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The Extracytoplasmic Function (ECF) Sigma 
Factors 
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PhyR is Involved in the General Stress 
Response of Methylobacterium Extorquens 
AM1 

•  PhyR (Phyllosphere-induced regulator) has domains of 
both systems; an amino terminal ECF sigma factor-like 
domain and a carboxy terminal receiver domain of 
response regulator. 

•  PhyR has a large regulon, 246 targets, most of which 
are positively controlled. 

•  An ECF-type promoter was identified upstream of one-
third target genes, in silico. 

•  Among the target genes are stress response genes like 
katE, osmC, htrA, gloA, dps and uvrA 

Gourion et. al., 2008 



PhyR is Involved in the General Stress 
Response of Methylobacterium Extorquens 
AM1 

Hydrogen Peroxide Methylglyoxal Formaldehyde 

Gourion et. al., 2008 

Disk Diffusion Assays 



Characterization of PhyR as a Response 
Regulator 

•  Five possible phosphorylation 
sites in receiver domain: Glu-144, 
Asp-145, Asp-190, Thr-218, and 
Lys-238, with Asp-190 as 
predicted phosphorylation site 

•  Asp-190 was substituted with 
Alanine  

Phosphorylation of PhyR is required to activate the 
protein and Asp-190 is the site of phosphorylation 



PhyR-Dependent Response is Negatively 
Regulated by NepR 

•  No DNA-binding activity or an interaction with RNA 
polymerase of phosphorylated or unphosphorylated 
PhyR or its ECF sigma factor domain was shown.  

NepR- a candidate protein involved in regulatory cascade: 
•  It is conserved and found in synteny with phyR in 

Alphaproteobacteria 

•  The NepR homologue SMc01505 is a negative regulator of the ECF 
sigma factor RpoE2 in S. meliloti. 



PhyR-Dependent Response is Negatively 
Regulated by NepR-Overexpression 



PhyR-Dependent Response is Negatively 
Regulated by NepR 

Among 263 genes differentially regulated when NepR was overproduced, 114 
were also part of the PhyR regulon 



Suppressing Effects of PhyR and NepR 

Overexpression of phyR suppresses the effect of NepR 



Phosphorylated PhyR Interacts with NepR via 
its ECF Sigma Factor-like Domain 

Elution profile of PhyR and 
NepR passed separately 
over Superdex 75 10/300 

PhyR NepR 

• Apparent molecular mass of PhyR is ~32 kDa 

• PhyR remains in its monomeric form when 
phosphorylated 

• NepR is found as homodimer (predicted MW 11.8 
kDA 



Phosphorylated PhyR Interacts with NepR via 
its ECF Sigma Factor-like Domain 

Nonphosphorylated PhyR 
incubated with NepR before 
loading 

PhyR phosphorylated 
with acetyl phosphate 
incubated with NepR 
before loading 



Phosphorylated PhyR Interacts with NepR via 
its ECF Sigma Factor-like Domain 

Mutant PhyRD190A incubated with NepR with or without acetyl 
phosphate 



NepR binds to ECF Sigma factor domain 
of PhyR 

ECF Sigma Factor domain 
of PhyR and NepR passed 
separately 

ECF Sigma Factor domain of 
PhyR and NepR passed after 
incubation 

NepR 



NepR is an Anti-Sigma Factor of σEcfG1 

σEcfG1 NepR 

Truncated σEcfG1 and 
NepR passed separately  

Truncated σEcfG1 and NepR 
passed after incubation 
separately 



NepR interacts in vivo with PhyR and 
σEcfG1 

Recombinant NepR protein was overproduced in M. extorquens AM1 
and purified by Ni-NTA via C-terminal 6X his-tag. Crude extract (lane 1, 
washing step (lane 2) and elution fraction were analyzed by Western 
and detected by polyclonal antibodies of anti-PhyR and anti-σEcfG1 



Model for Partner Switching 



Questions?? 



Thanks… 


