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Abstract. Genome-scale mapping and reconstruction of metabolic pathways and
transcriptional regulatory networks in taxonomically diverse microbes is one of
the critical tasks of microbial genomics. Here we present a bioinformatic analysis
of transcriptional regulatory mechanisms of histidine biosynthetic and transport
genes across the reference set of 628 representative genomes from the Firmicutes
phylum. By using the comparative genomics approach we have reconstructed the
biochemical pathways and transcriptional regulons for histidine metabolism in
these genomes and propose a plausible evolutionary scenario for regulation of
histidine biosynthesis genes. Orthologs of HisR repressor were identified in 397
Firmicutes genomes, representing four classes (Bacilli, Clostridia, Negativicutes,
and Tissierellia), with the only exception of bacteria from the Erysipelotrichia
class, where a novel potential RNA attenuator was identified in the leader region
of his operon. Histidine attenuator was also identified in a small group of closely-
related Bacillus species and some Clostridia spp. Another class of cis-regulatory
RNA elements, namely T-boxes, were found to be involved in the transcriptional
control of histidine metabolism in bacteria from the Lactobacillales order. We
also reconstructed HisR regulons in bacteria from other taxonomic groups from
the Actinobacteria, Proteobacteria and Synergistetes phyla. The predicted DNA
binding motifs of HisR in various taxonomic groups have a structure of 20-bp
palindromes. The reconstructed HisR regulons mostly include the histidine bio-
synthetic operons and putative histidine uptake transporters.
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1 Introduction

Histidine is one of the essential amino acids in mammals (1, 2). Prokaryotes, fungi, and
plants can synthesize it using a common biosynthesis pathway. Histidine biosynthetic
pathway in Bacteria consists of ten biochemical steps. In Escherichia coli and other
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gamma-proteobacteria, the histidine biosynthesis genes are organized into the his op-
eron, which is regulated via the leader peptide-dependent transcription attenuation
mechanism (3). However, the histidine-dependent transcriptional regulation is poorly
studied in Gram-positive bacteria from the Firmicutes phylum. In our previous bioin-
formatic analysis of transcriptional regulation in two Firmicutes genera (Bacillus and
Staphylococcus), we have identified a novel potential regulator of the histidine metab-
olism, termed HisR that is encoded by the hypothetical gene yerC in B. subtilis (4,5).
The predicted histidine-responsive repressor HisR is homologous to the TrpR family of
tryptophan-sensing repressors. The inferred HisR regulons include the histidine biosyn-
thesis his operon and the putative histidine uptake permease yuiF in the Bacillus-Staph-
ylococcus group (4,5). Another Firmicutes lineage, the Lactobacillales, uses another
class of cis-regulatory RNA elements called T-boxes for the transcriptional control of
histidine metabolism (6,7).

2 Materials and methods

Histidine biosynthesis metabolic pathways were recosntructed using metabolic sub-
systems approach implemented in the SEED annotation/analysis tool which combines
protein similarity search, positional gene clustering, and phylogenetic profiling of genes
(8). Additional analysis was made with Pfam (9) and UniProt/SwissProt (10) databases
to verify functional annotations. Transporters were classified according to TCDB data-
base (11). Phylogenetic trees were built with PhyML program (12). The HisR regulons
were reconstructed by the RegPredict web server (13) using comparative genomics ap-
proach described earlier (14). Multiple sequence alignments were built in MAFFT (15).
RNA regulatory motifs were identified using Riboswitch Scanner (16) and Search
Rfam (17).

3 Results

Here we present a bioinformatic analysis of transcriptional regulatory mechanisms of
histidine biosynthetic and transport genes across the reference set of 628 representative
genomes from the Firmicutes phylum. By using the comparative genomics approach
we have reconstructed the biochemical pathways and transcriptional regulons for histi-
dine metabolism in these genomes and propose a plausible evolutionary scenario for
regulation of histidine biosynthesis genes. Orthologs of HisR repressor were identified
in 397 Firmicutes genomes, representing four classes (Bacilli, Clostridia, Nega-
tivicutes, and Tissierellia), with the only exception of bacteria from the Erysipelotrichia
class, where a novel potential RNA attenuator was identified in the leader region of his
operon. A small group of closely-related Bacillus species including B. cereus, B. an-
thrasis and B. thuringiensis has lost hisR repressor gene and utilizes a novel histidine-
specific RNA attenuator for control of the his operon. Histidine attenuator was also
identified in some Clostridia spp. such as C. difficile and related species that lack hisR
repressor gene. These findings suggest that the ancestor HisR regulatory system has
been replaced by different RNA regulatory systems including T-box and multiple types
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of histidine attenuators in certain taxonomic groups of Firmicutes. The reconstructed
HisR regulons mostly include the histidine biosynthetic operons and putative histidine
uptake transporters.

Using the genome context analysis and regulon reconstruction we observed three major
transport systems for histidine uptake in HMP genomes: two distinct ABC-family
transport systems (HisXYZ and HisJQMP) and a potential histidine permease from the
Na+/H+ antiporter family (YuiF).

We also reconstructed HisR regulons in bacteria from other taxonomic groups from the
Actinobacteria, Proteobacteria and Synergistetes phyla, where HisR almost exclusively
controls the his operon and is often encoded by an adjacent hisR gene, suggesting it's
likely acquisition via horizontal gene transfer. The predicted DNA binding motifs of
HisR in various taxonomic groups have a structure of 20-bp palindromes with a com-
mon consensus sequence YACTTTANYNNRNTAAAGTR, where YisCor T, Sis C
or G, and W is A or T, and has some variations in several conserved positions in certain
taxa.
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