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1.  Why	  use	  an	  XFEL	  instead	  of	  a	  synchrotron	  ?	  
(XFEL	  proposals	  for	  work	  which	  could	  be	  done	  on	  a	  synchrotron	  are	  rejected	  !	  )	  

*	  Avoid	  damage	  (not	  electronic,	  assuming	  MR,	  2/3	  info	  comes	  from	  phases,	  2Ang)	  
*	  RT,	  naPve	  environment.	  Use	  short	  pulses	  instead	  of	  freezing	  to	  avoid	  damage.	  
*	  Time	  resoluPon	  (ps),	  study	  dynamics	  because	  not	  frozen.	  
*	  Try	  new	  ideas.	  (2	  color	  SAD,	  pump-‐probe,	  FSS,	  SP,	  SFX,	  Shape	  transform	  phasing)	  
*	  Xtals	  large	  enough	  for	  MX	  not	  available	  
*	  Rapid	  diffusion	  into	  nanoxtals,	  irreversible	  processes	  

2.	  	  	  	  How	  to	  make	  nanoxtals	  ?	  	  See	  bibliogaphy	  at	  end	  

3.  How	  does	  data	  analysis	  differ	  for	  SFX	  ?	  
	  

The	  three	  most	  common	  quesPons	  regarding	  BioXFEL	  



Experimental geometry 

5, 70 or 300 fs  
 pulses at 2 - 9  kV. 

Debye period is ~100fs Barty	  et	  al	  	  

XFELS	  are	  terrible	  sources	  for	  MX.	  
Major	  sources	  of	  error	  
1.  Xtal	  orientaPon	  unknown,	  not	  reproducible	  
2.  Large	  xtal	  size	  variaPon	  
3.  Shot-‐to-‐shot	  beam	  intensity	  variaPon	  

F	  



2.	  	  Big	  mosaic	  crystals*	  (>1	  micron)	  .	  Every	  wavelength	  goes	  somewhere.	  

1.	  Big	  perfect	  crystal,	  polychromaPc	  beam.	  Sample	  monochromates.	  
	  	  	  	  Plane-‐wave	  to	  plane-‐wave.	  Picks	  out	  one	  wavelength)	  
	  	  	  	  	  	  	  	  	  	  *J.Holton	  &	  Frankel	  Acta	  D66,	  	  393	  (2010)	  

3.	  Nanocrystal	  (<	  micron).	  MonochromaPc	  beam	  give	  big	  spots	  (shape	  transforms).	  
	  	  	  *Kirian	  et	  al	  	  OpPcs	  Express	  18,	  5713	  (2010);	  	  	  Acta	  A	  67,	  131	  (2011).	  
	  	  	  *Spence	  et	  al	  OpPcs	  Express	  19,	  2866	  (2011);	  Kirian	  et	  al	  (2014)	  in	  press	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (for	  phasing	  from	  shape	  transforms).	  

The	  four	  cases	  of	  SFX	  diffrac9on.	  

*J.Holton	  &	  Frankel	  Acta	  D66,	  	  393	  (2010);	  
*J.Haine….Sauter	  Nature	  Meth.	  (2014)	  
*T.White	  Phil	  Trans	  Roy	  Soc.	  	  B	  369	  (2014)	  	  
*E.	  Snell	  Meth	  Enzymol	  (2003).	  What	  is	  mosaicity	  ?	  

0	  

g	  

Source	  
sample	  

*The	  case	  treated	  in	  this	  course.	  

4.	  Beam	  smaller	  (eg	  0.1	  micron)	  than	  mosaic	  block.	  Same	  as	  1,	  but	  big	  beam	  divergence	  (CCBD).	  
	  	  	  *J.Spence	  et	  al	  Phil	  Trans	  B	  369,	  20130325	  (2014).	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  NanodiffracPon.	  Small	  coherent	  focussed	  beam.	  



  The smallest crystals show "shape transforms" .  

Photosystem I nanocrystals at  2 kV (6.9 Ang wavelength). 
Single Shot  (1012 photons incident).   

Streak due to jet 

Shape-transform 
fringes 

Every nanoxtal is in a  
different (random) orientation. 

Front Back 

19	  periods	  along	  g	  

g	  

Chapman,	  Fromme….Spence	  2011	  

XFEL	  beam	  

We	  have	  seen	  xtals	  as	  small	  as	  6	  unit	  cells	  on	  side.	   Red	  verPcal	  streak	  is	  diffracPon	  
from	  column	  of	  liquid	  in	  jet.	  
	  

