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Protein	
  Crystallography:	
  	
  
What	
  Informa:on	
  Do	
  We	
  Look	
  For?	
  

•  High-­‐
Resolu:on	
  
structure	
  

•  Small	
  B-­‐factors	
  

•  Ideal:	
  Perfect	
  
crystals.	
  

•  What	
  is	
  the	
  
reality?	
  

hFp://commons.wikimedia.org/wiki/
File:Protein_Hydrogens_in_electron_Density_1yk4_Y13.jp
g#filelinks	
  



Image	
  courtesy	
  Mario	
  Amzel	
  



Protein	
  Crystals	
  Are	
  	
  
Naturally	
  Imperfect	
  

•  Biologically	
  relevant	
  varia:ons	
  lead	
  to	
  imperfect	
  
crystals	
  

•  Current	
  prac:ce:	
  
–  Seek	
  perfect	
  crystals,	
  even	
  if	
  these	
  varia:ons	
  are	
  
suppressed	
  
•  	
  Coax	
  the	
  missing	
  X-­‐rays	
  back	
  into	
  the	
  Bragg	
  peaks	
  

•  BeFer	
  prac:ce:	
  
–  Try	
  to	
  completely	
  understand	
  the	
  crystal	
  that	
  Nature	
  
has	
  given	
  us	
  
•  Use	
  the	
  “missing”	
  X-­‐rays	
  right	
  where	
  they	
  are	
  –	
  in	
  the	
  diffuse	
  
scaFering	
  





Interpreta:on	
  of	
  Diffuse	
  Features	
  

•  Size	
  
– Large	
  =	
  correla:ons	
  within	
  unit	
  cell	
  
– Small	
  =	
  correla:ons	
  between	
  unit	
  cells	
  

•  Streaking	
  
– Direc:on	
  of	
  weak	
  coupling/sof	
  modes	
  

•  Strength	
  
– Rela:ve	
  intensity	
  is	
  highest	
  along	
  direc:on	
  of	
  
mo:on	
  



Lonsdale,	
  Proc	
  Phys	
  Soc	
  1942	
  

What	
  Should	
  We	
  Call	
  It?	
  





Why	
  isn’t	
  everyone	
  already	
  using	
  
diffuse	
  scaFering?	
  

•  The	
  central	
  theory	
  was	
  established	
  decades	
  
ago	
  
– See,	
  e.g.,	
  James	
  (1948)	
  

•  It’s	
  already	
  present	
  in	
  diffrac:on	
  images	
  
•  It	
  contains	
  new	
  informa:on	
  about	
  proteins	
  
– Correlated	
  mo:ons	
  

•  However,	
  there	
  have	
  been	
  challenges	
  
– Real	
  
–  Imagined	
  



...	
  

Diffuse	
  ScaFering	
  Can’t	
  Be	
  Observed	
  

•  “According	
  to	
  diffrac:on	
  theory	
  the	
  signal	
  is	
  
too	
  small”	
  



Diffuse	
  ScaFering	
  Can’t	
  Be	
  Observed	
  

ID = N f 2 − f 2( )∝ N

IB = f 2 eiq⋅ Rn−Rm( )

m
∑

n
∑ ∝

sin2 Niaisi
sin2 aisii

∏ ~ N 2

⇒ IB ID ~ N



Raman,	
  Proc	
  Roy	
  Soc	
  Lond	
  A	
  179	
  (1942)	
  289	
  

...	
   …	
  

...	
  

Diffuse	
  ScaFering	
  Can’t	
  Be	
  Observed	
  



Diffuse	
  ScaFering	
  Can’t	
  Be	
  Observed	
  

Lonsdale,	
  Proc	
  Phys	
  Soc	
  54	
  (1942)	
  314	
  



Diffuse	
  ScaFering	
  Can’t	
  be	
  Observed	
  

ID ∝ N
IB  peak height ~ N 2

IB  peak width ~ Ni
−1

⇒ integrated peak intensity IB ~ N

⇒ IB ID ~1

Can 

Imagined	
  



Diffuse	
  ScaFering	
  Can’t	
  Be	
  Measured	
  

•  “It	
  can’t	
  be	
  observed”	
  
•  “Detectors	
  aren’t	
  good	
  enough”	
  



Diffuse	
  ScaFering	
  from	
  
Staph.	
  Nuclease	
  Crystals	
  

Wall,	
  Ealick,	
  and	
  Gruner,	
  PNAS	
  1997	
  	
  



Diffuse	
  ScaFering	
  from	
  
Calmodulin	
  

Wall,	
  Clarage,	
  and	
  Phillips.	
  Structure	
  1997	
  



h+p://lunus.sourceforge.net	
  

Wall,	
  Methods	
  Mol	
  Biol	
  2009	
  



Lunus	
  +	
  CCTBX	
  

Using	
  cctbx	
  (Nicholas	
  Sauter,	
  LBNL)	
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Anisotropic	
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Diffuse	
  ScaFering	
  from	
  Photosystem	
  II	
  

