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Concerning	  the	  nature	  of	  things:	  
the	  data	  collec8on	  i8nerary	  

michele.cianci@embl-‐hamburg.de	  

Advanced Workshop on Structural Biology:  

Using Synchrotron Radiation to Visualise Biological Molecules
 15-19 December 2014 

This	  set	  of	  talks	  
•  Gives	  an	  overview	  of	  the	  data	  collec8on:	  

–  Experimental	  set	  up;	  
–  sample	  moun8ng;	  
–  Philosophy	  of	  data	  collec8on;	  
–  Radia8on	  damage;	  
–  Pilatus	  data	  collec8on;	  

•  Slides	  unashamedly	  adapted	  from:	  	  
–  Zbigniew	  Dauter 	  (NCI,	  Brookhaven,	  NY);	  
–  Kay	  Diederich 	  (Konstanz	  University,	  DE);	  
–  James	  Holton 	  (LBNL,	  Berkeley,	  CA);	  
–  Elspeth	  Garman 	  (Oxford	  University,	  UK);	  
–  Thomas	  Schneider	  (EMBL,	  Hamburg,	  DE);	  
–  Paul	  Tucker 	   	  (EMBL,	  Hamburg,	  DE);	  
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Essen8als:	  

•  Your	  knowledge:	  
•  What’s	  protein?	  
•  How	  has	  it	  been	  cloned/expressed/purified?	  

	  	  
•  Your	  ques8ons:	  

•  What	  am	  I	  expec8ng	  to	  learn?	  
•  New	  structure?	  New	  bound	  ligand?	  

•  Your	  decisions:	  
•  How	  to	  mount	  my	  sample?	  
•  What’s	  the	  best	  instrument	  for	  my	  experiment?	  
•  How	  many	  data	  I	  need?	  

You	  are	  essen8al	  because	  of:	  



10/12/14	  

3	  

No	  crystal?	  no	  party…yet	  

Know	  your	  instrument	  –	  I:	  
basic	  parameters	  	  

application parameter MX1 

Highly brilliant and highly stable beam,  Main purpose Petra III, 3(1/2)rd generation light 
source, low emittance 1 nmrad 

Wide range tunability, broad spectrum 
of experimental phasing methods  
in crystallo spectroscopy 

Energy range 5(4)–16 keV 

Matching the beam to the size of the 
crystal 

Focus H / V 29 x 23 µm 
(10-5 µm with collimation) 

(100 µm defocussed) 

Large unit cells, low mosaicity crystals Divergence H x V 0.2 mrad x 0.15 mrad 

Fast data collection, small beam Intensity, ph/s Up to 1*1013 ph/s 

• 	  Pilatus	  6M	  has	  also	  been	  op8mized	  for	  low	  energy	  data	  collec8on.	  
• 	  Focused	  beam	  data	  collec8on	  will	  reduce	  data	  collec8on	  8me	  to	  few	  minutes	  per	  
data	  set.	  Highly	  redundant/Mul8	  crystal	  data	  collec8ons	  feasible.	  

(data	  taken	  shown	  for	  P13@EMBL-‐Hamburg.de)	  
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Know	  your	  instrument	  –	  II:	  
geometry	  of	  the	  camera	  

(data	  taken	  shown	  for	  P13@EMBL-‐Hamburg.de)	  

Know	  your	  instrument	  –	  III:	  
photon	  flux	  and	  beam	  size	  

(data	  taken	  shown	  for	  P13@EMBL-‐Hamburg.de)	  
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Energy	  range	  
(values	  quoted	  in	  eV)	  

10207	  9881	  

13035	  

Pb	  

Ta	   W	  

17166	  

U	  

4303	  

U	  

11919	  

Au	  

12284	  
Hg	  

4557	  

I	  

5012	  

Cs	  

4786	  

Xe	  

8944	  
Yb	  

10871	  
Os	  

4030	  

Ca	  

Fe	   Cu	  Mn	   Gd	  

7112	  7243	  6539	   8979	  

Cr	  

5989	  

15200	  
Rb(?)	  

So	  match	  the	  instrument	  
to	  your	  crystal!	  

