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Abstract

L actamases are the main cause of antimicrobial resistance in the bacterial
pathogens. Here, we introduce DLact, a curated collection of lactamase
like proteins from bacterial genomes. The database currently contains
2020 lactamase like genes from 814 sequenced bacterial genomes. Of
which 1971 (97.57%) were present on chromosome and only 49 (2.42%)
were present on plasmids. The database can be searched using text and
sequence queries. Diversity at the taxonomic, microbial ecology, domain
length and sequence was studied. DLact database may be used for variety
of biomedical research such as to develop diagnostic primers and probes
and in identifying pathways controlling/affecting the expression of
antimicrobial genes, comparative protein modeling and drug designing, as
well as those interested in broad subjects such as lateral gene transfer and
Codon usage. The database will be updated bi-yearly using in-house
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devel oped perl scripts. Database is available at
http://59.160.102.202/Dlact/.

Keyword: Betalactamase genes, Lactamase database, antimicrobial
resistance genes.

Introduction

Resistance to antimicrobial is a serious clinical problem [1, 2]. Antibiotic resistance is
the ability of a microorganism to withstand the effects of an antibiotic. Beta-lactam
antibiotics are one of the most widely used antibacterial agents in the present
chemotherapeutic regime, and beta lactamase, the enzymes that hydrolyze beta lactam
antibiotics are the major cause of resistance to these compounds [3, 4]. The growing
problem of antimicrobial resistance has become a significant public health concern
worldwide and it involves practically al types of pathogens, including viruses,
bacteria, mycobacteria, fungi, and parasites [5]. The gene for beta lactamases may be
chromosomal, plasmid borne or found on transposable elements. Bacteria acquire
exogenous genetic material that leads to antimicrobial resistance. Species such as
pneumococci and meningococci can take up foreign DNA and incorporate it into their
chromosomes [6]. Hence many of the genes that mediate resistance are found on
transferable plasmids or on transposons that can be disseminated among various
bacteria by conjugation [7]. Transposons are mobile pieces of DNA that can insert
themselves into various locations on the bacterial chromosome, as well as move into
plasmids or bacteriophage DNA. Some transposons or plasmids have genetic
elements termed integrons that enable them to capture exogenous genes [8]. A
number of genes may therefore be inserted into a given integron, resulting in
resistance to multiple antimicrobial drugs or possibly allowing the accumulation of
both regulatory and structural genes in the same transposon. A similar mechanism
may have been involved in the assembly of the genetic elements that code for
vancomycin resistance in enterococci [9]. It appears that many of the genes
determining resistance have been present in nature and predate the clinical use of
antimicrobial drugs[10].

Various classification schemes have been proposed for beta lactamases based on
the characteristics of the enzymes and/or their substrate profiles [11, 12]. However a
functional classification scheme for beta lactamases proposed by ambler has found
common usage [12, 13]. Ambler classifies these enzymes into four classesi.e. A, B, C
and D [13, 14, and 15]. Class A, C and D have evolved dependence on an active site
serine as their key mechanistic feature. Class B enzymes are zinc dependent and
hence different from A, C and D. It is nhoteworthy that these enzymes do not share any
sequence homologies, structural similarities or mechanistic features with serine
dependent proteases. A series of recently discovered beta lactamases exhibit wide
breadth for their substrate preferences, which often include penicillins, cephal osporins
and carbapenems among other substrates [16]. These so called extended-spectrum-
beta lactamases (ESBLS) are being identified among all classes of beta lactamases. It
is now accepted that beta lactamases evolved from penicillin binding proteins (PBP),
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which experience covalent modification by penicillins and other beta lactams [17].
These biosynthetic enzymes assemble the bacterial cell wall and regulate its function.
Certain PBPs carry out the cross-linking reaction, which imparts rigidity to the
bacterial cell wall [18]. Penicillins bind to PBPs and acylate an active site serine. The
resultant acyl-enzyme species is sufficiently stable to provide effective inhibition of
the biological function of the PBP, an inhibition event that leads to bacterial cell
death. The development of beta lactamase is a relatively recent events, which must
have taken place after the evolution of the first biosynthetic pathways for the natural
beta-lactam antibiotics [19,20 and 21].The process of evolution of beta lactamases has
been accelerated by the extensive use of beta-lactamsin clinic over the past few years
[22,23] . It is the use of antimicrobial drugs for prophylactic or therapeutic purposes
in humans or for veterinary or agricultural purposes that provided the selective
pressure favoring the overgrowth of resistant organisms[24].

There are a number of resources of data from surveillance study of antimicrobial
resistance available on the World Wide Web [25] e.g. Infectious Disease society of
America ,European Society of Clinical Microbiology and Infectious diseases and
www.lahey.org that may be useful to scientists with a research interest in the field of
antimicrobial resistance. To date over 600 novel beta lactamases have been identified
(www.lahey.org) to complicate their therapeutic use. List of beta lactamase genes
available (www.lahey.org) were compiled using experimental data obtained from
clinical studies. This can be used to study the mutational and substitution rates. Hence
the information is present about the lactamase individual gene so this can not be
further used for network and regulatory studies. The data present in static table hence
not queried using sequence based search.

