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Серийная кристаллография  

Суть метода заключается в измерении частичных 
наборов данных, используя большое количества 
кристаллов, с последующим шкалированием и 
объединением этих данных для получении полного 
набора. 

Мотивация 

Преодоление эффектов радиационного 
повреждения 

Сбор дифракционных данных используя 
кристаллы микронных размеров 



Complications 2  

• Weak diffraction intensity – light atoms 

• Poor crystal quality – big B-factor 

• Background intensity > diffraction intensity 

Macromolecular crystallography problems 
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Global damage 

Macromolecular crystallography problems 
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Radiation Damage 

Global damage 
Site-specific damage 

 
1. Dose of 0.3 MGy  -  X-ray radiation damage effects are not 

detectable even at atomic resolution.  
2. Doses above 2 MGy lead to partial decarboxylation of the 

most sensitive residues 
3. Doses above 6 MGy may lead to wrong interpretation of 

chemistry for some protein residues 

Absorbed Dose 

0 
KGy 

MGy 

10² MGy 

Overall and q-dependent loss of diffraction 
peak intensity 
Non-specific non-isomorphism 
Changes in unit-cell parameters  
Increase in the mosaicity 

Illustration of some processes involved in the radiation damage cascade.(a) X-ray-induced ejection of a primary photoelectron. (b) Generation of 
several hundred relatively low-energy (100 eV) electrons. (c) Bond breaking leading to internal stress and radical formation. (d) Radical attack of 
the protein. (e) Conformation changes of side chains and flexible loops in response to chemical damage. ( f ) Displacement and reorientation of 
individual damaged molecules. (g) Deformation and 
reorientation of local lattice domains. (h) Plastic failure and crystal cracking. 
Warkentin et al, 2013, J.Synchrotron Radiation, 20, 7-13 

How fast does damage occur? (100K) 















Data analysis 





Experimental geometry for SFX at the CXI instrument. Single-pulse diffraction patterns from single crystals 
flowing in a liquid jet are recorded on a CSPAD at the 120-Hz repetition rate of LCLS. Each pulse was 
focused at the interaction point by using 9.4-keV x-rays. 









© European XFEL 2013 
PETRA III @ DESY 
2.3 km – 6 GeV – 100 mA – 280 M€ 

01/07/07 Start of Reconstruction 

13/04/09 First positrons stored 

20/07/09 First X-ray beam 

05/10/09 1 nmrad reached 

07/09/10 100 mA stable 

15/12/12 Users on 3/3 EMBL BLs 

02/02/14 Shutdown for extension 

      04/15 Restrart 





European XFEL and PETRAIII in Hamburg 
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XFEL SPB/SFX beamline 
Focus size      0.1 -1 μm 
Photons/pulse    1 – 8 x 1012 

Pulse length       few – 100 fs 

PETRAIII P14 beamline 
Focus size: 4-5 μm 
Photons/second  7 1012 

Altarelli & Mancuso (2014) 



Diffraction signal gated by radiation damage 

SFX 
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Synchrotron MX 

Dose limit  
 30 MGy            ~ 103_104 

 

 <0.5 MGy  @ 300 K  
 <0.001 MGy redox centers 
no dose rate dependency 

Dose limit 
20-200 GGy      / 
100 GGy @ 1 fs 
Chapman, Caleman & Timmenau (2014) 

 
strong dose rate dependency 
 

Barty et al. 2011 Bourenkov and Popov. 2006 



PETRAIII MX 
P14 

22 

 

 
 

 

MAXIV, NSLSII, upgrades: ESRF, APS, SPRING8   

Life-dose-exposure        10 sec     
@100K 

0.3 sec 

3rd Generation MX   
     mini-beam 

Source 

Sample 

8-10 μm 4-5 μm 

<0.001sec 

<1 μm 

30-fold flux on μ-crystal 



PETRAIII beamline P14 

Bourenkov et al. 