Use	  Your	  knowledge	  and	  know	  Your	  ques8ons!	  
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Sample	  moun8ng	  op8ons	  

Cryocondi8ons:	  what’s	  that?	  
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Cryocondi8ons:	  con8nued…	  

Cryocondi8ons:	  results…	  
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Choosing	  the	  crystal	  support	  

Kitago et al., Acta Cryst. (2005). D61, 1013-1021 

Two	  basic	  principles:	  
•  Choose	  a	  loop	  of	  a	  similar	  size	  to	  your	  sample;	  
•  Minimize	  the	  amount	  of	  buffer	  around	  your	  
sample;	  

	  
	  
Basic	  results:	  
•  Easier	  iden8fica8on	  of	  the	  sample	  in	  the	  loop;	  
•  Easier	  and	  beper	  alignment	  to	  the	  beam;	  
•  Reduc8on	  of	  image	  background;	  
•  Beper	  measurement	  of	  intensi8es;	  
•  General	  improvement	  of	  data	  quality;	  

The	  sample	  is	  mounted:	  now	  what?	  

A	  par8cular	  protocol	  and	  the	  rela8ve	  
importance	  of	  various	  quality	  criteria	  depend	  on	  
the	  intended	  applica8on	  of	  the	  data	  and	  on	  the	  

type	  of	  the	  experiment	  performed.	  
	  

Mostly	  your	  experiments	  will	  conducted	  away	  
from	  your	  lab.	  	  

Think	  in	  advance	  and	  be	  prepared.	  
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Acta Cryst. (1999) D55, 1703-1717

Acta Cryst. (2010) D66, 389-392

Data	  collec8on	  process	  

•  Easy	  to	  screw-‐up	  in	  many	  ways	  
•  Involves	  lots	  of	  technical	  problems	  	  
•  But	  it	  is	  science,	  not	  technicality	  
•  Pays	  off	  to	  “engage	  your	  brain”	  
•  Last	  truly	  experimental	  step	  later	  mostly	  
compu8ng	  (and	  wri8ng-‐up)	  which	  may	  be	  
repeated	  many	  8mes	  

•  good	  quality	  data	  make	  all	  subsequent	  steps	  
much	  easier	  
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Type	  of	  experiments	  

•  Molecular	  replacement	  
•  Anomalous	  phasing	  
•  High	  resolu8on	  refinement	  
•  Ligand	  complexes	  for	  drug	  development	  
•  Exhaus8ve	  search	  for	  diffrac8ng	  crystals	  

Dauter et al., Acta Cryst. (2010) D66, 389-392 
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Molecular	  replacement	  (MR)	  

•  Phasing	  using	  an	  homology	  model;	  
•  MR	  is	  based	  on	  comparison	  of	  Paperson	  Maps;	  
•  Strong	  reflec8ons	  are	  very	  important;	  
•  Calcula8ons	  done	  at	  low	  resolu8on	  (	  4	  –	  50	  Å)	  ;	  

•  Requirements:	  
–  Complete	  low	  resolu8on	  
– Accuracy	  and	  high	  resolu8on,	  not	  a	  priority	  

Anomalous	  phasing	  
•  Anomalous	  signal	  is	  small;	  
•  Paperson	  and	  direct	  methods	  heavy	  atoms	  
searches	  done	  at	  medium	  resolu8on	  (	  ≈	  3	  Å);	  

•  Requirements:	  
– Complete	  low	  resolu8on;	  
– High	  accuracy;	  
– No	  radia8on	  damage;	  
– high	  resolu8on,	  not	  a	  priority	  
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High	  resolu8on	  refinement	  

•  Full	  capability	  of	  crystal	  diffrac8on;	  	  
•  Mul8ple	  passes	  may	  be	  needed	  (geometry,	  
resolu8on	  and	  overload);	  

