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Histone-like nucleoid structuring (H-NS) protein is a component
of bacterial chromatin and influences gene expression both
locally and on a global scale. Although H-NS is broadly
considered a silencer of transcription, the mechanisms by
which H-NS inhibits gene expression remain poorly
understood. Here we discuss recent advances in the context of
a ‘love-hate’ relationship between H-NS and RNA polymerase,
in which these factors recognise similar DNA sequences but
interfere with each other’s activity. Understanding the complex
relationship between H-NS and RNA polymerase may unite
the multiple models that have been proposed to describe
gene silencing by H-NS.
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Introduction

All life forms must organise their chromosomes within the
confines of the cell or its compartments. This requires
that DNA is folded, so it can be stored in a confined space,
whilst simultaneously remaining accessible, so that the
genetic code can be utilised. In eukaryotes, histone
proteins interact with DNA to form nucleosomes [1].
The nucleosomes are further folded into chromatin fibres
[2]. Our understanding of nucleosome formation at the
molecular level is well developed. Furthermore, it is
known that 1) nucleosomes can impede access of cellular
machinery to genes and ii) that this process is carefully
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regulated by the cell [2]. In prokaryotes, where DNA is
folded into a structure known as the nucleoid, mecha-
nisms of chromosome folding are also best understood at
the molecular level; a group of ‘nucleoid-associated’
DNA-binding proteins impose constraints on DNA to-
pology [3]. The effects on other DNA transactions are
complex and poorly defined.

The Histone-like nucleoid structuring (H-NS) factor is a
15.5 kDa protein found in the bacterium Escherichia coli
and its close relatives [4,5]. Initially referred to as protein
H1, H-NS was first isolated on the basis of its propensity
to bind DNA [6,7]. Subsequent studies showed that this
activity was biased towards AT-rich sequences [8]. The
intracellular abundance of H-NS, alongside its DNA
binding properties, immediately suggested a role in
DNA organisation and the regulation of gene expression
[5]. Thus began decades of painstaking research into
these distinct functions. What followed revealed that
H-NS plays diverse roles in bacterial cells, including
not only the control of gene expression and DNA folding,
but also the facilitation of bacterial genome evolution
[4,5,9,10°°]. The generally accepted view is that H-NS
binds to several hundred high-affinity nucleation sites
dispersed across the chromosome before oligomerising
across AT-rich DNA segments to exert its various effects.
In many cases, these effects are intertwined and manifest
themselves at the same genomic loci. For example, the
E. coli K-12 ygeH gene is located within a remnant of a
horizontally acquired pathogenicity island. Such regions
are frequently silenced by H-NS, reducing their toxicity
and facilitating genome evolution [10°°]. However, in the
case of ygeH, H-NS binding not only results in transcrip-
tional repression but also co-localisation of this genomic
locus with other H-NS-bound regions of the chromosome

[11].

Over the past three decades it has become apparent that
H-NS is part of a family of proteins with similar properties
[5]. In E. co/i, ‘H-NS-like’ proteins such as StpA, Hha,
YdgT and Ler have now been characterised. These pro-
teins generally interact with H-NS and modulate its DNA
binding or oligomerisation properties. For instance, recent
structural work has shown that Hha binds to the H-NS
oligomerisation domain and alters the ability of H-NS to
regulate a subset of genes, possibly by influencing the
DNA binding activity of H-NS via modified oligomerisa-
tion [12,13]. Orthologs of H-NS have been identified in
diverse bacteria, including Bacillus subtilis (Rok), Pseudo-
monas aeruginosa (Mva'l'), Burkholderia vietnamiensis (Bv3F)
and Mycobacterium tuberculosis (List2) [14-17]. In Gram-
positive bacteria and mycobacteria, functional analogues
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of H-NS exhibit similar DNA binding properties despite
only partial structural similarity and the absence of se-
quence similarity [16°°]. These divergent factors have only
been identified recently; their discovery suggests that H-
NS-like proteins may be a near universal feature of bacte-
rial chromatin.

Although the influence of H-NS on DNA folding, gene
expression, and horizontal gene transfer is broadly ac-
cepted, the molecular mechanism by which H-NS exerts
these effects remains controversial. Multiple models pur-
port to explain H-NS function, and gaping holes in our
knowledge are still evident. For example, it is unclear if
H-NS represses transcription by occluding RNA poly-
merase targets or by trapping RNA polymerase in unpro-
ductive complexes [18-20]. Furthermore, the toxic
effects of AT-rich DNA, and the mechanism by which
H-NS negates this toxicity, remain only partially defined.
In this review, we focus on the ‘love-hate’ relationship
that exists between H-NS and RNA polymerase and the
need for a better understanding of their uneasy partner-
ship. In particular, we discuss reasons why both H-NS and
RNA polymerase have a propensity to bind (i.e. a ‘love’
for) AT-rich DNA and why H-NS-bound AT-rich DNA

‘hates’ to be transcribed.

