
HKL-3000

Toward the Future of Structural 
Biology

Wladek Minor

Structural Biology  
for the high-throughput  high-output era



High throughput SB

 Automatic cloning

 HT automatic expression

 HT automatic purification

 HT automatic crystallization

 HT automatic data collection

 HT automatic structure 
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User perspective



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%



User from a Programmer Point of View 

“The most common source of 
errors

is located between a chair and 
keyboard”



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.

J Struct Funct Genomics. 2016 Mar;17(1):1-16.



1980 2010

New Product Approvals (FDA)

Industry R&D Spend 
Compared to New Product Approvals

T.Skarzynski – Agilent, Glaxo



Experimental  Limitations

… number of crystals

RutD from E. coli



Data collection

 What is beneficial for particular type of 
experiment (MR, SAD, MAD, Ligand screening) ? 

 What is possible ? 

Examples:

 Wide sectors vs. narrow sectors
 Inverse beam experiment
 Crystal orientation



Theory vs. Experiment

In theory, 

there is no difference between 
theory and practice.



Theory vs. Experiment

In theory, 

there is no difference between 
theory and practice.

But, in practice, there is.

Jan L.A. van de Snepscheut



http://www.proteindiffraction.org



Data collection strategy



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 ?



Thin slicing, 0.01s/frame



VS, S, W, VW



150.0 150.0150.6 151.2

Xbeam, Ybeam



Crystal orientation



Space Group Determination
Laue class diagram



Space Group Determination

P21212



Where are the real bottlenecks ? 



Database-controlled pipeline

lab e-book

FPLC

HKL-3000

DATABASES

EQUIPMENT



Big brother?



Target status and path to success



HKL-3000 at SBC



Crystallographic ligand screening

Cocktail solutions, 
each composed of 5-10 
potential ligands

Soaking protein crystals 
with cocktail solutions

Data collection, structure 
solution and identification of
additional electron density

Identification of bound compound 
based on the structures 
of the cocktail components 
and the difference electron density 
map



Ligand fitting



Automatic fitting of single ligand from 
particular library

(a) (b) (c)(a) (b) (c)



Ligands evaluation using crystallography and ITC

The search is extended to 
compounds showing 
similarity to the first hits.

Evaluation of identified ligands using ITC allows to determine the binding affinity 
of the ligands and to identify which compounds bind with the highest affinity.

Cefotaxime
Kd = 3.5 ± 0.2 μM

7-aminocephalosporanic 
acid

7-aminodesacetoxy-
cephalosporanic acid



Structures of PA4794 with His-tag (A) and 
HEPES (B) bound to substrate binding site 



Effect of His-tag on SpeG



Protein purification and crystallization
artifacts: The tale usually not told

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



Resolution and ligands in PDB

Domagalski et al. Methods in Molecular Biology  (2014) 1091: 297-314

Cooper et al, Expert Opinion on Drug Discovery (2011) 6: 771-782 Cooper et al, Expert Opinion on Drug Discovery (2011) 6: 771-782



Metals in PDB

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



Metal binding site validation:
CheckMyMetal server

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



The way to prove presence of metal

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

Z
n

Metal binding site A
9668eV

Metal binding site A
9618eV



Dissonance in Science

Anderson et al J. Empirical Res (2007) (4)6-70 
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