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Preface

Higher eukaryotic organisms, including humans, 
use vision, hearing, smell, touch or taste to 
promptly analyse the surrounding environment 
and react appropriately to avoid danger or take 
benefit of a favourable situation. In humans, 
perception of a danger or stress may result in 
adrenaline being released in the blood. Adrena-
line contributes to increase speed and strength 
or to decrease pain sensitivity, thus making your 
body and brain ready to take quick decisions such 
as running away or fighting. Similarly, when you 
smell or see something that is likely to be good 
food, you will start to salivate and prepare your 
digestive organs to process the food that you will 
inevitably be tempted to swallow.

One may think that prokaryotic organisms do 
not have such sensory sophistication, but a closer 
look at their molecular equipment indicates that 
they have this capacity. In bacteria, the decision-
making process is all about a quick change in gene 
expression. Such change starts with the synthesis 
of new determinants/molecules/proteins that 
will be more appropriate to cope with the newly 
encountered environment. This is combined with 
the arrest in synthesis of other molecules that 
became useless in the new context, since carry-
ing on with their production will be nothing else 
than a waste of precious time and energy. For 
example, in an iron-limiting environment, and 
iron is an essential element of many key biological 
processes, bacteria will switch on the expression 
of genes that will allow synthesis and release of 
siderophores (Chapter 10). These molecules are 
scavengers that will actively hunt and trap iron 
wherever available in order to bring it back into 
the cells. This internalization procedure will also 

involve receptors and transporters, the expression 
of which is also induced upon perception of low 
iron levels in the environment. The production of 
all the components involved in active iron capture 
is not required in other conditions than iron limi-
tation and therefore a tight control in expression 
of dozens of genes prevents unnecessary waste of 
energy.

Iron limitation is only one of many other exam-
ples that are described in this book. The multitude 
and complexity of control events happening in one 
bacterial cell over its lifetime are tied into a hugely 
sophisticated ‘bacterial regulatory network’, 
which within seconds drastically change the tran-
scription profile in the cell. The control events may 
involve master regulatory elements that sit on top 
of a hierarchical cascade, and which control global 
responses by affecting expression of hundreds of 
genes. These are for example alternative sigma fac-
tors that come into play to influence selectivity of 
the RNA polymerase in response to general stress 
situation (Chapters 1–3). Another example is the 
global regulator H-NS, a DNA-binding protein 
that keeps hundreds of genes silent (Chapter 7). 
These factors may in turn control expression of 
other regulators whose role will be more specific 
and that will induce change in expression of very 
few or even only one gene. A notorious regulatory 
system involved in responding to very specific 
changes in the environment is the two-component 
system (Chapter 8). This system involves a sensor 
protein whose role is to identify precisely what the 
environmental conditions are and in many cases it 
will be responsible for monitoring the presence/
absence of only one specific stimulus. It is also 
important to highlight that in many cases the 
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bacterium would like to respond to environmental 
changes not only at a single cell level but would 
like to organize a coordinate change in the whole 
bacterial population. One such phenomenon has 
been known for years as quorum sensing (Chap-
ter 4). This system is pinpointing to the fact that 
bacteria might not behave in a selfish manner but 
thanks to appropriate regulatory mechanisms and 
to the production of diffusible molecules have 
established their own communication/language 
skills. Quorum sensing has given a new vision of 
the microbiological world, and the Science behind 
this social behaviour was fancily quoted by Peter 
Greenberg (University of Washington) as ‘soci-
omicrobiology’.

It is remarkable that in many cases some of the 
changes induce by bacterial regulatory network 
are hardly visible to the human eyes. However, in 
several cases these changes in bacterial behaviour 
are striking. One example is the series of regula-
tory events, in response to harsh nutritional stress, 
which leads to sporulation of bacteria such as 
Bacillus subtilis. Such drastically different state 
of the bacteria may cause the emergence of two 
distinct subpopulations, and has been linked to 
so-called bistable regulatory networks (Chapter 
12). In other cases, bacteria may switch from a 
single cell and motility behaviour to a sessile life-
style within a compact but organized and active 
bacterial population called biofilm. Sometimes, 
the morphotype of a bacterial colony primed to 
form a biofilm is clearly identifiable on agar plates. 
Such a colony may display a remarkable wrinkly 
aspect often associated with the production of an 
exopolysaccharide whose aim is to glue bacterial 
cells together. The switch between motile and 
sessile lifestyles is also the result of sophisticated 
regulatory networks, and in some cases these 
regulatory cascades result in the production of 
a simple secondary messenger, such as the c-di-
GMP (Chapter 5), whose mechanism of action 
and impact on cell behaviour is yet far to be clearly 
understood. Finally, chemotactic networks sens-
ing gradient of attractive nutrients or repelling 
toxic compounds guide mobility and directional 
movement of a single bacterium (Chapter 9). 
Observing bacteria swimming and tumbling is 
something that was earlier catch by the human eye 
looking through rudimentary microscopes and 

whose mechanism and control are now under-
stood with exquisite molecular details.

