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The LMB 
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MRC-LMB 
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Protein	
  crystalliza&on	
  

Statistics related to the structure determination process in various Structural Genomic Consortiums 
(SGCs). From ‘Porous nucleating agents for protein crystallization’ Khurshid et al. (2014). 
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From ‘Crystallization of Proteins and Protein–Ligand Complexes’, McPherson (2001). 

Phase diagram based on two of the most commonly varied parameters: protein and precipitant 
concentrations. (A) Batch crystallization  (B) Vapor diffusion. (C) Dialysis. (D) Free-interface 
diffusion. From ‘Protein crystallization: from purified protein to diffraction-quality crystal’ Chayen 
and Saridakis (2008).  
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As the supersaturation is increased (I) association of molecules into larger disordered aggregates is 
promoted. (II) Cores of aggregates (III) critical nucleus (IV) crystal growth. From ‘Mechanisms, 
kinetics, impurities and defects: consequences in macromolecular crystallization’ McPherson and 
Kuznetsov (2014). 

     Precipitant +/- Buffer +/- Additive 
 
 

All the components can alter the numerous parameters 
associated to the protein (solubility/stability/other) and  the 

experiments (Thermodynamics and Kinetics). 
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-­‐	
  Tuning	
  effects	
  of	
  precipitants/buffers	
  
	
  
-­‐	
  Stabilizing	
  the	
  protein	
  
	
  
-­‐	
  Alter	
  conforma&on/oligomeric	
  state	
  
	
  
-­‐	
  Packing	
  bridges	
  (cross-­‐linking)	
  

-­‐	
  Experimental	
  phasing	
  
 

Crystal structure of the Human Protein Tyrosine 
Phosphatase Receptor Type J (PTPNJ, PDB ID: 
2CFV). with the permission of Alastair J. Barr 
(University of Westminster, London). 
 

Full Factorial 
(grid screen) 

Incomplete Factorial 

Sparse Matrix Random 
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TYPE	
   COST	
  (KGBP)	
  
Equipment	
  (avg.)	
   60	
  
Plates/Trays	
   52	
  
Screens	
  (condiIons	
  in	
  tubes)	
   37	
  
Maintenance	
   35	
  
Staff	
  Ime	
   32	
  
Tips	
   29	
  
Other	
  consumables	
   6	
  
TOTAL	
   251	
  

Equipment (avg.): 23.9% Trays: 20.7% Conditions: 14.7% 
Maintenance: 13.9% Staff time: 12.7% Tips: 11.6% 
Other: 2.5% 

!"#$%&'("#& )*'+,-". /0(12320(4 5234

!"#$ %%& '()* %

+,-./0#1234356027 )* '*)% %&

89: %( '*)% $&

+;<06;"2/4+,-.'4/0#123 '== '*)% )&

8#>2/;51560>4?:@4A;>2/01; %=& '*)% %

B;<*CDBE"% C) '*)% '

@EF') )% 'C%$ %

@">'.G,H'IJKG4356027L (& '$%& *

/63' '* '==& %

BBM )$ '==& )

6789 :; <=>> <?

Yields of quality diffraction crystals observed at the LMB during the crystallization of 10 optimized 
samples (2012). Despite a relatively large number of initial conditions employed (avg. 1512), useful 
crystals are observed in a small number of experiments (avg. 13 “hits” which means a yield < 1%). 
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http://www.ruppweb.org/Xray/Phasing/Phasingt.html 
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‘There are so many dimensions associated with the 
parameter space to be explored that it is problematic or 
impossible to perform an analysis that has any 
statistical significance’. 

     Richard E. Bellman  
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Under-­‐sampling	
  	
  

Statistics related to published conditions between 2002-2009. From ‘The current approach to initial 
crystallization screening of proteins is under-sampled’ Gorrec (2013) 
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Crystallization propensities of reagents, from the study of Rupp and Wang (2004).  

Number of proteins which crystallized for a given number of selected screening conditions, from the 
study of Kimber et al. (2003). 
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Phase diagram showing the relationship between Clathrin trimers and trimer precipitates, monomeric 
cubes, and various cube aggregates. From the article ‘Clathrin cubes: an extreme variant of the 
normal cage’ Sorger et al. (1983). 

Pi	
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Distribution of components Pi sampling Pi min screen 

‘Pi sampling: a methodical and flexible approach to initial macromolecular crystallization screening’ 
Gorrec et al. (2011). 

Pi sampler PI sampling applet 

Colin Palmer http://pisampler.mrc-lmb.cam.ac.uk/ 

There are originally 123 or 1,728 possible 

combinations. The Pi Sampler, a web-based 

application, generates 96 combinations that 

correspond to conditions that are distant in 

property by using a main characteristic, and 

different concentrations, of the stock 

solutions 
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‘Agonist-bound adenosine A(2A) receptor structures reveal common features of GPCR activation’ Lebon et 
al. (2011). 

