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Introduction: MgCl2 dominated hypersaline envi-

ronments severely impact microbial life by exerting 
chaotropic stress and greatly depressing water activity. 
Chaotropes disorder biological macromolecules, result-
ing in protein denaturation and membrane solubiliza-
tion, eventually leading to cell death. Chaotropic brines 
include terrestrial salterns, and athalassohaline (AT) 
deep-sea hypersaline anoxic basins (DHABs). The 
latter are strongly stratified polyextreme MgCl2 satu-
rated brine pools that accumulate in benthic depres-
sions within enclosed seas. There is strong evidence of 
active microbial life up to 2.27-3.03M MgCl2 in AT 
DHABs, while the brine endmembers at >4M MgCl2 
and water activity (aw) equal to ~0.4 are largely con-
sidered sterile.  The currently accepted aw limit of life 
is ~0.6 [1]. Sulfate reduction rate measurements in 
some AT DHAB brines combined with Next Genera-
tion Sequencing (NGS) methods suggest the presence 
of active, highly specialized microbial life [2]. Howev-
er, the preservative effects of MgCl2 on biomolecules 
make life detection approaches difficult. High concen-
trations of this salt preserves DNA for months with 
little degradation [3]. Recent environmental 16S am-
plicon sequencing from a saltern in Southern Califor-
nia shows that DNA in sterile ~4M MgCl2 brines are 
dominated by Haloquadratum walsbyi [4]. Here, we 
seek to better understand these findings by studying 
the preservative effects of MgCl2 on purified DNA and 
cells of model microorganisms.  

Experimental design: We plan to expose actively 
growing cultures of the haloarchaea Halobacterium 
salinarum NRC-1, Haloquadratum walsbyi, and the 
bacterium Escherichia coli MG1655, along with their 
respective purified DNA, to 4M MgCl2. DNA will be 
extracted and desalted throughout the incubation peri-
od for downstream analysis via PCR, Qubit, TapeSta-
tion™, and Nanopore sequencing. These assays will 
assess the DNA quality, concentration, size, and meth-
ylation events respectively. Cell viability will be de-
termined with Live/Dead™ staining, flow cytometry 
(FCM), colony forming units (CFUs), and cell popula-
tion levels will be followed using optical density read-
ings. Raman analysis will be conducted throughout the 
incubation to better understand the effects of MgCl2 on 
tractable biomolecules such as haloarchaeal pigments.  

Preliminary results:  The first phase of this exper-
iment was conducted using Escherichia coli MG1655. 
After freshly grown E. coli cells were exposed to 4M 
MgCl2 for three weeks, DNA did not degrade based on 

gel electrophoresis and successful PCR amplification 
of extracted DNA. CFUs decreased by four orders of 
magnitude within two hours of exposure while optical 
density evaluated at 600nm (OD600) remained con-
stant, suggesting that the cells maintained their integri-
ty rather than lysing (Duda et al., 2004). CFUs agreed 
with FCM results suggesting rapid cell death.  

Future work: Work with E. coli will guide the 
next phase of experiments using the model halophiles 
Halobacterium salinarum NRC-1 and Haloquadratum 
walsbyi. Exposing whole cell and purified DNA sepa-
rately in 4M MgCl2 will determine if there are differ-
ential DNA degradation rates between microbes and if 
the cell acts as a ‘shelter’ for DNA.  Furthermore, we 
hope to provide a comprehensive analysis of cell sur-
vivorship and develop fluorescent labelling and Raman  
techniques that can be applied to other hypersaline 
environments for the purposes of life detection. 

Significance: Bitterns and AT DHABs contain 
physical properties analogous to environments within 
other ocean worlds. The icy moons of Saturn (Encela-
dus and Titan) and Jupiter (Europa, Callisto, and Gan-
ymede) likely harbor oceans underneath thick surface 
ice. The ice shells and oceans of these moons could be 
conducive to life and favor the preservation of organic 
material. Furthermore, the presence of surface salts, 
especially on Europa and Mars, including magnesium 
and chaotropic perchlorate compounds in high concen-
trations, respectively, points to a need to understand 
microbial habitability and preservation in MgCl2 
brines.  
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