The regulatory networks are not necessarily 
linear and could be seen as trees or microchips 
with integrated circuits involving multiple routes 
and ramifications. Signalling into one branch will 
spread into many other routes that in a way or 
another have a connection with the initial input. 
Moreover, the signalling does not necessarily go 
exclusively into one direction but involves feed-
back loops control for example once the initial 
stimulus or signal is gone. These multiconnections 
and ramifications very often encourage scientists 
to present highly sophisticated diagram in which 
stimuli, regulators and effectors are connected 
by a multitude of arrows that challenge our ana-
lytical capacity. It is also important to realize that 
regulatory controls may not only be exerted at 
transcriptional levels and the importance of small 
regulatory RNA in post-transcriptional control of 
gene expression is nowadays a very fashionable 
field of investigation (Chapter 6).

The book that has been assembled here is far 
to be comprehensive but is meant to cover a wide 
array of examples, which hopefully will reflect this 
complexity while providing a useful tool to gain 
better grasp in understanding bacterial regulatory 
networks, how they have evolved (Chapter 13) 
and how they could further be studied and under-
stood. One should be aware that there is probably 
a gap in between how these regulatory networks 
work and are inter-connected under circum-
stances that have been created in our laboratories, 
and how they really behave when the bacteria 
are thriving in their natural environment or host. 
This is certainly a challenge for further research 
to understand adaptive behaviour of bacteria in 
their natural niches, which may be of fairly higher 
complexity than our test tubes, not only in terms 
of nutrient or oxygen availabilities (Chapter 11) 
but also in terms of promiscuity with a multitude 
of other organisms.

I would like to thank the authors that have 
contributed to the writing of this book. They are 
all leaders in their field and their commitment to 
this task has been greatly appreciated. I also would 
like to thank all the colleagues, whose names are 
listed here below, that have helped to review the 
chapters and provided insightful suggestions to 
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the authors. Finally, I wish the owner of this book 
an enjoyable time reading it and hope he/she will 
recommend it to many colleagues in the fi eld be it 
a microbiologist or any curious neophyte eager to 
broaden his/her vision of a microscopic but rich 
and sophisticated world.

Alain Filloux (pictured)
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Genomic(s) 71, 102, 111, 146, 155, 191, 196, 198, 200, 

211, 223, 337, Table 8.2
GFP (green fluorescent protein) 316, 323, Fig. 12.14
GGDEF domain 123–138, 252, Fig. 5.1, Fig. 5.3, Fig. 5.4, 

Fig. 5.5, Fig. 5.6, Fig. 9.12. See also DGC and diguanylate 
cyclase

Gliding (motility) 45, 208, 224, 249, Table 8.1
GlmY (small regulatory RNA) 32, Fig. 2.2
Global regulator 97, 103, 167, 179, 261, 265, 335, 341, 

342
Glycerol-3-phosphate 275, 284, 285, Fig. 11.1, Fig. 11.5
Glycolysis 273, Fig. 11.5
Glyoxylate shunt 282, 285, Fig. 11.5
Growth phase (exponential, stationary, mid-log 

etc) 1–11, 14–18, 28, 31, 46, 61, 65, 69, 87, 95, 102, 
105, 125, 134, 135, 144, 158, 175–178, 180, 284, 307, 
339, 341, Fig. 5.6, Fig. 7.3, Fig. 11.5

Growth rate 2–5, 11, 178, 314–315, 320, 321

H
H-NS (Nucleoid structuring protein) 6, 10, 167–181, 

263, 269, Fig. 7.1, Fig. 7.2, Fig. 7.3, Fig. 10.2
Habitat 62, 229, 273, 285
Haem (haemoglobin, haemopexin, haemophore) 71, 

75–77, 126, 128, 261–266, 275, 278, 286, 288, 290, 294, 
Table 3.1, Fig. 10.4

Haemolysisn 102, 151, 155, 172, Table 6.1, Fig. 6.2, Fig. 
13.2

Haemophore 77, 262, Table 3.1
Hairpin 144, 151, 153, 155, 156, 161, 229, 243, Fig. 6.1, 

Fig. 6.2, Fig. 6.3
HAMP domain 203, 229–232, 235, 282, Fig. 9.3, Fig. 9.4, 

Table 8.2
HapR (LuxR family) 151, 153, Table 6.1
HasA/HasR 77
HATPase domain 192, 196, 201, 202, 204, Fig. 8.1, Fig. 

