
Small	
  Angle	
  X-­‐ray	
  Sca/ering	
  (SAXS)	
  
so5ware	
  	
  tools	
  in	
  Integra9ve	
  
Modeling	
  Pla>orm	
  (IMP)	
  

Dina	
  Schneidman	
  
3/6/2015	
  



Small Angle X-Ray Scattering!

Data can be collected in several minutes!  
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Integrative Modeling and SAXS!
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Gathering 
information 

Analyzing models 
and information 

Sampling 
good models 

Designing model 
representation 
and evaluation 

Integrative Modeling and SAXS!
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 Fast open-source X-ray Scattering!

A rapid method for computing a SAXS profile of a given 
structure and for matching of the computed and experimental 
profiles 

Compute	
  theore.cal	
  
profile	
  

Fit	
  experimental	
  
profile	
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Chimera-IMP-FoXS integration!
•  Tools-­‐>Higher	
  Order	
  Structure-­‐>SAXS	
  
 



•  Chimera	
  version	
  1.5	
  or	
  higher	
  
•  Prepare	
  alignment	
  file	
  in	
  PIR	
  format:	
  

>P1;3KFO!

structureX:3KFO: 946 :A:+213 :A:NUP133:XXX: 1.90: 0.19!

--KIQYNLDTIDAEKNISNKLKKGEVQICKRFKNGSIREVFNILVEELKSTTVVNLSDLVELYSMLDDEESLFIPL!

RLLSVDGNLLNFEVKKFLNALVWRRIVLLNASNEGDKLLQHIVKRVFDEELPKNNDFPLPSVDLLCDKSLLTPEYI!

SETYGRFPIDQNAIREEIYEEISQVETLNSDNSLEIKLHSTIGSVAKEKNYTINYETNTVEYE-------*!

>P1;3KFO-fill!

sequence:::::::::!

LRKIQYNLDTIDAEKNISNKLKKGEVQICKRFKNGSIREVFNILVEELKSTTVVNLSDLVELYSMLDDEESLFIPL!

RLLSVDGNLLNFEVKKFLNALVWRRIVLLNASNEGDKLLQHIVKRVFDEELPKNNDFPLPSVDLLCDKSLLTPEYI!

SETYGRFPIDQNAIREEIYEEISQVETLNSDNSLEIKLHSTIGSVAKEKNYTINYETNTVEYEGHHHHHH*!

Chimera-Modeller-FoXS!
Modeling full length protein and 

fitting to SAXS profile!



Chimera-Modeller-FoXS!
Modeling full length protein and 

fitting to SAXS profile!
•  In	
   Chimera	
   go	
   to	
   Tools-­‐>Sequence-­‐>Multalign	
   Viewer	
  
and	
  load	
  the	
  alignment	
  file	
  

•  In	
  the	
  alignment	
  viewer	
  go	
  to	
  Structure-­‐>Modeller	
  Tools	
  
to	
  open	
  Modeller	
  window	
  

•  Select	
   target	
   sequence	
   and	
   template	
   structure	
   and	
   run	
  
modeller	
  (it	
  will	
  run	
  in	
  the	
  background)	
  

•  Select	
  Tools-­‐>Higher	
  Order	
  Structure-­‐>SAXS	
  to	
  run	
  FoXS	
  
•  Select	
  molecule	
  and	
  profile	
  file	
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AllosMod-FoXS!
•  upload	
  template	
  PDB	
  files	
  and	
  target	
  sequence	
  



Running FoXS from IMP!
> foxs!
foxs !
Usage: <pdb_file1> <pdb_file2> ... <profile_file1> <profile_file2> ... :!
!
> foxs *.pdb saxs.dat !
foxs 3KFO-fill.B99990001.pdb 3KFO-fill.B99990002.pdb 3KFO-fill.B99990003.pdb 3KFO-fill.B99990004.pdb 3KFO-
fill.B99990005.pdb 3KFO.pdb saxs.dat !
1817 atoms were read from PDB file 3KFO-fill.B99990001.pdb!
1817 atoms were read from PDB file 3KFO-fill.B99990002.pdb!
1817 atoms were read from PDB file 3KFO-fill.B99990003.pdb!
1817 atoms were read from PDB file 3KFO-fill.B99990004.pdb!
1817 atoms were read from PDB file 3KFO-fill.B99990005.pdb!
1669 atoms were read from PDB file 3KFO.pdb!
Profile read from file saxs.dat size = 456!
Computing profile for 3KFO-fill.B99990001.pdb 1817 atoms !
3KFO-fill.B99990001.pdb saxs.dat Chi = 2.2455 c1 = 1.0265 c2 = 0.51424 default chi = 5.44569!
Computing profile for 3KFO-fill.B99990002.pdb 1817 atoms !
3KFO-fill.B99990002.pdb saxs.dat Chi = 1.16904 c1 = 1.0292 c2 = 0.438976 default chi = 5.51094!
Computing profile for 3KFO-fill.B99990003.pdb 1817 atoms !
3KFO-fill.B99990003.pdb saxs.dat Chi = 1.13191 c1 = 1.02405 c2 = 1.43008 default chi = 6.45319!
Computing profile for 3KFO-fill.B99990004.pdb 1817 atoms !
3KFO-fill.B99990004.pdb saxs.dat Chi = 1.38553 c1 = 1.02892 c2 = 0.815872 default chi = 6.06747!
Computing profile for 3KFO-fill.B99990005.pdb 1817 atoms !
3KFO-fill.B99990005.pdb saxs.dat Chi = 1.20806 c1 = 1.02808 c2 = 0.994432 default chi = 6.44497!
Computing profile for 3KFO.pdb 1669 atoms !
3KFO.pdb saxs.dat Chi = 2.96235 c1 = 1.02261 c2 = 3.76 default chi = 9.8793!
!
!



