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Abstract

A group of three genes from the bacterium Bacillus thuringiensis str. Al
Hakam (BALH_0274 – BALH_0277, excluding BALH_0276) were
annotated using the collaborative genome annotation website GENI-ACT.
The Genbank proposed gene product name for each gene was assessed
in terms of the general genomic information, amino acid sequence-based
similarity data, structure-based evidence from the amino acid sequence,
cellular localization data, potential alternative open reading frames,
enzymatic function, presence or absence of gene duplication and
degradation, and the possibility of horizontal gene transfer. The Genbank
proposed gene product name did not differ from the proposed gene
annotation for each of the genes in the group and as such, the genes
appear to be correctly annotated by the computer database.

Introduction

Bacillus thuringiensis, also known as Bt, is a spore-forming bacterium that
produces crystal proteins called δ-endotoxins (Madigan et al., 2005). It is
found throughout the world in soil and it naturally occurs in the gut of
caterpillars and various types of moths and butterflies (Kumar et al., 1996).
Bt was first discovered in 1901 by a Japanese biologist, then rediscovered
by Ernst Berliner in 1911 when he isolated it as the cause of a disease
called Schlaffsucht in flour moth caterpillar.

Bt is an important bacteria today because of its natural pesticidal ability.
Quickly after it was isolated in the early 20th century, industrial farmers
began using it as a main pesticide for their crops. Bt was the best choice
for a pesticide, for the crystal proteins which it forms are highly toxic to the
metabolisms of pests, but have no observed effect on animals or human
anatomy according to a study done by the EPA in 2001. Recently, with the
introduction of genetic engineering, certain strains of corn, now called Bt
corn, have been genetically modified to produce the Cry proteins that are
toxic to pests on their own, without the need of added pesticides. This has
opened the topic of Bt to public controversy between people who support
or protest genetically modified crops.

Results

Conclusion
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Figure 2 - These are the locus tags and relative position of the genes under 
investigation in this research.

Methods
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Modules of GENI-ACT (http://www.geni-act.org/) were used to
complete Bacillus thuringiensis genome annotation. The modules are
described below:

BALH_0274:
The conclusion has been reached that the gene product of locus tag
BALH_0274, undecaprenyl-diphosphatase, was called correctly by the
computer. In the sequence-based similarity module, the top gene product
name for orthologs of Bacillus thuringiensis Al Hakam was undecaprenyl-
diphosphatase and had a high alignment score. As the genetic code is
almost universal, this helps to verify that the gene was, in fact, called
correctly. In creating a WebLogo, the BALH_0274 sequence had a high
conservation with other similar proteins in the database. There were very
few areas in the WebLogo where there was no conservation. No
alternative reading frame was suggested for the gene locus, as there was
a Shine-Dalgarno sequence between 5 and 15 amino acids upstream of
the start codon of BALH_0274.

The protein was projected to be located in the cell membrane because of
its seven transmembrane helix hits (See Figure 2.) This locus tag has
been verified as an enzyme through the KEGG program and runs using
the peptidoglycan biosynthesis pathway. Undecaprenyl-diphosphatase
uses this pathway. Lastly, BALH_0274 is not likely to be a paralog, as
there were no sequences like BALH_0274 in Bacillus thuringiensis str. Al
Hakam. Given what is above, there is no evidence that the gene was
called incorrectly by the computer, and it fits the characteristics of
undecaprenyl-diphosphatase.

Figure 3 – TMHMM predicts how many transmembrane helices a certain protein has. If 
transmembrane helices are present, it is likely that the protein is located in the cell 
membrane. For BALH_0274, this graph shows that this protein has 7 significant 
predicted transmembrane helices. Therefore, it is most likely located in the cell 
membrane.

The GENI-ACT proposed gene product did not differ significantly from the
proposed gene annotation for each of the genes in the group and as such,
the genes appear to be correctly annotated by the computer database.
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Gene Locus Geni-Act Gene Products Proposed Annotation

BALH_0274 Undecaprenyl-diphosphatase Undecaprenyl-diphosphatase

BALH_0275 Bacitracin ABC Transporter 
Permease

Bacitracin ABC Transporter 
Permease

BALH_0277 Sensor Histidine Kinase Sensor Histidine Kinase

BALH_0275:
This gene had the coordinates 308385..309137 as predicted by GENI-
ACT. The sequence is 250 amino acids long. GENI-ACT proposed that the
product of this gene was a bacitracin ABC transporter and permease
component. This proposal was supported by the BLAST results, the first
two hits of which were bacitracin ABC transporter permease
[Streptococcus pneumoniae] and bacitracin ABC transporter permease
[Bacillus sp. MN5]. The CDD, T-coffee, and WebLogo results also
supported this. TMHMM predicted six transmembrane helices. Each had a
high probability rating, suggesting that these predictions are accurate.
SignalP predicted no signal peptides. PSORTb suggested that the protein
created by this gene could be found in the cytoplasm. Given these results
and the results from Phobius, it is most likely that the protein is found
partially in the cytoplasm, with six transmembrane helices. Also, further
investigation suggests that the gene coordinates were correct as originally
called.

The function pathway of this protein has been determined to be an ABC-2
transporter, though no E.C. number has been reported. No paralogs were
found for this gene, and the way the raw translations of the sequence and
the Genbank results matched perfectly suggest that this is not a
pseudogene. Also, the phylogenetic tree, similarity of closely related
bacteria in the same gene neighborhood, and the results from the
chromosome viewer GC heat map all suggest that no horizontal gene
transfer has occurred.

BALH_0277:
The proposed product for BALH_0277 by GENI- ACT was a sensor
histidine kinase. This gene product was supported by the top BLAST hits
for the amino acid sequence, the transmembrane topography of the amino
acid sequence, and the cellular location of the amino acid sequence. Both
PSORT-b and Phobius suggested that BALH_0277 is cytoplasmic.
BALH_0277’s phylogenetic tree shows that some of the Bacillus bacteria
were more closely linked to non-Bacillus bacteria than to other Bacillus. In
conclusion, the proposed product from GENI-ACT for BALH_0277 was
confirmed by these findings.

Figure 4 - This Weblogo graph from Locus Tag BALH_0275 shows the C terminal end of 
the protein. The first line is reasonably well-conserved, but the second one is less so. 
The lower line also shows an abundance of polar amino acids (in green).

Figure 5 – The phylogenetic tree of BALH_0277 shows that this protein in some 
Bacillus bacteria is more closely linked to non-Bacillus bacteria than to other Bacillus
bacteria.
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Figure 1 – This is an SEM of a colony of Bacillus thuringiensis.


