In Focus

Two-component signal transduction
systems: the adapt and survive response
In order to survive and proliferate,
bacteria have evolved to sense and adapt
to the changes in their surroundings.
One of the major ways in which this
adaptive regulatory response is achieved
is through a two-component signal
transduction system.
In essence, these regulatory systems
involve the detection of an external
stimulus, transmission of that signal
across the cell membrane, propagation
of the signal through a phosphorelay
cascade and, ultimately, the regulation of
target gene expression. Two-component
signal transduction systems have been
shown to be involved in the regulation
of a range of cellular processes, including
virulence, osmolarity, quorum sensing,
chemotaxis and general house-keeping,
to name but a few.
Over the past two decades, the number
of two-component systems identified
has increased exponentially. In a recent
study, approximately 4000 systems were
identified in 145 sequenced bacterial
genomes 1. The identification of so
many regulatory networks has been
accompanied by the revelation of novel
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information regarding the way bacteria
adjust to their environments.
As the name suggests, most twocomponent regulatory systems consist of
two elements – a sensor histidine kinase
and its cognate response regulator.
The cascade starts with the sensor
histidine kinase. Proteins in this family are
generally membrane bound and usually
contain at least two transmembrane
domains, with the number of membranespanning regions varying from kinase
to kinase (Figure 1A). It is postulated
that these N-terminal transmembrane
domains are responsible for the detection
and propagation of the external signal.
As a result, the N-terminal domains
of sensor histidine kinases are highly
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Response regulators are soluble proteins
that generally have a conserved N-terminal
domain and a variable C-terminal domain
that usually has a specific DNA binding
region.
The phosphorylated sensor
histidine kinase donates its phosphoryl
group to an invariant aspartate residue,
located in the conserved N-terminal
receiver domain of its cognate response
regulator (Figure 1B), in a reaction that
is catalysed by the latter protein. Specific
interactions between the amino acid
residues surrounding the phosphorylation
sites of both proteins ensure that
phosphotransfer occurs between cognate
pairs 3.

C-terminal regulatory domain

Figure 1. Schematic domain model of sensor histidine kinases (A) and response
regulators (B).
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In addition to the essential histidine
residue, this region also contains motifs
that are involved in ATP binding and
protein dimerisation 2 (Figure 1A).
Dimerisation is an essential part of
the phosphorylation process, with the
conserved histidine residue in one
monomer of the homodimer being
phosphorylated by a kinase domain
located on the other monomer.

This phosphotransfer reaction is the
hallmark of a two-component signal
transduction system. Cross talk, or
phosphorylation of a response regulator
by a non-cognate sensor histidine kinase,
has been demonstrated in vitro, but this
phenomenon rarely occurs in vivo 4.
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variable, enabling these proteins to detect
a diverse range of different environmental
or growth phase signals. Upon detection
of a specific stimulus by this input domain,
the sensor histidine kinase undergoes
ATP-dependent autophosphorylation at
a conserved histidine residue, which is
located in the conserved cytoplasmic Cterminal transmitter domain.
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conformation to an active form 4, with
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Figure 2. Model of the VirS/VirR two-component signal transduction system from
Clostridium perfringens.
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VirR system is involved in the regulation
of housekeeping genes, a regulatory RNA
molecule, virulence-related genes and
genes involved in quorum sensing 17.
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The current model for the VirS/VirR
regulatory cascade (Figure 2) involves
the detection of an as yet unidentified
signal by VirS, VirS autophosphorylation
at a conserved histidine residue and
phosphotransfer from VirS-P to VirR, to
produce VirR-P. This activated response
regulator then directly initiates the
production of perfringolysin O and a
protease called a-clostripain. VirR-P also
indirectly regulates the expression of
housekeeping genes, virulence-related
genes, genes involved in quorum sensing
and the genes encoding a-toxin and ktoxin (collagenase), through its direct
activation of the vrr gene, which encodes
the regulatory RNA molecule VR-RNA.
Although VirS/VirR is the best studied twocomponent signal transduction system
in the clostridia, there are still many
aspects that are yet to be deciphered;
in particular the signal that leads to VirS
activation and the mechanism by which
VirR interacts with RNA polymerase to
activate transcription.

References
1.

2.

3.

4.

5.

6.

7.

8.

9.

