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Protein solubility and solubility diagrams
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Protein crystallization is a special case of phase separation from 
thermodynamically metastable (supersaturated) solution under the control 

of kinetic parameters

Thermodynamics determine whether it can happen, kinetics whether it does 
actually happen

Protein solubility and nucleation regimes
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Protein crystals are not perfect inside
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Phenomena of mosaicity and twinning
complicate data collection 

Reducing solubility with precipitants
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Polyethylene glycols (PEGs) and
salts are the primary precipitants 

Using additives to modify or mediate 
crystal contacts

Metal ions, polydentate ligands,
detergents, salts, PEGS, all can
act as additives and modify
or mediate crystal contacts.
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pH and protein solubility
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pI is not the 
most common pH 
of crystallization. 
Some net charge 
seems favorable –

still a local
distribution of 

contacts
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note the highly 
variable 

Extreme sensitivity to pH is no surprise
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change of pH shifts the surface charge distribution and thus the 
intermolecular interactions – pH is therefore a most significant factor 

for protein crystallization

variable 
protonation 
state of His
at physiological
pH

A) The solution must be in or move into a composition region 
where phase separation is thermodynamically possible.

Necessary requirement: supersaturation

Summary of physical chemistry of crystallization 

B) The free energy of formation is driven by competition 
between entropic terms and not the enthalpic terms:
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Necessary requirement: Phase stability

( )c c protein solventG H T S S      

c) The kinetics must allow that the thermodynamically stable 
state – hopefully a crystal – can be reached.

Necessary requirement: nucleation

Review protein crystallization basics

BMC Chapter 3 – Copyrighted Material B. Rupp 2010 22 / 46                                                                             Web Sampler

How to: crystallization techniques

How do different  
crystallization 

methods traverse 
the 

crystallization 
phase space?
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Vapor diffusion method
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Vapor diffusion clear drop salvage 
and dialysis
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