning new enzyme num-
bers for a number of representative BL families. From July 2015,
this resource was transferred into the Bacterial Antimicrobial
Resistance Reference Gene Database (https://www.ncbi.nlm.nih.
gov/bioproject/313047/) maintained at the NCBI. Other resources
are the Institute Pasteur MLST Database (http://bigsdb.pasteur.fr/
klebsiella/klebsiella.html), the Antibiotic Resistance Genes
Database4, the Lactamase Engineering Database5,6, the Metallo-
b-Lactamase Engineering Database7, the Comprehensive Antibiotic
Resistance Database8, the b-Lactamase Database9, the
Comprehensive b-Lactamase Molecular Annotation Resource10.
However, most of these databases are either not maintained

anymore, have a very broad scope or are focused on a few BL
families.

The aim of our Beta-Lactamase Database (BLDB) is to compile
sequence information as well as biochemical and structural data
on all the currently known BLs. This comprehensive web-based
database, which is updated on a weekly basis, may provide at a
glance useful insights in the structure-function relationships of
BLs, allowing a better understanding of substrate specificities and
key residues involved in substrate recognition and hydrolysis.
Altogether, the information provided by BLDB may help to foresee
the impact of future mutations on the evolution of BLs.

Implementation details

The database is hosted on a dedicated virtual server in the cloud,
which allows easy adjustments and evolution of computing
resources according to the needs.

The core pages are implemented in PHP on a Linux Server
under the CentOS 7.2 operating system, whereas the raw data is
stored as tabulated files in order to facilitate the updates.

The interactive images showing the list of BL families that are
present in the BLDB are generated dynamically in SVG format
from the raw data, thus ensuring an updated display at any time.
The corresponding URL links are directly embedded in the SVG
images.

Multiple sequence alignments are automatically generated
with Clustal Omega11 using the default parameters.
Phylogenetic trees are processed using Phylip version 3.695
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(http://evolution.genetics.washington.edu/phylip/) using Clustal
Omega’s DND output files and represented as SVG images to
provide the best quality and minimal file size.

The radar charts representing hydrolytic profiles are dynamic-
ally built using a modified and personalised version of the D3.js
JavaScript library (https://gist.github.com/nbremer/6506614).

The BLAST interface is provided by SequenceServer12 and the
BLASTþbinaries are downloaded from NCBI13.

Input data is downloaded from NCBI using the “Entrez Direct:
E-utilities on the UNIX Command Line”13 and from the PDB with
personalised scripts.

Structures are updated semi-automatically on a weekly basis,
after each PDB update. New enzymes are added following every
update of the Bacterial Antimicrobial Resistance Reference Gene
Database. Constant literature survey also provides newly described
BLs and synthetic mutants, as well as their hydrolytic profiles. The
long-term maintenance of the BLDB is ensured by the collabor-
ation between two academic teams with active interest and
experience in the field of BL-mediated antibiotic resistance.

Database architecture

BLDB is designed around five main sections, which are strongly
interconnected and gathered around the main home page
(Figure 1). All pages contain (i) a header showing the overall struc-
ture of the BLDB, with links for an easy access to all sections at any
moment, and (ii) a footer with acknowledgments to funding bodies
that have contributed to this project and with contact details.

Home page

A short introduction to the present challenges associated with the
antibiotic resistance is presented, highlighting the important con-
tribution provided by the BLDB in this field.

Real-time statistics with the number of entries for each type of
data present in the BLDB (Enzymes, Structures, Mutants and
Kinetics) and for each one of the four classes of BL are also pro-
vided. The entries corresponding to the subclasses B1, B2 and B3
of class B are further detailed, for a better presentation of their
similarities and differences (Figure S1).

Enzymes

The Enzymes tab of the main menu gives access to a list of classes
and sub-classes of BLs, together with their corresponding BL fami-
lies (Figure S3). This is represented as an SVG image that is
dynamically generated from the raw data, which always ensures
up-to-date information.