MORPHEUS	
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Morpheus stocks 

pH 1 M MES (ml) 1 M Imidazol (ml) 
6.1 36.0 14.0 
6.3 33.5 16.5 
6.5 30.6 19.4 
6.7 27.5 22.5 
6.9 25.0 25.0 

 
 

0.5 stock precipitants + 0.1 stock additives + 0.1 buffer-system + 0.3 water 

stock name conc. composition 
Monosaccharides 

(Row F) 1.2M 0.2M D-Glucose; 0.2M D-Mannose; 0.2M D-Galactose; 0.2M L-Fucose; 
0.2M D-Xylitose; 0.2M N-Acetyl-D-Glucosamine 

stock name conc. composition 
P550MME_P20K 60.0% 40%v/v PEGMME 550; 20%w/v PEG 20K 
EDO_P8K 60.0% 40%v/v Ethylene glycol; 20%w/v PEG 8K 
GOL_P4K 60.0% 40%v/v Glycerol; 20%w/v PEG 4K 
MPD_P1K_P3350 75.0% 25%v/v MPD (racemic); 25%w/v PEG 1K; 25%w/v PEG 3350 
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‘The MORPHEUS protein crystallization screen’ Gorrec (2009). 

PI3K 

Optimization: crystal of the Catalytic subunit of the class IA PI(3)K p110δ. The original hit was obtained exclusively in 
Morpheus. 

Roger Williams Alex Berndt 

Amongst the compounds that are highly selective for the Kinase, only those interacting with the affinity pocket of the active site 
are potent. ‘The p110δ structure: mechanisms for selectivity and potency of new PI(3)K inhibitors’ Berndt et al. (2010). 
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MORPHEUS	
  II	
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Row Mix name Chemicals 
A LiNaK 0.3 M lithium sulfate, 0.3 M sodium sulfate, 0.3 M potassium sulfate 

B Divalent cations II 10 mM manganese chloride, 10 mM cobalt chloride, 10 mM nickel chloride, 10 mM zinc chloride 

C Alkalis 10 mM rubidium chloride, 10 mM strontium acetate, 10 mM cesium acetate, 10 mM barium 
acetate 

D Oxometalates 5 mM sodium chromate, 5 mM sodium molybdate, 5 mM sodium tungstate, 5 mM sodium 
orthovanadate 

E Lanthanides 5 mM yttrium (III) chloride hexahydrate, 5 mM erbium (iii) chloride hexahydrate, 5 mM terbium 
(III) chloride hexahydrate, 5 mM ytterbium (III) chloride hexahydrate 

F Monosaccharides II 0.2 M xylitol, 0.2 M D-(-)-fructose, 0.2 M D-sorbitol, 0.2 M myo-inositol, 0.2 M L-rhamnose 
monohydrate 

G Amino-acids II 0.2 M DL-arginine-HCl, 0.2 M DL-threonine, 0.2 M DL-histidine-HCL-H20, 0.2 M DL-5-
hydroxylysine-HCl, 0.2 M trans-4-hydroxy-L-proline 

H Polyamines 0.1 M spermine-4(HCl), 0.1 M spermidine-3(HCl), 0.1 M 1,4-diaminobutane-2(HCl), 0.1 M DL-
ornithine-HCl 

‘The MORPHEUS II protein crystallization screen’ Gorrec (2015). 

Quality crystal of T. thermophilus MreB used to determine the corresponding structure. Significant anomalous signal was induced 
with the presence of lanthanides in the crystal (The X-ray beam was tuned to the absorption edge of erbium : 1.2715 Å). 

Andrzej Szewczak Jan Löwe 
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Commercializa&on	
  

-­‐  Pi	
  minimal	
  screen	
  
-­‐  Pi-­‐PEG	
  screen	
  
 

-  MORPHEUS 
-  MORPHEUS II 
 

MRC-LMB 



25 

MRC-LMB 
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Perspec&ves	
  

From left to right: Perutz’s flask (80’s, experiments in vials with few millilitres of sample), Chryschem tray 
(early 90’s, microliter drops), MRC plate (early 2000’s, nanoliter droplets) and the TOPAZ® integrated chip 
career (early 2000’s, sub-nanoliter microchannels). 
‘Progress in macromolecular crystallography depends on further miniaturization of crystallization 
experiments’ Gorrec (2014). 



27 

‘Nanolitre-scale crystallization using acoustic liquid-transfer technology’ Villaseñor et al. (2012). 

‘Automated analysis of vapor diffusion crystallization drops with an x-ray beam’ Jacquamet et al. (2004). 
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‘Overview and future of single particle electron cryomicroscopy’ Henderson (2015). 

Acknowledgments	
  



29 

Books	
  

Merci	
  pour	
  votre	
  aTenIon,	
  
Fabrice	
  	
  

(fgorrec@mrc-­‐lmb.cam.ac.uk)	
  

	


	



The End	


	


	




