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Background 

 

Bacterial transport systems are essential cellular components providing functioning and 

survival in varying environmental conditions. ABC transporters responsible for uptake of 

oligopeptides are encoded by operons composed of genes of periplasmic sensor, channel proteins 

and ATPases [1]. The present work is focused on the oppABCDF operon representing a typical 

ABC transporter [2, 3]. Nevertheless, the precise mechanisms of transcriptional regulation of 

individual genes from this operon are not completely clear. This operon is transcribed from the 

σ
28

 promoter [4], and at the level of transcription it is regulated by two repressors, Fur-Fe
2+

 and 

Lrp [5, 6], while small regulatory RNA GcvB affects protein biosynthesis [7]. The first two 

genes of this operon, oppA and oppB, are separated by 86 bp, containing potential terminator in 

the oppA proximal region (RegulonDB [8]). That assumes a possibility of independent 

transcription from the remaining part of the operon, and a mode of its regulation becomes of a 

particular interest. 

Materials and methods 

Potential starts of transcription initiation in the oppA-oppB intergenic region were 

predicted using universal promoter search algorithm PlatPromU [9]. Nucleotide sequences of 

homologous regions including oppA-oppB loci were analyzed for the following species: 

Rhizobium etli (Rh. etli), Bacillus subtilis (B. subtilis), Yersinia pseudotuberculosis (Y. 

pseudotuberculosis), Clostridium botulinum (Cl. botulinum), Salmonela enterica (S. enterica), G. 

thermodenitrificans,  Escherichia coli (E. coli), Chlamidophila felis (Chl. felis), Shigells flexneri 

(Sh. flexneri), Bifidobacterium dentium (B. dentium), Corynebacterium glutamicum (C. 

glutamicum), Corynebacterium pseudotuberculosis (C. pseudotuberculosis), and 



Propionebacterium acnes (P. acnes). Potential binding sites for the H-NS nucleoid protein 

upstream to and within oppB were predicted by the Internet resource "Virtual Footprint" [10]. 

The homogenous and functionally active H-NS was obtained after overproduction of the 

recombinant protein from the pGEM_HNS_his plasmid [11] in BL21*(DE3) cells with 

subsequent purification by affine chromatography on a column with Ni-IDA agarose. Efficiency 

of H-NS interaction with linear DNA was estimated by EMSA. Involvement of H-NS in 

transcriptional regulation of oppB was testified in the hns deletion mutant using qRT-PCR. 

Results and conclusion 

oppABCDF is arranged according to a  typical scheme of an operon with sequential order 

of functionally related genes. Although polycystronic transcription is usually proposed for such 

cases, additional intra-operonic promoters may enhance expression of internal genes or confer 

them another mode of regulation. Such promoter was predicted by PlatPromU (Fig. 1) within 

oppA terminatory module and its activity was confirmed by RNA-seq.  

 

                   

Fig.1. Potential start for independent oppB transcription was predicted by PlatPromU in the 

intergenic oppA-oppB region of the Escherichia coli oppABCDF operon.    

 

Similar pattern of transcriptional signals distribution within oppA-oppB was shown using 

universal promoter search algorithm PlatPromU [9] for at least 13 evolutionary distant genomes. 

In the case of B. dentium the oppA-oppB genomic region exhibits extremely high density of the 

promoter-like signals allowing to consider this intergenic space as “promoter island”, primarily 

described in the genome of E. coli.  

 

 

Fig.2. H-NS binds to the intergenic fragment                                                                                                                                                                                                                   

oppA-oppB of oppABCDF 

 

 



 

“Promoter islands” usually possess high affinity to H-NS protein [12, 13, 14], and Virtual 

Footprint Internet resource [10] predicted several potential H-NS binding sites in the oppA-oppB 

intergenic region. Thus, it was reasonable to verify the involvement of H-NS in the oppB 

transcriptional regulation. Electrophoretic mobility shift assay (Fig. 2) confirmed the propensity 

of DNA fragments containing intergenic space to form stable complexes with purified H-NS 

protein, while the involvement of H-NS in the control of OppB mRNA biosynthesis was detected 

by qRT-PCR: deletion of the hns gene activates the synthesis of OppB mRNA approximately 10 

fold. Therefore, this nucleoid protein plays an important role in the expression of structural 

component of oligopeptide transport system. 
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