Subsidiary	  maxima	  give	  number	  
of	  unit	  cells.	  
	  

Each	  nanoxtal	  is	  smaller	  than	  one	  
mosaic	  block	  
	  

Beam	  size	  is	  about	  1	  micron	  (or	  less)	  
	  
How	  to	  merge	  millions	  of	  paierns	  ?	  
	  
	  



Long	  wavelength	  

Short	  wavelength	  

The	  wavelength	  spread	  in	  XFEL	  beam	  spans	  wider	  spots	  at	  higher	  angle.	  

Spread	  of	  angles	  due	  
to	  mosaic	  block	  PlPng	  

Conclude:	  different	  fracPons	  of	  different	  reflecPons	  
	  are	  uncovered	  by	  the	  range	  of	  wavelengths.	  
(some	  reflecPon	  arcs	  are	  just	  clipped,	  	  
others	  fully	  spanned)	  
Hence	  “par9al	  reflec9ons”	  (also	  beam	  divergence).	  
	  

Origin	  of	  reciprocal	  
space	  

Ewald	  sphere	  

This	  reflecPon	  is	  fully	  recorded	  

This	  reflecPon	  is	  
parPally	  recorded	  

Each	  block	  acts	  as	  a	  monochromator	  
for	  a	  different	  wavelength	  in	  the	  beam	  

|k|	  =	  1/l	


Terry	  Sabine	  –	  theory	  of	  exPncPon	  



g	  (reciprocal	  laqce	  vector)	  

Origin	  of	  reciprocal	  laqce	  

Ki	  

Kf	  

Spherical	  
cap	  traced	  out	  
by	  mosaic	  spread	  

Range	  of	  incident	  
wavevectors	  (all	  at	  Bragg	  
condiPon	  for	  different	  
mosaic	  blocks)	  allowed	  
within	  beam	  divergence	  .	  
Similar	  for	  energy	  spread	  
in	  the	  beam.	  
Mosaicity	  also	  thickens	  arc.	  

ParPality	  and	  Mosaic	  Spread.	  

a	   b	  

c	  d	  

Spherical	  cap	  
has	  area	  A	  

IntersecPon	  of	  ribbon	  
with	  cap	  has	  area	  abcd	  =	  S	  

ParPality	  is	  raPo	  of	  areas	  P	  =	  abcd/A	  =	  	  	  S/A	  .	  	  (volumes	  in	  a	  full	  theory).	  

Beam	  divergence	  

eg	  Rossman	  and	  Van	  Beek.	  	  Acta	  D55	  	  1631	  (1999)	  for	  review	  of	  post-‐refinement,	  parPals.	  	  	  



From	  Haine/Sauter	  et	  al	  Nature	  Methods	  2014	  

The	  wavelength	  spread	  in	  XFEL	  beam	  spans	  wider	  spots	  at	  higher	  angle.	  
	  
so	  different	  fracPons	  of	  different	  reflecPons	  are	  uncovered	  by	  the	  range	  of	  wavelengths.	  
(some	  reflecPon	  blobs	  are	  just	  clipped,	  others	  spanned	  fully)	  
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previously processed with the software suite CrystFEL8, to com-
pare the two programs.

We found that cctbx.xfel processed about twice as many dif-
fraction lattices from individual crystals as has been reported for 
CrystFEL10 (Supplementary Table 1). The indexing algorithm11, 
which identifies unit-cell dimensions and crystal orientations, 
searches for directional vectors that describe the observed rows 
of Bragg spots, from which three are chosen to form the unit cell. 

Several factors make this a difficult problem. First, the CSPAD 
detector consists of 64 pixel array readouts (Fig. 1d,e) that are 
periodically disassembled. Thus, the metrology (the relative posi-
tions and orientations) of the readouts must be redetermined 
with sufficient accuracy (Fig. 2a), as even small subpixel offsets 
can diminish the number of images from which lattices can be 
indexed (Fig. 2b). Second, the destruction of each crystal after 
one XFEL shot removes the ability to view the diffracted lattice 
from various directions, hindering the selection of unit-cell basis 
vectors. To compensate, we supplied additional information to the 
indexing algorithm in the form of a target unit cell, from either 
an isomorphous crystal form or a preliminary round of indexing. 
This target unit cell permits us to choose a group of three vectors 
that best fits the known cell’s lengths and angles, thus increasing 
the number of successfully indexed images. A final factor is the 

