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Score	
  FuncQon	
  Consensus	
  	
  

New	
  Terms	
  
•  dun10	
  
•  orbitals	
  
•  H-­‐patch	
  
•  cart_bonded/mm_*	
  
•  pH	
  
•  hackelec	
  
•  gb/pb	
  
•  geometric	
  solvaQon	
  
•  env_dep	
  reference	
  weights	
  

Re-­‐parametriza&ons	
  
•  score12’	
  
•  -­‐correct	
  	
  
•  sp2	
  hbond	
  
•  lennard	
  jones	
  cutoff/radii	
  
•  soYrep/hardrep	
  
•  P(aa|pp)	
  
•  pair	
  



How	
  to	
  Demonstrate	
  Improvement	
  

•  Explain	
  problem/soluQon	
  
•  Run	
  scienQfic	
  benchmarks	
  



Outline	
  

•  Two	
  tools	
  
– Features	
  Analysis	
  
– OptE	
  

•  Example	
  ModificaQon	
  
– Score12bicubic	
  
– Dun10	
  

•  ScienQfic	
  Benchmarks	
  



Boltzmann	
  DistribuQon	
  

	
  
	
  

What	
  should	
  P(C)	
  be?	
  

P(C) = 1
Z
e
−E (C )
kT



Feature	
  Analysis	
  

Feature:	
  a	
  geometric	
  observable	
  of	
  a	
  
molecular	
  conformaQon	
  

	
  

	
  	
  	
  	
  	
  	
  

A	
  distribuQon	
  over	
  
conforma(on	
  space	
  

	
  

A	
  distribuQon	
  over	
  
feature	
  space	
  

	
  



Features	
  








 


 





 







 

 


 









hbond_sites	
  hbonds	
  

hbond_site_atoms	
  

hbond_site_pdb	
  

hbond_site_environment	
  

hbond_chem_types	
  

hbond_geom_coords	
  

residues	
  structures	
  batch	
  

hbond_lenard_jones	
  

HBondFeatures	
  	
  

Hbond	
  Features	
  Reporter	
  



Feature	
  Reporters	
  =>	
  “Schema	
  Parts”	
  
 

Meta One Body Two Body Multi Body 
Protocol Residue Pair Structure 
Batch ResidueConformation AtomAtomPair PoseConformation 
JobData ProteinResidueConformation AtomInResidue- RadiusOfGyration 
PoseComments ProteinBackboneTorsionAngle AtomInResiduePair SecondaryStructure 
 ResidueBurial ProteinBackbone- HydrophbicPatch 
Experimental Data ResidueSecondaryStructure AtomAtomPair Cavity 
PdbData GeometricSolvation HBond GraphMotif 
PdbHeaderData BetaTurn Orbital SequenceMotif 
DDG RotamerBoltzmannWeight SaltBridge Rigidity 
NMR ResidueStrideSecondaryStructure LoopAnchor VoronoiPacking 
DensityMap HelixCapping DFIREPair InterfaceAnalysis 
MultiSequenceAlignment BondGeometry ChargeCharge  
HomologyAlignment ResidueLazaridisKarplusSolvation  Energy Function 
 ResidueGeneralizedBornSolvation Multi Structure ScoreFunction 
Chemical ResiduePoissonBoltzmannSolvation ProteinRMSD ScoreType 
AtomType Pka ResidueRecovery StructureScores 
ResidueType ResidueCentroids ResiduePairRecovery ResidueScores 
  ResidueClusterRecovery HBondParameters 
  Cluster <EnergyTerm>Parameters 

  



Refined	
  Hydrogen	
  Bond	
  Model	
  





HBond	
  PotenQal	
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OptE	
  Overview	
  
•  Encode	
  ScienQfic	
  Benchmarks	
  as	
  a	
  “Loss	
  FuncQon”	
  
–  Seq.-­‐Profile	
  Recovery,	
  Rot.	
  Recovery,	
  ddG,	
  etc.	
  

•  OpQmize	
  weights	
  to	
  minimize	
  loss	
  
–  EsQmate	
  ParQQon	
  FuncQon	
  
– OpQmize	
  Weights	
  
–  Repeat	
  

	
  
•  Jim,	
  Andrew,	
  Ron,	
  Liz,	
  Yifan,	
  Mike,	
  James,	
  Ian,	
  
more…	
  



OptE	
  CapabiliQes	
  

•  Re-­‐fit	
  reference	
  weights	
  
– Sequence-­‐profile-­‐recovery	
  
	
  

•  Test	
  targeted	
  hypotheses	
  with	
  a	
  few	
  weights	
  
– Hackeleck	
  
– CH-­‐bond	
  potenQal	
  



Linear	
  vs	
  Spline	
  InterpolaQon	
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off_grid	
  feature	
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Dun10:	
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  Χ1=	
  trans)	
  



Major	
  ScienQfic	
  Benchmarks	
  

Currently	
  Available	
  
•  Rotamer	
  Recovery	
  
•  Sequence	
  Recovery	
  
•  ddG	
  PredicQon	
  
•  Loop	
  Recovery	
  
•  Ab-­‐relex	
  Recovery	
  
•  Docking	
  local-­‐refine	
  
•  RNA	
  benchmark(s)	
  

Upcoming	
  
•  Fit	
  into	
  electron	
  density	
  (frank)	
  
•  LoopHash	
  discriminaQon	
  (TJ)	
  
•  Ligand	
  docking	
  (Rocco/Sagar/Ora)	
  
•  Single	
  Mutant	
  Scan	
  (Yifan)	
  
•  Fix-­‐interface	
  Design	
  (Jacob)	
  
•  Flex-­‐Interface	
  Design	
  (Sarel)	
  
•  Flex-­‐BB	
  Design	
  (Nobu)	
  
•  NMR	
  recovery	
  (Oliver)	
  
•  <Your	
  Benchmark	
  here>	
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Bicubic/Dun10	
  Results	
  
!

