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Introduction  

Screening for the production of new bacteriocins in bacteria is a challenging endeavour due to the 

huge screening space (number of potential producer strains X number of potential expression 

conditions) (see chapter 3.1.1). Limiting the number of potential producer strains by using 

predictions from genomic data can therefore be a valuable step in the search for and exploitation 

of new bacteriocins. The availability of more and more genomic data makes this a good starting 

point for the discovery of novel bacteriocins. Bacteriocins can be mined directly from genomic 

data based on homology with either known bacteriocins, bacteriocin motifs, or, even more 

important, bacteriocin bio-synthesis genes. Until now, only a few bacteriocins have been 

discovered by genome mining. Although it is possible to screen for homology to known 

bacteriocins, this approach is limited to larger bacteriocins and subgroups of bacteriocins, which 

show high sequence homology. Screening proteins based on conserved motifs is a good 

alternative, especially for small bacteriocins, but will not discover all, due to the poor conservation 

of amino acid sequences among bacteriocins. To enhance the reliability of the predictions and to 

predict the class to which the bacteriocin belongs, it is of vital importance that the genomic 



context of a bacteriocin is taken into account. Genomic context of bacteriocins is class-dependent 

and consists of genes encoding modification, regulation, leader processing, transport and 

immunity proteins. The current understanding of bacteriocins provides a set of general (class 

dependent) and more specific (subclass dependent) features which can be exploited to explore 

the vast amount of genomic data to find bacteriocins.   

Bioinformatic tools  

Homology searches in bacteriocin databases   

The proper analysis tool to determine whether a protein is a bacteriocin, strongly depends on the 

size of the bacteriocin. For proteins larger than 200 amino acids an alignment algorithm like 

BLAST is sufficient to determine if a protein is a bacteriocin or not, because large bacteriocins are 

more conserved in sequence than small ones. In these cases no specialised bacteriocin 

database is needed besides the standard nr-database available at the NCBI BLAST server. For 

blasting smaller proteins (<200 aa) the NCBI nr-database is not suitable and a dedicated 

database is needed. Two bacteriocin and one more general database are freely accessible for 

this purpose, i) the BACTIBASE (R. Hammami, et al. 2007) database holds most known 

bacteriocins and offers tools like BLAST and a Hidden Markov Model (HMM) for classification of 

bacteriocins, ii) BAGEL2 which offers, next to automated screening of genomes for bacteriocins 

with class prediction, an extensive database that allows BLAST searches, iii) PIRSF contains a 

complete database of proteins but allows good filtering for keywords and therefore can be useful 

to specifically screen for bacteriocins. The advantage of these bacteriocin specific databases is 

that higher cutoff E-values for BLAST can be used without increasing the background. The draw-

back of these dedicated databases is that interesting novel bacteriocins without or with low 

homology to known ones will not be found using BLAST. The discovery of the two-component 

lantibiotic haloduracin by McClerren et al (2006) is an example of a discovery solely based on 

sequence homology.     

Mining for conserved protein domains    



In genome annotation projects, functions of proteins are routinely assigned using conserved 

protein sequence patterns. Many databases that include intelligent search and/or mining tools are 

available via web interfaces nowadays (Table 1). For mining bacteriocins, some annotation 

servers contain none or only one bacteriocin peptide-specific pattern, where others contain up to 

eleven conserved bacteriocin domains (Table 1). The ExPASy proteomics server enables to 

screen for bacteriocin class IIa family signatures, but does not contain signatures for other types 

of bacteriocins. TIGRFAM , PRINTS  and PFAM contain more conserved protein domains based 

on bacteriocin alignments. Because these databases do not completely overlap, 14 unique 

protein patterns could be deduced from them.    

Screening genomic context 

The methods mentioned above allow to screen for bacteriocins that have either homology with 

known bacteriocins or that at least contain a conserved motif within the bacteriocin. To mine for 

novel bacteriocins with low homology to known ones, the genomic context of small ORFs can be 

screened for genes involved in synthesis, regulation, transport, processing or immunity of 

bacteriocins. From literature it is known that these context genes are conserved between a broad 

range of species. Especially genes encoding the modification enzymes of lantibiotics have been 

successfully used to screen genomic data and identify new bacteriocins. Begley et al (2009) 

describe the discovery of lichenicidin by LanM (modification enzyme) mining.  

Bacteriocin mining tool: BAGEL2  

The BAGEL2 web-server which is the follow up of BAGEL (A. de Jong, et al. 2006), is still the 

only fully automated tool available that allows genome mining for bacteriocins, and several 

publications raised in literature have used BAGEL successfully (C. Knoll, et al. 2008;L. Navarro, 

et al. 2008;I. Holtsmark, et al. 2008). This web-based tool is specialised in mining genomes for 

bacteriocins using a combined approach of homology search in a bacteriocin database and 

bacteriocin motif screening together with screening the genome context. BAGEL2 does not need 

annotation of any protein coded by the genome because that is done "on the fly" during the 



bacteriocin mining process. If the resource is DNA then an ORF calling is needed to deduce the 

proteins from the DNA. For this purpose a good algorithm is available on the BAGEL2 website. A 

typical result of a putative bacteriocin and its context genes is shown in Fig 1. where BAGEL2 

could annotate three context genes as LanT, LanM and an ABC-transporter. Furthermore, 

detailed information of the putative bacteriocin is given, including a scoring table showing the 

most important features that contributed to the positive hit.   