11.6, Fig. 11.10
HD-GYP domain 109, 123–128, 132–138, Fig. 4.6, Fig. 

5.1
Heat shock 1, 10, 61, 65–66, 70–71, 280, Fig. 1.1, Fig. 1.2, 

Table 8.1
Helix-turn-helix (HTH) 45, 61, 95, 99, 105, 131, 168, 

251, 276, 277, 280, 283, 293, 294, 336, Fig. 4.2, Fig. 9.12, 
Fig. 11.6

Hfq 6, 147, 151, 153, 160, 161, 176, 263, 277, Fig. 1.1, 
Fig. 6.2, Fig. 10.2

HHQ (2-heptyl-4-quinolone) 102–105, Fig. 4.4
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Hisitidine phosphotransfer (Hpt) 109, 156, 157, 192, 
198, 202–206, 280, Fig. 8.1, Fig. 8.2, Fig. 8.3, Fig. 8.6

HisKA domain 109, 192, 201–206, Fig. 8.1, Fig. 8.9, Fig. 
11.6, Fig. 11.10

Histidine sensor kinase 5, 15, 111, 289
Histone(-like) 4–6, 167, 263
HK 192–200, 203–213, Fig. 8.1, Table 8.2. See also 

Histidine sensor kinase
Holoenzyme 1, 3, 10, 11, 14, 16, 29, 59–62, 65, 312, Fig. 

1.1, Fig. 1.5, Fig. 6.2. See also RNAP
Homeostasis/Homeostatic 1, 6, 9, 13–17, 67, 71, 97, 154, 

261–262, 265–269, Fig. 1.2, Fig. 10.4, Table 6.1
Housekeeping (gene, factor) 1, 28, 32, 59, 158, 334
HptB (histidine phosphotransfer) 156, 157, Fig. 6.4
HrpL (sigma factor) 49
HrpR/HrpS (AAA+) 49
HtrA (protease) 69, 70
Hybrid sensor 106, 280
Hydoxyketone 106, 110, Fig. 4.1
Hydrogen peroxide (H2O2) 9, 261, 276, Fig. 1.1, Fig. 

10.5

I
IdeR (ferric uptake regulator family) 261, 266, 268, 269, 

Table 10.1
In silico 236, 324
Inhibitor 17, 18, 62, 68, 206, 207, 211, 309, 310, 320, Fig. 

12.1, Table 3.1, Table 6.1
Initiation (transcription) 1, 5, 14, 27, 59–61, 172, 176, 

312, 332, 334, Fig. 2.1
Initiation (translation) 6, 151, 155
Input domain 109, 110, 123–127, 194, 198, Fig. 8.1
Integration host factor (IHF) 31, 267, 291
Interface (protein) 73, 202, 203, 209, 230, 235, 236, 239, 

245, 246, 283, Fig. 7.1, Fig. 8.8
Intergenic region 143, 180
Intracellular (bacteria) 47, 101, 102, 138, 172, 175, 337
IraP (Anti-RssB protein with IraD and IraM) 9–10, 14, 

18, Fig. 1.1, Fig. 1.2, Fig. 1.3, Fig. 1.5
Iron uptake 59, 71, 72, 76, 78, 110, 261, 262, 265, 266, 

269, Fig. 10.1, Fig. 10.3, Table 10.1
Iron–sulfur cluster 266, 273, 276, 284, 293. See also Fe–S 

cluster

K
Kinase (auto, sensor) 5, 15, 18, 63–65, 71, 95, 106, 109, 

111, 127, 128, 191, 192, 198–211, 225–229, 232–237, 
241–252, 280, 282, 287, 289, 293, 322, 340, Fig. 1.4, Fig. 
3.2, Fig. 4.5, Fig. 5.1, Fig. 5.6, Fig. 6.2, Fig. 6.4, Fig. 8.2, 
Fig. 8.3, Fig. 9.2, Fig. 9.3, Fig. 9.4, Fig. 9.6, Fig. 9.9, Fig. 
9.10, Fig. 9.11, Fig. 11.2, Fig. 12.13

