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Abstract

From hydrothermal mounds in the Red Sea and hypersaline sabkha flats in Algeria, we explored ex-
tremophilic fungi as models for life’s limits and as biological platforms for spacerelevant nanomaterial pro-
duction. These high-salinity, metal-stressed, nutrient-limited environments with temperature fluctuations,
serve as terrestrial analogues to extraterrestrial habitats (e.g., Martian regolith and subsurface niches of
icy moons), making them well suited for astrobiology and insitu resource utilisation (ISRU) concepts. We
focused on the ability of these fungi to biosynthesise silver nanoparticles (AgNPs) under simulated micro-
gravity (SG). Extremophilic or extremotolerant fungal strains were identified using a polyphasic approach
integrating morphological characterisation and molecular analyses. Selected isolates were cultivated un-
der normal gravity and SG (3D-Clinostat), and subsequently exposed to Ag+ to induce NPs formation.
AgNPs were characterised using spectroscopic and microscopic techniques to evaluate particle formation,
size and morphology, and colloidal stability. Results show that the isolates retain metabolic activity and a
robust capacity for AgNPs biosynthesis under SG, indicating that core physiological and biochemical path-
ways remain functional despite combined environmental stressors. The formation of biologically stabilised
metal nanoparticles by eukaryotic extremophiles under altered gravity expands current (often prokaryote-
centric) models of habitability and metabolic resilience in space-relevant contexts. These findings have

1

Paper ID: 113709
oral



several astrobiological and technological implications. First, they provide insights into stress-adaptation
strategies and survivability of eukaryotic microorganisms under altered gravity and metal exposure, and
they inform the search for biosignatures associated with mineral transformation. Second, this biological
process supports future concepts of ISRU, where mycogenic AgNPs could supply antimicrobial materials,
water-purification agents, and functional nanomaterials for long-duration missions, supporting low-mass,
self-renewing processes compatible with closed habitats. Overall, by linking Red Sea and Algerian sabkha
extremophiles to nanobiotechnology under simulated microgravity, this study integrates extremophile bi-
ology, nanobiotechnology, space life sciences, and ISRU-oriented design. Future work will scale toward
contained bioprocess modules and flightrelevant validations, connecting fungal production performance
to biosafety gates and operational metrics for sustainable space exploration technologies, highlighting
extremophilic fungi as promising model organisms for astrobiology.

2


