
School of Chemistry Graduate Teaching Assistant 
PhD Project Proposal 

	First Supervisor
	Prof. Andrew Hudson

	School/Department/Institute
	School of Chemistry and Institute of Structural and Chemical Biology

	Email 
	ah242@leicester.ac.uk 



	Second Supervisor
	Dr. Hanna Kwon

	School/Department
	School of Biological and Biomedical Sciences and Institute of Structural and Chemical Biology

	Email 
	hanna.kwon@leicester.ac.uk 




	Project Title

	A Biophysical Approach to Uncovering Mechanisms of Circadian Rhythm Regulation

	Project Highlights:
	1.
	The project will draw on principles of ligand substitution in inorganic chemistry to explain haem exchange between protein partners.

	
	2.
	Acquisition and assignment of NMR spectra for protein–haem complexes.

	
	3.
	Advanced biophysical approaches—including optical tweezers, small-angle X-ray scattering, and electron paramagnetic resonance spectroscopy—will be applied to further elucidate mechanisms of haem-modulated protein activity.

	Project Description 

	Haem is a small organometallic cofactor that plays a central role in many aspects of cellular biology. Traditionally, its function was considered to be largely confined to haemoproteins, where it acts as a tightly bound prosthetic group. However, emerging evidence has broadened this view considerably. Haem is now recognised to participate more dynamically in cellular processes, acting transiently to modulate the activity and behaviour of a wider range of proteins.
Our research focuses on the protein, PERIOD, a core component of the circadian clock responsible for maintaining 24-hour biological rhythms. PERIOD is capable of binding haem at both its N-terminal and C-terminal domains, yet the functional significance of this interaction in circadian regulation remains unclear. We hypothesise that haem binding induces substantial conformational changes in PERIOD, thereby altering its interactions with other core clock proteins that define circadian timing.
The primary objectives of this project are to characterise the interaction between haem and PERIOD, and to determine the resulting structural and dynamic changes in the protein. Because PERIOD function depends on heterodimer formation with another protein, CRYPTOCHROME, we will also investigate how haem binding influences this key protein–protein interaction.
Our experimental approach will combine a range of biophysical techniques. Haem binding to PERIOD will be quantified using isothermal titration calorimetry and complementary spectroscopic methods. Structural and conformational dynamics will be characterised using nuclear magnetic resonance (NMR), electron paramagnetic resonance (EPR) spectroscopy, and small-angle X-ray scattering (SAXS).
The project will provide training in protein expression and purification, as well as in advanced spectroscopic techniques, including NMR data acquisition and assignment. It will also involve access to major research infrastructures in the UK for EPR measurements, and in Europe—including MAX IV (Lund) and the ESRF (Grenoble)—for SAXS experiments. In addition, the project will leverage advanced biophysics instrumentation in Leicester for single-molecule studies, including a Lumicks C-Trap, multiphoton fluorescence lifetime imaging microscopy, and total internal reflection fluorescence microscopy.
By elucidating how haem modulates the function of a core circadian protein, this work aims to uncover a broader regulatory role for haem in biology—extending beyond circadian timekeeping to processes such as immune function, neurodegeneration, ageing, gas sensing, and ion-channel gating.
Applicants for this PhD should have a strong interest in spectroscopy and other quantitative physical measurement techniques, and enthusiasm for interdisciplinary research at the interface of chemistry and the life sciences.
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