Data	
  from	
  Johan	
  HaFne,	
  Sauter	
  Lab,	
  LBNL	
  

Using	
  Lunus	
  +	
  cctbx	
  



•  3D	
  diffuse	
  data	
  have	
  been	
  measured	
  for	
  
mul:ple	
  systems	
  

•  These	
  data	
  are	
  represented	
  in	
  the	
  same	
  way	
  
as	
  the	
  Bragg	
  data	
  

•  Lunus	
  sofware	
  is	
  publicly	
  available	
  

Diffuse	
  ScaFering	
  Can’t	
  be	
  Measured	
  
Can 

Imagined	
  



Diffuse	
  ScaFering	
  Can’t	
  Provide	
  	
  
New	
  Informa:on	
  

•  “There’s	
  nothing	
  there	
  that	
  isn’t	
  already	
  in	
  the	
  
Bragg	
  peaks”	
  











Diffuse	
  ScaFering	
  Can’t	
  Provide	
  	
  
New	
  Informa:on	
  

•  Informa:on	
  about	
  correlated	
  varia:ons	
  is	
  in	
  
the	
  diffuse	
  scaFering	
  

•  This	
  informa:on	
  is	
  not	
  in	
  the	
  Bragg	
  peaks	
  

Can 

Imagined	
  



Diffuse	
  ScaFering	
  Can’t	
  	
  
Reveal	
  Protein	
  Dynamics	
  

•  Sampling	
  problem	
  in	
  MD	
  simula:ons	
  
– Can’t	
  calculate	
  two-­‐point	
  correla:ons	
  

•  Computa:onally	
  intractable	
  
– Can’t	
  calculate	
  FT	
  of	
  a	
  whole	
  MD	
  trajectory	
  

•  The	
  model	
  assump:ons	
  are	
  wrong	
  



Molecular	
  Dynamics	
  Sampling	
  

•  Clarage	
  et	
  al.,	
  PNAS	
  1995	
  
– Myoglobin	
  
–  500	
  ps	
  not	
  long	
  enough	
  
– Maybe	
  100	
  ns	
  is?	
  

•  Meinhold	
  and	
  Smith,	
  
Biophys	
  J	
  2005	
  
–  Staph.	
  nuclease	
  
–  Improvement	
  from	
  500	
  ps	
  
to	
  10	
  ns	
  

–  S:ll	
  not	
  long	
  enough	
  
– Maybe	
  1	
  microsecond	
  is?	
  	
  



Staph	
  
Nuclease	
  
Simula:on	
  
•  PDB	
  entry	
  1STN	
  
•  GROMACS,	
  OPLSS-­‐

AA	
  force	
  field	
  
•  P41	
  unit	
  cell	
  
•  48.5x48.5x63.5	
  
•  15,421	
  atoms	
  

–  8,904	
  protein	
  
–  6,477	
  TIP3P	
  

waters	
  
–  40	
  Cl-­‐	
  ions	
  

•  T,	
  P	
  =	
  const	
  
•  1.1	
  microsecond	
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•  100-­‐fold	
  longer	
  
than	
  previous	
  
simula:on	
  

•  Trajectory	
  
explores	
  
several	
  nearby	
  
basins	
  



Comparison	
  to	
  Diffuse	
  Data	
  

R	
  =	
  0.066	
  
C	
  =	
  0.857	
  

Anisotropic	
  Correla:ons	
  

Unpublished,	
  with	
  Tom	
  Terwilliger,	
  LANL	
  





•  Excellent	
  agreement	
  in	
  isotropic	
  component	
  
•  Convergence	
  improved	
  for	
  1	
  µs	
  simula:ons	
  

•  S:ll	
  challenges	
  
–  Improve	
  agreement	
  in	
  anisotropic	
  component	
  
•  BeFer	
  Bragg	
  and	
  diffuse	
  separa:on	
  

–  Improve	
  convergence	
  
•  More	
  sampling	
  
•  Increased	
  stability	
  of	
  simula:on	
  

– Rigorously	
  test	
  assump:ons	
  

Diffuse	
  ScaFering	
  Can’t	
  Reveal	
  	
  
Protein	
  Dynamics	
  

Can 

Real	
  



Other	
  Real	
  Challenges	
  
•  The	
  theory	
  exists,	
  but	
  	
  

–  It’s	
  hard	
  to	
  understand	
  
–  It’s	
  even	
  harder	
  to	
  communicate	
  
–  It	
  needs	
  more	
  work	
  for	
  macromolecular	
  crystals	
  

•  Mul:modal	
  atom	
  posi:on	
  distribu:ons	
  

•  Not	
  part	
  of	
  the	
  standard	
  toolkit	
  
•  Few	
  beamlines	
  are	
  set	
  up	
  for	
  data	
  collec:on	
  

–  Minimize	
  background	
  sources	
  
•  Refinement	
  algorithms	
  are	
  lacking	
  
•  Models	
  don’t	
  yet	
  precisely	
  match	
  the	
  informa:on	
  content	
  

of	
  the	
  signal	
  
•  Differences	
  between	
  the	
  crystalline	
  vs	
  biological	
  state	
  

We	
  can	
  solve	
  these	
  problems	
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