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Abstract 

Ionizing radiation-resistant organisms are valuable in studying the recovery of microbial 

flora after anthropological releases of radiation from nuclear waste, accidents or weaponry. 

These organisms could also play an important role in space exploration, as planets such as mars 

which lack a protective atmosphere are exposed to high levels of solar radiation. Studying these 

organisms would benefit efforts in both preventing possible contamination of extraterrestrial 

sites by exploratory vehicles and possible efforts to grow organisms outside the Earth’s 

atmosphere. 

To discover novel radiation-resistant organisms in pine barren soil, a soil sample was 

taken from the Pine Barrens Forest in the Brookhaven National Laboratory and irradiated with 

10 kGy of gamma radiation at the Uniformed Services University of the Health Sciences in 

Bethesda, Maryland. The soil was then inoculated in different types of growth media, each 

favoring different types of microorganisms. The cultures were periodically plated and the 

cultured microorganisms were isolated and characterized using standard microbiology methods. 

Overall, nine colonies were isolated on three different growth media. Studies are under way to 

identify the cultures and confirm their resistance to ionizing radiation. 

Introduction 

Ionizing radiation has long been understood as a cause of DNA damage in microorganisms, often 

resulting in mortality.
1 

Given the increased likelihood of natural ecosystems being exposed to 

sources of concentrated high-energy radiation from human sources such as nuclear waste or 

weaponry, understanding ecological effects of ionizing radiation is important for preparing and 

responding to ecological exposure to radiation. The microorganisms in soil play a fundamental 



and crucial role in the ecosystem.
2
 Work has shown that ionizing radiation which destroys 

sensitive microbes, severely limits the biodiversity and fertility of soil.
3-5

 Different 

microorganisms display differing sensitivities to radiation. Some organisms are highly sensitive 

to the DNA damage caused by ionizing radiation whereas other organism such as Deinococcus 

radiodurans display remarkable tolerance to radiation.
6,7

 This resistance in many organisms is 

thought to be the result of, among other factors, natural DNA repair mechanisms evolved for the 

purpose of repairing DNA damage caused by desiccation.
8,9

 Since desiccation causes some of the 

same single and double strand breaks that ionizing radiation can cause, the same mechanisms 

evolved to repair damage from desiccation are effective in repairing DNA damage from ionizing 

gamma radiation.
8, 10

  

 Radiation resistance in microbes is of interest not only for understanding the effects of 

exposure to high levels of ionizing radiation on natural ecosystems, and potentially using 

radiation-resistant organisms to aid in the recovery of the soil, isolating organisms which can 

withstand ionizing radiation may help in the discovery of new organisms on other planets. 

Planets such as Mars that lack an atmosphere are exposed to solar radiation and any life forms 

that are discovered or attempted to be grown on the planet surface must be able to tolerate such 

conditions.
11,12

  Understanding radiation resistance would also help prevent exploratory vehicles 

from contaminating extraterrestrial sites with organisms from Earth capable of tolerating solar 

radiation in space.
13,14

  Discovering and isolating organisms resistant to ionizing radiation allows 

for the opportunity to better understand the effects of ecological exposure to radiation, and aid in 

the discovery or growth of microbial life on other planets.  

Materials and Methods 



A soil sample just under the duff was taken from the Pine Barrens forest in Brookhaven National 

Laboratory and placed in a sterile 50 mL centrifuge tube. The soil was than mailed to the 

Uniformed Services University of the Health Sciences in Bethesda, Maryland and exposed to a 

10 kGy dose of gamma radiation. All further work was done in a sterile laminar hood  using 

standard microbiological techniques.  

Approximately 500 mg of irradiated soil was inoculated in 5 mL of 13 autoclaved media in 15 

mL centrifuge tubes (Table 1). Inoculated media were then streaked on the respective agar plates 

at various time intervals. Colonies were purified using multi-sector streaking method. Isolated 

colonies were grown in liquid media and exposed to 10 kGy of gamma radiation and replated on 

agar media to confirm their viability and resistance to radiation. 

Results and Discussion 

As seen in Table 2, nine colonies were isolated from the 10 kGy irradiated soil. Visual inspection 

of colony characteristics revealed there were four fungal and five bacterial colonies. The 

relatively high incidence of fungus is likely attributable to their ability to form resistant spores in 

stressful environmental conditions.
15

 The survival of the bacteria is likely due to either highly 

effective mechanisms of DNA repair or the formation of hardy endospores.
16,17 

It can be observed that only three of thirteen media showed microbial growth. No growth was 

observed in selective nutrient media.  This supports earlier observation made in our laboratory 

that organisms involved in nitrogen cycle are very sensitive to ionizing radiation.  

Ionizing radiation tolerance limits for each of the isolate is currently being evaluated. 

Identification of the cultures will be made using rDNA sequencing methods. The role of the 



ionizing radiation-resistant cultures in the Pine Barrens Forest will be elucidated by studying the 

physiology of the organisms. 
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Table 1. Chemical compositions of growth media used in culturing microorganisms from 

gamma-irradiated soil. 

 

  



Table 2. Colony characteristics of the cultures isolated from soil exposed to 10 kGy gamma 

radiation. 

 

 


