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Photons! Color!
1 ! 0!
0 ! 1!

Input x! Output y!
1 ! 4!
2! 6!

The 2CS paradigm: in words!

hIp://www.brenda-­‐enzymes.info/index.php4	
  

hIp://www.genome.jp/kegg/	
  

The 2CS paradigm: cartoon 1 (information flow)!

Sensor protein (HK)!

Response regulator (RR)!

The 2CS paradigm: cartoon 2 (His, Asp)!

Slide	
  from	
  Mike	
  Laub	
  

Sensor	
  

P
ATP	
  

ADP	
  

External	
  sRmulus	
  or	
  ligand	
  

Sensor	
  

RXN	
  1:	
  AutophosphorylaRon	
  in	
  response	
  to	
  sRmuli	
  

The 2CS paradigm: cartoon 3 (reactions)!
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The 2CS paradigm: cartoon 3 (reactions)!

RXN	
  2:	
  Phosphotransferase	
  from	
  Sensor	
  to	
  Response	
  Regulator	
  

RXN	
  3:	
  Phosphatase	
  inacRvates	
  Response	
  Regulator,	
  resets	
  
system	
  

P

Sensor	
  

Responder	
  
(inacRve)	
  

Sensor	
  
Sensor	
  

Responder	
  

P
Sensor	
  

RXN	
  1:	
  AutophosphorylaRon	
  in	
  response	
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  sRmuli	
  

The 2CS paradigm: cartoon 3 (reactions)!

2CS transduction, Hoch and Silhavy!

2CS examples: classic (osmoregulation)! 2CS examples: possible networks!

hIp://www.plantphysiol.org/content/vol117/issue3/images/large/pp0785128002.jpeg	
  

Special	
  consideraRon	
  1:	
  dimerizaRon	
  of	
  sensor	
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  69:183-­‐215	
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animation: Mark Gouilan!
slide from Mike Laub!

YpdB	
  

YpdA	
  

EvgA
	
  

EvgS	
  

what	
  prevents	
  unwanted	
  cross-­‐talk	
  and	
  
	
  	
  	
  ensures	
  specificity?	
  

can	
  we	
  raSonally	
  rewire	
  pathways?	
  

how	
  do	
  new	
  pathways	
  get	
  integrated?	
  	
  

Special	
  consideraRon	
  2:	
  crosstalk	
  between	
  paths	
   Preventing cross-talk!

At least in vitro the answer 
seems to be a kinetic 
preference of sensor for its 
response regulator!

Ann	
  Rev	
  GeneRcs,	
  2007	
  Laub	
  and	
  Goulian	
  

Preventing cross-talk: phosphatase activity!

Ann	
  Rev	
  GeneRcs,	
  2007	
  Laub	
  and	
  Goulian	
  

Red light! β-gal!
1 ! 0 !
0! 1!

Nature	
  (2005)	
  438,	
  441-­‐442	
  

Signaling in the bacterial photography system!

Summary!
2CS	
  paradigm	
  

	
  in	
  words	
  	
  
	
  in	
  cartoons	
  

Idea	
  Storm	
  for	
  Research	
  
Organisms	
  game	
  

Two	
  other	
  consideraRons	
  
	
  dimerizaRon	
  
	
  crosstalk	
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