FoXS as a Restraint in IMP::saxs!
!    m = IMP.kernel.Model()!

!
        #! read PDB!
        mp = IMP.atom.read_pdb(self.get_input_file_name('6lyz.pdb'), m,!
                               IMP.atom.NonWaterNonHydrogenPDBSelector())!
!
        #! read experimental profile!
        exp_profile = IMP.saxs.Profile(self.get_input_file_name('lyzexp.dat'))!
!
        #! select particles from the model!
        particles = IMP.atom.get_by_type(mp, IMP.atom.ATOM_TYPE)!
!
        #! define restraint!
        saxs_restraint = IMP.saxs.Restraint(particles, exp_profile)!
        m.add_restraint(saxs_restraint)!
        score = saxs_restraint.evaluate(False)!



Protein assembly application!
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Input structures 

Rigid	
  Docking	
  
	
  

Integrative Docking Approach!

Composite	
  Scoring	
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h^p://salilab.org/foxsdock	
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FoXSDock prediction - profile fit 
view!



FoXSDock in 
IMP::integrative_docking!

> idock receptor.pdb ligand.pdb --saxs saxs.dat!

•  relies	
  on	
  PatchDock	
  (bioinfo3d.cs.tau.ac.il)	
  for	
  docking	
  
•  relies	
  on	
  SOAP	
  sta.s.cal	
  poten.al	
  for	
  scoring	
  
•  other	
  types	
  of	
  informa.on	
  supported:	
  

ü  3D	
  electron	
  microscopy	
  density	
  maps	
  
ü  Electron	
  microscopy	
  2D	
  class	
  averages	
  
ü  Cross	
  links	
  	
  
ü  Binding	
  sites	
  
ü  Distance	
  constraints	
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Uncertainty in Integrative Structure Modeling

Information

Analysis

Sampling

Scoring

Schneidman*Duhovny,1Pellarin,1Sali.1COSB12014

Data1
satisfied?

yes

no

Single(structure Multiple(structures

sample(heterogeneity

more1data1
is1needed

Uncertainty in integrative 
structure modeling!



DNA ligase with DNA!
Essen.al	
  func.ons	
  in	
  nuclear	
  and	
  mitochondrial	
  DNA	
  replica.on	
  and	
  repair	
  



Disorder Comes in Flavors!
“rigid” “disordered” “flexible” 

short fragments 
(≥10 and <30 residues) 

long fragments  
(> 40 residues) 

PDB ~ 40% of structures ~ 10% of structures 

SwissProt > 25% of sequences 

(Romero et al. 2001; Dunker et al 2000; Le Gall 2007)	
  



Two stages in modeling!

sampling of 
conformations 

finding (all) multi-state 
models that fit SAXS 

data within noise 

How to choose the 
sampling method? 
 

How to enumerate the 
relevant multi-state models? 
 
 
How to score them? 

Rapidly	
  exploring	
  Random	
  Trees	
  (RRT)	
  

Branch	
  &	
  bound	
  enumera9on	
  

Non-­‐nega9ve	
  least-­‐square	
  fiXng	
  



Multi-state modeling in IMP with 
SAXS!

sampling of 
conformations 

finding (all) multi-state 
models that fit SAXS 

data within noise 

# generate 10000 conformations sampling torsion angles of 
residues in linker.txt !
> rrt_sample ligase.pdb linker.txt -i 100000 -n 10000!
!
# pre-calculate SAXS profiles (-p pre-calculate, -m reads each 
MODEL into separate structure), run in parallel for all PDBs!
> foxs -p -m 2 nodes*.pdb!
!
# generate a file with the name of all the pre-calculated SAXS 
profiles (ls *.pdb.dat > filenames)!
> multi_foxs saxs.dat filenames!

IMP::kinematics	
   IMP::multi_state	
  



Multi-state modeling with SAXS 
online!



DNA ligase with DNA!



Important SAXS Links!
salilab.org/foxs	
  	
  FoXS	
  and	
  Mul.FoXS	
  
salilab.org/foxsdock	
  FoXSDock	
  
h^p://www.bioisis.net/	
  -­‐	
  datasets,	
  tutorials,	
  and	
  sodware	
  
h^p://sibyls.als.lbl.gov/	
  -­‐	
  Sibyls	
  beamline	
  
h^p://www.embl-­‐hamburg.de/biosaxs/sodware.html	
  -­‐	
  
ATSAS	
  sodware	
  
h^p://www.sasbdb.org/	
  -­‐	
  datasets	
  
	
  

More	
  in	
  the	
  eposter	
  today	
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