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The surface of a ferritin crystal growing 

at very high supersaturation 

 

 



           Strategies for Creating Supersaturation  

 

•Direct mixing to immediately create a supersaturated condition (Batch 
Method) 
•Alter temperature 
•Alter salt concentration (salting in or out) 
•Alter pH 
•Add a ligand that changes the solubility of the macromolecule 
•Alteration of the dielectric of the medium 
•Direct removal of water (evaporation) 
•Addition of a polymer that produces volume exclusion 
•Addition of a cross bridging agent 
•Concentration of the macromolecule 
•Removal of a solubilizing agent 









pKa’s of ionizable side chains 

• Aspartic and Glutamic Acid          3.5 – 4.5 

• Histidine  5.5 – 6.5 

• Cysteine   7.5 – 8.5 

• Lysine and Arginine  8.5 – 10.0 



Shifting pH using volatile acids and 
bases 

 

• Acetic acid  

• Ammonium hydroxide  

• Bicarbonate 

• Dry ice (carbon dioxide) 







• McPherson A. (1995) Increasing the size of 
microcrystals by fine sampling of pH limits, 
Journal of Applied Crystallography 28, 362-365  



pH 

pH below 
which crystals  
never observed 

pH above 
which crystals  
never observed 

Beginning of  
range over which 
crystals may or 
may not grow 

pH range over which 
crystals grow 

Fine slice pH Fine slice pH 









Citric acid pH 3.5-4.4 
Sodium citrate tribasic dihydrate pH 3.6-4.5 
Sodium acetate trihydrate pH 3.7-4.9 
DL-Malic pH 4.7-5.9 
Succinic acid pH 4.8-6.0 
Sodium cacodylate trihydrate pH 5.2-6.4 
MES monohydrate pH 5.3-6.5 
BIS-TRIS pH 5.7-6.9 
ADA pH 5.8-7 
Imidazole pH 6.2-7.4 
 

BIS-TRIS propane pH 6.4-7.3 
MOPS pH 6.5-7.7 
HEPES sodium pH 6.6-7.5 
HEPES pH 6.8-7.7 
TRIS hydrochloride pH 7.2-8.1 
Tris pH 7.3-8.5 
Tricine pH 7.4-8.6 
BICINE pH 7.5-8.7 
BIS-TRIS propane pH 8.5-9.4 
Glycine pH 8.6-9.5 
AMPD pH 8.7-9.6 
 

SLICE Buffers 



pH 

pH Sampling Range For Slice 



     • Glucose isomerase 
     • Lysozyme 
     • Elastase 
    • Concanavalin A  
Crystallized   • Insulin    
using only pH  • Subtilisin      
& buffer type • Papain 
     • Thermolysin 
     • Ubiquitin 
    • Trypsin 



5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 

4.5 4.0 3.5 3.0 

Citric Acid 
Papain 

GI 
Succinic Acid 

GI 
Bis-Tris 

Thermolysin 

Glycine 
Elastase 

Papain 
HEPES AMPD 

Trypsin 

Ubiquitin 
Cacodylate 

Imidazole 
Peroxidase 

Glycine 
Con A 

pH 

pH 

pH Ranges of Crystallization of Proteins Using Slice 

Bis-Tris 



pH 8.6 pH 8.9 pH 9.2 pH 9.5 

1.0 M Glycine 
Con A 



BIS-TRIS propane pH 6.4 
Clear 

Ubiquitin 

ADA pH 6.4 
Precipitate 
Ubiquitin 

Sodium cacodylate pH 6.4 
Crystal 

Ubiquitin 



Glycine pH 8.6 

Con A 

AMPD pH 8.7 BIS-TRIS 
propane pH 8.8 

Glycine pH 8.9 
Crystals 

AMPD pH 9.0 

BIS-TRIS 
propane pH 9.1 

Glycine pH 9.2 
Crystals 

AMPD pH 9.3 BIS-TRIS 
propane pH 9.4 

Glycine pH 9.5 











Images at two-minute intervals showing the development 

of the surface of a growing thaumatin crystal 