KinB/AlgB (two-component system) 193, 195
Kinetic(ally) 12, 16, 31, 145, 201, 204, 228, 277, 283, 

311, 325, 326

L
lac operon 317, 319, 320, 326, 327, Fig. 12.11
LacI (repressor) 319, 320, 321, 323, 324, 326, Fig. 12.11
Lactoferrin 71, 77, 261
Lactonase 96
Lactose 319–321, 326, 327, 338, Fig. 12.11

LadS (hybrid sensor) 195
LapD (c-di-GMP binding protein) 132, Fig. 5.4
LasI/LasR 94–99, 102, 105, 291, Table 4.1, Fig. 4.4
LeuO (LysR-like regulator) 6, 177, Fig. 7.3
Lifestyle 18–19, 28, 47, 146, 196, 198, 229, 273–276, 

285, 337
Lipopolysaccharide (LPS) 66, 103, 153, 154, 224, Table 

6.1
Locus of enterocyte effacement (LEE) 49, 172
LRP (Leucine-responsive regulatory protein) 177, Fig. 

7.3
Luciferase 87, 106, Fig. 4.5, Fig. 6.2
Lux box 92, 95, 98, 101, Fig. 4.2
LuxI (AHL synthase) 87, 88, 92–102, Table 4.1, Fig. 4.2
LuxM (AHL synthase) 92–95, 106
LuxR 87, 88, 92, 95–102, 106, 111, 151, 153, 338, 339, 

Table 4.1, Table 6.1, Fig. 4.2, Fig. 4.3, Fig. 4.5, Fig. 6.2
LuxS (AI-2 synthase) 106, 107, Fig. 4.5, Table 6.1
Lysogen/lysogenic 159, 317–319, 326, Fig. 12.10
LysR-type regulator 6, 105, 177, 268, 294, 336–338, Fig. 

4.4

M
Macrophage (survival in) 47, 70, 71, 102, 147, 172, 175, 

Table 6.1
Matrix (extracellular, biofilm) 18, 130, 131, 252, 315, Fig. 

12.8
MCP see Chemoreceptor
Methylation/demethylation 106, 196, 228, 229, 235–

237, 245–252, 310, Fig. 9.2, Fig. 9.3, Fig. 9.10
Methylesterase 205, 228, 229, 245, 246. See also CheB
Microarray 46–49, 68, 76–79, 100–102, 143, 175, 290, 

316
Modelling 78, 130, 209, 210, 223, 295, 318, 319, 325–327
Motility 2, 5, 18, 45–48, 98, 101–103, 110, 123, 126, 

129, 131, 135, 138, 191, 195, 208, 223–224, 229, 239, 
249–252, 307, Table 4.1, Table 8.1, Fig. 5.1, Fig. 5.2, 
Fig. 5.6, Fig. 9.11, Fig. 9.12

Motor (flagellar) 45, 129, 130, 208, 224–228, 237–244, 
Fig. 9.2, Fig. 9.6, Fig. 9.9, Fig. 9.10

MprA 70, 322, Fig. 12.13
MS ring 47, Fig. 5.2
MucA (RseA, anti sigma factor) 67, Fig. 3.3
Multicellular(ity) 45, 69, 87, 135, 249, 253, 311, 315, 

327, 338, Table 8.1
MvaT 97, 179, 180, Table 7.1

N
NAD/NADH 103, 273–278, 285, 287, 294, Fig. 11.1, Fig. 

11.2, Fig. 11.5, Fig. 11.6, Fig. 11.7, Fig. 11.9, Fig. 11.10
NapAB (nitrate reductase) 278, 284–286, 289, 290, Fig. 

11.1, Fig. 11.5, Fig. 11.7
Nar family (two-component system) 197, 200
NarXL (two-component system) 203, 273, 276, 282–285, 

289–291, 295, Fig. 11.4, Fig. 11.5, Fig. 11.6, Fig. 11.8
Negative regulation 31, 32, 99, 105
Niche 88, 106, 153, 161, 228, 261, 274, 285, 341
NirQ (NirS avtivator) 286–290, Fig. 11.8
NirS (nitrite reductase) 286–291, Fig. 11.7, Fig. 11.8
Nitrate respiration 276, 283, 284, 287, 292, 294, Fig. 11.8, 

Fig. 11.10
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Nitric oxide 128, 276, 286, 287, 290, 291
Noise (in gene expression) 12, 16, 193, 200, 204, 210, 

305, 306, 311–314, 319–322, 326, 327, Fig. 12.4, Fig. 
12.6

NorBC (NO reductase) 287–291, Fig. 11.7, Fig. 11.8
NosR (N2O sensor) 287–291, Fig. 11.8
Ntr family (Two-component system) 200, Table 8.2
NtrC (transcriptional regulator) 50, 290
Nuclease (endo, exo, ribo) 6, 136, 138, 153–159, 263, Fig. 

