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The halophilic archaeon Halobacterium salinarum 

NRC-1 was used as a model system to investigate the 
molecular basis for radiation resistance in extremo-
philes. Oxidative damages are the main lesions from 
ionizing radiation (IR) and result from reactive oxygen 
species (ROS) production via radiolysis of water. It is 
currently hypothesized that the IR resistance of H. sa-
linarum NRC-1 is due to its resistance to the desicca-
tion encountered in its natural environment [1]. The 
results presented here support the idea that radiation 
resistance is the product of mechanisms for cellular 
protection and detoxification and for the repair of oxi-
dative damage to cellular macromolecules. 

 
We quantified DNA base modifications, DNA 

double-strand breaks, and protein carbonylation in wild 
type H. salinarum NRC-1 exposed to increasing doses 
of IR [2]. Our data showed a direct relationship be-
tween yield of DNA and protein oxidative lesions and 
IR doses. We also reported the first in vivo evidence of 
ROS scavenging by intracellular halides in H. salina-
rum NRC-1, resulting in increased protection against 
nucleotide modification and carbonylation of protein 
residues. H. salinarum NRC-1 mutants for major 
oxygen detoxification enzymes showed decreased 
survival when exposed to H2O2 or superoxide, but 
surprisingly, displayed the same level of survival as the 
background strain when exposed to IR. Protection as-
says using enzyme-free cellular extracts from H. sali-
narum NRC-1 demonstrated high level of protection 
for protein activity but not for DNA integrity against 
IR. Biochemical analysis of the extracts underlined an 
essential role in ROS scavenging for specific nucleo-
sides and MnPO4 complexes. These studies contribute 
novel findings on the critical role played by non-
enzymatic systems in IR resistance in H. salinarum 
NRC-1. 

 
H. salinarum NRC-1 modified DNA bases and 

DNA double-strand breaks were repaired within 6 
hours post-irradiation indicating effective DNA repair 
systems. We used a genetic approach to investigate the 
cellular role of a number of proteins involved in DNA 
repair [3]. We found that Mre11 is essential for the 
repair of DNA double-strand breaks whereas Rad50 is 
dispensable [4].  

 
These findings are relevant to the field of astrobi-

ology and show that a high salt environment may be a 
protective factor for potential microbial life on the sur-
face of Mars. The protective role of intracellular hal-

ides against IR indicates that Cl and Br evaporite de-
posits showing water modification are excellent areas 
for surface investigations looking for evidence of life 
on Mars. 
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