a b c

d

e

Ca

Zn

Ca

Figure 1 | Thermolysin structure determination  
at 2.1 Å resolution. (a) Likelihood-weighted 
electron density map calculated with coefficients 
2mFo − DFc, where Fo and Fc are the observed and 
modeled structure factor amplitudes, m is the 
figure of merit and D is derived from coordinate-
error estimates, contoured at 1 s.d. (gray mesh).  
Water molecules are shown as red spheres.  
(b,c) mFo − DFc difference density map contoured 
at +3 s.d. (blue mesh) and −3 s.d. (red mesh), 
which shows binding sites for two of the four 
calcium ions (b) and the single zinc ion (c).  
(d) Detail of two crystal lattices found on the same 
diffraction image. Modeled spot positions assigned 
to the different lattices are shown in red and blue, 
respectively. The sample-detector distance of 135 
mm corresponds to a resolution of 2.15 Å at the 
edges. (e) Detail from a different diffraction image. 
Increasing radial spot elongation was observed 
with distance from the beam center (blue cross).
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Figure 2 | Calibration and validation. (a) Aggregate relative positions (top) 
and rotations (bottom) of 32 pairs of application-specific integrated circuits 
(ASICs) on the CSPAD detector. The calibration results independently verify 
the manufacturing constraints (ASIC pairs are aligned along the long axis, 
separated by a 3.0-pixel gap). (b) Impact of positional accuracy on the 
indexing and integration success rate. Separately perturbing the ASICs away 
from their true positions reduced both the total number of indexed images 
(all) and the number of images that contain successfully integrated reflections 
at high (1.8–2.2 Å) resolution. Failure to apply final subpixel (squares) or 
whole-pixel (circles) corrections impaired processing as expected. , s.d.  
(c) Detail of four neighboring Bragg reflections from thermolysin (with Miller 
indices indicated in brackets), showing pronounced (7-pixel) radial elongation 
for the top reflection and lesser elongation for those nearby. Solution of 
Bragg’s law for each pixel (vertical arrows) identifies the spread of photon 
energies that contribute to each reflection. Red disks delineate integration 
masks from a three-parameter model with wavelength limits high = 1.297 
(9.556 keV) and low = 1.313 (9.443 keV) and full-width mosaic spread  
 = 0.174°. (d) Reciprocal space diagram indicating how differently shaped 

reflections arise. Reciprocal lattice points (arcs) all have a constant angular 
extent  owing to their mosaic spread. Points are in reflecting condition if 
they are within the zone between the high-energy (red) and low-energy (blue) 
Ewald spheres. Therefore, a greater fraction of the mosaic distribution from 
Bragg spot A is within the reflecting condition, leading to a reflection that 
subtends a greater radial angle . (e) Paired refinements of the thermolysin 
structure and their impact on the reliability factors, R. Shells of successively 
higher-resolution data are interpreted as improving the refinement results as 
long as Rfree is continuously negative, i.e., out to 2.1 Å. 

Wavelength	  range	  Each	  =lted	  mosaic	  block	  acts	  as	  a	  	  
monochromator	  for	  a	  different	  component	  wavelength	  in	  the	  beam.	  
Energy	  spread	  in	  the	  beam	  also	  thickens	  the	  concentric	  arcs	  due	  to	  mosaicity.	  
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e. justification of requested financial support 
The personnel costs for this project are according to the official NWO guidelines. The decision to hire two 
postdocs and two PhD students is based on the requirement to quickly establish the method, using the 
extended experience of the postdocs, and apply these methods in a research project that will challenge 
and train two PhD students. Consumables include access to the NeCEN microscopes (between 750 and 
3000 kEuro per 24h), EM grids, labware, licenses and chemicals for growing protein crystals, explaining 
the 75 kEuro budget for consumables. A small, dedicated computer cluster is also essential for this 
project, explaining the 75 kEuro budget for equipment. 
  