Prediction of small ORFs  

Small ORFs are regularly omitted in the annotation process of bacterial genomes when they have 

low homology to existing proteins. Especially the small proteins of class I and class II bacteriocins 

are frequently absent in annotated genomes. For ORF prediction in prokaryotic genomes the 

following tools can be used: Glimmer (A. L. Delcher, et al. 2007) and Prodigal (Table 2). Normally 

these programs give a FastA formatted file as end product, but for genome context mining the 

organisation of the genome is also needed, therefore these files must be converted to a genbank 

or EMBL format. Fully automated ORF calling systems which give a genbank or EMBL format as 

output can be found on http://bagel2.molgenrug.nl and 

http://bioinformatics.biol.rug.nl/websoftware/orf/orf_start.php. Artimis is a popular program for 

annotation of bacterial genomes and can export results in genbank format, but is very laborious 

for a high number of samples and therefore not suitable for high throughput approach. 

Alternatively, the genome data can be submitted at NCBI  or at the Doe Joint Genome Institute 

where the data will be processed upon request.   

 

High-throughput data mining  

The number of completly sequenced genomes is increasing fast, but currently more and more 

genome sequences remain unfinished, especially in meta-genomics projects, although they are 

undoubtedly very interesting data sources for bacteriocin mining. The NCBI Entrez Genome 

Project database consists of complete and incomplete (in-progress) genome sequencing projects. 



Currently (januari 2010) 3215 prokaryotes genome projects are available from this database. 

High throughput screening in these kinds of sequence data is possible with the command line 

driven version of BAGEL2 (available on request at http://bagel2.molgen.rug.nl).   

Transcriptome analysis  

To get further insight in the expression and transcriptional regulation of putative bacteriocions and 

their accompanying immunity, regulation and synthesis genes, analysis of transcriptome data 

derived from DNA-microarray or deep sequencing experiments can be performed using the tools 

FIVA, MOTIFATOR and DISCLOSE. FIVA (E. J. Blom, et al. 2007) is used to discover differential 

expression of functional classes between two experiments. Therefore, a functional class should 

first be defined for the bacteriocin and its context genes. MOTIFATOR (E. J. Blom, et al. 

2009) predicts cis-regulatory motifs using the gene expression profiles of functional classes. 

Furthermore, it creates an interactive visualisation of the results. For analysing multiple 

experiments DISCLOSE (E. J. Blom, et al. 2008) is used which is also used for discovery of de 

novo DNA motifs involved in the transcriptional regulation. Using these tools will speed up 

validation of expression of bacteriocin gene clusters and identify possible motifs as targets for 

regulation. Moreover, they will provide possible links between bacteriocin production and co-

expression of other genes, enabling the reconstruction of gene regulatory networks to which the 

bacteriocins belong.  

Conclusion  

Prediction of bacteriocins and the (sub)class it belongs becomes more and more reliable due to 

the increasing number of class-specific protein motifs and, very importantly, by taking the 

genomic context into account. The web-server BAGEL2 applies decision rules for combinations of 

bacteriocin protein patterns and the function of context genes, which further enhance the 

prediction of the bacteriocin (sub)class. Although mining for novel bacteriocins is a challenging 

task, modern bio-informatic tools allow discovery of thousands of new bacteriocin candidates in 

(un-)finished genomes and in meta-genomics data.        



Figure Captions  

Figure 1. Graphics from the BAGEL2 report of putative bacteriocin SPN23F_12701 

of Streptococcus pneumoniae ATCC 700669. The leader sequence is indicated in green and 

amino acids involved in dehydratation and/or lanthionine ring formation in red and blue.    

Tables  

Table 1. Online databases suitable for bacteriocin analysis using conserved protein domains.    

Database  
#bacteriocin 

domains  
url  

POSITE  1  http://www.expasy.ch/prosite  

PFAM  11  http://pfam.sanger.ac.uk  

PRINTS  8  http://www.bioinf.manchester.ac.uk 

TIGRFAM 8  http://www.jcvi.org  

PIRSF  NA  http://pir.georgetown.edu  

ProDom  NA  http://prodom.prabi.fr  

 

 

Table 2. Web links to programs and analysis servers  

Program / server  url  

BLAST  http://blast.ncbi.nlm.nih.gov/  

BACTIBASE  http://bactibase.pfba-lab-tun.org  

BAGEL2  http://bagel2.molgen.rug.nl  



PIRSF  http://pir.georgetown.edu  

GILMMER  http://www.cbcb.umd.edu/software/glimmer  

Zcurve  http://tubic.tju.edu.cn/Zcurve_B  

Artimis  http://www.sanger.ac.uk/Software/Artemis  

NBCI Annotation  http://www.ncbi.nlm.nih.gov/Genbank/genomesubmit_annotation.html  

JGI Annotation  http://merced.jgi-psf.org/cgi-bin/img_er_submit/main.cgi  

NCBI Genome Projects  http://www.ncbi.nlm.nih.gov/genomeprj  

FIVA  http://bioinformatics.biol.rug.nl/standalone/fiva  

MOTIFATOR  http://bioinformatics.biol.rug.nl/standalone/motifator  

DISCLOSE  http://bioinformatics.biol.rug.nl/standalone/disclose  
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