DNA recognition by H-NS and RNA
polymerase: a shared ‘love’ for AT-rich DNA
Recent structural work has unveiled the precise organi-
sation of the H-NS, Lsr2 and Bv3F DNA binding deter-
minants [16°°]. Strikingly, although these proteins have a
different overall configuration, a surface exposed loop in
all three factors adopts an almost identical conformation.
"This loop contains a conserved Q/RGR amino acid motif

that is essential for DNA binding [16°°]. The first (Q/R)
and last (R) side chains of the motif dock with the DNA
minor grove. This docking is facilitated by the narrowing
of the minor grove associated with AT-rich DNA. How-
ever, minor grooves that are too narrow (e.g. those in A-
tract DNA) are sub-optimal targets [16°°]. Studies of the
Ler protein support this view [21]. In complementary
genomic experiments, Gordon and co-workers examined
the DNA sequence specificity of H-NS and Lst2 by
measuring binding to a double-stranded DNA oligonucle-
otide microarray [16°°]. The microarrays consisted of
32 896 possible 8-mer sequences, each represented multi-
ple times on the array. For each 8-mer sequence an ‘E-
score’ was determined. The E-score describes the ranking
of probes containing a particular 8-mer, relative to all other
probes, upon protein binding. Put simplistically, the E-
score represents the binding preference of H-NS or Lsr2
for a given 8-base sequence. This analysis revealed very
similar DNA-binding specificities for H-NS and Lsr2.
Moreover, the results agreed with previous work proposing
that the best nucleation sites for H-NS contain a central
T-A step and lack extended A-tract or T-tract sequences
[22-24]. Lang and co-workers had previously derived a
DNA sequence logo for H-NS nucleation (Figure 1a) on
the basis of iz vitro DNA footprinting analysis and chro-
mosome-wide analysis of H-NS binding [22,23]. Whilst
this logo may not represent the only sequence that H-NS
can recognise with a high affinity, it further supports the
requirement for a T—A step at H-NS nucleation sites.

The DNA binding properties of H-NS are particularly
intriguing when considered alongside those of RNA
polymerase. Briefly, the role of RNA polymerase in the
cell can be described by the transcription cycle (Figure 2).
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DNA binding properties of H-NS and RNA polymerase. (a) The H-NS DNA nucleation motif. The panel shows a DNA sequence logo generated
from high-affinity H-NS nucleation sites (adapted from Lang et al. [22]). (b) The DNA sequence logo represents sequence conservation in
promoter —10 elements recognised by the housekeeping ¢’° factor (25). (c) Promoter —10 elements are enriched in high affinity H-NS targets.
The scatter plot shows H-NS and Lsr2 binding signals generated by the binding of each protein to the double stranded DNA microarray of
Gordon et al. Each data point represents a different DNA octamer sequence. Data points highlighted in red are those that contain a promoter

—10 element (as defined in Ref. [30]).
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H-NS can influence all aspects of the transcription cycle. The figure shows a cartoon of the transcription cycle and the potential involvement of H-
NS at different stages. At the step of promoter binding (a) H-NS can exclude RNA polymerase by occluding promoter DNA elements or bind DNA
in conjunction with RNA polymerase to influence its position on the DNA. Transcription initiation (b) may be blocked by H-NS mediated stalling of
RNA polymerase at promoters and elongation of RNA polymerase, through tracts of H-NS-bound DNA, may impede transcription to enhance

termination by Rho (c).

In this model, RNA polymerase must recognise and
interact with two core promoter DNA elements [25]. Thus,
the RNA polymerase ¢’ subunit contacts the —10 (5'-
TATAAT-3) and —35 (5-TTGACA-3') hexamers [25].
Recognition of —10 hexamers drives DNA unwinding
during transcription initiation as elegantly demonstrated
by recentstructural work [26,27]. During promoter opening,
the second and final positions of the —10 hexamer are
flipped out of the DNA base stack and accommodated
by pockets in the sigma factor. Although details of this
transition remain to be defined, these DNA opening events
are clearly facilitated by the highly conserved T-A step
found in promoter —10 hexamers. This T-A step is easily
observed in a DNA sequence logo, generated from >500
experimentally  verified  ¢’’-dependent  promoters
(Figure 1b) [28]. Interestingly, direct comparison of an
H-NS nucleation motif (Figure 1a) and RNA polymerase
promoter —10 element (Figure 1b) reveal the potential for
overlapping DNA sequence preference. Indeed, it was
recently shown that many H-NS-bound regions of the
E. coli chromosome are enriched for sequences that resem-
ble promoter —10 elements [29°°,30]. Similarly, identifica-
tion of putative promoters using genomic SELEX with the
E. coli RNA polymerase holoenzyme revealed an abun-
dance of promoters in H-NS-bound regions of the genome
[31]. The overlapping DNA sequence preference of H-
NS and RNA polymerase is also evident in the DNA
oligonucleotide array data of Gordon ez a/. [16°°]. These
data are shown in Figurelc where 1) each data point
represents a different 8-mer and ii) 8-mers containing -
10 elements (defined as 5'-TAnAAT-3', 5-TATnAT-3/