Ulrich LE, Koonin EV & Zhulin IB. Onecomponent systems dominate signal transduction
in prokaryotes. Trends Microbiol 2005; 13:52-6.
Dutta R, Qin L & Inouye M. Histidine kinases:
diversity of domain organization. Molecular
Microbiol 1999; 34:633-40.
Hoch JA & Varughese KI. Keeping signals
straight in phosphorelay signal transductions. J
Bacteriol 2001; 183:4941-9.
West AH & Stock AM. Histidine kinases and
response regulator proteins in two-component
signaling systems. Trends Biochem Sci 2001;
26:369-76.
Bird TH, Du S & Bauer CE. Autophosphorylation,
phosphotransfer and DNA-binding properties
of the RegB/RegA two-component regulatory
system in Rhodobacter capsulatus. J Biol Chem
1999; 274:16343-8.
Leoni L, Ascenzi P, Bocedi A, Rampioni G,
Castellini L & Zennaro E. Styrene-catabolism
regulation in Pseudomonas fluorescens ST:
phosphorylation of StyR induces dimerization
and cooperative DNA-binding. Biochem Biophys
Res Commun 2003; 303:926-31.
Zhang JH, Xiao G, Gunsalus RP & Hubbell
WL. Phosphorylation triggers domain separation
in the DNA binding response regulator NarL.
Biochem 2003; 42:2552-9.
Schär J, Sickmann A & Beier D. Phosphorylationindependent activity of atypical response
regulators of Helicobacter pylori. J Bacteriol
2005; 187:3100-9.
Dahl MK, Msadek T, Kunst F & Rapoport
G. The phosphorylation state of the DegU
response regulator acts as a molecular switch
allowing either degradative enzyme synthesis or
expression of genetic competence in Bacillus
subtilis. J Biol Chem 1992; 267:14509-14.

10. Cheung JK & Rood JI. The VirR response
regulator from Clostridium perfringens binds
independently to two imperfect direct repeats
located upstream of the pfoA promoter. J
Bacteriol 2000; 182:57-66.
11. Emmerich R, Strehler P, Hennecke H & Fischer
H-M. An imperfect inverted repeat is critical for
DNA binding of the response regulator RegR of
Bradyrhizobium japonicum. Nucl Acids Res
2000; 28:4166-71.
12. Schyns G, Buckner CM & Moran CP. Activation
of the Bacillus subtilis spoIIG promoter requires
interaction of SpoOA and the sigma subunit of
RNA polymerase. J Bacteriol 1997; 179:5605-8.
13. Stephenson K & Hoch JA. Developing inhibitors
to selectively target two-component and
phosphorelay signal transduction systems of
pathogenic microorganisms. Curr Med Chem
2004; 11:765-73.
14. Rood JI.
Virulence genes of Clostridium
perfringens. Ann Rev Microbiol 1998; 52:33360.
15. Songer JG. Clostridial enteric diseases of
domestic animals. Clin Microbiol Rev 1996;
9:216-34.
16. Awad MM, Ellemor DM, Boyd RL, Emmins JJ &
Rood JI. Synergistic effects of alpha-toxin and
perfringolysin O in Clostridium perfringensmediated gas gangrene. Infect Immun 2001;
69:7904-10.
17. Cheung JK, McGowan S & Rood JI. In: TwoComponent Signal Transduction Systems in
Clostridia. Boca Raton: CRC Press Taylor &
Frances Group, 2005, p.545-60.
18. Cheung JK, Dupuy B, Deveson DS & Rood
JI. The spatial organization of the VirR boxes
is critical for VirR-mediated expression of the
perfringolysin O gene, pfoA, from Clostridium
perfringens. J Bacteriol 2004; 186:3321-30.

Glove Chambers & Cell Culture Products
Cell Culture Apparatus
• Heavy Duty Magnetic Stirrers.
Single or four position.
Programmable, 2 speed stirring.
• Manta Ray - Disposable.
Cell Culture Vessels.
Presterilised, 1000ml working
volume, Safe disposal.
• Glass Spinner Flasks available.
• Overdrive large volume cell
suspension systems up to
45 litre capacity.

Roller Culture Apparatus

Glove Chambers
• Anaerobic, Hypoxic.
• CO2, Humidity.
• Gloved or Gloveless.
• From 600mm wide to 1800mm wide units.
• Vacuum or purge airlocks.
• Rigid or flexible chambers.

• Small benchtop from 2
bottle position.
• Large production scale up
to 55 bottle capacity.
• Large roll-in incubators
available.

FREE CALL

1800 024 407
104

M I C R O B I O L O G Y

A U S T R A L I A

•

S E P T E M B E R

2 0 0 6