 
f. scientific embedding of the proposed research: background, (inter)national position, 
collaborations 
In 2010 many of the key life science EM research labs in the Netherlands joined forces in NeCEN, the 
national centre for life science electron microscopy. By joining forces, sufficient funds could be raised to 
purchase two 300 kV-FEG Titan Krios microscopes, both equipped with STEM units, direct electron 
detectors, remote operation and auto-loaders. One microscope (with X-FEG, Cs corrector, back-thinned 
Falcon detector and –soon–  a Medipix detector) is dedicated to single particle analysis and diffraction 
studies.  NeCEN is located at the Leiden University Science Faculty, in a newly erected building, purpose-
built for high-resolution cryo-TEM. The first microscope passed the commissioning stage in March/April of 
2012. Access to NeCEN is open to all scientists and is not restricted to partners. All users, including those 
from my research group, are charged an access-fee to cover running costs, and subsidies are available 
for exceptional research projects, prioritized in a peer review. The research proposed here requires the 
availability of such top-end microscopes. NeCEN prompted prof. Van Heel to move from Imperial College 
London to Leiden University. The proposed project will make extensive use of NeCEN. 
 Over recent years, I started collaborating with the Stockholm-based Gräslund/Wärmländer lab, 
where a PhD student funded by my current TOP grant is kindly hosted in Stockholm on average 1 week 
per two to three months. The current proposal builds on this excellent collaboration that is scientifically 
one of the most fruitful ones I have experienced throughout my scientific career.  
 
Literature references 
[1] Dobson (2003) Nature 426, 884–890. 
[2] Ross et al (2004) Nature medicine 10, 10–17. 
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[4] Luo et al (2010) PLoS computational biology 6, e1000663. 
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Data processing revealed details at resolutions higher than 2 Å and indicated the presence of multiple 
mosaic blocks within the crystal – which could be processed separately (figure 2). Data processing of 
such 3D nanocrystals in 2D is relatively straightforward in our hands and automated processing resulted 
in more than 200 projections of lysozyme 3D nano-crystals from random directions, to resolutions of 2 Å 
and beyond (figure 3) [11]. 
 

 
Figure 2 Left panel: Three projection class averages from a single image of a lysozyme crystal with 
three mosaic domains with subtly different orientations (top). The images are 230x230 Å2. The bottom 
panel shows the square roots of the amplitudes of their Fourier transforms after subtracting the radially 
averaged background. Right panel: A selection of some high-resolution electron images of 3D crystals 
of the protein lysozyme (1/4 magnification of the left hand panel). Figures taken from [11].   
 
The substantial enhancement in resolution results from unbiased image processing using multivariate 
statistical methods [22]: the results obtained in figure 2 and 3 did not require any knowledge of the 
crystal lattice. One of the reasons why high resolution and contrast can be extracted from what appears 
to be random noise, is that image processing allows selecting the well-ordered, coherent parts of the 
crystal, whilst discarding the bulk solvent around the crystal. Furthermore, averaging is done within, but 
not between mosaic blocks. If the data had been recorded in diffraction mode, not only information on 
the crystallographic phases would have been lost, but also it would not have been possible to separate 
the diffraction signals of the various mosaic blocks, nor of the bulk solvent. Thus resolution would have 
suffered. These unique features prompt me to concentrate on electron imaging, rather than diffraction in 
this proposal.    

Since these high-resolution images encode crystallographic phase information, in theory they 
should allow a 3D reconstruction of the crystalline density. For samples with rotational, rather than 
translational symmetry, such 3D reconstructions have already been successful to intermediate resolution 
(3 to 3.5 Å) [12]. Unfortunately, we cannot straightforwardly use existing EM image processing software 
for the 3D reconstruction of samples with 3D translational symmetry. Reasons include the very uneven 
distribution of information in the reciprocal space, which peaks at the Bragg positions but is zero 
elsewhere. This feature of crystalline samples interferes with procedures that rely on common lines for 
identifying the angular orientations of the images: for any pair of images of crystals (even when the 
crystals are in not related) there will always be infinitely many common lines: the ones that do not 
include any Bragg reflections. Furthermore, there may well be incorrect common lines that share a few 
spacings, but that are wrong. Hence a different, crystallographic approach is called for, in which Fourier 
transforms of images are indexed. This requires establishing the unit cell as a first priority. This turns out 
to be tricky with current X-ray diffraction software, because of EM-specific distortions that are not taken 
into account and, more importantly, because the Fourier transform of an image of a crystal can only be 
considered equivalent to a phased diffraction pattern if the curvature of the Ewald sphere is ignored. 
Even at 300 kV this is no longer allowed for our 3D crystals when considering 2 Å resolution. For more 
details, I refer to my recent publications on this topic [11, 13]. However, I have booked progress in this 

Mosaic&blocks&imaged&by&TEM&in&Lysozyme.&Unit&cell&dimensions&give&scale.&

Cryo-‐em	  images	  of	  mosaic	  blocks	  in	  Lysozyme.	  

