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Introduction 
Conformational changes within proteins represent a 
fundamental mechanism for controlling a variety of processes 
in biology.  These subtle changes in protein form and shape 
can arise from alterations in the molecular environment and 
other factors  including:  

• Temperature  
• pH 
• Binding of a Ligand  

In many cases, conformational changes can have a profound 
effect on the function of the protein within the cell. Aberrant 
changes can result in, or be associated with, a variety of 
disorders and diseases, including cancer.  Fast and reliable 
detection of protein conformation is therefore an important 
component of developing diagnostic tests.  Although several 
standard detection techniques (including fluorescent, 
radioactive and colorimetric methods) have proved 
successful, they often require modifications to the molecules 
and time consuming analysis.  
 
In recent years, Terahertz (THz) spectroscopy has shown 
potential as a novel tool to probe the dynamics of biological 
molecules.  The vibrational modes involved in protein 
motions take place on a (sub)picosecond timescale which 
correspond to the microwave to far-infrared range – or THz 
range.  This makes THz spectroscopy an attractive tool for the 
analysis of biomolecules including proteins. 
The aims of this project are to evaluate the potential for 
using THz spectroscopy to  investigate protein conformational 
changes with a view to developing diagnostic tests. The 
proteins chosen for analysis were lysozyme  and bovine serum 
albumen (BSA).  
 

Experimental 
In this study, we employ ultrafast Optical Kerr effect 
(OKE) spectroscopy to measure the reduced Raman 
spectrum in the time-domain. OKE is a third order 
non-linear spectroscopy. Protein dynamics are 
probed in aqueous solution by measuring the time 
response of a transient birefringence that is 
induced in the sample by a polarized femtosecond 
optical pulse.  
 
Samples were prepared by dissolving protein into 
an appropriate buffer followed by extensive dialysis 
to remove any impurities.  Due to the high signal 
produced by water, a high protein concentration is 
necessary.  Therefore, samples were concentrated 
to 250mg/ml and passed through a 0.2µm filter 
prior to analysis.   
 
Protein solutions were held in a 1mm path length 
glass cuvette and the temperature controlled by a 
cryostat.  The frequency-domain OKE signal was 
derived from the time-domain measured through a 
Fourier transform. 
 
Ultra-Violet (UV) Circular dichroism (CD) was used 
to confirm the conformational changes in Lysozyme 
with inhibitor bound.  A 1:1 molar ratio solution of 
lysozyme (250mg/ml) and inhibitor (11mg/ml) was 
held in a 0.001cm pathlength quartz cell and 
spectra measured in the range of 250-320nm. 

Lysozyme was selected because its 
structure has been well-characterized and 
is known to change shape upon binding of 
ligands.  
 
Lysozyme is a 129 amino acid globular 
protein containing 5 α − helixes and 5 β-
Sheets connected by β-turns and random 
coils. It contains a deep cleft in its active 
site that binds and hydrolyses the 1,4-β-
linkages in bacterial cell walls.  Small 
saccharides such as Tri-acetylchitotriose 
(Tri-ACT) act as inhibitors by occupying this 
cleft and induce a conformational change 
in the enzyme (Fig.1) 
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The plasma protein, Bovine Serum Albumin 
(BSA) , is a carrier protein for a number of 
essential molecules.  The structure of BSA 
is known to be predominantly composed  
of α-helixes and also contains a high 
proportion of disulphide bonds (Fig.2).  
Structural changes can be induced by 
altering temperature and/or pH. 

The α-helix content of BSA  is known to 
reduce with increasing temperature, 
resulting in accumulation of β-sheets. This 
change is reversible below 65°C,  while 
above this temperature aggregation and 
gel formation can take place.   

Results and Interpretation 

We used OKE spectroscopy to analyse 
lysozyme in the THz frequency range, 
and found a strong contribution at 
around 1-2 THz that is distinct from 
the spectrum of the buffer (Fig.3).  
This signal is thought to come from 
the proteins secondary structure or 
possibly individual residues. 

Figure 3:  OKE THz spectra of 100mM Sodium Acetate buffer 
(Black) and Lysozyme (Blue) The change induced by Tri-ACT 

binding extends throughout the 
protein and causes a ‘tightening’ 
around the active site.  In particular, 
Trp-62 and Trp-63 adopt a fixed 
conformation upon binding by 
forming hydrogen bonds with the 3rd 
ACT residue.   

To see whether we could monitor this 
conformational change using OKE 
spectroscopy in the THz range, we 
measured lysozyme with Tri-ACT 
bound and found that it displayed an 
increased signal in the 1-2THz range 
compared to native lysozyme (fig 4).  
Subtracting the spectra shows a well 
defined peak that displays Gaussian 
distribution.  
The conformational change was 
confirmed by the CD spectrum (Fig 5) 
 

Figure 4:  OKE THz  of native Lysozyme (Blue) and Tri-ACT 
bound (Red).  The Grey trace shows the difference scaled by a 

factor of 5. 

Analysis of BSA revealed a similar 
spectrum to lysozyme with a strong 
signal  centred around 1-2THz.  
However, BSA displays a different 
broad mode on the low frequency side 
(Fig.6).  This change is attributed to 
the differences in secondary structure  
between both proteins.  Namely, the 
increased alpha-helix content.  

Figure 6:  OKE THz spectra of Sodium Phosphate buffer (Black) 
and BSA (Green) 

To see whether we could detect a 
temperature-dependent 
conformational change, we followed 
the spectra at 4 different 
temperatures (Fig 7). Our data shows 
a broad feature between 0.1-1THz 
that becomes more pronounced as 
the temperature is increased, and 
hence, α-helix content is reduced 
(Fig.6).  This feature could be 
attributed to a reduction in hydrogen 
bonding due to removal of the helixes 
or possibly aggregates forming 
through disulphide and non-covalent 
bonds.  

 

Figure 7:  Smoothed spectra of BSA at 25°C (Green), 35°C (Blue), 45°C 
(Red) and 55°C (Grey) over the 0.1 -10 THz range.  

Conclusions and Future Work 
• OKE THz Spectroscopy has been used to probe protein dynamics in aqueous solution 
• Conformational changes related to secondary and tertiary structure can be detected without 

the need for complex prep and/or analysis. 
• This shows the potential of THz spectroscopy to be implemented as a tool in bimolecular  

analysis 
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• We are currently investigating phosphorylation dependent changes within protein 
molecules using OKE THz Spectroscopy.    

 
• By using the phospho-mimic BeF3

- we can induce an irreversible conformation change 
throughout the protein molecule 
 

• Phosphorylation of biomolecules is an essential mechanism in a number of cell 
signalling pathways 

Figure 5:  CD spectra of native Lysozyme (Blue) and Tri-
ACT bound Lysozyme (Red) 

Figure 1:  Ribbon diagrams of 
Lysozyme (A) in it’s native 

conformation and (B) with Tri-ACT 
bound  

Figure 2:  Ribbon diagram of BSA 


