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Goal:

Protein Crystallography (Structural Biology) with Speed and Finesse 



Goals

 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. 

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

Automatic paper writing



Goals

 Develop tools to automatically validate, 
preprocess, and score diffraction images, and to 
detect potential issues and errors. 

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

 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. 



Big Data or not 



http://www.proteindiffraction.org



Data collected but unsolved ?

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



Metadata
Metadata source Metadata parameters 

User
Identity of the user 

Identity of people who collected the data

Location and date  of data collection (beamline, home source, etc.)

Identity of the protein (e.g. GenBank, Uniprot identifiers)

PDB identifier of solved structure (if deposited)

Custom labels

Diffraction images 
Detector type and serial numbers, and image format, 

Data collection parameters: number of frames, oscillation step size, experimental orientation angles (e.g. κ,φ,ω, and 2θ), detector distance

Structure factors/scaling 

logs

Integrated reflection data

Nominal resolution cutoff

Completeness, overall and highest resolution shell (HRS)

Redundancy, overall and HRS

Mean I/sigma I, overall and HRS

Software used to process diffraction images

Rmerge, Rmeas, Rpim

Automatic reprocessing
Validation of provided/extracted metadata

Validation of spacegroup, 

Validation of merging statistics from deposited structure factors/scaling logs

Estimation of radiation damage 

Estimation of crystal internal non-isomorphicity

Presence/Strength of anomalous signal

Diffraction image artifacts and other “features” (background scattering, ice rings, diffuse scattering, etc.)

Molecular models
Structure determination methods (SAD/MAD/MR etc.)

Programs used to determine the structure

Structure refinement methods

Programs used to refine structure

R/Rfree

Electron density maps (calculated or extracted from the Uppsala Electron Density Server)

SG databases/LIMS
Sample preparation data

Target justification and selection criteria

Crystallization conditions

External databases
PDB, GenBank, Uniprot, PubMed



IRRMC: Dataset sizes 400 MB – 50 GB



http://www.proteindiffraction.org



http://www.proteindiffraction.org



http://www.proteindiffraction.org



http://www.proteindiffraction.org



http://www.proteindiffraction.org



Data collection strategy



Where we should collect data ?

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



Header metadata – two beamlines ?



PX Synchrotron Station

Detector
Flux
Goniostat stability and reliability
Sample movement
Time needed for wavelength change 
Location of the crystal
Size of the beam



The way to prove presence of some metals

Data collected below and above zinc 
absorption edge - APS 19BM

Z
n

Metal binding site A
9668eV

Metal binding site A
9618eV

Handing  et al. Chem. Sci. 7: 6635-6648



Protein purification and crystallization
artifacts: The tale usually not told

Niedzialkowska et al, Protein Sci. 2016 Mar;25(3):720-33



Reproducibility



The Magnitude of Reproducibility problem



Big brother?



Papers:



High throughput SB

 Automatic cloning

 HT automatic expression

 HT automatic purification

 HT automatic crystallization

 HT automatic data collection

 HT automatic structure 
solution/refinement



High throughput SB

 Automatic cloning

 HT automatic expression

 HT automatic purification

 HT automatic crystallization

 HT automatic data collection

 HT automatic structure 
solution/refinement

 Automatic paper writing



High throughput .. or  high output

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



HKL-3000 at SBC



Database-controlled pipeline

lab e-book

FPLC

HKL-3000

DATABASES

EQUIPMENT



Target status and path to success



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.



CheckMyMetal (CMM): Validation of metal-
binding sites in macromolecular structures

So far, CMM server has validated 11574 structures from 2669 distinct 
computer addresses from 42 different countries



NMR results



Acknowledgments

Wladek Minor
• Matt Zimmerman
• Marek Grabowski
• Heping Zheng
• Marcin Cymborowski
• Karol Langner (Google)
• Przemek Porebski
• Piotr Sroka
• Ivan Shabalin
• Katherine Handing
• Ewa Niedzialkowska

Zbyszek Otwinowski 
 Dominika Borek

Andrzej Joachimiak
MCSG and SBC staff

Wayne Anderson and CSGID staff

Steve Almo and NYSGRC Staff

Ian Wilson, Marc Elslinger and JCSG 
staff

Steven Burley, John Westbrook and 
PDB staff

Tom Terwilliger
Zbyszek Dauter

Grants: 
U01-HG008424
NIH GM53163, GM62414, GM74942
GM093342, GM094585, GM094662 
NIAID HHSN272200700058C
NIAID HHSN272201200026C
HKL Research. Inc.



Acknowledgments

Wladek Minor
• Matt Zimmerman
• Marek Grabowski
• Heping Zheng
• Marcin Cymborowski
• Karol Langner (Google)
• Przemek Porebski
• Piotr Sroka
• Ivan Shabalin
• Katherine Handing
• Ewa Niedzialkowska
• Piotr Sroka

Zbyszek Otwinowski 
 Dominika Borek

Andrzej Joachimiak
MCSG and SBC staff

Wayne Anderson and CSGID staff

Steve Almo and NYSGRC Staff

Ian Wilson, Marc Elslinger and JCSG 
staff

Steven Burley, John Westbrook and 
PDB staff

Tom Terwilliger
Zbyszek Dauter

Grants: 
U01-HG008424
NIH GM53163, GM62414, GM74942
GM093342, GM094585, GM094662 
DOE, NCI
NIAID HHSN272200700058C
NIAID HHSN272201200026C
HKL Research. Inc.