Rotamer!Recovery!
Benchmark!

Seq.!Rec.!
Bench!

ΔΔG!
Bench!

High8Res.!
Refinement!
Benchmark!

Loop!Modeling!
Benchmark!

Energy!
Function!

pack!
rots!
(%)!

min!
pack!
(%)!

rot.!
trials!
(%)!

rt2min!!
!

(%)!

%!Rec! KL(Div.! R(Value! #(pNat!
>!0.8)!

Σ!pNat! !#(eNat!
<!eDec!)!!

1st!
Quart.!
(Å)!

Med!
!

!(Å)!

3rd!
Quart.!
(Å)!

Score12! 66.19! 69.07! 71.49! 73.12! 32.6! 0.019! 0.69! 67! 74.6! 104! 0.468! 0.637! 1.839!
Score12’! (! (! (! (! 37.0! 0.008! 0.67! (! (! ! (! (! (!

Score12Bicubic! 66.24! 67.51! 71.52! 73.15! 37.6! 0.010! 0.68! 68! 77.9! 105! 0.499! 0.644! 1.636!
Score12Dun10! 67.82! 70.50! 72.60! 74.23! 37.6! 0.009! 0.67! 60! 72.0! 104! 0.461! 0.677! 1.463!
!
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  Jack	
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•  Andrew	
  Leaver-­‐Fay	
  
•  Roseka	
  Community	
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Top8000	
  Data	
  Set	
  

•  Assembled	
  by	
  Richardson	
  Lab	
  (at	
  Duke)	
  
– March	
  2011	
  snapshot	
  of	
  Protein	
  Databank	
  
– Clustered	
  so	
  intra-­‐cluster	
  homology	
  is	
  at	
  most	
  70%	
  
– Filter	
  out	
  structures	
  having	
  

•  greater	
  than	
  2A	
  resoluQon	
  
•  known	
  oddiQes	
  
•  non-­‐canonical	
  amino	
  acids	
  

– Selected	
  best	
  average	
  MolProbity	
  score	
  and	
  resoluQon	
  
– Place	
  hydrogen	
  atoms	
  using	
  Reduce	
  
– 6,563	
  Chains	
  



Rotamer	
  Recovery	
  

•  152	
  chains,	
  17,463	
  residues	
  
– Subset	
  of	
  	
  Top5200	
  (from	
  Richardson	
  Lab)	
  
– 50-­‐200	
  residues	
  each	
  
– at	
  most	
  70%	
  seq.	
  homology	
  
– at	
  most	
  1.2A	
  resoluQon	
  

•  Recovered:	
  all	
  angles	
  within	
  20°	
  of	
  naQve	
  
•  StarQng	
  info	
  /	
  DOFs:	
  

–  RotamerTrials	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  PackRotamers	
  
–  RTMin	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  MinPack	
  



Sequence	
  Recovery	
  

•  38	
  large	
  structures	
  (Ding	
  &	
  Dekholyan	
  2006)	
  
•  Accuracy:	
  
– NaQve	
  AA	
  
– Kullback-­‐Leibler	
  divergence	
  with	
  input	
  AA-­‐profile	
  

•  StarQng	
  info	
  /	
  DOFs:	
  
– Fixed	
  backbone	
  
– PackRotamers	
  protocol	
  



High	
  ResoluQon	
  Refinement	
  

•  114	
  Sequences	
  (Tyka,	
  et	
  al.	
  2010)	
  
– 4	
  centroid	
  mode	
  data	
  sets	
  

•  homolog	
  fragments	
  /	
  relax	
  to	
  low	
  RMSD	
  +	
  low	
  energy	
  
•  6,000	
  FastRelax	
  predicQons	
  

•  Accuracy:	
  
– Boltzmann	
  weighted	
  probability	
  of	
  “near-­‐naQve”	
  

•  where	
  less	
  than	
  2A	
  RMSD	
  =>	
  near-­‐naQve	
  	
  
–  If	
  80%	
  near-­‐naQve	
  
–  If	
  min	
  near-­‐naQve	
  energy	
  <	
  	
  min	
  decoy	
  energy	
  



Loop	
  PredicQon	
  

•  45	
  12-­‐Residue	
  Loops	
  (Mandell	
  et	
  al.	
  2009)	
  
– 8,000	
  KinimaQc	
  Loop	
  Closure	
  (KIC)	
  predicQons	
  

•  Accuracy:	
  
– Min	
  Cα-­‐RMSD	
  over	
  5	
  lowest-­‐energy	
  structures	
  



ddG	
  PredicQon	
  

•  1210	
  Point	
  Mutants	
  (Kellogg	
  et	
  al.	
  2011)	
  
– NaQve	
  crystal	
  structures	
  
– Experimental	
  ddG	
  of	
  folding	
  

•  Accuracy:	
  
– correlaQon	
  coefficient	
  

•  Input	
  info	
  /	
  DOFs:	
  
– all-­‐atom,	
  soY-­‐rep	
  repacking	
  
– backbone	
  +	
  sidechain,	
  hard-­‐rep	
  minimizaQon	
  
– uniform	
  constraints	
  


