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Introduction:  Stellar explosions are rich sources of X-
ray radiation and they are predicted to have recurrently 
affected the evolution of life on Earth [1]. The 
responses of several biological models irradiated with 
UV, X-rays and gamma-rays in liquid cultures, at room 
temperature and pressures have already been well 
studied. Most of the literature on ionizing radiation 
resistance of microbes is based on their exposure to 
gamma rays derived from radionuclides. The most 
accessible radionuclide is Co60, which emits photons of 
above MeV energies (1.17 and 1.33MeV) on its decay 
to the stable isotope Ni60. More recently, synchrotron 
facilities have overcome the difficulty of producing 
tunable x-ray beams with high luminosities with ener-
gies up to some hundreds of keV, and are therefore an 
ideal tool for the study of microorganisms’ surviv-
ability over this radiation range. In this contribution we 
report the experimental setup and results of irradiation 
of Deinococcus radiodurans and Chroococcidiopsis sp. 
using a broad spectrum of X-rays (from 1 keV to 20 
keV) in an attempt to simulate the impact of energetic 
astrophysical events such as soft gamma-repeaters on 
cells being carried by dust grains or on the surface or 
sub-surface of meteors. Cells were mixed with rock 
grains with different size and types and deposited on an 
X-ray transparent subtrate (kapton foil) to study 
whether differences in elemental composition of the 
grains, particularly the concentration of iron, would 
contribute a differential response to radiation and cell 
survival after dehydration. Our results showed that a 
white beam of X-rays simulating cataclysmic events is 
highly damaging even to one of the most radiation-
resistant microorganisms known, Deinococcus 
radiodurans [2]. Understanding the effects of such 
radiation on microorganisms is very important to:  (i) 
test the resilience of life on other planets; (ii) to assess 
the conditions for the occurrence of panspermia-
associated processes and (iii) to estimate the minimum 
shielding necessary for life to survive in the presence of 
radiation.  
Methods: Cells of Deinococcus radiodurans, obtained 
from Instituto de Radioprotecao e Dosimentria, Rio de 
Janeiro, Brazil and Chroococcidiopsis sp., isolated 
from Atacama Desert by Dr. Armando Azua-Bustos, 
from Pontificia Universidad Catolica de Chile, were 

cultivated at the Open University laboratories. After 
reaching stationary phase (OD600=1.0), the cultures 
were mixed with grains of basalt, sandstone and a mix-
ture (1:1) of them. Light microscope and SEM images 
were used to acess cell morphologies and thickness 
after dehydration. For preparation of grains, the rocks 
were crushed into small pieces. The grains were sieved 
and three size ranges were selected: (i) 90 µm to 63µm, 
(ii) 63 µm to 38 µm and (iii) smaller than 38 µm di-
ameter. The irradiations were performed at the B16 
beamline in synchrotron Diamond, UK using a slightly 
positive pressure of nitrogen in a chamber sealed with a 
kapton foil at the front flange. Samples were mixed 
with rock grains and deposited on the kapton foil, 
which was mounted on sample holder. A chilling 
system was used to hold the temperature at 20ºC, which 
was monitored during all experiments. After placing 
the chamber on the irradiation platform, a series of 
measurements and calibrations were performed using 
X-ray sensitive films and computational scripts written 
on site. Samples were then irradiated with different 
exposure times. After irradiations, the samples were 
brought back to the Open University where they were 
analysed using standard microbiological methods. 

Results: Cells mixed with grains or embedded in cul-
ture medium were more resistant to dehydration and 
exposure to dry atmosphere (slightly positive pressure 
of Nitrogen), as shown in Figure 1.  

 
Figure 15. Recovery rate of cells of D. radiodurans. Codes 
mean: B=basalt, B/SST = mixture of basalt and sandstone 
(1:1), SST = sandstone. Numbers in the code represent upper 
limit for the grain size, in micrometers. Water control means 
cells in water.  
After exposure to dry nitrogen atmosphere at room 
temperature, naked cells lost more than three orders of 
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magnitude in viability, as shown in Figure 2. All cells 
mixed with grains lost less than one order of magnitude 
viability. Sandstone grains provided more cell recovery 
probably because of the fluffy characteristics of the 
small grains of sanstone compared to the basalt grains 
which could have provided a better microenvironment 
for cell survival during the treatments. 

 
Figure 2. Recovery rate of non-irradiated (internal) controls 
after exposition to N2 atmosphere. Codes mean: B=basalt, 
B/SST = mixture of basalt and sandstone (1:1), SST = sand-
stone. Numbers in the code represent upper limit for the grain 
size, in micrometers. 
 

Regarding the survivability of microbes to ir-
radiation, just one colony was recovered from the ex-
periment of naked cells (unshielded) irradiated with the 
lowest fluence (10 secoinds of exposition), which lead 
to a survival fraction of 2.08 x 10-4. If we extrapolate 
this result to a larger population of cells, such as 1 x 
108, in theory we could still recover 20 thousand cells, 
although clearly further experiments woukld be re-
quired to achieve a statistically robust extrapolation of 
the data. Unfortunately, this result was not observed in 
the other replicates. Chroococcidiopsis was recovered 
in all controls but also did not survive any irradiation 
treatment. The recovery rate shown in Figure 3 repre-
sents survival fraction plus the fraction of cell 
detachment from the substrate. 

 

 
 
Figure 3. Recovery rate of naked cells of D. radiodurans 
compared to the culture control and the non-irradiated (inter-
nal) control. 
Conclusions:  Our experiments showed that popula-
tions of cells of D. radiodurans as small as 10 thou-
sands individual cells could survive a flash of X-rays 

produced by stellar explosions if the energies and 
fluexes were comparable to our experiment. A fraction 
of cells being carried on dust grains or meteor surfaces 
could then survive even such energetic astrophysical 
event. However, we were unable to perform survival 
curves for different experimental conditions, due to the 
limited resolution of the microbiological method (sur-
vival curve) which is a function of the surface area used 
to deposit the cells (4 mm2). It is therefore necessary to 
carry out more experiments in order to investigate 
whether lower fluxes using attenuators can provide the 
conditions necessary to obtain the survival curves in 
order to have a better idea about the limits of 
survivability of microbes under such conditions. 
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