6.3, Fig. 6.5
Nucleoid 5, 6, 167, 175, 177, 180, 181, 267, 338

O
One-component system (OCS) 200, 201, 212, 225
Osmolarity/Osmotic (chock, stress, response) 1–9, 

16–18, 68, 71, 171, 177, 252, 285, 339, Fig. 1.2, Fig. 7.3, 
Fig. 11.5, Table 8.1

Output domain 193, 196, 200, 204, 205, 208, 211, 212, 
234, 237, 251, Fig. 9.12, Table 8.2

Oxidation 65, 70, 92, 267, 273, Fig. 3.2
Oxygen sensor 15, 273
OxyR (LysR-like regulator) 9, 267–268, 276, Fig. 10.5
OxyS (small regulatory RNA) 6, Fig. 1.1

P
P2CS (TCS database) 191, 196, 200, 212
ParB (DNA-binding protein, plasmid partition 

system) 172, 233
PAS domain 126, 249, 280, 293, Fig. 8.1, Fig. 11.6
Pathogenicity island 98, 111, 141, 155, 161, 172, 173, 

175, 178, Table 6.1, Table 7.1
PchR (Arac-like) 263, Fig. 10.1
PDE (phosphodiesterase) 123, 125, 126, 128, 129, 132, 

133, 136–138, Fig. 5.2, Fig. 5.4, Fig. 5.5
PDZ domain 66, Fig. 6.3
Peptidoglycan 68, 151, 155, 224, Table 6.1, Table 8.1
Peritrichous(ly) 208, 228, 234
Permease 261, 262, 293, 319, 320, Fig. 12.11
Persistence (bacterial) 305, 306, 321, 322, 327, Table 8.1
Phase variation 168, 310
Phenazine 99, Table 4.1
PhnAB (anthranilate synthase genes) 105, Fig. 4.4
Pho family (two-component system) 197, Fig. 8.8, Table 

8.2
PhoP/Q (two-component system) 9, 147, 154, 173, 177, 

180, 195, Table 6.1
Phosphatase 8, 78, 106, 111, 191, 192, 204–207, 210, 

211, 248, 280–283, 322, Fig. 6.2, Fig. 9.2, Fig. 9.9, Fig. 
9.10

Phosphodiesterase 109, 123, 124, Fig. 4.6, Fig. 5.1, Table 
6.1

Photosynthesis 273, Table 8.1. See also PDE, EAL domain 
and HD-GYP domain

PilZ domain 123, 128–130, Fig. 5.2, Fig. 5.3, Fig. 5.5, Fig. 
5.6

PleD (GGDEF-containing regulatory protein) 124, 134, 
205

Positive regulation 29, 78, 263
Post-transcriptional(ly) 2, 11, 14, 15, 63, 128, 135, 136, 

146, 147, 151, 156, 160, 161, 181, 263, 269, 277, 278, 
280, Fig. 6.2, Fig. 10.5

Post-translational(ly) 128, 277, 286, 322, 323
(p)ppGpp (5′,3′-bisguanosine penta/

tetraphosphate) 10–14, 18, 27, 65, 335, Fig. 1.1, Fig. 
1.2, Fig. 1.3. See also Alarmone

PQS 92, 97, 102, 103, 105, 106, 291, Fig. 4.1, Fig. 4.4. See 
also quinolone

PqsR 103, 105, 155, 291, Fig. 4.4, Fig. 6.3, Table 6.1
PrfA (regulator, thermosensor) 144, Fig. 6.1
PrhH (ECF) 78, Table 3.1
Promoter recognition 1, 19, 59–62, 69, 74, 334, 335, Fig. 

