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Summary Results 

	   	  Protein	  design	  is	  an	  energy-‐based	  search	  	  
for	  the	  optimal	  amino	  acid	  side	  chain	  conXiguration	  	  
given	  a	  template	  protein	  backbone	  (or	  main	  chain).	  	  
Continuous	  side	  chain	  conformational	  space	  is	  	  
discretized	  into	  rotamers.	  Starting	  with	  a	  known	  	  
protein	  structure,	  a	  set	  of	  design	  constraints,	  and	  a	  	  
rotamer	  library,	  the	  minimum	  energy	  conXiguration	  	  
(MEC)	  of	  rotamers	  is	  found	  by	  systematically	  eliminating	  	  
choices	  using	  the	  Dead	  End	  Elimination	  theorem,	  
	  or	  stochastically,	  by	  Monte	  Carlo	  search.	  	  
	  A	  static	  protein	  backbone	  is	  unrealistic	  and	  gives	  poor	  design	  

results	  in	  practice.	  Our	  algorithm,	  called	  Plastic,	  models	  a	  Xlexible	  
backbone	  as	  an	  ensemble	  of	  templates,	  and	  Xlexible	  	  
side	  chains	  as	  ensembles	  of	  “child”	  rotamers,	  3	  to	  	  
81	  depending	  on	  the	  length	  	  of	  the	  side	  chain.	  	  
Rotamers	  on	  different	  templates	  must	  be	  siblings,	  	  
children	  of	  the	  same	  parent	  rotamer.	  Templates,	  	  
each	  on	  a	  different	  processor,	  try	  all	  siblings	  and	  	  
synchronously	  send	  the	  best	  energy	  to	  the	  master	  node,	  	  
which	  accepts	  or	  rejects	  the	  parent	  rotamer.	  The	  resulting	  	  
designs	  better	  represent	  a	  protein	  as	  a	  Xlexible,	  moving	  object.	  
	  Searching	  for	  the	  MEC	  requires	  O(n^2)	  memory	  and	  O(n^x)	  runtime,	  

where	  n	  is	  the	  number	  of	  rotamers;	  n	  may	  be	  tens	  of	  thousands.	  Our	  
distributed	  computing	  solution,	  called	  Piecemeal,	  splits	  the	  design	  
search	  space	  into	  small	  redundant	  tasks	  with	  no	  inter-‐process	  
communication,	  suitable	  for	  distributed	  computing.	  The	  design	  results	  
are	  gathered	  and	  merged,	  redistributed	  in	  a	  second	  pass,	  and	  those	  
design	  result	  sare	  gathered	  and	  merged.	  A	  third	  pass	  resolves	  any	  
conXlicting	  side	  chain	  choices.	  Piecemeal	  design	  is	  faster	  and	  just	  as	  
accurate	  as	  an	  exhaustive	  search,	  and	  makes	  verylarge	  and	  Xine-‐
grained	  design	  tasks	  possible.	  The	  Plastic	  algorithm	  is	  compatible	  with	  
Piecemeal	  if	  running	  on	  a	  large	  cluster.	  
	  The	  algorithms	  are	  implemented	  in	  Python	  with	  MPI,	  	  

using	  the	  PyRosetta	  libraries	  for	  energy	  calculation.	  	  
Jobs	  are	  generated,	  queued	  and	  gathered	  by	  a	  secure	  	  
web	  server	  through	  HPC2,	  and	  run	  on	  Blue	  Gene/Q	  	  
on	  CCNI.	  Resulting	  designs	  are	  synthesized	  in	  the	  
laboratory	  using	  molecular	  biology	  techniques,	  
and	  are	  tested	  for	  desired	  	  
functional	  properties.	  
	  
	  

Figure	  3:	  Plastic	  design	  of	  a	  LOO-‐GFP	  biosensor	  showing	  A.	  the	  
target	   strand	   139-‐YNFNSHNVYITAD-‐151	   and	   B.	   the	   regions	  
around	   target	   residue	   Phe141.	   Pink:	   Designed	   target	   residues,	  
Red:	  Designed	  non-‐target	  residues,	  Blue:	  Wildtype	  residues	  (not	  
designed) 
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Figure	  1:	  Examples	  of	  rotamers	  used	  during	  plastic	  design.	  A.	  
Nine	  Asp	  parent	  rotamers	  superposed	  B.	  Three	  sibling	  	  
Asp	  child	  rotamers	  for	  one	  parent	  rotamer.	  	  
C.	  Nine	  His	  parent	  rotamers.	  D.	  Three	  	  
sibling	  His	  child	  rotamers	  of	  one	  parent.	   

D C B A 

Leave-one-out	  Green	  
Fluorescent	  Protein	  (LOO-GFP):	  
GFP	  Xluorescence	  siginifcantly	  less	  when	  
one	  of	  the	  beta	  strands	  is	  left	  out,	  but	  	  

can	  still	  fold.	  Fluorescence	  returns	  when	  
the	  sequence	  of	  the	  missing	  strand	  is	  
present.	  Can	  we	  design	  the	  LOO	  site	  to	  

accept	  	  a	  different	  sequence? 
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Figure	   2.	   Piecemeal	   design:	  
The	   run-‐time	   order	   for	   Dead	  
End	   Ellimination	   design	   is	  
power-‐law	  with	  rotamer	  numbe,	  
and	  for	  MC	  rotamer	  search	  it	  isis	  
exponential.	   Splitting	   jobs	   into	  
redundant	   overlapping	   pieces	  
speeds	  the	  process. 
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Figure	   5:	   Fluorescence	   excitation	   and	  
em i s s i o n	   s p e c t r a	   f o r	   A T - G F P ,	   a	  
computationally	  designed	  variant	  of	  GFP	  with	  a	  
2-‐residue	   insertion	  that	  makes	  the	  protein	   fold	  
faster	  and	  more	  efXiciently. 
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Figure	   6 :	   X-ray	   crystal	  
structure	   of	   AT-GFP,	   was	  
solved	  to	  2.55Å	  resolution.	  This	  
s tereo	   image	   shows	   the	  
electron	  density	  in	  the	  region	  of	  
the	  designed	  loop. 

F igure	   4 :	   Expressed	   and	   pur i Q i ed	  
computationally	   designed	   biosensor	  
LOO7_HA4_DS	   shows	   a	   concentration	  
dependent	   Xluorescence	   response	   to	   increasing	  
amounts	   of	   a	   peptide	   from	   H5N1	   H.	   InXluenza	  
virus	   hemagglutinin.	   The	   Kd	   for	   the	   peptide	   is	  
approximately	  0.6uM. 

 

Choose random 
position, parent 

rotamer 

Choose best child rotamer for 
each template, calculate 

energy 
Calculate weighted 

average energy, 
accept or reject. 

no 

yes 
Converged? 


