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When?  
Understanding the macromolecular scale in 

time for crystal growth phenomena 

It is typical for crystal growth that 

many different length scales occur 

simultaneously: 0.01 ns for 

molecular conformations, ns for 

surface structure and defect 

displacements, s for surface step 

displacement, ms for growth on 

one atomic layer, seconds for 

hydrodynamic transport, and 

minutes for homogenous 

nucleation. 



             Why are DLS & SLS needed? 

For problems of homogeneity, nucleation, 

protein-protein interactions, precrystallization 

conditions, and recently to predict the induction 

time for growing protein crystals. 

How?  

Growth from solutions is usually 

predicted by hydrodynamic properties 

using dynamic and static light scattering 

methods. 



Dynamic Light Scattering 

 Photon correlation spectroscopy (PCS) also known as 

dynamic light scattering (DLS) is concerned with the 

investigation of correlation of photons. 

 The objective of PCS is to find any peculiar properties 

of the scattered signal which can be used to  characterize  and 

describe the seemingly random “noise” of the signal, and  the 

correlation curve is used to achieve this objective. 

 



What is needed from the experimental 

viewpoint? 
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How does DLS work? 

In principle, dynamic light scattering (DLS) can be used to study any 

phenomenon that gives rise to an intensity fluctuation in the light that 

has been scattered from a scattering source: 

 

a) Protein monomers 

b) Protein aggregates 

c) Micro-crystals 

d) Precipitating agents 

e) Additives 

f) Even dust particles. 

 



Each scattering source will scatter light  with  a 

characteristic intensity (static property), which 

we will give the static light scattering data  and 

a  characteristic  scattered  intensity fluctuation 

(dynamic property)  giving  us   the   dynamic 

light scattering data. 





Light scattering and crystal growth 

 

 Using dynamic light scattering to screen and improve protein 

crystal growth procedures, one does not need to employ overly 

sophisticated data reduction schemes. From the crystal growth 

point of view, one would like to be able to: 

a) detect the formation of the small protein aggregates which allows 

nucleation and growth to be monitored, 

b) estimate the mean value for the diffusion coefficient and hence the 

particle size of the protein molecules under various  solutions 

conditions, and 

c) characterize aggregates as protocrystals or protoprecipitates 

 









What kind of solid phase is obtained? 

Early in the evolution of a supersaturated solution of macromolecules, 

monomers assemble to form aggregates, which lead either to crystals 

or precipitates. In an obvious terminology it is convenient to refer to 

the former as CRAGGS (crystalline aggregates) and the latter as 

PRAGGS (precipitating aggregates). 



DLS & SLS for PROTEINS 

 The reported uses of DLS & SLS for the specific purpose 

of studying crystallizing protein solutions have generally 

been for: 

a) Characterize of the thermodynamic properties  of the 

solutions where aggregates are forming 

b) Monitoring the nucleation kinetics for control purpose. 

Reference:  

W.W. Wilson. Methods: A companion to methods in enzymology, 1, No.1 (1990) 

110-117. 




























