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Abstract

Outer space and surface of most celestial bodies are subjected to large fluxes of ionizing

radiation, which constitute the major damaging factor in space. Galactic Cosmic Rays are
high-energy charged particles originating outside the Earth’s solar system. They consist of
98% nuclei and 2% electrons that markedly differ in their relative abundance; 85% of the
nuclei component is represented by protons, 12% by a-particles and 1.5% by heavier nuclei
(Ferrari and Szuszkiewicz, 2009). Although their relative abundance is comparatively low,
Fe ions are the most significant component of Galactic Cosmic Rays in terms of energy de-
position (Durante and Cucinotta, 2011; Edwards, 2011). They are harmful for any form
of terrestrial life since they can interact either directly or indirectly with all relevant bio-
molecules, resulting in a combination of dense ionization along the trajectory of the particle,
and secondary ionizations of various energies that can diffuse in multiple directions and to
varying distances from the particle trajectory: this makes shielding from this kind of radia-
tion quite challenging, and poses one of the principal unknowns in understanding its effects
on any (terrestrial) organism.
Despite this recognizable role of radiation in life endurance, its effects on organisms are still
not well characterized. The capability of the Antarctic cryptoendolithic black fungus C.
antarcticus in resisting to space-relevant radiation has already been demonstrated. In desic-
cated conditions, the fungus was able to survive the radiation environment experimented in
Low Earth Orbit, outside the International Space Station (Onofri et al., 2012, 2015, 2019),
and high doses of ionizing radiation (up to 55 kGy, Pacelli et al., 2017).

Here, we investigated for the first time, the survival capability of this fungus to increas-
ing doses of outer space-relevant Fe ions, in metabolically active conditions. In the frame
of STARLIFE irradiation campaign (Moeller et al., 2017) colonies in liquid cultures were
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irradiated with accelerated Fe ion (150 MeV/n, LET 2.2 keV/um) doses (up to 2 kGy), at
the HIMAC (Heavy Ion Medical Accelerator in Chiba) facility at the National Institute of
Radiological Science (NIRS) in Chiba, Japan. Preliminary results showed that the fungus
maintained high vitality (20% of survivors at 1 kGy) and metabolic activity; moreover, only
minimal DNA damage was detectable by PCR approaches. These results have expanded our
knowledge on the resistance of fungi and on the limits of extremophilic Earth-based micro-
bial life, representing the only possible reference in the search of life beyond Earth. These
data will also aid in assessing the risks of forward contamination when sending spacecraft to
extraterrestrial planetary bodies.
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