
Adaptation	  is	  a	  behavior	  of	  biological	  systems	  in	  which	  a	  sustained	  change	  in	  input	  signal	  
leads	  to	  a	  transient	  output	  response	  that	  returns	  to	  the	  pre-‐stimulated	  output	  level.	  Cells	  
use	  adaptation	  to	  maintain	  sensitivity	  to	  the	  changes	  in	  their	  environment	  and	  to	  remain	  in	  
homeostasis	  while	  the	  input	  signal	  is	  perturbed.	  Signaling	  networks	  in	  both	  prokaryotic	  and	  
eukaryotic	  cells	  demonstrate	  adaptation,	  which	  is	  a	  common	  feature	  of	  chemotaxis,	  a	  signal	  
transduction	  process	  that	  enables	  cells	  to	  sense	  chemical	  gradients	  in	  their	  extracellular	  
environment	  and	  to	  adjust	  their	  movement	  in	  response.	  In	  the	  case	  of	  Escherichia	  coli,	  the	  
bacteria	  swim	  in	  random	  directions	  in	  the	  absence	  of	  a	  chemical	  gradient,	  but	  will	  move	  
toward	  or	  away	  from	  the	  chemical	  when	  a	  gradient	  exists.	  In	  this	  study,	  we	  use	  
computational	  methods	  to	  study	  adaptation	  in	  the	  chemotaxis	  network	  of	  Escherichia	  coli.	  
Based	  on	  the	  well-‐characterized	  two-‐state	  model	  of	  Barkai	  and	  Leibler	  (Nature	  1997),	  we	  
numerically	  analyze	  the	  chemotactic	  network	  with	  ordinary	  differential	  equations	  and	  
measure	  the	  adaptation	  time	  and	  precision	  of	  the	  response	  to	  a	  change	  in	  ligand	  
concentration.	  The	  adaptation	  time	  is	  the	  time	  that	  the	  signal	  takes	  to	  reach	  steady-‐state	  
after	  a	  perturbation	  in	  input,	  and	  precision	  measures	  the	  difference	  between	  output	  and	  
input	  levels.	  We	  find	  that	  the	  network	  exhibits	  a	  sensitive	  response	  and	  precise	  adaptation	  
to	  the	  input	  stimulus.	  We	  also	  analyze	  the	  robustness	  of	  the	  network	  by	  randomly	  varying	  
the	  kinetic	  parameters	  and	  characterizing	  the	  change	  in	  behavior.	  The	  adaptation	  
demonstrates	  robustness:	  although	  the	  adaption	  time	  varies	  over	  a	  wide	  range,	  the	  
precision	  is	  nearly	  perfect	  regardless	  of	  the	  values	  of	  the	  parameters.	  This	  shows	  that	  
adaptation	  in	  this	  network	  depends	  more	  strongly	  on	  the	  topology	  of	  the	  network	  than	  on	  
the	  values	  of	  kinetic	  parameters. 