Each entry of a given BL family contains the class, protein
name and eventually alternative names. When the family features
several clearly defined sub-families, this information is also pre-
sent. GenPeptID and GenBankID (with a RefSeq number when pro-
vided by NCBI) are also provided, with the corresponding links on
the NCBI’s website for more detailed information. Bibliographic

data (PubMedID, DOI), functional (phenotype, hydrolytic profile)
and genetic (natural or acquired type) information and links to the
other sections are also provided (Figure S2).

Sequence alignments are provided for each class, subclass, fam-
ily and subfamily (Figure S4), together with the corresponding
phylogenetic tree (Figure S5).

Structures

The Structures tab gives access to a table containing all three-
dimensional structures of BLs reported in the Protein Data Bank14.
Each entry contains the name of BL, together with the class or
sub-class to which it belongs, followed by the PDB code and reso-
lution (if applicable). The protein sequence is linked to the corre-
sponding UniProt entry and, if appropriate, the existing mutations
(extracted from the PDB file content) are shown. Bibliographic
data (PubMedID, DOI) allows an easy retrieval of the original
articles associated with the structure through links to PubMed and
to the journal website. All ligands, buffer molecules and ions pre-
sent in the structures are highlighted, together with their inter-
action mode with the protein (non-covalent, covalent, metal
coordination). For all these molecules, links to their corresponding
dedicated page on the PDB website are provided. Crystallographic
details (space group, unit cell parameters, Z-value) are also pre-
sented, in order to facilitate the resolution of new structures and
to allow an easy comparison of the existing ones (Figure S6).

Mutants

The synthetic mutants that were described for each enzyme in the
literature are presented, together with bibliographical information
(PubMedID, DOI) and links to PDB structures and hydrolytic profiles
when appropriate (Figure S7). Given the very important number of
synthetic mutants described to date, the present version of the BLDB
is not complete. More mutants will be added in the near future.

Kinetics (hydrolytic profiles)

This section is organised in two parts: (i) a table containing the
hydrolytic profiles on different b-lactam antibiotics, with values for
the turnover number (kcat), the Michaelis constant (Km) and the
catalytic efficiency (kcat/Km) (Figure S8); (ii) a radar chart represent-
ing a superposition of hydrolytic profiles selected for easier com-
parison (Figure S9). The number of hydrolytic profiles currently
available in the BLDB is relatively modest, and more entries are
scheduled to be added in the near future.

BLAST

Protein- and nucleotide-based BLAST search capabilities of BLDB
are implemented using a personalised version of the
SequenceServer graphical interface12. The input sequence type
(protein or nucleotide) is automatically detected, and the BLAST
search type is adapted accordingly. Advanced parameters can be

Figure 1. Global architecture of the Beta-Lactamase Database. In addition to the Home page, there are five main sections, dedicated to Enzymes (classified into the
four classes A, B, C and D, and further into the three sub-classes of class B), three-dimensional Structures available in the Protein Data Bank, synthetic Mutants and
hydrolytic profiles (Kinetics) described in the literature, and a graphical interface for BLAST queries.
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used for the BLAST search in order to obtain more refined results
(Figure S10).

The BLAST search is executed using the default parameters and
the results are shown using a personalised interface, with the
name of BL highlighted in red and links to the corresponding
entries on the NCBI’s website. The number of identical residues
between the query and each sequence producing a significant
alignment is provided, together with the percentage of identity
(Figure S11). Together with the E-value, this represents useful
information for a quick assessment of the BLAST results. A per-
centage of 100.00% means that the input sequence is already pre-
sent in the BLDB, whereas a high sequence identity points out
towards the BL class and/or family to which the input sequence
might belong.

In the lower part of the results page, the alignments between
the query and sequences producing significant alignments are
provided (Figure S12).

Initial content

As of 25 April 2017, BLDB contains 2666 unique enzymes from all
four classes of BLs, as well as 810 three-dimensional structures of
BLs that are currently available in the Protein Data Bank (PDB)14.
BLDB also contains 167 mutants and 47 hydrolytic profiles.