Resistance is so complex and dynamic at the genetic level that there is a needed to
understand the diversity and prevalence of resistance gene families, both in nature and
in the animal microflorathat are the bridge to human contact and to discern the origin
of these genes and how they spread from one organism to other. We also need to
understand the regulation of resistance genes in order to develop novel class of
resistance inhibitors that work by either activating the resistance gene suppressors or
inhibiting the activators.

In this study we report a database of lactamase genes identified from sequenced
plasmids and chromosomes of 457 bacterial strains.

Result

Taxonomic distribution

DLact contains 2020 lactamase like genes identified from 814 sequenced bacterial
genomes, which much larger than related databases (www.lahey.org). Of these 1971
were present on chromosome and only 49 were present on plasmids. Table 1 shows
the taxonomic distribution of lactamase like proteins at the class and family level. As
can be seen from the table the lactamase like proteins are approximately uniformly
distributed across various taxonomic groups, however, number of genes per
chromosome varied across different taxonomic groups. Similarly, distribution at the
family and genus level also showed uniform distribution of lactamase like proteins.
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The near uniform taxonomic distribution of lactamase like proteins indicates that
these genes have evolved from an essential gene which was present very early in the
evolution.

Table 1: Taxonomic distribution of lactamase like proteins at the class and family
level.

Class Family No. of No. of species  No. of
species  containing Genes
Studied putative
lactamase.
Acidobacteria (class)  Acidobacteriaceae 1 1 21
Solibacteres Solibacteraceae 1 1 29
Actinobacteria (class)  Acidothermaceae 1 0 0
Micrococcaceae 7 4 21
Bifidobacteriaceae 3 1 1
Corynebacteriaceae 6 4 16
Frankiaceae 2 2 13
Microbacteriaceae 1 1 1
Mycobacteriaceae 15 12 182
Nocardiaceae 7 5 35
Nocardioidaceae 2 1 4
Propionibacteriaceae 1 1 2
Rubrobacteraceae 1 1 10
Streptomycetaceae 5 2 35
Nocardiopsaceae 1 1 4
Cellulomonadaceae 2 0 0
Aquificae (class) Aquificaceae 2 1 3
Bacteroidetes Bacteroidaceae 6 14
Porphyromonadaceae 1 1 1
Flavobacteria Flavobacteriaceae 1 1 5
Fohingobacteria Flexibacteraceae 1 1 3
Crenotrichaceae 2 1 3
Chlamydiae Parachlamydiaceae 1 1 2
Chlamydiaceae 14 0 0
Chlorobia Chlorobiaceae 4 4 5
Thermoprotei Desulfurococcaceae 1 1 2
Pyrodictiaceae 1 1 1
Thermoproteaceae 2 2 2
Sulfolobaceae 3 3 11
Thermofilaceae 2 0 0
Unclassified Nostocaceae 11 2 8
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Xanthomonadaceae 17 8 32
Soirochaetes Spirochaetaceae 36 0 0

Leptospiraceae 8 4 8
Thermotogae Thermotogaceae 1 1 1

Ecophysiological distribution

Eco-physiological details of the sequenced organisms were extracted from the
Microbial Genome Resources available at NCBI
(http://www.nchi.nim.nih.gov/genomes/Iproks.cgiview=1). We found that
lactamase like genes were most prevalent in organisms which are in close association
with humans or mesophile soil inhabitants. Very few or no genes were found in free-
living extremophiles indicating that the use of antibiotics has facilitated the spread of
lactamase genes among selected taxonomic groups and selected for their rapid
evolution [22]. The genes were present mainly among pathogenic organisms. Non
pathogenic strains that contain lactamase genes were from families that contain
pathogenic organisms. For example, Ralstonia metallidurans CH34 from family
Burkholderiaceae is non-pathogenic and contain lactamase gene. Ralstonia
solanacearum is a devastating, soil-borne plant pathogen (26).
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Figure 1: Habitat distribution of lactamase like genes.
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Temprature

Figure 2: Distribution of lactamase like genes at the temperature level.

Pathogenicity

Figure 3: Distribution of lactamase like genes according to pathogenicity.
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The lactamase domain was identified using Interproscan [27]. Figure 4 shows the
cumulative frequency distribution for the average domain length of the lactamase
genes. Mgjority of lactamase genes in our database were from 200-400 residues long.
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The distribution indicates at least two separate classes (200-250 and 325-350) of

lactamase based on the domain length.

Domain Length Diversity
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Figure 4: Domain length diversity bar graph.

We have found four proteins containing two lactamase like domains (as identified
by InterProscan) (Table 2). Presence of double domain in a lactamase gene may be a
case of gene fusion. Gene fusion has been observed for a number of bacterial proteins
e.g. Pseudomonas aeruginosa. However the double domain found in those genes
which are not associated with any human disease. The lactamase genes containing
double domain may be areservoir of generator of domain or sequence diversity.

