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Section 2 – Project Information
	Project Title

	Can the circadian clock confer spatiotemporal control on the cellular distribution of haem?

	Project Summary
Haem is best known as the prosthetic group of classical haemoproteins, yet increasing evidence indicates that a dynamic, exchangeable pool of intracellular haem also acts as a regulatory cofactor capable of controlling gene expression, protein stability, signalling pathways and circadian rhythmicity. Despite its growing importance as a signalling molecule, a fundamental question remains unanswered: how is haem delivered to the right targets at the right time and in the right cellular compartment?

This PhD project will investigate whether the circadian clock actively controls the spatiotemporal distribution of haem and, in doing so, establishes a haem-dependent feedback loop that regulates its own function. Our hypothesis is that the clock rhythmically governs haem synthesis, trafficking and degradation to generate daily oscillations in haem availability, which are then sensed by haem-responsive clock components to modulate circadian timing, amplitude and robustness.

Using a combination of genetically encoded haem sensors, advanced fluorescence imaging, molecular genetics and circadian biology approaches in mammalian cells, the student will address three key questions: (1) Does the circadian clock establish a haem-feedback loop by rhythmically controlling haem synthesis, trafficking and degradation? (2) Is transport of haem from mitochondria to the nucleus temporally gated to regulate haem-dependent circadian gene expression? (3) Which clock proteins sense rhythmic changes in haem availability, and how is haem delivered to these targets?

By defining how haem is spatially and temporally distributed within cells, this project will uncover a previously unrecognised layer of circadian regulation. The findings will provide fundamental insights into the coordination of metabolism, signalling and gene regulation, with broad implications for diseases linked to circadian disruption and haem dysregulation, including neurodegeneration, metabolic disorders and cancer.

	Techniques that will be undertaken during the project
The PhD will gain experience in a number of different quantitative techniques including genetic-encoded sensor design and fluorescence lifetime imaging microscopy (in combination with confocal imaging microscopy and multiphoton imaging microscopy), in addition to training in cell culture, cloning and plasmid-DNA transfection. They will have hands on experience with the quantitative measurements using major equipment infrastructure and be provided with the necessary support (software and training) to complete the complex analysis of the experimental data. The student will be guided in handling the large data sets that emerge from these types of experiments, and take part in the planning of all the experiments.
• Fluorescence Lifetime Imaging Microscopy
• Multiphoton Microscopy Confocal Imaging Microscopy.
• Genetic-encoded fluorescent sensor design
• Cell Culture
• Plasmid-DNA design and transfection protocols
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