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Introduction

DNA structure and topologically driven structural transitions have been suggested to play important roles
in regulating gene expression (1). Stress induced DNA duplex destabilization (SIDD) analysis exploits
the known structural and energetic properties of DNA to predict the sites which are susceptible to become
separated under superhelical stress (2, 3). Experimental results show that this analysis is quantitatively
accurate in predicting transcriptional regulatory regions, matrix/scaffold attachment sites and replication
origins (4, 5). Here we report a systematic analysis of the SIDD profile of the E. coli genome using a new
algorithm specific for long genomic DNA sequences (6).

Results

1. Less than 7% of the E. coli genome has the propensity to be destabilized at the physiological
superhelical densities (Figure 1).

2. Sites with high destabilization potential are statistically significantly associated with divergent
and tandem intergenic regions, but not with convergent intergenic regions, and they strongly
avoid coding regions (Figure 2).

3. More than 80% of the intergenic regions containing experimentally characterized promoters are
found to overlap these SIDD sites (Figure 3).

4. A large majority of SIDD sites overlap long tandem intergenic regions, suggesting a potential role
of SIDD sites in defining operon boundaries (Figure 4).

5. Strong SIDD sites are also found in the 5’ upstream regions of genes regulating stress responses
in E. coli, suggesting a possible link between their locations, the degrees of their destabilization,
and the functioning of these genes (Table 1).
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Figure 4. Strong SIDD sites are located at the

internal gene regions overlapping SIDD sites at each  boundaries of the proU operon. The genes are
level in E. coli genome

given above the graph and transcribe directly.

Table I. Global transcriptional regulators for stress responses with their 5’ upstream regions overlapping

the highly destabilized SIDD sites

Stress SIDD | Gene | Function

Osmotic, nutrition 0 rpoS Sigma S (sigma 38) factor of RNA polymerase, major sigma

starvation, cold factor during stationary phase

Same as above 2 gyrA | DNA gyrease, subunit A, typell topoisomerase

Same as above 0 hupA | DNA-binding protein HU-alpha (HU-2), plays a role in DNA

0 hupB | replication and in rpo translation

Same as above 1 H-NS | Transcriptional regulator, DNA-binding protein HLP-II, increases
DNA thermal stability

Same as above? 1 crp Transcriptional regulator, cyclic AMP receptor protein (cAMP-
binding family), interacts with RNAP

Aerobic/anaerobic 0 for Transcriptional regulator of aerobic, anaerobic respiration, osmotic
balance (cAMP-binding family)

Aerobic/anaerobic 0 narX Sensory histidine kinase in two-component regulatory system with
NarL, regulation of anaerobic respiration and fermentation, senses
nitrate/nitrite

Osmotic shock 0 ompR | response regulator in two-component regulatory system with

EnvZ, regulates ompF and ompC expression (OmpR family)
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