2.1
Promoter region 4, 11, 60, 68, 78, 92, 95, 98, 101, 263, 

287–294, 312, 321, 342, Fig. 12.10
Promoter specificity 27, 28, 59, 62, 74, 76
Proteolytic degradation 64, 70, 74, 75, 177, 276
Proton gradient 224, 275, Fig. 11.1
Proton motive force 47, 273, 286, Fig. 11.7
Protoporphyrin 69, 262, 265, 266, Fig. 10.4, Fig. 11.1
PrpL (protease) 75–78, 263, Fig. 10.1, Table 3.1
PrrF1/F2 (Small RNA) 263
Pseudogene 33, Table 2.1, Table 8.2
Psp response and PspA 46, 47, Fig. 2.2
PTS systems/components 7, 282, Fig. 11.5
PupI (ECF) 76, Table 3.1
PvdS (ECF) 75, 76, 263, Fig. 10.1, Table 3.1
Pyochelin 263, Fig. 10.1
Pyoverdine 50, 74–76, 262, 263, Table 3.1, Fig. 10.1
Pyruvate 275, 278, 280, 284–287, 290–292, Fig. 11.1, 

Fig. 11.2, Fig. 11.5, Fig. 11.8, Fig. 11.9

Q
Qrr (Small RNA) 151, 153, Fig. 6.2, Table 6.1
QscR 97–100, Fig. 4.3
Quenching 88, 96, 112
Quinolone 50, 92, 97, 100–106, 291
Quinone (Ubiquinone, menaquinone) 9, 15, 273–280, 

Fig. 1.2, Fig. 1.4, Fig. 11.1, Fig. 11.5, Fig. 11.7
Quorum sensing (QS) 45, 49, 87, 88, 97–99, 102, 110, 

112, 135, 138, 147, 151–156, 161, 291, 307, 320, 321, 
325, 326, 338, 339, Fig. 4.2, Fig. 4.5, Fig. 6.2, Fig. 6.3, Fig. 
12.2, Table 6.1, Table 8.1

R
RBS (ribosome binding site) 133, 134, 151, 153, 155, 

156, 178, Fig. 6.4, Fig. 7.3
RcsCBD (two-component system) 7, 195
Reactive oxygen species (ROS) 261
Receiver domain 71, 109, 192, 194, 198–211, Fig. 8.1, 

Fig. 8.4, Fig. 8.8, Fig. 8.9, Fig. 11.6
Recombinase 267
Redox

Potential 126, 228, 273, 275, Fig. 11.1
Sensing/Sensor/Regulator 69, 249, 266, 275, 276, 

278, 280, 293–294 (Fig. 11.5)
State/status 15, 47, 126, Fig. 1.4
Stress 261, 267–268, 293

Reductase 261, 262, 265, 267, 275–280, 284–293, Fig. 
11.2, Fig. 11.5, Fig. 11.7, Fig. 11.9

Reduction 70, 262, 266, 284–287, 290, 335, Fig. 11.7
Redundant (sequence, function, system) 151, 153, 158, 

160, 172, Fig. 6.4
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Regulatory region 48, 153, 334, 335, 339, 340
Regulon 12, 13, 18, 19, 28–32, 47,-50, 66–71, 76, 79, 

92, 97, 99, 100, 106, 110, 153, 167, 177–180, 195, 278, 
282–295, 335, Fig. 2.2, Fig. 3.3, Fig. 4.3, Fig. 5.4, Fig. 7.3

RelA/SpoT 5, 178
Repellent (chemo-) 223, 225, 235
Replication (DNA) 132, 137, 177, Table 8.1
Reporter (gene) 278, 323
Repressor 6, 14, 18, 29, 31, 69, 72, 95, 99, 101, 124, 128, 

132, 147, 151, 155, 156, 169, 173, 176, 262–266, 269, 
277, 293, 294, 312, 321–324, 335, 338, Fig. 6.2, Fig. 10.2, 
Fig. 10.3, Fig. 10.5, Fig. 12.11, Fig. 12.12, Fig. 13.2, Table 
6.1

ResDE (two-component system, anaerobic 
adaptation) 273, 293–295, Fig. 11.6

Respiration 15, 207, 266, 273,-287, 290–294, 335, Fig. 
11.1, Fig. 11.4, Fig. 11.5, Fig. 11.8, Fig. 11.10, Table 8.1

Respiratory chain 15, 282
Response regulator 5, 8, 10, 15, 18, 63, 71, 106, 11, 

150, 151, 172–176, 191, 202, 212, 227, 237, 241–245, 
248–252, 265, 267, 280–284, 289, 293, Table 6.1, Fig. 
6.2, Fig. 6.4, Fig. 8.1, Fig. 9.2, Fig. 9.6, Fig. 9.11, Fig. 10.1

RetS (hybrid sensor) 156, 157, 195, 204, Fig. 6.4
Rhamnolipid 103, 126, Table 4.1
RhlI/RhlR 93–99, 105, 291, Table 4.1, Fig. 4.4
Ribosome 6, 10, 144, 146, 153, 155, 178, 311, Fig. 6.2
Riboswitch 123, 128, 132, 133, 139, 144–146, 161, Fig. 