or 5" TATAnT-3’) are highlighted red. There is a sta-
tistically significant overrepresentation of —10 elements
in the top 10% of Lsr2 and H-NS binding targets
(P = <0.0001 for both H-NS and Lsr2, Chi-square test).
For example, whilst only 122 of the 32896 8-mer
sequences examined by Gordon ¢z @/. contained —10 ele-
ments, 90 of the —10 elements fell in the top 10% of all 8-
mers ranked according to the E-score for H-NS binding.
Given the overlapping DNA-binding specificities of RNA
polymerase and H-NS, it is unsurprising that they fre-
quently target intergenic non-coding DNA and genes
enriched for intragenic promoters. As discussed in more
detail below, this shared ‘love’ of AT-rich DNA gives rise
to conflict between RNA polymerase and H-NS.

Conflict between H-NS and RNA polymerase:
interactions at different stages of the
transcription cycle

H-NS interactions with transcription initiation
complexes

A variety of mechanisms have been described for H-NS
modulation of transcription initiation. The simplest mech-
anism involves occlusion of promoter sequences by H-NS
filaments (Figure 2a). Genome-scale analysis of RNA
polymerase binding, and transcription start-site mapping,
are consistent with this being a common mechanism by
which H-NS represses transcription initiation. Surprising-
ly, the majority of repressed promoters are located either
inside genes or far from a nearby gene start, suggesting
that H-NS suppresses spurious transcription initiation in
A'T-rich regions [29°°,30]. Several alternative models for
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transcription regulation by H-NS are focused on interac-
tion with the transcription initiation complex after promot-
er binding by RNA polymerase. The principal ‘post-
binding’ model posits that H-NS represses transcription
by binding upstream and downstream of an initiating RNA
polymerase, thus ensnaring the polymerase in a repression
loop (Figure 2b) [20]. Recent work with E. co/i O157:H7
suggests the action of H-NS may involve even more
complex interactions and intriguing regulatory possibili-
ties. For example, at the LEES promoter, H-NS appears to
interact directly with the RNA polymerase alpha subunit to
prevent transcription initiation [32°°]. Furthermore, at the
ehxCABD operon regulatory region, H-NS appears to pre-
vent RNA polymerase binding to spurious promoter-like
sequences located adjacent to the genuine ¢s/xCABD pro-
moter. In this way, H-NS may ‘focus’ binding of RNA
polymerase to the correct sequence [33]. Interestingly, the
gene regulatory effects of H-NS are not restricted to direct
control of RNA polymerase. Two recent studies showed
that many binding sites for the transcription activators
FNR and CRP are occluded by H-NS [34°°,35].

The various mechanisms by which H-NS can control
transcription initiation are illustrated in Figure Zb. It is
worth noting that the regulatory mechanisms ascribed to
H-NS are not mutually exclusive. Structural studies of the
H-NS N-terminal oligomerisation domain identified dif-
ferent modes of H-NS dimerisation [36,37]. Whilst both
studies agreed on the presence of three helical segments
(a1, a2 and a3), the coiled-coil formed between the two
a3 helices in an H-NS dimer was proposed to be anti-
parallel in one structure and parallel in the other. Recent
molecular simulations suggest that both structures may
be relevant, that each could dictate different regulatory
outcomes, and that switching between the two confor-
mations could be controlled by temperature and divalent
cations [19,38]. Given that transcription regulation by H-
NS is known to be sensitive to osmolarity, it is possible
that transitions in H-NS oligmerisation may determine
which mode of regulation predominates in a particular
condition.

H-NS interactions with transcription elongation
complexes

Although much attention has focused on suppression of
transcription initiation by H-NS, many active transcrip-
tion elongation complexes are likely to encounter H-NS
(Figure 2c). Such encounters arise both in coding regions
where significant H-NS binding occurs [39,40] and in
non-coding regions, bound by H-NS, thatare transcribed
as the result of antisense transcription of neighbouring
genes [41,42]. It is unclear, however, whether bound H-
NS impacts transcript elongation or if active elongation
can perturb H-NS filaments. Several recent studies
suggest that both these phenomena may occur. By inhi-
biting the Rho termination factor, Peters ez /. [41] found
that most Rho termination iz E. co/i affects noncoding,

antisense transcription, and that a substantial fraction of
these transcription termination events coincide with
sites of H-NS binding. Conversely, deletion of /s results
in increased RNA polymerase binding at 334 chromosomal
loci, of which 222 coincide with Rho-dependent termina-
tors. Thus, it appears that H-NS aids Rho-dependent
transcription termination, especially in untranslated seg-
ments of DNA such as antisense transcription units or
horizontally transferred genes. It seems likely that H-NS
impedes the progress of elongating RNA polymerase and
hence makes it more susceptible to termination by Rho
(Figure 2¢); such a view is supported by i vitro experi-
ments showing H-NS stimulation of RNA polymerase
pausing and Rho-dependent termination [43].

