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Crystallographic raw data:  
our plans and implementations within 

the NIH’s Big Data to Knowledge 
resource 



 
 

Integrated Resource for Reproducibility in 
Macromolecular Crystallography 

Goals: 
 
1. Develop tools for automatically extracting and curating 

diffraction images and associated metadata, as well as 
producing detailed descriptions of all data needed for 
later reprocessing of the diffraction data as methods for 
structure determination improve.  
 

2. Create a web-based system for semantic searching, 
analysis, and data mining of appropriate subsets of 
diffraction images and associated metadata. 
 



 
 

 
• 3. Develop tools to automatically validate, preprocess, 

and score diffraction images, and to detect potential 
issues and errors.  
 

• 4. Creation of a repository for diffraction data that did 
not yield an X-ray structure with the currently available 
methods. 
 

• 5. Set up a pilot resource incorporating the tools 
developed in Aims 1-4 to collect a test set of data for 
development of tools and algorithms for validation and 
error detection. 
 



 
 

Integrated Resource for Reproducibility in 
Macromolecular Crystallography 

Goal: 
 
 

Protein Crystallography (Structural Biology) 
with Speed and Finesse 



100 years and still going strong 



High throughput SB 

 Automatic cloning 

 HT automatic expression 

 HT automatic purification 

 HT automatic crystallization 

 HT automatic data collection 

 HT automatic structure 
solution/refinement 
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 Automatic paper writing 



Data collection  ->   deposition 

Curr. Opinion in Struct. Biology (2010) 20: 587-597  



Deposition -> Publication 

Time between deposition and publication
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Bottleneck: 

Data is not information, 

  

information is not knowledge,  

 

knowledge is not understanding, 

  

understanding is not wisdom   
 



Bottleneck: brain engagement  

Data is not information, 

  

information is not knowledge,  

 

knowledge is not understanding, 

  

understanding is not wisdom   
 

Clifford Stoll  



What experimenters know about data 
collection ? 



What experimenters know about data 
collection ? 



Unexpected correlation? 

Average Rfree by resolution bin (with a width of 0.2 Å for X-ray crystallography 
PDB structures deposited after January 1, 2001, divided  into two groups by the 
number of missing data items (“NULLs”) in the PDB file. The means for “high-
completion” deposits (20 NULLs or less) are shown in blue, and the means for 
“low-completion” deposits (50 or more NULLs)  are shown in red. 



Where we should collect data ? 

Zheng et al, Expert Opinion on Drug Discovery(2014)  9: 125-37 



Diffraction experiment - the last 
experiment before deposition to PDB 

Dataset – 2minutes, sample change 2minutes -> 10minutes 
 
6 datasets/hour -> 144 datasets/day 
 
180 days ->  25920 datasets/day -> 2.5 PDB 
 
125 synchrotron stations ->  324 PDB 
 
Efficiency -> 0.3%  



http://www.proteindiffraction.org 
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http://www.proteindiffraction.org 



Target status and path to success 



Metal binding site validation: 
CheckMyMetal server 

Zheng et al Nature protocols   (2014) 9: 156-70  



Metals in PDB 

Zheng et al Nature protocols   (2014)9: 156-70  



http://www.proteindiffraction.org 



Optimal data collection ? 



Optimal data collection ? 



Header – is CBF header a MAH ? 



Do you like this image? 



Do you like this image ? 



How expensive is bright lens ? 



HKL-3000  (6 mouse clicks program)  

 

SHELXD, SHELXE 

CCP4, DM, REFMAC 

SOLVE, RESOLVE 

ARP/WARP 

O, COOT, CCP4  

 
Acta Cryst. Section D: Biological Crystallography (2006) 62: 859-66  



HKL-3000 at SBC 



Database-controlled pipeline 

lab e-book 

FPLC 

HKL-3000 

DATABASES 

EQUIPMENT 



Big brother? 
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