See	  	  Subramanian	  et	  al	  	  Ultramic	  (2014)	  for	  mulPple	  scaiering	  limits	  on	  thickness	  for	  electron	  
microscope	  diffracPon	  from	  protein	  nanoxtals.	  



Scaling	  and	  parPality	  for	  SFX.	  	  	  	  	  	  	  	  	  	  	  	  	  
1.	  Bragg	  spot	  intensity	  depends	  on	  xtal	  size	  (s),	  incident	  beam	  intensity	  (I	  ),	  structure	  
factor	  and	  parPality	  (p).	  	  (Ignore	  Lorentz	  factor	  ?,	  polarizaPon…).	  
	  

2.	  Simplest	  analysis.	  Sum	  intensity	  of	  same	  reflecPon	  from	  every	  "nanoxtal"	  to	  get	  
average.	  (Monte	  Carlo).	  Averages	  over	  variaPons	  in	  xtal	  size,	  orientaPon	  and	  beam.	  	  
	  

3.	  Beier	  method.	  	  	  
	  	  	  	  i)	  Use	  sum	  of	  all	  Bragg	  beam	  intensiPes	  per	  shot	  to	  monitor	  xtal	  size,	  giving	  a	  xtal	  
size	  and	  incident	  beam	  scale	  factor	  (s	  x	  I).	  
	  	  	  	  ii)	  Use	  detector	  metrology	  to	  get	  angular	  deviaPon	  of	  a	  given	  spot	  from	  exact	  
reference	  Bragg	  condiPon	  (can’t).	  	  Assume	  width	  of	  mosiac	  spread	  (spherical	  cap).	  
Hence	  calculate	  geometric	  parPality	  p	  for	  this	  reflecPon	  in	  each	  shot.	  (OR:	  average	  
one	  Bragg	  spot	  intensity	  over	  all	  shots	  ,	  then	  go	  back	  and	  compare	  each	  value	  with	  
the	  average	  to	  get	  "parPaliPes"	  p	  due	  to	  misorientaPon.	  Iterate	  ?).	  EMC	  ?	  
	  	  	  iii)	  Form	  sum	  of	  shots	  for	  given	  reflecPon	  weighted	  by	  s,	  I	  and	  p	  in	  	  	  i)	  and	  ii).	  
	  

4.	  Even	  beier	  method.	  
	  	  	  	  Model	  mosaicity	  spot-‐broadening	  funcPon.	  Each	  spot	  in	  one	  shot	  samples	  it	  at	  a	  
different	  place	  !	  Use	  neighboring	  spots	  (Haine).	  Scale	  using	  Wilson	  plot	  ?	  
	  

5.	  If	  Shape	  Transforms	  :	  	  Dividing	  out.	  (Too	  slow	  ?.	  Kirian	  Acta	  A	  2011)	  	  	  	  EM?	  
Issues:	  Beam	  divergence,	  energy	  spread	  in	  beam,	  pixel	  size…Plot l vs	  number	  of	  spots.	  (H.	  Ginn)	  	  
Beam	  smaller	  than	  one	  block	  ?	  Shape	  transforms	  ?.	   Rossman's	  "American	  method"	  

See	  White,	  Phil	  Trans	  B369,	  20130330	  (2014)	  
Haine,	  Nature	  Methods	  11,	  545	  (2014).	  Kabsch	  
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Evidence	  that	  S/N	  improves	  as	  1/sqrt(N)	  for	  N	  shots	  from	  Cathepsin	  data.	  (K.Nass	  Feb	  2013)	  

Validity	  of	  our	  Monte	  Carlo	  method	  is	  best	  shown	  by	  R	  factor	  comparison	  with	  synchrotron	  data	  

XFELS	  cause	  big	  errors	  in	  SFX	  (Shot-‐to-‐shot	  15%,	  xtal	  orientaPon,	  size)	  

	  	  The	  Monte	  Carlo	  method	  for	  TR-‐SFX	  reduces	  error	  as	  1/sqrt(N)	  

A	  hundred	  9mes	  more	  data	  are	  needed	  to	  
add	  one	  significant	  figure	  to	  the	  results.	  	  