If H-NS can promote removal of RNA polymerase from
DNA upon close encounter, is the reciprocal also true?
Exciting recent results from Chandraprakash and Sesha-
sayee [44] suggest this may well be the case. These
authors report that when RNA polymerase invades H-
NS-bound regions of the chromosome, H-NS binding is
reduced. Using a similar strategy of chemical inhibition of
Rho, but instead monitoring H-NS binding levels using
ChIP-seq, Chandraprakash and Seshasayee [44] observed
that the increased read-through of RNA polymerase into
large tracts of H-NS-bound DNA occurred concomitantly
with destabilisation of H-NS-DNA interactions. Whilst
this result shows that RNA polymerase and H-NS per-
ceive each other’s presence during transcription elonga-
tion, the molecular details of the interplay remain
undefined (Figure 2c¢). Thus, careful studies such as
single-molecule approaches that can distinguish effects
of H-NS on transcript elongation rates and different
classes of transcriptional pausing as well as effects of

RNAP on H-NS release are now desirable.

H-NS interactions with RNA

Remarkably, the potential roles of H-NS in transcrip-
tion elongation also extend to a direct interaction with
the RNA. There have been numerous reports of H-NS,
and orthologs such as StpA, binding to RNA [45,46]. Ina
particularly notable piece of work, Park and colleagues
recently showed that H-NS can stimulate the expres-
sion of some genes by binding to AU-rich 5" UTRs of
some mRNAs with suboptimal ribosome binding sites
[47°°]. When H-NS targets these mRNAs, it results in
repositioning of the ribosome and more effective
mRNA translation. We speculate that these properties
of H-NS, which have been long overlooked, may well be
as important as the interactions between H-NS and
RNA polymerase at promoters. Moreover, these H-
NS-RNA interactions are likely to occur on nascent
RNA, since transcription and translation are coupled in
bacteria. Thus, H-NS-RNA interactions likely repre-
sent an additional connection between H-NS and RNA
polymerase.

Current Opinion in Microbiology 2015, 24:53-59
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Summary

We propose that H-NS and RNA polymerase are engaged
in an inharmonious matrimony with squabbling over
shared interests being commonplace. Whilst the two
factors share certain properties (most notably, a propen-
sity to recognise AT-rich sequences) and participate in
all aspects of the transcription cycle, their union fre-
quently has a disruptive outcome: H-NS interferes with
promoter binding by RNA polymerase, can trap RNA
polymerase in DNA loops, may disrupt transcription
elongation complexes, and can enhance termination.
H-NS has previously been described as promoting ‘xe-
nogeneic silencing’, that is, suppression of transcription
of horizontally acquired genes [48-50]. The model has
since been expanded to include suppression of spurious
promoters within these genes [29°°,30]. We speculate
that the DNA sequence preferences of H-NS and relat-
ed proteins have evolved to match those of RNA poly-
merase, as a mechanism for silencing transcription from
horizontally acquired DNA. However, once horizontally
acquired DNA has been stably inserted in the genome,
the function of H-NS can evolve to accommodate more
complex regulatory outcomes, such as the focusing of
RNA polymerase to the correct transcription start site as
observed for the ¢sxCABD operon in E. co/i O157:H7
[33].

The relationship between H-NS and RNA polymerase
can be modulated by other proteins. For example, ‘in-
vasive’” DNA can encode proteins that counteract the
repressive effects of H-NS. Such H-NS inhibitors are
known to be encoded in several bacteriophage genomes
[51,52]. Furthermore, host-encoded proteins frequently
interfere in the relationship between RNA polymerase
and H-NS. Proteins such as Ler and Hha can disrupt or
stabilise repressive H-NS-DNA complexes on a global
scale [12,13,53]. Understanding these partner proteins
will likely prove key in determining the precise details
by which H-NS functions. This may take longer for
organisms where functional homologs of H-NS have
only recently been found [54]. On a local scale, many
transcription activators have evolved to counteract H-
NS-mediated repression. These proteins can function by
preventing H-NS oligomerisation, bridging, or simply
disrupting H-NS-DNA interactions [55]. At many pro-
moters, transcription activators function solely by dis-
placing H-NS [55]. Thus, widespread repression of
transcription by H-NS represents an opportunity to
activate transcription of genes in a highly specific man-
ner. This is a common strategy for regulating virulence
genes, and is likely to evolve rapidly since many pro-
moter architectures can be accommodated and any
DNA-binding protein can activate transcription in this
manner [56,57]. Given the wide variety of mechanisms
by which H-NS can repress transcription, it is likely that
many mechanisms of anti-repression have yet to be
discovered.

