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Short Abstract — The ability to monitor the occupancy of
transcription-factor binding sites in vivo is an important
prerequisite to modeling and understanding regulatory
network dynamics. We have developed a technology for whole-
genome identification and monitoring of protein-DNA
"footprints" in bacterial genomes. We employed the power of
genome-wide analyses to detect underlying complex patterns
connecting the set of DNA-protein interactions and the
transcription regulatory network. In addition, we are using this
technology to gain a better understanding of the structural
organization of the bacterial genome in terms of nucleoid
proteins and the domains they help to organize.
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1. BACKGROUND

ESPITE the importance of DNA-protein interactions in

mediating the transcriptional response to environmental
signals [1], the systems-wide behavior of the genomic
repertoire of these interactions has been largely inaccessible.
While the set of genomic binding sites for individual
proteins can be determined via chromatin
immunoprecipitation (ChIP) followed by microarray
hybridization [2], this now-classical technique has several
limitations of resolution and global applicability.

While much is known about the organization of
eukaryotic genomes, surprisingly little has been recorded
about the nature of prokaryotic genomic architectures,
despite many years of study. At least two major components
contribute to establishing and maintaining genomic
architecture in bacteria: protein-DNA interactions and DNA
supercoiling. In E. coli, 12 conserved proteins have been
identified as both binding DNA and contributing to genomic
organization [3]. However, the physical mechanism
combining these two aspects to create overall genomic
architecture remains unknown.

II. SUMMARY OF RESULTS

Here we present a technology for the high-resolution
simultaneous in vivo display of the genomic repertoire of
protein-DNA interactions in E. coli. We have developed a
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genome-wide in vivo protein occupancy display method that
circumvents the need for an antibody, permitting
simultaneous high-resolution monitoring of the full
repertoire of DNA-protein interactions.

We present evidence for a discrete set of genomic regions
that have properties consistent with possible genomic
organizing centers in E. coli. We show through genomic
protein occupancy assays that these regions are coated with
proteins. These DNA sequences are conserved through
evolution but do not appear to encode proteins that are
expressed [4]. Binding sites for the nucleoid proteins are
enriched in these regions [5], and the regions show
biophysical characteristics consistent with the preferred
binding regimes of these proteins [6]. We speculate that
interactions among these “bacterial heterochromatin”-like
organizing regions may determine the overall structure of
the E. coli chromosome [7].

III. CONCLUSION

We have combined novel whole-genome experimentation
with computational analysis of diverse data sources [5- to
investigate the genome-wide repertoire of protein-DNA
interactions in E. coli. Using a systems-level analysis, we
speculate as to the nature of the underlying organization of
the E. coli genome. Our experimental method can be
extended to any sequenced microbe, and the established
platform may be used for the genome-wide study of other
molecular events, such as transcription and mutational
analysis.
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