Conclusion

BLDB is developed and maintained by two well-established
research groups that are active in the field of BL-mediated anti-
biotic resistance. This resource is designed to provide appropriate
answers to the needs of the research and clinical communities
working on antimicrobial resistance.

Acknowledgements

The technical support provided by Olivia Inocent�e and Gatien
Tafforeau is gratefully acknowledged.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the Laboratory of Excellence in
Research on Medication and Innovative Therapeutics (LERMIT)
[grant number ANR-10-LABX-33], by the JPIAMR transnational pro-
ject DesInMBL [grant number ANR-14-JAMR-0002] and by the
R�egion Ile-de-France (DIM Malinf).

ORCID

Thierry Naas http://orcid.org/0000-0001-9937-9572
R�emy A. Bonnin http://orcid.org/0000-0002-2307-3232
Laurent Dortet http://orcid.org/0000-0001-6596-7384
Pascal Retailleau http://orcid.org/0000-0003-3995-519X
Bogdan I. Iorga http://orcid.org/0000-0003-0392-1350

References

1. Bonomo RA. b-Lactamases: a focus on current challenges.
Cold Spring Harb Perspect Med 2017;7:a025239.

2. Nordmann P, Naas T, Poirel L. Global spread of
Carbapenemase-producing Enterobacteriaceae. Emerg Infect
Dis 2011;17:1791–8.

3. Naas T, Dortet L, Iorga BI. Structural and functional aspects
of class A carbapenemases. Curr Drug Targets 2016;17:
1006–28.

4. Liu B, Pop M. ARDB – Antibiotic Resistance Genes Database.
Nucleic Acids Res 2009;37:D443–7.

5. Thai QK, B€os F, Pleiss J. The Lactamase Engineering
Database: a critical survey of TEM sequences in public data-
bases. BMC Genomics 2009;10:390.

6. Thai QK, Pleiss J. SHV Lactamase Engineering Database: a
reconciliation tool for SHV b-lactamases in public databases.
BMC Genomics 2010;11:563.

7. Widmann M, Pleiss J, Oelschlaeger P. Systematic analysis of
metallo-b-lactamases using an automated database.
Antimicrob Agents Chemother 2012;56:3481–91.

8. McArthur AG, Waglechner N, Nizam F, et al. The comprehen-
sive antibiotic resistance database. Antimicrob Agents
Chemother 2013;57:3348–57.

9. Danishuddin M, Hassan Baig M, Kaushal L, Khan AU. BLAD: a
comprehensive database of widely circulated b-lactamases.
Bioinformatics 2013;29:2515–16.

10. Srivastava A, Singhal N, Goel M, et al. CBMAR: a comprehen-
sive b-lactamase molecular annotation resource. Database
(Oxford) 2014;2014:bau111.

11. Sievers F, Wilm A, Dineen D, et al. Fast, scalable generation
of high-quality protein multiple sequence alignments using
Clustal Omega. Mol Syst Biol 2011;7:539.

12. Priyam A, Woodcroft BJ, Rai V, et al. Sequenceserver: a mod-
ern graphical user interface for custom BLAST databases.
2015:bioRxiv 033142. doi: https://doi.org/10.1101/033142

13. Agarwala R, Barrett T, Beck J, et al. Database resources of
the National Center for Biotechnology Information. Nucleic
Acids Res 2016;44:D7–19.

14. Berman HM, Westbrook J, Feng Z, et al. The Protein Data
Bank. Nucleic Acids Res 2000;28:235–42.

JOURNAL OF ENZYME INHIBITION AND MEDICINAL CHEMISTRY 919

https://doi.org/10.1080/14756366.2017.1344235
https://doi.org/10.1080/14756366.2017.1344235
https://doi.org/10.1080/14756366.2017.1344235
https://doi.org/10.1101/033142

	Beta-lactamase database (BLDB) &hx2013; structure and function
	Introduction
	Implementation details
	Database architecture
	Home page
	Enzymes
	Structures
	Mutants
	Kinetics (hydrolytic profiles)
	BLAST