References and recommended reading
Papers of particular interest, published within the period of review,

have been highlighted as:

ee Of outstanding interest

1. Luger K, Mader AW, Richmond RK, Sargent DF, Richmond TJ:
Crystal structure of the nucleosome core particle at 2.8 A
resolution. Nature 1997, 389:251-260.

2. Misteli T: Higher-order genome organization in human disease.
Cold Spring Harb Perspect Biol 2010, 2:a000794.

3. Browning DF, Grainger DC, Busby SJ: Effects of nucleoid-
associated proteins on bacterial chromosome structure and
gene expression. Curr Opin Microbiol 2010, 13:773-780.

4. Dorman CJ: H-NS, the genome sentinel. Nat Rev Microbiol 2007,
5:157-161.

5.  Dorman CJ: H-NS-like nucleoid-associated proteins, mobile
genetic elements and horizontal gene transfer in bacteria.
Plasmid 2014, 75C:1-11.

6. Laine B, Sautiere P, Spassky A, Rimsky S: A DNA-binding protein
from E. coli isolation, characterization and its relationship with
proteins H1 and B1. Biochem Biophys Res Commun 1984,
119:1147-1153.

7. SpasskyA, Rimsky S, Garreau H et al.: H1a, an E. coli DNA-binding
protein which accumulates in stationary phase, strongly
compacts DNA in vitro. Nucleic Acids Res 1984, 12:5321-5340.

8. Owen-Hughes TA, Pavitt GD, Santos DS, Sidebotham JM,
Hulton CS, Hinton JC, Higgins CF: The chromatin-associated
protein H-NS interacts with curved DNA to influence DNA
topology and gene expression. Cell 1992, 71:255-265.

9. Winardhi RS, Gulvady R, Mellies JL, Yan J: Locus of enterocyte
effacement-encoded regulator (Ler) of pathogenic
Escherichia coli competes off histone-like nucleoid-
structuring protein (H-NS) through noncooperative DNA
binding. J Biol Chem 2014, 289:13739-13750.

10. Ali SS, Soo J, Rao C, Leung AS, Ngai DH, Ensminger AW,

ee Navarre WW: Silencing by H-NS potentiated the evolution of
Salmonella. PLOS Pathog 2014, 10:e1004500.

A study showing that understanding H-NS function can be derived from

examining the mechanisms used by the cell to compensate for loss of H-NS.

11. Wang W, Li GW, Chen C, Xie XS, Zhuang X: Chromosome
organization by a nucleoid-associated protein in live bacteria.
Science 2011, 333:1445-1449,

12. Ali SS, Whitney JC, Stevenson J, Robinson H, Howell PL,
Navarre WW: Structural insights into the regulation of foreign
genes in Salmonella by the Hha/H-NS complex. J Biol Chem
2013, 288:13356-13369.

13. UedaT, TakahashiH, Uyar E, Ishikawa S, Ogasawara N, Oshima T:
Functions of the Hha and YdgT proteins in transcriptional
silencing by the nucleoid proteins, H-NS and StpA, in
Escherichia coli. DNA Res 2013, 20:263-271.

14. Smits WK, Grossman AD: The transcriptional regulator Rok binds
A + T-rich DNA and is involved in repression of a mobile genetic
element in Bacillus subtilis. PLoS Genet 2010, 6:e1001207.

15. Winardhi RS, Fu W, Castang S, Li Y, Dove SL, Yan J: Higher order
oligomerization is required for H-NS family member MvaT to
form gene-silencing nucleoprotein filament. Nucleic Acids Res
2012, 40:8942-8952.

16. Gordon BR, Li Y, Cote A, Weirauch MT, Ding P, Hughes TR,

ee Navarre WW, Xia B, Liu J: Structural basis for recognition of AT-
rich DNA by unrelated xenogeneic silencing proteins. Proc Nat/
Acad Sci U S A 2011, 108:10690-10695.

Detailed structural analysis of interactions between H-NS, Lsr2 and DNA,

reveals how apparently unrelated proteins can have similar roles in the cell.