•  Requirements:	  
– Complete	  high	  resolu8on	  (~70%);	  
– Some	  radia8on	  damage	  may	  be	  tolerated;	  

Ligand	  complexes	  for	  drug	  
development	  

•  You	  need	  to	  see	  if	  the	  ligand	  is	  bound;	  

•  Requirements:	  
– Complete	  data	  set	  (~70%);	  
– Decent	  resolu8on;	  
– Data	  accuracy	  not	  so	  high;	  
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Search	  for	  diffrac8ng	  crystals	  

•  Crystals	  of	  large	  protein	  complexes	  are	  
problema8c…	  

•  Requirements:	  
– pa8ence	  

A	  Phasing/refining	  data	  set?	  

•  Maybe	  possible	  some8mes…	  

•  Requirements:	  
– Compromises…	  
– Accurate	  anomalous	  signal	  
– Be	  happy	  with	  less	  resolu8on	  
– Reduce	  risk	  of	  radia8on	  damage	  
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You	  can’t	  have	  your	  cake	  and	  eat	  it,	  
too..	  

Ideal	  data	  

•  Goal	  of	  the	  experiment	  is:	  collect	  -‐	  
(qualita8vely)	  complete	  and	  (quan8ta8vely)	  
accurate	  data	  

•  Awer	  data	  processing,	  the	  intensi8es	  of	  
(ideally)	  all	  unique	  reflec8ons	  of	  the	  
asymmetric	  unit	  of	  reciprocal	  space	  should	  be	  
known	  accurately	  
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Completeness	  

Complete	  data	  set	  means	  that	  all	  the	  reflec8ons	  
I(h,k,l)	  within	  the	  asymmetric	  unit	  are	  
measured.	  
	  
•  The	  Ewald	  sphere	  (radia8on	  or	  crystal	  orienta8on	  at	  
the	  goniostat);	  

•  Reciprocal	  laxce	  (crystal	  and	  crystal	  symmetry);	  	  

The	  Ewald	  sphere	  construc8on	  

The	  Ewald	  sphere	  represents	  radia8on	  
Reciprocal	  laxce	  represents	  crystal	  
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The	  Ewald	  sphere	  and	  reciprocal	  
laxce	  	  	  

The	  Ewald	  sphere	  represents	  radia8on	  
Reciprocal	  laxce	  represents	  crystal	  

Rota8on	  method	  
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From	  crystals	  to	  diffrac8on	  

Asymmetric	  unit	  in	  222	  –	  90°	  axis	  
rota8on	  

Zbigniew Dauter, Acta Cryst. (1999) D55, 1703-1717
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Asymmetric	  unit	  in	  222	  –	  90°	  axis	  
rota8on	  

Zbigniew Dauter, Acta Cryst. (1999) D55, 1703-1717

Zbigniew Dauter, Acta Cryst. (1999) D55, 1703-1717
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Asymmetric	  unit	  in	  622	  –	  c	  axis	  
rota8on	  

Zbigniew Dauter, Acta Cryst. (1999) D55, 1703-1717

Asymmetric	  unit	  in	  622	  –	  a/b	  axis	  
rota8on	  

Zbigniew Dauter, Acta Cryst. (1999) D55, 1703-1717
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„Oscilla8on“	  range	  

It	  influences:	  	  
•  „par8als“	  versus	  „fullies“	  	  
•  Overloads	  	  
•  Overlap	  	  
•  Background	  

S8ll	  image	  
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Increasing	  rota8on	  

d	  –	  resolu8on	  
a	  –	  cell	  parameter	  ||	  beam	  
η	  -‐	  mosaicity	  

Overloaded	  profiles	  

Best,	  strongest	  reflec8ons	  –	  very	  important	  for	  Fourier	  maps,	  Papersons,	  direct	  methods,	  
phasing	  



