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Introduction

Radiation is energy in the form of particles. There
are two types of radiation: non-ionizing, which has lower
energy, lower frequency and longer wavelength (e.g., earth
magnetic field, radio waves, microwaves, infrared waves,
visible light and some sunrays) and ionizing, which can
knock the electrons out their orbits around atoms, giving
the atoms a positive charge and has higher energy, higher
frequency and shorter wavelength (e.g., alpha radiation,
consisting of two protons and two neutrons, carrying
a double positive charge, beta radiation, consisting of
negative particles ejected from atom’s nucleus, photon
radiation, originating from nucleus, as gamma rays, and
outside of nucleus, as X-rays, and neutron radiation, which
results from spontaneous fission and cosmic interactions)
(CNSC, 2012) [1]. The interaction between different types
of microorganisms and y-irradiation is a well-established
topic for high doses which inhibit cellular growth and cell
multiplication, causing massive cell death (BRIDGES,
1971 [2], HANSEN & SHAFFER (2001) [3], CHOI et al,
2014 4], LIU et al, 2015 [5]). Interestingly, the work at low
doses receives less attention as compared with inhibitory
doses, and up to our best knowledge there is only one
review published more than 4 decades ago (PLANEL et
al [6]). However, in recent years, there has been an
increasing interest in using relatively low doses of
y-radiation to stimulate biological processes in different
types of microorganisms. The aim of this paper is to
present the state of the art on the interaction between
prokaryotes, both Archaea and Bacteria, with y-irradiation
at doses which do not inhibit cellular growth or cell
multiplication.

Effect of y-radiation on the Archaea
strains

Among the microorganisms, halophilic Archaea
strains showed an increased resistance to y-radiation than
other prokaryotes. The halophiles group consists of diffe-
rent microorganisms adapted to the presence of salts in the
living environment. Extreme halophilic microorganisms
inhabit salty environments with very high concentration of
NaCl, sometimes up to saturation point (e.g., extremophilic
species of the Archaea domain, known as haloarchaea, are
adapted to NaCl concentrations up to 4M) (OREN, [7], [8],
GUPTA et al [9], RODRIGO-BANOS et al [10]). In order
to survive and grow in the extreme conditions of the
hypersaline habitats, the haloarchaea members developed
various adaptation mechanisms, including increase of
the synthesis of some biocompounds (TORREGROSA-
CRESPO et al [11]), such as proteins/enzymes, carotenoid
pigments, bacteriorhodopsin, polyhydroxyalkanoates/
polyhydroxybutyrate and halocins (bacteriocin-like
peptides), used by scientists from various domains of
biotechnology and biomedicine (ELLEUCHE et al [12],
ALSAFADI and AL-MASHAQBEH [13]). Biosynthesis of
carotenoid pigments, peculiarly derivatives of bacterioruberin,

B-carotene, lycopene, phytoene and salinixanthin (DE
LOURDES MORENO et al [14], EL-SAYED et al [15],
YATSUNAMI et al [16]; RODRIGO-BANOS et al [10]),
is of particular interest because most of their biotechno-
logical applications, but especially their impact on human
health (JEHLICKA et al [17], FIEDOR AND BURDA,
[18], TORREGROSA-CRESPO et al [11]). Carotenoid
pigments are usually components of haloarchaeal cell
membranes, offer the cells characteristic colors (pink, red,
orange, purple) and provides protection against ionizing
radiations (KISH et al [19], RODRIGO-BANOS et al [10],
SHIRSALIMIAN et al [20]) in a manner depending to the
catena length and the number of conjugated double bonds
in it. Bacterioruberin, a C50 carotenoid pigment with
13 conjugated double bonds, is involved in reinforcement
of cell membrane, has a higher capacity to protect cells
against oxidative stress, UV and y-radiation, than B-carotene,
a C50 carotenoid pigment with only 9 conjugated double
bonds (RODRIGO-BANOS M. [10]).