17. Gordon BR, Li Y, Wang L, Sintsova A, van Bakel H, Tian S,
Navarre WW, Xia B, Liu J: Lsr2 is a nucleoid-associated protein
that targets AT-rich sequences and virulence genes in
Mycobacterium tuberculosis. Proc Natl Acad Sci U S A 2010,
107:5154-5159.

www.sciencedirect.com

Current Opinion in Microbiology 2015, 24:53-59


http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0285
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0285
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0285
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0285
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0290
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0290
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0295
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0295
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0295
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0300
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0300
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0305
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0305
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0305
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0310
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0310
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0310
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0310
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0315
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0315
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0315
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0320
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0320
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0320
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0320
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0325
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0325
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0325
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0325
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0325
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0330
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0330
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0330
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0335
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0335
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0335
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0340
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0340
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0340
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0340
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0345
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0345
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0345
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0345
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0350
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0350
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0350
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0350
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0350
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0355
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0355
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0355
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0355
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0360
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0360
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0360
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0360
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0365
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0365
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0365
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0365
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0365

58 Cell regulation

18. Lim CJ, Lee SY, Kenney LJ, Yan J: Nucleoprotein filament
formation is the structural basis for bacterial protein H-NS
gene silencing. Sci Rep 2012, 2:509.

19. LiuY, Chen H, Kenney LJ, Yan J: A divalent switch drives H-NS/
DNA-binding conformations between stiffening and bridging
modes. Genes Dev 2010, 24:339-344.

20. Dame RT, Wyman C, Wurm R, Wagner R, Goosen N: Structural
basis for H-NS-mediated trapping of RNA polymerase in the
open initiation complex at the rrnB P1. J Biol Chem 2002,
277:2146-2150.

21. Cordeiro TN, Schmidt H, Madrid C, Juarez A, Bernadd P,
Griesinger C, Garcia J, Pons M: Indirect DNA readout by an
H-NS related protein: structure of the DNA complex of the
C-terminal domain of Ler. PLoS Pathog 2011, 7:e1002380.

22. Lang B, Blot N, Bouffartigues E, Buckle M, Geertz M, Gualerzi CO,
Mavathur R, Muskhelishvili G, Pon CL, Rimsky S, Stella S,
Babu MM, Travers A: High-affinity DNA binding sites for H-NS
provide a molecular basis for selective silencing within
proteobacterial genomes. Nucleic Acids Res 2007, 35:
6330-6337.

23. Bouffartigues E, Buckle M, Badaut C, Travers A, Rimsky S: H-NS
cooperative binding to high-affinity sites in a regulatory
element results in transcriptional silencing. Nat Struct Mol Biol
2007, 14:441-448.

24. Bhat AP, Shin M, Choy HE: Identification of high-specificity H-
NS binding site in LEE5 promoter of enteropathogenic
Esherichia coli (EPEC). J Microbiol 2014, 52:626-629.

25. Lee DJ, Minchin SD, Busby SJ: Activating transcription in
bacteria. Annu Rev Microbiol 2012, 66:125-152.

26. Feklistov A, Darst SA: Structural basis for promoter —10
element recognition by the bacterial RNA polymerase o
subunit. Cell 2011, 147:1257-1269.

27. Zhang Y, Feng Y, Chatterjee S, Tuske S, Ho MX, Arnold E,
Ebright RH: Structural basis of transcription initiation. Science
2012, 338:1076-1080.

28. Singh SS, Typas A, Hengge R, Grainger DC: Escherichia coli ¢™
senses sequence and conformation of the promoter spacer
region. Nucleic Acids Res 2011, 39:5109-5118.

29. Panyukov VV, Ozoline ON: Promoters of Escherichia coli versus
ee promoter islands: function and structure comparison. PLOS
ONE 2013, 8:€62601.

These authors present a comprehensive computational analysis of exist-
ing genomic datasets describing the distribution of H-NS across the E.
coli chromosome and the occurrence of transcripts and promoter-like
sequences. The unexpected conclusion is that many regions bound by H-
NS are enriched for intragenic promoters. The authors suggest that RNA
polymerase may be able to initiate transcription from such promoters
when H-NS is present but that this transcription is prematurely terminated
(see also Ref. [30]).

30. Singh SS, Singh N, Bonocora RP, Fitzgerald DM, Wade JT,
Grainger DC: Widespread suppression of intragenic
transcription initiation by H-NS. Genes Dev 2014,
28:214-219.

31. Shimada T, Yamazaki Y, Tanaka K, Ishihama A: The whole set
of constitutive promoters recognized by RNA polymerase
RpoD holoenzyme of Escherichia coli. PLOS ONE 2014,
9:€90447.

32. Shin M, Lagda AC, Lee JW, Bhat A, Rhee JH, Kim JS, Takeyasu K,
ee Choy HE: Gene silencing by H-NS from distal DNA site. Mo/
Microbiol 2012, 86:707-719.
In this paper, the authors reveal that the mechanisms via which H-NS can
repress transcription are more diverse than existing RNA polymerase
trapping and exclusion models. Hence, at the E. coli LEE5 promoter H-NS
can repress transcription by binding to a distal nucleation site an oligo-
merising towards the promoter region until it is able to make a specific
interaction with the RNA polymerase «CTD. This interaction prevents
RNA polymerase from forming a productive transcription initiation
complex.

