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Can we detect protein crystal nucleation with 
THz waves?


Sander Stroobants1, Dominique Maes1, Yuchen Zhang2, Johan Stiens2  

1Structural Biology Brussels, Vrije Universiteit Brussel, Pleinlaan 2, 1050 Brussels, Belgium
2ETRO, Vrije Universiteit Brussel, Pleinlaan 2, 1050 Brussels, Belgium

THz waves
Electromagnetic waves of different frequencies interact with proteins in various different modes. 
Recent advances in the production and detection methods of THz waves (0.03 to 20 THz) have led 
to major advances in THz spectroscopy. It has been shown that water molecules inside the 
solvation layer react differently than in the bulk [2]. When proteins are in each others proximity (like 
during nucleation) their hydration shells will begin to overlap. 
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Introduction
Experiments and simulations have shown that THz waves can be used to probe the hydration layer around proteins. During nucleation protein molecules will 
move closer together and their hydration shells will interact. We hope that by measuring these interactions we can detect nucleation. A wide variety of 
techniques have been used to detect nucleation (e.g. DLS, UV-vis, CDDLS, Brownian Microscopy). None of these techniques is capable of detecting 
nucleation itself, and require the crystals to grow to a detectable size. We hope that THz waves will be able to detect nucleation at an early stage. 
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Conclusion and future work
We have shown that by probing the hydration shells nucleation can be detected using THz waves. Although a lot of work is still needed to improve accuracy 
and time resolution, we are confident that THz waves can be useful in protein crystallization studies. Implementation of a temperature control will allow us to 
perform a large number of cyclic induction time measurements. This is necessary to investigate the stochastic nature of nucleation. If successful this setup can 
also be used to investigate the behavior of dense liquid clusters and their effect on nucleation for different proteins. 

Experiments
A lysozyme solution (35 mg/ml) with 
NaCl (60 mg/ml) as the precipitant in a 
50 mM NaAc buffer at pH 4.5 was used. 
The machine was calibrated to the 
frequency with the highest sensitivity. A 
fresh solution was used as a reference 
for every measurement.  The difference 
between the reference and the nucleating 
sample was measured. 

We performed measurements at regular 
time intervals. An increase  of reflectance 
corresponds to the onset of the nucleation 
after 20 min. The first visible crystals were 
only observed at 30 min. We conclude 
that with this THz setup we can detect 
nucleation at an early stage 

Nucleation
Protein crystallization comes in two steps: first nucleation, 
where a critical nucleus is formed and second, growth of 
this nucleus into a crystal. The induction time is defined as 
the first detection of a crystal, but this means that a 
nucleus first has to grow to a detectable size. Reducing 
this growth time before detection will lead to more 
accurate experimental induction times. 

  

The classic nucleation theory (CNT) assumes that both 
the ordering and densification of the proteins occurs 
simultaneously. But CNT is not able to accurately predict 
nucleation rates for protein systems. Theoretical 
predictions often differ orders of magnitude from 
experimental results.  
An alternative nucleation theory, the two step nucleation 
theory (TSN), predicts that dense liquid clusters act as 
nucleation sites. These dense liquid clusters have been 
observed in a number of protein systems with sizes in the 
100 nm range and a volume fraction of 10-6[1].
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Induction time measurements can be used to verify 
different nucleation theories. By measuring induction we 
can verify different nucleation theories
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