~	  "Error"	  in	  
structure	  
factors	  

k/sqrt(N)	  

N	  

Monte	  Carlo	  averages	  out	  (quadrature)	  errors	  if	  enough	  data.	  
(Kirian	  et	  al	  2010,	  White	  et	  al	  2012)	  –	  improve	  on	  MC	  ?	  
Rossman	  &	  Erickson	  1983	  ("American	  method").	  
Rossman	  1999	  "Post-‐refinement".	  	  
	  
	  Is	  MC	  accurate	  enough	  for	  pump-‐probe	  in	  a	  jet	  ?	  	  
	  (Yes:	  Aquila	  et	  al	  2012,	  Kupitz	  et	  al	  (2014),	  	  
cf	  Laue:	  Moffat,	  SchlichPng,	  Hadju…)	  
	  
	  

See	  also	  
Kirian	  Acta	  
Cryst	  2011.	  



R	  vs	  ResoluPon	  for	  various	  doses,	  LCLS	  vs	  Synchroton,	  RotaPng	  Anode	  
R-‐factor	    
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ResoluPon	  
Lysozyme,	  Boutet	  et	  al	  Science	  2012	  	  

	  

0.05	  

1.8	  Ang	  resoluPon	  



Protein	   Cathepsin	   Phycocyanin	  

Sample	  injecPon	   GVDN	   LCP	  

Protein	  size	   37	  kDa	  
	  protease	  

209	  kDa	  
hexameric	  

antenna	  complex	  

Year	  of	  
experiment	   2011	   2014	  

Data	  collecPon	  
took	   5	  days	   2.5	  hours	  

Crystal	  hits	   293,195	   18,794	  

Indexed	  hits	   178,875	   6,629	  

Time	  data	  took	  to	  
analyze	   1	  year	   3	  months	  

ResoluPon	   2.1	  	  Å	   1.95	  	  Å	  

Phycocyanin:	  SFX	  results	  of	  crystals	  delivered	  
in	  the	  liquid	  jet	  and	  embedded	  in	  LCP	  were	  in	  
good	  agreement,	  but	  showed	  significant	  
difference	  from	  results	  on	  similar	  samples	  
recorded	  from	  cryo-‐cooled	  samples	  at	  a	  
synchrotron.	  	  

The	  improvement	  is	  due	  to	  many	  
incremental	  advances	  and	  high	  quality	  
nanocrystals.	  

This	  greatly	  advances	  our	  goal	  of	  increased	  capacity	  for	  SFX	  work	  and	  XFEL	  availability	  for	  biology	  

The	  9me	  for	  SFX	  data	  collec9on	  and	  analysis	  has	  
been	  reduced	  greatly	  between	  2011	  and	  2014.	  

2011	   2014	  

Phycocyanin	  in	  LCP:	  
Only	  6	  µL	  of	  crystal	  suspension	  of	  globular	  
protein	  transferred	  into	  LCP	  
	  
Ginn,	  Garman	  et	  al	  .	  used	  6000	  pa_erns	  
collected	  in	  30	  mins	  to	  get	  1.74	  Ang.	  map	  
of	  Polyderin	  CPV17	  (Aug	  2014).	  Adjust	  l	  for	  
max	  number	  of	  spots,	  opPmize	  orient	  matrix	  



 A CXIDB Data Base  
for XFEL data 

has been established at 
http://cxidb.org/index.html 

F.	  Maia	  Nature	  Methods	  9,	  854	  (2012)	  
Oct	  2013:	  There	  are	  15	  data	  sets,	  both	  
nanoxtal	  and	  single-‐parPcle..	  

Indexing	  ambiguity	  (symmetry	  of	  laqce	  higher	  than	  structure):	  
	  See	  Brehm	  and	  Diederichs	  	  Acta	  D70,	  p101	  (2014)	  

Including	  these	  SFX	  data	  sets…	  
CXIDB	  #15	  (Lysozyme	  Boutet)	  
CXIDB	  #21	  (Serotonin/ergotamine)	  
CXIDB	  #22	  (Gd-‐lys	  SAD	  from	  Heidelberg)	  
CXIDB	  #23	  (thermolysin	  from	  Sauter	  et	  al)	  
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