6.1
RirA (rhizobial iron regulator) 265, 268, 269, Fig. 10.2, 

Table 10.1
6S RNA 11, 158
RNA polymerase (RNAp, RNAP or RNAPc) 1–3, 

8–14, 16–18, 27–30, 32, 49–50, 59–61, 65–69, 74, 79, 
334–335, Fig. 2.1, Fig. 3.3, Fig. 6.2, Fig. 13.1

RNAIII 151, 153, 155, 156, Fig. 6.2, Table 6.1
RNase E 5–6, 136, 147, 160, 263, 280, 283, Fig. 10.2
RNase J1 155–156, Fig. 6.3
RNaseIII 5, 17, 151, 156, 159, Table 6.1, Fig. 6.2, Fig. 6.5
RocSAR (two-component system) 127, 128, 134
Rotor (flagellar) 130, 224
RpfC (sensor kinase)/RpfG (response regulator) 109, 

110, 126, 127, 138, Fig. 4.6, Fig. 5.1
RpoE (ECF) 63, 66–69, Table 3.1
RpoH 6, 61, 65 Fig. 2.2, Fig. 3.1
RpoN (also σ54) 10, 28, 33, 44–50, 97, 276, 289, 291, 

Fig. 2.3, Table 2.1
RpoS/Sigma factor subunit S (σS or EσS) 1–18, 28, 46, 

61, 65, 97, 167, 176–178, Fig. 1.1, Fig. 1.2, Fig. 1.4, Fig. 
1.5, Fig. 3.1, Fig. 5.6, Fig. 7.3, Fig. 11.5, Table 4.1

RprA (small regulatory RNA) 6–7, Fig. 1.1
Rsd (anti-σ70 factor) 10–11, 17–18, 65, Fig. 1.1, Fig. 1.2
RseA (anti-σE) 66–70, 322, Fig. 3.3, Fig. 12.3
RseP (protease) 66–69, 74, Fig. 3.3
RsmA (post-transcriptional regulator) 97, 101, 156, 158, 

Fig. 6.4, Table 6.1
RsmE (post-transcriptional regulator) 156, Fig. 6.4
RsmY/Z (small RNAs) 156, 157, Fig. 6.4, Table 6.1
RssB (σs recognition factor, response regulator) 5–10, 

13–18, 282, Fig. 1.1, Fig. 1.2, Fig. 1.3, Fig. 1.4, Fig. 1.5
RyhB (small RNA) 263, 267, Fig. 10.2, Fig. 10.3

S
σ18 28
σ24 28, 32, 47
σ28 10, 16, 28, 47, 48, 61, Fig. 3.1. See also FliA
σ32 21, 61, Fig. 3.1. See also RpoH
σ38 28, 31, 32, 46, 47
σ54  10, 16, 27–33, 44–50, 60, 335, 339, Fig. 2.1, Fig. 2.2, 

Fig. 6.2, Fig. 13.3, Table 2.1. See also RpoN
σ70 (or Eσ70) 1, 4, 10–11, 14–18, 28–32, 47, 60–65, 158, 

277, 334–335, 339, Fig. 1.5, Fig. 2.1, Fig. 3.1, Fig. 5.6
σE 10, 16, 32, 62, 65–71, 322, 335, 341, Table 3.1, Fig. 

3.3, Fig. 12.13. See also AlgT
σH 70–71. See also RpoH
S-adenosyl methionine (SAM) 92, 93, 106, 144, 245, Fig. 

