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     Introduction & Motivation: The surfaces of most 

celestial bodies are exposed to ionizing radiation at levels 

higher than most earthlike life can survive (e.g. [1, 2]) 

However, the depth under the surface as well as the 

surface composition may mitigate the effects of radiation 

(e.g. [2]) creating a habitable environment in the 

subsurface. In addition, moons such as Europa [3, 4] and 

Enceladus [5] have plumes which may bring up samples 

from the radiation-shielded ocean to the radiation-filled 

surface.   

The main objective of this experiment is to 

determine the radiation sensitivity of non-radiation 

resistant terrestrial microbes within different ices, brines, 

mineral substrates as well as completely desiccated. 

Measuring the motile functions and metabolisms of these 

microbes tell us how they are affected by radiation. 

Additionally, our measurements will test ability the 

digital holographic microscope (DHM) in distinguishing 

live and dead organisms, which has possible implications 

for future missions.  

 

    Methodology: The microbes used in our experiment 

each have different metabolisms and growth ranges as 

they both may contribute to their ability remain viable 

after radiation exposure as well as represent a variety of 

conditions, from hot hydrothermal vents to ice, in which 

microbes may be found. Barring our Deinococcus 

radiodurans control, all bacteria in this experiment are 

non-radiation resistant, which allows us to test the limits 

of cell viability.  Samples will be placed inside a liquid 

nitrogen dewar. All samples will be cooled to 70 K using 

liquid nitrogen and maintained at those temperatures 

throughout the initial stages of the experiment. The 

samples will be exposed to increasing doses of radiation 

in a half-decade sequence (10, 30, 100, 300, 1000 krad). 

After irradiation, the frozen samples will be gradually 

warmed to determine the extent to which the substrate (or 

lack thereof) can protect against radiation. 

 

   Analyses and Motility Assessment: Directly after 

experimentation, organisms will be placed under the 

DHM and examined to determine whether they survived. 

The DHM is equipped with the ability to measure the 

reflectivity of different sections of the sample, which 

allows for it to tell between living microbes and minerals. 

Tracking software will also be used to determine whether 

microbes are viable. To confirm our analyses and see the 

extent to which organisms are alive, we will then use a 

combination of LIVE/DEAD assay using STYO9 dye. 

We will compare the results to both the metabolism and 

growth range of the bacteria to see whether or not those 

factors correlate with survivability. Cell viability will be 

measured directly after exposure in the form of motility 

and comparisons to pre-radiation growth curves. 

Exposures will all be the same duration. 

 

    Applications to in-situ analyses: Europa, due it its ice 

crust, world ocean, and hydrothermal vent activity, is a 

candidate for a system that can support extant life. Both 

evidence from the Hubble Space Telescope [3] and Galileo 

[1] indicate the presence of 

vapor plumes on Europa, 

which may deposit new 

layers of ice on its surface. 

The molecules and particles 

within the vapor would 

therefore be detectable in 

the uppermost portion of 

the ice, potentially in layers 

in the case multiple particle 

deposition events take 

place. The surface is also 

exposed to ionizing 

radiation from Jupiter, 

which accumulates at 

different levels depending 

on the depth of ice ranging 

from around 1.00^107 rad in 

the uppermost layers to less 

than 1.00 rad in layers 

below 100 cm (Reviewed in 

[6]). Our hypotheses are 

that survival curves (cell 

viability) after radiation 

exposure will be directly 

related to the physical state 

of the medium (i.e. a mm-

scale ice layer may protect 

from radiation better than a 

partially melted sample), 

the amount and distance from the radiation source, and the 

duration of irradiation. Depending on our survivability 

curves, we can potentially determine a zone within the ice 

of the moon where cellular life with certain properties may 

likely survive, information useful for future lander 

missions. Through this experiment, we are also able to test 

the extent to which bacteria can survive in extreme 

conditions, which may give us an idea of how likely 

mutations are to arise to allow for bacteria to survive in 

radiation conditions.  

Fig. 1. Combined Digital 

Holographic and 

Fluorescence Microscope. 

Our DHM setup allows for 

fluid sample to be dyed and 

run through to measure cell 

motility and dye binding to 

DNA and other organic 

compounds within the cell 

wall [7]. 
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Applications to Mars. Mars is it with up to 325 

cal/cm2 of radiation daily [8] and has no liquid water on 

its surface, making the surface an unlikely candidate for 

earthlike life. However, neither UV-B or UV-C were 

critical constraints on the formation of life on ancient 

Mars [9]. On Earth, subsurface communities use their 

environment to create a barrier against extreme external 

conditions. At 1-2mm under the surface, DNA effective 

irradiance would be reduced to less than (~.01 W/m2) [9]. 

The experiments with mineral substrates therefore can 

serve as an analogue for the recalcitrance of life living 

under the surface of Mars.  
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