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Abstract

Deinococcus radiodurans (D. radiodurans) was accidentally discovered in 1956 when cans of ground meat
were exposed to massive doses of ionizing gamma radiation, intended to kill dangerous bacteria. The bacterium
can survive doses of radiation, even up to 1,000 times that which is deadly to humans. Among biologists and
biophysicists, D. radiodurans is often humorously called “Conan the Bacterium.” This extreme radioresistance of
the bacterium has been attributed to its ability to protect the proteome from ROS, which originates from water
radiolysis, and also to carry out the effective repair of a large amount of DNA damage.

Introduction

D. radiodurans were discovered almost serendipitously in
1956 when cans of ground meat were treated with massive
doses of ionizing gamma radiation to rid them of dangerous
bacteria. This bacterium was found to be capable of surviving
radiation doses one thousand times higher than that which is
lethal for a human being. Among biologists and biophysicists,
this extremophile is often known jokingly as “Conan the
Bacterium” [1,2].

Effects of ionizing radiation

It is known that ionizing radiation causes the most
deleterious influence on genetic material because it induces
Double-Strand Breaks (DSB) in DNA. In most cases, this
kind of damage cannot be effectively repaired. Inborn
diseases or cancer can develop as a result. In other words,
DSB disrupts DNA strands, shattering into myriads of small
pieces of different sizes [3,4]. The former process is mainly
due to the deleterious activity of Reactive Oxygen Species
(ROS) produced by water radiolysis, leading to DSBs. Besides
DNA mutilation, ROS inflicts severe damage on the cell’s
proteome, which plays a vital role in DSB repair; therefore,
this mechanism is unfeasible.

Protective mechanisms of D. radiodurans

The formation of ROS stimulates protective reactions that
donate electrons to the free radicals, thus making them non-
reactive. As shown by some of the pioneering studies [5,6],
the amazing radioresistance of D. radiodurans is attributed
to a scavenger that exists in the cytosol (moieties of less
than 3 kDa). These small molecules protect D. radiodurans’
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proteome from oxidizing radicals by quenching the ROS
produced by radiation.

The secret of radioresistance

The secret behind D. radiodurans’ incredible
radioresistance lies in its ability to protect its proteome.
Thanks to this ability, D. radiodurans can repair up to 500
breaks, while the much-studied E. coli can fix two or three
breaks at once in its DNA. This peculiarity is generalized by
the following concept:

Iron-clad concept of cell survival

A cell dies when its proteome ceases to function, as the
most critical biological information comes not from its
DNA but from its protein structure. A small theoretical-
experimental summary concerning the radioresistance and
radiosensitivity of D. radiodurans can be found in reference
[7]. Deinococcus radiodurans is also on the list of “the world’s
toughest bacterium” in the Guinness Book of World Records

[8].
Conclusion

Deinococcus radiodurans is an exceptional bacterium for
its capability to withstand extremely high doses of ionizing
radiation; such resistance is provided by the adequate
protection of the bacterium proteome from oxidative
damage due to ROS. It gives D. radiodurans the potential to
repair great extents of damage to DNA relatively quickly
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and fast, a process that would be lethal to other organisms.
This information, with knowledge of the mechanisms of this
bacterium, shows its distinctiveness as a radioprotective
microorganism, much in the way the approaches to improve
radioprotection strategies in other biological systems are
unique.
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