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Following guidelines set out by the Food and Drug Administration, every 
drug and medical device certified for human use must be tested for bacterial 
contamination. This helps prevent the spread, via medical equipment and 
materials, of bacterial toxins (known as lipopolysaccharides (LPS)) which are 
produced by certain bacteria. LPS infection can lead to toxic shock syndrome, 
the symptoms of which may include fever, rash, low blood pressure, coma, 
multiple organ failure and potentially death.

Testing is currently carried out using a preparation called Limulus Amebocyte 
Lysate (LAL) which is made from cells, known as amebocytes, found in 

Horseshoe crab (Limulus) blood. 
LAL contains a protein called 
Factor C that binds bacterial 
LPS and forms a visible clot. 
Currently the amebocyte cells 
are obtained by capturing the 
Limulus crabs and puncturing 
their hearts to bleed them (see 
Figure 1). Up to 30% of the crabs 
die as a result. The availability 
of the Limulus amebocyte 
is under threat so there is 
an urgent need to develop 
alternative biosensors to make 
use of the highly-sensitive 
endotoxin-sensing feature of 
LAL’s Factor C. 

Using the knowledge I am gaining I hope to design 
a novel synthetic LPS sensor to be used in place 
of the current LAL test to test medical devices 
and drugs. It may also be possible to develop a 
therapeutic treatment for toxic shock syndrome.

I am currently in the final year of my PhD at the University of Glasgow where 
I am supervised by Dr Brian Smith and Dr Sharon Kelly. Upon completion of 
my PhD I would like to continue in the life sciences sector and progress my 
research into investigating better diagnostic tools in the biomedical industry.  
I studied Biology for my undergraduate degree at the University of St Andrews 
where I graduated in 2010.

This year’s Biophysics week is 7th-11th March 2016. Visit www.biophysics.org 
for more information about it and the techniques I used to study the structures 
of the proteins.

I have produced several fragments containing 
combinations of domains and have found that 
a di-domain made up of the CCP1 and CCP2 
domains is proving to be the most promising for 
structure determination. Further investigation into 
the nature of LPS binding is underway.

I want to elucidate how Factor C and LPS interact and use this 
knowledge to make a synthetic version of the LAL test that’s as 
sensitive and as specific as the current test, but without the use 
of the crab blood. The current test detects picograms of bacteria, 
which is the equivalent of detecting a grain of sand in an Olympic 
sized swimming pool (1pg = 1x10-12g). 

To do this I want to: 

i) characterise the structure of the minimal fragment of  
 Factor C (the smallest part of the protein) that recognises  
 the LPS;

ii) identify and understand how Factor C binds LPS and  
 to characterise the conformational changes (i.e. changes  
 in shape and structure) induced by binding LPS at a  
 molecular level; and

iii) identify why Factor C binding to LPS is so specific.  
 To do this, I am trying to solve the molecular structure of  
 the part of Factor C that binds to LPS in order to understand  
 how it differentiates LPS from other lipids and  
 polysaccharide molecules.

Based on the predicted protein 
structure of Factor C (see Figure 2) 
I have produced protein fragments 
in the lab by inserting specific 
DNA sequences encoding for the 
fragments into bacteria, which 
synthesised the fragments. The 
bacteria incorporated a stable isotope 
label into the fragments so I could 
analyse them by Nuclear Magnetic 
Resonance (NMR) (see Figure 3), a 
technique that can determine the 
components of a sample as well as 
their molecular structure.

Figure 1 Horseshoe crabs being bled from their hearts to obtain 
their blue, copper-containing blood from which the Limulus 
Amebocyte Lysate (LAL), containing Factor C, is prepared.
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Figure 2 Diagrammatic representation of the domain structure of Factor C protein. (A domain 
is a part of a protein which takes up a particular structure and can fold without the rest of the 
protein.) The LPS binding site has been determined to be in the N-terminal region.

Figure 3 Using the NMR machine 
for structural characterisation of 
protein fragments.


