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Environmental Sensing
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Two-Component Regulatory
Systems and Phosphorelay

Systems
• many genes and operons are turned on

or off in response to environmental
conditions
– the regulatory proteins involved are part

of a two-component signal which links
external events to regulation of gene
expression

A system consists of two proteins: 
A signal sensor and a response regulator

The sensor has an input domain 
and a transmitter domain

The regulator has an receiver domain 
and an output domain

The environmental signal is transduced 
by a phosphorelay

The sensor has a conserved histidine 
which can be phosphorylated and 
subsequently transferred to an 
aspartate  residue on the response 
regulator.
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The EnvZ/OmpR system:
A paradigm two component system

This two component system regulates 
the ratio of OmpC/OmpF 
in response to osmolarity

These proteins are Porins- 
OmpC is a narrow bore, 

OmpF is a large bore

EnvZ regulates OmpR-P levels with 
kinase/phosphatase activities

OmpR is a DNA binding protein that 
binds to high and low affinity 

sites at the ompC and ompF promoters

Low osmolarityHigh osmolarity

ompF expression is also controlled by antisense RNA

Quorum sensing: the basic idea

Low cell densities,
Low [QS signal],

High cell densities,
High [QS signal],

Scheme #1: Acyl-HSL Signaling
The Vibrio fischeri Paradigm

Vibrio fischeri Euprymna scolopes
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A V. fischeri Growth Curve Lays Out Quorum Sensing
Hastings and co-workers

Acyl Homoserine Lactone LuxI family of AHL synthases
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LuxI LuxR Light

The basic components of the V. fischeri 
lux quorum sensing system

AHL signaling in different species

Carbapenem antibioticsErwinia carotovora

Cell aggregationYersinia enterocolitica

Secreted virulence factorsAeromonas hydrophila

Conjugal plasmid transferAgrobacterium tumefaciens

Secreted virulence factorsBurkholderia cepacia

QS-regulated functionSpecies

P. aeruginosa Communicate via Two Quorum-Sensing
Signals

C4-HSL

C12-HSL

RhlR-RhlI

P. aeruginosa AHL systems

C4-HSL

C12-HSL LasR-LasI

LasR-LasI regulates RhlR-RhlI. 
LasR-I is atop the quorum
sensing cascade. 
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Quorum Sensing or Diffusion Sensing? Scheme #2: AI-2 based signaling

Characterized by luxS gene, 
which is involved in biosynthesis
 

AI-2  may be involved in
inter-species quorum sensing.

Widely distributed

V. harveyi AI-2

S. typhimurium AI-2

The biosynthesis and structure of AI-2

Henke, et al., 2004 Tr. Cell Biol. 14:648-656

The molecular scheme for AI-2 based 
signaling in V. harveyi

LuxRLuxM LuxS

LuxN
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Scheme #3: Most Gram-positive quorum
sensing involves peptide signal molecules

The “basic” scheme

A Case study of Gram-positive quorum
sensing: S. aureus agr system

Up-regulates extracellular 
virulence factors

Down-regulates cell
surface virulence factors

When the cell-density increases, signal reaches a critical threshold
and:

Autoinducing peptide “AIP”

Molecular scheme for S. aureus quorum sensing
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Scheme #4: Ralstonia solanacearum uses
a volatile signaling molecule

C-O-CH3OH

O

3-OH palmitic acid methylester

Volatile signaling: The tip of the iceberg??