33. Singh SS, Grainger DC: H-NS can facilitate specific DNA-
binding by RNA polymerase in AT-rich gene regulatory
regions. PLOS Genet 2013, 9:e1003589.

34. Myers KS, Yan H, Ong IM, Chung D, Liang K, Tran F, Keles S,
ee Landick R, Kiley PJ: Genome-scale analysis of Escherichia coli
FNR reveals complex features of transcription factor binding.
PLOS Genet 2013, 9:e1003565.
In mapping the distribution of the global transcriptional regulator FNR
across the E. coli chromosome the authors uncover a conspicuous lack of
FNR binding to sites located in regions of the chromosome bound by H-
NS. Removal of H-NS from cell results in FNR recognition of these targets
suggested widespread exclusion of FNR, and probably other transcrip-
tion factors, from some targets by H-NS. Hence, the already complicated
story of gene regulation by H-NS now has an added level of complexity
(see also Ref. [35]).

35. Haycocks RJ, Sharma P, Stringer AM, Wade JT, Grainger DC: The
molecular basis for control of ETEC enterotoxin expression in
response to environment and host. PLOS Pathog 2015, 11(1)
e€1004605.

36. Bloch V, Yang Y, Margeat E, Chavanieu A, Augé MT, Robert B,
Arold S, Rimsky S, Kochoyan M: The H-NS dimerization domain
defines a new fold contributing to DNA recognition. Nat Struct
Biol 20083, 10:212-218.

37. Esposito D, Petrovic A, Harris R, Ono S, Eccleston JF, Mbabaali A,
Hagq |, Higgins CF, Hinton JC, Driscoll PC, Ladbury JE: H-NS
oligomerization domain structure reveals the mechanism for
high order self-association of the intact protein. J Mo/ Biol
2002, 324:841-850.

38. Vreede J, Dame RT: Predicting the effect of ions on the
conformation of the H-NS dimerization domain. Biophys J
2012, 103:89-98.

39. Kahramanoglou C, Seshasayee AS, Prieto Al, Ibberson D,
Schmidt S, Zimmermann J, Benes V, Fraser GM, Luscombe NM:
Direct and indirect effects of H-NS and Fis on global gene
expression control in Escherichia coli. Nucleic Acids Res 2011,
39:2073-2091.

40. Grainger DC, Hurd D, Goldberg MD, Busby SJ: Association of
nucleoid proteins with coding and non-coding segments of
the Escherichia coli genome. Nucleic Acids Res 2006, 34:4642-
4652.

41. Peters JM, Mooney RA, Grass JA, Jessen ED, Tran F, Landick R:
Rho and NusG suppress pervasive antisense transcription in
Escherichia coli. Genes Dev 2012, 26:2621-2633.

42. Dornenburg JE, Devita AM, Palumbo MJ, Wade JT: Widespread
antisense transcription in Escherichia coli. mBio 2010, 1
e00024-10.

43. Kaotlajich MV, Hron DR, Boudreau BA, Sun Z, Lyubchenko Y,
Landick R: Bridged filaments of histone-like nucleoid
structuring protein pause RNA polymerase and aid
termination in bacteria. eLife 2015 http://dx.doi.org/10.7554/
eLife.04970.

44. Chandraprakash D, Seshasayee AS: Inhibition of factor-
dependent transcription termination in Escherichia coli might
relieve xenogene silencing by abrogating H-NS-DNA
interactions in vivo. J Biosci 2014, 39:53-61.

45. Brescia CC, Kaw MK, Sledjeski DD: The DNA binding protein
H-NS binds to and alters the stability of RNA in vitro and in
vivo. J Mol Biol 2004, 339:505-514.

46. ZhuB, Lee SJ, Tan M, Wang ED, Richardson CC: Gene 5.5 protein
of bacteriophage T7 in complex with Escherichia coli nucleoid
protein H-NS and transfer RNA masks transfer RNA priming in
T7 DNA replication. Proc Natl Acad Sci U S A 2012, 109:8050-
8055.

47. Park HS, Ostberg Y, Johansson J, Wagner EG, Uhlin BE: Novel
ee role for a bacterial nucleoid protein in translation of mRNAs
with suboptimal ribosome-binding sites. Genes Dev 2010,
24:1345-1350.
This work may represent the tip of the iceberg when it comes to H-NS
mediated gene regulation by interaction with mRNA. The authors defy
dogma to show that H-NS activates expression of the E. coli malT, IrhA,
dpiA, znuA, yhbW and ynfF genes. In each case an extraordinary ribo-
some repositioning mechanism is at play. Hence, H-NS interacts with the
5 UTR of the nascent mRNA and stimulates a more productive interaction
between the ribosome and the mRNA target.