10/12/14	  

22	  

Overload	  extrapolated	  

standard	  profile	  fiped	  on	  shoulders	  and	  extrapolated	  above	  overload	  value	  

Mul8plicity	  

•  More	  measurements	  of	  equivalent	  reflec8ons	  
•  lead	  to	  more	  accurate	  average	  and	  σ	  
es8ma8on	  

•  Also	  scaling	  and	  merging	  is	  more	  effec8ve	  	  
•  But	  beware	  of	  radia8on	  damage	  



• 
• 
• 
• 
• 
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Primary	  and	  secondary	  damage	  

Processes	  involved	  
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Effects	  of	  radia8on	  damage	  at	  100K	  

Is	  there	  a	  cure?	  
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Is	  there	  a	  cure?	  con8nued	  

RADDOSE	  

Zeldin	  et	  al.	  J.	  Appl.	  Cryst.	  (2013).	  46,	  1225–1230	  
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raddose_6kev.inp	  
~/RADDOSE/raddose	  <<EOF	  	  
ENERGY	  6	  
CELL	  78	  78	  78	  90.0	  90.0	  90.0	  
NRES	  51	  
NMON	  1	  
PATM	  S	  6	  	  
BEAM	  	  0.035	  0.025	  
CRYST	  0.05	  0.1	  0.1	  
PHOSEC	  4.8E+10	  
EXPO	  1	  
IMAGE	  1	  
END	  
EOF	  

<	  Unix	  command	  line	  
<	  X-‐ray	  beam	  energy	  used	  
<	  unit	  cell	  parameters	  (I23	  insulin)	  
<	  number	  a.a.	  resides/molecules	  
<	  number	  of	  molecule	  
<	  type/number	  heavy	  atoms	  
<	  X-‐ray	  beam	  size	  
<	  crystal	  size	  
<	  X-‐ray	  photon	  flux	  @given	  energy	  
<	  exposure	  8me	  
<	  number	  of	  images	  
	  

raddose_6kev.inp	  /	  results	  
Total	  absorbed	  dose	  (Gy) 	   	   	  .110E+06	  
Absorbed	  dose	  per	  image	  (Gy) 	   	  .110E+06	  
	  
DOSE	  LIMITS:	  
**	  Time	  in	  sec	  to	  reach	  Henderson	  limit	  calculated	  
	   	  from	  electron	  diffrac8on	  (20	  MGy)	  	  	  	  	  	   	   	   	   	   	  181	  
**	  Time	  in	  sec	  to	  reach	  experimental	  dose	  limit	  (30	  MGy)	  	  	  	  	  	  271	  
	  
	  
So	  if	  you	  want	  to	  collect	  a	  full	  revolu8on	  ie.	  360°,	  the	  max	  allowed	  
exposure	  8me	  would	  be	  0.5	  sec/degree.	  
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Exposure	  8me:	  “dose	  slicing”	  

Again	  compromises…	  
•  short	  exposure	  8me	  (or	  strong	  apenua8on)	  reduces	  
radia8on	  damage	  and	  avoids	  overloads,	  

•  long	  exposure	  8me	  (or	  liple	  apenua8on)	  improves	  the	  
signal-‐to-‐noise	  

•  small	  oscilla8on	  beper	  samples	  the	  reflec8on	  profiles	  
and	  reduces	  background,	  

•  large	  oscilla8on	  saves	  readout	  8me	  and	  minimizes	  the	  
damage	  from	  shuper	  flicker	  

•  short	  crystal-‐detector	  distance	  ensures	  that	  even	  the	  
highest	  resolu8on	  is	  recorded,	  

•  long	  crystal-‐detector	  distance	  avoids	  reflec8on	  overlap	  
and	  increases	  signal-‐to-‐noise	  



10/12/14	  

29	  

Overall	  picture 	  	  

•  Aim	  of	  the	  data	  collec8on	  
•  Completeness	  of	  the	  data	  collec8on	  
•  Accuracy	  of	  the	  data	  collec8on	  
•  Radia8on	  damage	  

Parameter	  selec8on	  

So	  each	  data	  collec8on	  will	  be	  result	  of	  several	  
parameters:	  

–  Wavelength	  choosen;	  
–  Total	  rota8on	  range;	  
–  Photon	  flux	  (or	  total	  radia8on	  dose);	  
–  Image	  width;	  
–  Exposure	  8me;	  
–  Detector	  distance;	  
–  Etc.	  



