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Universal	
  features	
  of	
  polarizing	
  cells	
  

1.  Ability	
  to	
  sense	
  both	
  steep	
  and	
  shallow	
  external	
  
gradients	
  (as	
  small	
  as	
  1%–2%)	
  in	
  vast	
  range	
  of	
  
concentra+ons.	
  Polariza+on	
  leads	
  to	
  an	
  
amplifica(on	
  of	
  this	
  asymmetry	
  to	
  some	
  
macroscopic	
  level.	
  	
  

2.  Remain	
  sensi(ve	
  to	
  new	
  s(muli,	
  and	
  can	
  
reorient	
  when	
  the	
  s+mulus	
  gradient	
  is	
  changed.	
  	
  

3.  Polarity	
  maintained	
  aVer	
  s+mulus	
  is	
  removed	
  
(maintenance)	
  –	
  may	
  require	
  cytoskeleton.	
  



Addi+onal	
  features	
  of	
  some	
  cells	
  

1.  Spontaneous	
  polariza(on,	
  in	
  absence	
  of	
  spa+al	
  cues.	
  	
  

2.  	
  Adapta(on:	
  a	
  persistent	
  response	
  to	
  a	
  gradient	
  s+mulus,	
  
but	
  transient	
  response	
  to	
  a	
  spa+ally	
  uniform	
  s+mulus.	
  	
  

3.  Response	
  to	
  mul+ple	
  s+muli:	
  either	
  mul(ple	
  “fronts”	
  or	
  a	
  
unique	
  axis	
  of	
  polarity.	
  	
  

4.  Pseudopods	
  con+nually	
  extended	
  and	
  retracted.	
  Reorient	
  
by	
  spliYng	
  a	
  pseudopod,	
  one	
  part	
  becoming	
  dominant.	
  	
  



Cell	
  type	
  comparisons	
  



S+muli	
  and	
  signaling	
  proteins	
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Tes+ng	
  four	
  models	
  

Wave-­‐Pinning 	
   	
  Goryachev 	
   	
  Otsuji	
   	
   	
  LEGI	
  



Types	
  of	
  models	
  



•  Wave-­‐pining	
  

•  Otsuji	
  

•  Goryachev	
  

•  LEGI:	
  	
  see	
  over	
  	
  	
  	
  



LEGI	
  



S+muli	
  



Single	
  localized	
  s+mulus	
  at	
  leV	
  
edge	
  of	
  the	
  cell	
  

Wave-­‐Pinning 	
   	
  Goryachev 	
   	
  Otsuji	
   	
   	
  LEGI	
  



Gradient	
  s+mulus	
  

Wave-­‐Pinning 	
   	
  Goryachev 	
   	
  Otsuji	
   	
   	
  LEGI	
  



Noisy	
  ini+al	
  condi+ons	
  

Wave-­‐Pinning 	
   	
  Goryachev 	
   	
  Otsuji	
   	
   	
  LEGI	
  



Gradient	
  +	
  reversal	
  

Wave-­‐Pinning 	
   	
  Goryachev 	
   	
  Otsuji	
   	
   	
  LEGI	
  

In	
  such	
  Turing-­‐type	
  models,	
  the	
  pa7ern	
  will	
  not	
  reverse	
  
when	
  a	
  new	
  gradient	
  of	
  opposite	
  polarity	
  is	
  applied	
  



Features	
  that	
  models	
  can	
  explain	
  