MD3: nano-diffractometry 

• off-center component: 50 nm 

• rmsd from ideal: 16 nm 
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MD3  
EMBL-ARINAX 



Fully automatic multi-crystal position recognition, enhanced 

characterisation and data collection 
 

Fast Two-dimension mesh 
scan 

 Recognition of crystals 
using diffraction images 

Data collection 



Thaumatin 

Micromesh with crystals, size about 20um 

Result of mesh scan: 22 hits,  
10 deg oscillation per spot were collected 

Results: 
• All data sets could be processed 
• all were usable for merging 
 Resolution: 1.3 A 
 Completenness: 99.8%  
 I/SigmaI: 13.13 
 Rmeas: 14.8% 



Bacteriorhodopsin 

Result of mesh scan: 59 hits,  
10 deg oscillation per spot were collected 

Results: 
• 14 data sets could be processed 
 Resolution: 3 A 
 Completenness: 91.2%  

Bacteriorhodopsin crystals, 
 size about 5um 

Micromesh used  
for data collection 

Bacteriorhodopsin crystals 
size 10–20um 

Result of mesh scan: 10 hits,  
10 deg oscillation per spot were collected 

Results: 
• All data sets could be processed 
• 6 were usable for merging 
 Resolution: 2.4 A 
 Completenness: 95.3 
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Cathepsin B  Redecke, L., ... Chapman, H. (2012): Natively Inhibited 
Trypanosoma brucei Cathepsin B Structure Determined by Using 

an X-ray Laser. Science 339:227 [4HWY:2.1 Å] 
 
 

1 µm x 1 µm x 10 µm 

ECS1, Pavia | Thomas R. 
Schneider  | 5/09/2014 



Inspiration from Serial Femtosecond Crystallography 
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Chapman et al. (2011) 

Ensemble distribution of Bragg spot intensities 

Sauter (2014), http://bioxfel.org 

105-106 crystals for 
Monte Carlo intensity 
integration 
 
Kirian et al. (2011) 
White et al. (2012) 
Hattne et al. (2014) 



Cathepsin B suspension in a cryo loop 
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Cathepsin B – diffraction  
exposure dose 34 MGy 
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Fast rastering by rotation exposures 

Series of frames acquired shutter-less during continuous motion of sample mount  
In such a way that each crystal passes through the beam while rotating by 1-2° and 
receiving its life-dose exposure 
 
• Rotation method - angular integration (vs Monte-Carlo in SFX) 



Cathepsin B data collection and 
processing 

07/11/2014 33 

22800 frames recorded 
 
 2200 frames indexed (CRYSTFEL, White et al. 2012) 
   600 frames passing successfully integrated/scaled (XDS, Kabsch 2010) 
          80 crystals contributed to the final data set 
 
 
 
 
  

initial hits final data 

P4122 a=123.5 Å, c=54.3 Å 
Resolution= [88.1-3.0 Å]  
Completeness= 99.8% 
Multiplicity= 12.3 
CC1/2= 0.99 (0.79 high-res) 
<I/SigI>= 3.7 (8.9 low, 1.0 high) 
 

Mol. Replacement + refinement 
Rwork,free = 22.9, 26.1 

 

SFX + continuity = SSX 



 PETRA III            XFEL 
PETRA III XFEL 

Crystal Size 

107 unit cells [10 x less than 
smallest crystals used at 

synchrotrons before] 

Resolution 

3 Å 2.1 Å 

Material used 

15 nl 10 ml 

Result 

Models are identical within 
error 



In-situ serial crystallography 
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Cipriani, Marquez et al. (2012) 'CrystalDirect: a new method for 
automated crystal harvesting based on laser-induced photoablation 
of thin films.' Acta Cryst D68:1393. 
 

Crystal DirectTM plate scanner  
mounted on MD3 



Data collection at Room Temperature 
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Beam size 6x6 μm2  
2x1011 photons/sec @12.7 keV, attenuated 
 
0.23 MGy in 150 ms 
 
Insulin in I213 a=78 Å 
Appr. crystal size 10x10x5 μm3 

 



In-Situ SX data set  
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24000 frames x 0.1° rotation 
  1200 wedges indexed,0.5-1.7° 
    990 wedges integrated/scaled   
   
    300 crystals 
 
 
Resolution [67-2.03]  
452237 reflections / 5259 unique 
Multiplicity 86 
CC1/2=0.998 (0.85 high) 

I/SigI=15 (25 low, 1.5 high) 
 
Indexing ambiguity resolved - no twinning!  

 
R/Rfree=0.143/0.184 



SSX and SFX 
• Overlap in targets (range of nano-crystal dimensions) 

between SSX and SFX 
• Higher resolution in SFX  
• Lower material consumption in SSX (on solid support) 

– Use low resolution SSX data to bootstrap the intensity 
integration in SFX experiment (math in development)  

 

• SSX can support preparation of pump-probe SFX 
experiments (diffraction quality, triggering 
mechanisms, etc.) 
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Спасибо за внимание! 


