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Section 2 – Project Information
	Project Title

	Metals at the Limits of Life: Metalloproteins and their Role in Tardigrade Survival in Extreme Environments

	Project Summary
Tardigrades are among the most resilient animals on Earth, capable of surviving extreme dehydration, freezing, ionising radiation, oxygen deprivation and prolonged periods of suspended animation. During dormancy, individuals can remain viable for years before rapidly resuming normal biological activity. While recent studies have identified proteins involved in protection mechanisms, the role of metalloproteins in enabling survival remains ambiguous.
Metalloproteins are central to life, yet many metallocofactors are highly susceptible to oxidative damage and protein unfolding. How these systems are preserved during cryptobiosis and reactivated upon rehydration remains unknown. Likewise, it is unclear whether tardigrades possess novel metalloproteins or specialised metal-handling pathways that contribute to their extraordinary resilience.
We address such questions in this interdisciplinary project, using a combination of molecular biology, bioinformatics, and bioinorganic chemistry. Representative tardigrade species will be exposed to environmental stress and changes in elemental composition quantified, identifying candidate metalloproteins involved in metal transport, redox chemistry and oxidative stress defence. Selected targets will be produced recombinantly and characterised using metallomics and advanced spectroscopic techniques to determine their metal-binding properties, structures and biological functions. Functional assays will investigate their roles in protecting biomolecules from oxidative damage during environmental stress.
A complementary aspect will explore whether stress-protection proteins can stabilise technologically important metalloenzymes. This will test whether tardigrade-derived systems can preserve sensitive biocatalysts under conditions that would normally cause irreversible inactivation.
The project will provide new insight into how metalloproteins function at the very limits of biological survival.

	Techniques that will be undertaken during the project
The project will use a combination of methods, including but not limited to:
• Molecular Biology (cloning & mutagenesis)
• Protein expression and purification
• X-ray Spectroscopy
• Time-resolved spectroscopy (infrared, Raman)
• Synchrotron science
• Chemical synthesis
• Enzyme kinetics
• Protein crystallisation
• Structure determination
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