Table 2: Occurrence of double domain lactamase genesin bacteria.

Organism Name Taxon Gi_number Genome accession  Start-End
Bacillusthuringensis  Bacillales 118478619 NC_008600 40 - 367
386 - 720
Pectobacterium Proteobacteria, Gammaproteobacteria; 52142220 NC_004547 40-367
atrosepticum Enterobacteriales 386 - 720
BacilluscereusE33L  Bacilli, Bacillales, Bacillaceae 71280521 NC_006274 112-124
172 - 265
Colwellia Gammaproteobacteria,Alteromonadales 50121773 NC_003910 99- 235
psychrerythraea Colwelliaceae 194 - 271
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Sequence diversity within the L actamase gene

We have used needle to find out pairwise sequence identity between the lactamase
genes. Figure 5 shows the cumulative frequency distribution for pairwise percentage
sequence identity between the lactamase genes. Pairwise sequence identity in
lactamase genes ranges from 0.0% to 100 %.It has been noted that 86% lactamase
genes has the sequence identity in the range of 10-20% and 35% in the range of O-
10%.It means lactamase genes are highly diverged.
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Figure 5: Distribution of pair wise sequence identity for lactamase gene.

Web Interface

DLact was constructed with MySgl, and the web interface was implemented with
PHP. In contrast to Lahey.org where sequence based search cannot be made, our
database can be searched by using text or sequence queries. The text search window
(Fig.6) alows searching by element of the gene-name, strand polarity OR via
selecting taxonomic classification. The user aso has the option to refine the search
using a combination of gene-name, strand polarity and taxonomic listing. Search
results are presented in table form as shown in Figure 7.1n this case, a search for gene
blaZ yielded three records. Each record includes gene-name, synonym, gi-number,
start, end, strand, protein name, strain and taxonomic information. Links to NCBI
database are provided for retrieval of full GenBank records.
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Figure 6: The DLact text query page. A screenshot shows different fields by which a
user can effectively search the database.

Sequence based search can be conducted by using nucleotide or protein queries.
BLAST against lactamase genes has been made available with both DNA and protein
blast, through blastp and blastn codes. User has the privilege to customize the blast by
changing any of the listed parameter like e-value, word-size, Gap-Penalties or by
selecting the available matrices. Filtering the low complexity regions of DNA/ protein
can be done using the corresponding DUST/SEG filter. The blast options are standard
asgiven at NCBI.
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Figure 7: DLact record details. Records include the name of gene, synonym, gi
number, star, end, strand and taxonomic information.

Methods

Data Collection

Chromosomal and Plasmid DNA sequences of 457 sequenced bacterial strains (as
available on 1st March, 2007) were downloaded from NCBI genome repository.
Sequences of 158 lactamase proteins belonging to well characterized lactamase
families like Serine and Metello-beta |actamase etc were selected from literature and
downloaded from SwissProt/UniProt database (The UniProt Consortium, 2007).
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| dentification of putative lactamase genes

Using each of the initial 158 sequences as a query set, blastx [28] search was carried
out in order to identify regions of chromosome and plasmid DNA sequences
homologous to the 158 lactamase proteins. Hits were merged and aligned regions
were mapped onto the protein trand ation table (ptt) files (downloaded from the NCBI
web site) in order to identify the gene boundaries of the lactamase genes.

Annotation of putative lactamase genes

Putative lactamase genes were annotated by characterizing domains in protein
sequences using InterProScan [27] and rpsBlast [29]. Both these methods are very
sensitive in detecting remote homologies and annotating sequences that may have
diverged significantly. InterPro is an integrated resourse for the identification of
protein families, domains and functional sites and was created by integrating several
major protein signature databases [30]. Currently it includes PROSITE [31], Pfam
[32], PRINTS [33] , ProDom [34], SMART [35], TIGR-FAMs [36], PIRSF [37] ,
Gene3D [38], Panther [39] and SUPERFAMILY. A common query can be used to
interrogate the various databases and the outputs from all of them are integrated in a
common format. Specific protein family signatures are integrated into InterPro entries
that are expertly curated to provide significant biological and functional information.
In our case, InterPro searches were carried out in batch mode using the perl script
InterProScan.pl available at
http://www.ebi.ac.uk/T ool s/webservices/downl oads/perl/interproscan.pl . RpsBLAST
is another powerful heuristic search tool used for comparing a protein sequence
against Position Specific Scoring Matrices (PSSMs) generated from conserved protein
domain families. RpsBLAST searches of the putative lactamase proteins were carried
out against PSSMs generated from protein domain families available in the CDD [40],
SMART [35], COG [41] and Pfam [32] databases. Based on InterProScan and
rpsBLAST searches, lactamase genes were selected. A database has been designed
using MySql Version 4.001 on Red Hat Linux EA.
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