Current Opinion in Microbiology 2015, 24:53-59

www.sciencedirect.com


http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0370
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0370
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0370
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0375
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0375
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0375
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0380
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0380
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0380
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0380
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0385
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0385
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0385
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0385
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0390
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0390
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0390
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0390
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0390
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0390
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0395
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0395
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0395
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0395
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0400
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0400
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0400
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0405
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0405
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0410
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0410
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0410
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0415
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0415
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0415
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0420
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0420
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0420
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0425
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0425
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0425
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0430
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0430
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0430
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0430
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0435
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0435
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0435
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0435
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0440
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0440
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0440
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0445
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0445
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0445
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0450
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0450
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0450
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0450
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0455
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0455
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0455
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0455
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0460
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0460
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0460
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0460
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0465
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0465
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0465
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0465
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0465
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0470
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0470
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0470
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0475
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0475
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0475
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0475
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0475
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0480
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0480
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0480
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0480
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0485
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0485
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0485
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0490
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0490
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0490
http://dx.doi.org/10.7554/eLife.04970
http://dx.doi.org/10.7554/eLife.04970
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0495
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0495
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0495
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0495
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0500
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0500
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0500
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0505
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0505
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0505
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0505
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0505
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0510
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0510
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0510
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0510

48.

49.

50.

51.

52.

H-NS and RNA polymerase: a love-hate relationship? Landick, Wade and Grainger 59

Navarre WW, Porwollik S, Wang Y, McClelland M, Rosen H,
Libby SJ, Fang FC: Selective silencing of foreign DNA with low
GC content by the H-NS protein in Salmonella. Science 2006,
313:236-238.

Lucchini S, Rowley G, Goldberg MD, Hurd D, Harrison M,
Hinton JC: H-NS mediates the silencing of laterally acquired
genes in bacteria. PLoS Pathog 2006, 2:e81.

Oshima T, Ishikawa S, Kurokawa K, Aiba H, Ogasawara N:
Escherichia coli histone-like protein H-NS preferentially binds
to horizontally acquired DNA in association with RNA
polymerase. DNA Res 2006, 13:141-153.

Ali SS, Beckett E, Bae SJ, Navarre WW: The 5.5 protein of phage
T7 inhibits H-NS through interactions with the central
oligomerization domain. J Bacteriol 2011, 193:4881-4892.

Ho CH, Wang HC, Ko TP, Chang YC, Wang AH: The T4 phage
DNA mimic protein Arn inhibits the DNA binding activity of
the bacterial histone-like protein H-NS. J Biol Chem 2014,
289:27046-27054.

53.

54.

55.

56.

57.

Bhat A, Shin M, Jeong JH, Kim HJ, Lim HJ, Rhee JH, Paik SY,
Takeyasu K, Tobe T, Yen H, Lee G, Choy HE: DNA looping-
dependent autorepression of LEE1 P1 promoters by Ler in
enteropathogenic Escherichia coli (EPEC). Proc Natl Acad Sci
U S A 2014, 111 E2586-95.

Qu Y, Lim CJ, Whang YR, Liu J, Yan J: Mechanism of DNA
organization by Mycobacterium tuberculosis protein Lsr2.
Nucleic Acids Res 2013, 41:5263-5272.

Stoebel DM, Free A, Dorman CJ: Anti-silencing: overcoming
H-NS-mediated repression of transcription in Gram-
negative enteric bacteria. Microbiology 2008, 154:
2533-2545.

Will WR, Navarre WW, Fang FC: Integrated circuits: how
transcriptional silencing and counter-silencing facilitate
bacterial evolution. Curr Opin Microbiol 2014, 23C:8-13.

Will WR, Bale DH, Reid PJ, Libby SJ, Fang FC: Evolutionary
expansion of a regulatory network by counter-silencing.
Nat Commun 2014, 5:5270.

www.sciencedirect.com

Current Opinion in Microbiology 2015, 24:53-59


http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0515
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0515
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0515
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0515
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0520
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0520
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0520
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0525
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0525
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0525
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0525
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0530
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0530
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0530
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0535
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0535
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0535
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0535
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0540
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0540
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0540
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0540
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0540
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0545
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0545
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0545
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0550
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0550
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0550
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0550
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0555
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0555
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0555
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0560
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0560
http://refhub.elsevier.com/S1369-5274(15)00010-7/sbref0560

	H-NS and RNA polymerase: a love–hate relationship?
	Introduction
	DNA recognition by H-NS and RNA polymerase: a shared ‘love’ for AT-rich DNA
	Conflict between H-NS and RNA polymerase: interactions at different stages of the transcription cycle
	H-NS interactions with transcription initiation complexes
	H-NS interactions with transcription elongation complexes
	H-NS interactions with RNA

	Summary
	References and recommended reading