	Initial content
	Conclusion
	Acknowledgements
	Disclosure statement
	References



<<
	/PreserveCopyPage true
	/MonoImageDownsampleType /Bicubic
	/MonoImageDict <<
		/K -1
	>>
	/ParseICCProfilesInComments true
	/PreserveHalftoneInfo false
	/TransferFunctionInfo /Preserve
	/GrayImageMinResolution 150
	/EncodeColorImages true
	/AutoFilterGrayImages true
	/ImageMemory 1048576
	/PDFXRegistryName ()
	/EmbedJobOptions true
	/MonoImageFilter /CCITTFaxEncode
	/PDFXNoTrimBoxError true
	/ASCII85EncodePages false
	/DefaultRenderingIntent /Default
	/GrayImageAutoFilterStrategy /JPEG
	/PDFXCompliantPDFOnly false
	/GrayImageFilter /DCTEncode
	/ColorImageResolution 150
	/DownsampleMonoImages true
	/EncodeGrayImages true
	/ColorImageFilter /DCTEncode
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/ParseDSCComments true
	/ColorImageAutoFilterStrategy /JPEG
	/EmbedOpenType false
	/AntiAliasMonoImages false
	/JPEG2000ColorImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/CreateJDFFile false
	/PreserveEPSInfo false
	/PDFXSetBleedBoxToMediaBox true
	/DSCReportingLevel 0
	/NeverEmbed [
	]
	/Optimize true
	/Description <<
		/DEU <>
		/NOR <>
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/ESP <>
		/FRA <>
		/SUO <>
		/JPN <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/DAN <>
		/PTB <>
		/SVE <>
	>>
	/CreateJobTicket false
	/EndPage -1
	/MonoImageDepth -1
	/GrayImageResolution 150
	/AutoFilterColorImages true
	/AlwaysEmbed [
	]
	/ColorImageMinResolution 150
	/ParseDSCCommentsForDocInfo true
	/sRGBProfile (sRGB IEC61966-2.1)
	/AutoRotatePages /All
	/MonoImageResolution 600
	/AllowTransparency false
	/GrayACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DoThumbnails false
	/GrayImageDepth -1
	/AntiAliasGrayImages false
	/ColorImageDownsampleThreshold 1.5
	/CompressObjects /Tags
	/AntiAliasColorImages false
	/EmbedAllFonts true
	/ColorImageMinResolutionPolicy /OK
	/PDFXOutputConditionIdentifier ()
	/PreserveFlatness true
	/DownsampleColorImages true
	/MonoImageDownsampleThreshold 1.5
	/PDFXOutputIntentProfile ()
	/GrayImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/UsePrologue false
	/ColorACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/JPEG2000GrayACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorConversionStrategy /sRGB
	/EmitDSCWarnings false
	/MonoImageMinResolutionPolicy /OK
	/UCRandBGInfo /Remove
	/DetectCurves 0.1
	/ColorSettingsFile (None)
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/GrayImageDownsampleThreshold 1.5
	/CropColorImages true
	/MonoImageMinResolution 600
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/GrayImageDownsampleType /Bicubic
	/CompatibilityLevel 1.6
	/PassThroughJPEGImages false
	/PDFXOutputCondition ()
	/CannotEmbedFontPolicy /Warning
	/AllowPSXObjects true
	/LockDistillerParams true
	/ConvertImagesToIndexed true
	/GrayImageMinResolutionPolicy /OK
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoPositionEPSFiles true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/DownsampleGrayImages true
	/PDFX1aCheck false
	/CropGrayImages true
	/CalGrayProfile (Gray Gamma 2.2)
	/CropMonoImages true
	/SubsetFonts true
	/ColorImageDownsampleType /Bicubic
	/CheckCompliance [
		/None
	]
	/PreserveOPIComments false
	/PreserveOverprintSettings true
	/EncodeMonoImages true
	/MaxSubsetPct 100
	/ColorImageMinDownsampleDepth 1
	/ColorImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/OPM 1
	/StartPage 1
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