4.2, Fig. 6.1
Salmonella (enterica serovar Typhimurium) 4–5, 10, 

47, 61, 100, 143–135, 145, 147, 167–168, 172, 175, 
178–179, 228, Table 2.1, Table 7.1, Fig. 5.5

ScbRA (quorum sensing system) 321, 325, Fig. 12.12
SdiA 100, Fig. 4.3
Second messenger 2, 14, 123, 134, 137, 146, 205, 252, 

Fig. 5.1
Secondary metabolite 45, 156, 195
Sensor(y) 5, 15, 18, 63, 71, 88, 95, 106, 109–111, 

125–128, 143–145, 156, 191, 192, 195, 198, 203, 204, 
207–212, 225, 227, 232, 236, 236, 242, 245, 249, 253, 
262, 266, 273, 276, 280–284, 287, 289, 293, 322, 342, 
Fig. 1.4, Fig. 4.5, Fig. 5.1, Fig. 5.3, Fig. 5.4, Fig. 6.4, Fig. 
9.4, Fig. 10.1, Fig. 11.3, Fig. 11.6

Serine protease 68, 70, 111
Shine–Dalgarno 144, 146, 156, Fig. 6.1, Fig. 6.3, Fig. 6.4
Siderophore 71–79, 96–98, 106, 261–265, Table 3.1
SigE 65, 70, Table 3.1, Fig. 12.13
SigF 61, Fig. 3.1
Sigma factor (σ) (anti- and anti-anti-) 1–3, 8, 10–11, 

13–14, 16–19, 32, 47, 59–79, 135, 167, 171, 176–177, 
211–212, 261–264, 280, 282, 291, 311, 322–323, 329, 
334–335, Fig. 3.1, Fig. 3.2, Fig. 10.1, Fig. 12.3, Table 3.1

Signal transduction 27, 59–62, 72, 78, 88, 109, 110, 127, 
135, 160, 191, 201, 03, 208–212, 225–236, 252, 282

Signalling pathway 27, 64, 65, 72, 74, 156, 157, 160, 191, 
194, 196, 205, 211, 212, 225, 236, 239

SigW 66–69, Table 3.1
SigX 62, 66–69, 74, Table 3.1
Silencing 169, 170–172, 175, 179, 180, Fig. 10.2
Slime 45, 249
SlyA (DNA-binding protein) 172, 173
Small RNA 6, 32, 66, 132, 136, 159, 263, 267, 276, Fig. 

1.2, Fig. 5.6, Fig. 10.5
SoxR/S (oxidative stress regulator) 266, 268, 276
SPI-1 or SPI-2 (Salmonelle pathogenicity islands) 155, 

172, 175, Table 6.1
Sporulation 45, 61, 202, 206, 249, 252, 305, 311, 322, 

323, 327, 334, Fig. 8.1, Fig. 12.7, Table 8.1
SreA (SAM riboswitch element) 144, Fig. 6.1
SsrA/SsrB (two-component system) 7, 172
Starvation 1, 3, 7–10, 14, 18, 69–72, 110, 130, 251, 315, 

322, Fig. 1.1, Fig. 1.2, Fig. 1.3, Fig. 5.2, Fig. 9.12, Table 
6.1

Stator (flagellar) 130, 224
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Steady state 156, 308–310, Fig. 12.2
Stem-loop 155, 158
Stimulus(i) 64, 66, 69, 191, 192, 195, 200, 203–205, 210, 

211, 213, 224, 237, 239, 245–249, 252, 316, 334, 336, 
Fig. 3.2, Fig. 8.1, Fig. 11.4, Fig. 11.5, Fig. 11.10, Fig. 12.9

Stochastic/stochasticity 15, 233–234, 305–306, 311–
314, 318–319, 325–326

StpA (H–NS paralogue) 167, 177–180, Fig. 7.3, Table 7.1
Stress response 1–3, 28, 46, 59–62, 65–71, 101, 147, 160, 

195, 207, 267, 278, 282, 285, 289, 322, 334, 339, 341, 
Fig. 11.4, Fig. 11.5, Fig. 12.13, Table 3.1, Table 10.1

Stringent response 11, 32, 45, 178, 322
Succinate 99, 239, 275, 276, 285, 287, Fig. 11.1, Fig. 11.2, 

Fig. 11.5
Supercoiled(ing) 168, 171, 172, 176, 339
Superoxide 70, 261, 276
Superoxide dismutase 263, 267, 268, 278, 282, 284, Fig. 

10.3, Fig. 11.5
Swarming (motility) 47, 98, 103, 159, 249, 251, Table 4.1
Swimming (motility) 129, 224, 227–229, 235, 247–252, 

Fig. 5.2, Fig. 9.1, Fig. 9.10, Table 4.1
Switch complex (FliM/N) 224, 227, 228, 238
Synthetic biology 195, 196, 210, 305, 323
Systems biology 208, 210, 211, 295, 326

T
TCA cycle 266, 282, 285, Fig. 11.5
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