• 

• 

• 
• 
• 

• 

• 

• 

• 
• 
• 
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This	  changed	  the	  rules	  

•  lack	  of	  intrinsic	  and	  read-‐out	  noise	  improves	  signal-‐to-‐
noise	  ra8o	  

•  very	  low	  counts	  (0,1,2,...)	  are	  possible:	  low	  exposure	  
allows	  to	  avoid	  overloads	  

•  ideal	  for	  fine	  slicing:	  less	  background	  
•  enables	  shuperless	  (i.e.	  con8nuous)	  data	  collec8on:	  no	  
shuper	  jiper	  

•  for	  the	  same	  signal-‐to-‐noise,	  one	  can	  expose	  less:	  this	  
means	  less	  radia8on	  damage,	  higher	  mul8plicity	  

•  mul8ple	  passes	  not	  required	  

...	  and	  give	  us	  freedom!	  

Examples:	  
•  to	  adapt	  the	  oscilla8on	  range	  to	  the	  mosaicity	  
as	  shown	  by	  Müller	  et	  al	  (2012)	  „Op8mal	  fine	  
ɸ-‐slicing	  for	  single-‐photon-‐coun8ng	  pixel	  
detectors“,	  Acta	  D68,	  42	  

•  to	  slice	  the	  tolerable	  dose	  into	  many	  low-‐dose	  
frames	  such	  that	  we	  obtain	  more	  meaningful	  
par8ally	  complete	  datasets	  from	  microcrystals	  
or	  at	  RT	  
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...	  and	  simplifies	  planning:	  
Conven&onal	  way	   Pilatus	  way	  

Sta8s8cs	   Rmerge	   CC1/2	  
Exposure	   Reflec8ons	  visible;	  tolerate	  

some	  overloads	  
Low-‐dose,	  high	  mul8plicity	  

Expose	  such	  that	  reflec8ons	  
can	  be	  seen	  visually	  

Expose	  weakly	  and	  rather	  
increase	  mul8plicity	  

Oscilla8on	  range	   0.25-‐1°	   0.05-‐0.2°	  CCD:	  

Rota8on	  range	   strategy,	  xplan	   180°	  /	  na8ve	  
360°/	  anomalous	  

High	  resolu8on	  	   Mul8ple	  passes	   Single	  pass	  

FAQ	  ques8ons	  

•  How	  much	  completeness	  is	  enough?	  
For	  high-‐quality	  data	  obtained	  with	  synchrotron	  radia8on,	  completeness	  >	  93%	  and	  
observable	  data	  >	  70%	  should	  be	  achievable	  for	  the	  highest	  resolu8on	  shell.	  
(Notes	  for	  authors	  2012.	  Acta	  Crystallographica	  Sec.	  D68,	  194-‐199).	  
	  

•  How	  much	  radia8on	  damage	  can	  be	  
tolerated?	  	  

•  How	  good	  do	  the	  data	  have	  to	  be,	  to	  be	  able	  
to	  solve	  a	  structure?	  
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Sugges8ons	  

1.  always	  use	  a	  test	  crystal	  
2.  process	  data	  on	  site	  and	  adjust	  parameters	  
for	  the	  next	  crystal,	  based	  on	  the	  results.	  But	  
it's	  important	  to	  look	  at	  the	  right	  indicators!	  

Thank	  you	  for	  your	  apen8on	  

Please	  visit:	  hpp://www.iucr.org/educa8on/pamphlets	  