On Archaea, the studies were focused on isolation and
characterization of carotenoid pigments (RONNEKLEIV
and LIAAEN-JENSEN, [21]) and the influence of various
environmental factors on their biosynthesis (EL-SAYED
et al [15]; D’SOUZA et al [22]). Previous studies
(KOTTEMANN et al [23]) showed that halophilic archaea
strains belonging to Halobacterium genus exposed to
8Co y-ray irradiation had no distinct loss of viability between
0.5 kGy and 2.5 kGy. The resistance of Halobacterium
to y-rays is growth phase-dependent, becoming more
sensitive in stationary phase (OD600 nm>1.0) than expo-
nential growing cultures (KOTTEMANN et al [23]),
possibly due to higher efficiency in ROS removal in
actively growing cells. Gamma rays ionize water and
generate ROS, which interact with intracellular macro-
molecules, causing damages and activating cellular
pathways for repairing them, including DNA-repairing
mechanisms, inorganic scavengers (e.g., salts and Mn**
ions) and organic scavengers (carotenoids and ROS
scavenging enzymes). ROS are also neutralized by intra-
cellular halides, especially KCI and bromides, protecting
the cells against nucleotide modification and carbonylation
of protein residues (SHAHMOHAMMADI et al [24],
KISH et al [19], ASGARANI et al [25]).

Effect of y-radiation on the Bacteria
strains

The study of the effects of y-irradiation on bacteria
started more than 80 years ago on different topics such as
the resistance of the cells to radiation (up to mutagenic and
lethal doses), the use of irradiation to inactivate bacteria
including the sterilization of products for different purposes
as well as the stimulation of the synthesis of certain
metabolic products. Also, in the literature there are various
studies related to the stimulation aspect of y-radiation on
different bacterial metabolites. Luo's 1998 [26] studies
on poly (hydroxybutyrate-hydroxyvalerate) (PHBV) on
the effects of radiation on chemical, mechanical and
thermal properties found a decrease in these properties.

2028



The stimulating effects of non-lethal y-radiation doses on prokaryotes

Bacillus strains. Divyashree and Shamala, 2009 [27],
argue that irradiation of the Bacillus flexus strain does not
greatly affect the quality of hydroxybutyrate/ hydroxyal-
kanoate. The strain of Bacillus subtilis UTB1, subjected
to y-irradiation (100 Gray to 3000 Gray), has led to the
emergence of variants with stronger antimycotic activity in
vitro, overproduction of biosurfactants and more robust
biofilms. The wild bacterial strain, Bacillus subtilis UTB1,
synthesizes a reduced amount of surfactant compared to
the variants mutants (M419, M425, M455, M464, M497,
M525, M562 and M600) obtained by the irradiation,
confirmed by the tests lyse blood agar and oil spreading
technique (AFSHARMANESH et al, 2013) [28].

Pseudomonas strains. The irradiation of the Pseudo-
monas aeruginosa strain to 300Gy resulted in the variant,
Pseudomonas aeruginosa MRO1-C, this mutant has the
ability of the hyperproduction of biosurfactants in MS
minimal medium. This strain synthesized an increased
amount of biosurfactant as compared to the control sample,
showed a rise in di-rhamnolipide from the sample to
88.6% *(15% greater than the control) and the amount of
Rha-Rha-C10-C10 increased to 52.08% (~ 45% higher than
control) (LOTFABAD et al, 2010) [29]. Igbal, 1995 [30],
reports getting a mutant of Pseudomonas aeruginosa strain
S8, obtained by y-irradiation to 300-400 Gy. This micro-
organism is capable of hyperproduction of biosurfactant,
that biosurfactant production has increased two to three-
fold using y-ray mutagenesis. Furthermore, mutant strain
emulsified crude oil much faster than parent.

Cyanobacteria strains. In the Synechococcus lividus
(COUNTER et al, 1986 [31] have shown that very low
chronic doses of y-radiation (53.5 mGyl/year) can stimulate
proliferation of the cells, induced a high superoxide
dismutase (SOD) activity followed by concomitant peaks
of glutathione reductase (GR) and glucose-6-phosphate
dehydrogenase (G6P-DH). Furthermore, there is an
increase in pigment content and an enhancement of
glyceraldehyde-3-phosphate dehydrogenase (GAP-DH)
and the degradation of phycocyanin, thus demonstrating
that cells were submitted to a photooxidative stress. Later
on, (COUNTER et al, 1987 [32]) also demonstrated that
chronic y-irradiation with doses ranging from 0.058 mGy/
day to 0.204 mGy/day had a stimulatory effect on nucleic
acid synthesis and induced an increase in SOD, GR and
G6P-DH as a response to the oxidative stress. HU et al [33]
reported that low doses of y-rays, less than 1 kGy, could
stimulate the growth of A. platensis. Small changes in the
morphology of the filament were found at doses less than
0.5 kGy. The LDso was 1.0 kGy, while 2.5 kGy caused
100% lethality. WANG et al (1998) [34] studied the effect
of y-radiation (up to 6 kGy) on the growth and morphology
of four different strains of Arthrospira sp. and concluded
that it showed resistance to y-irradiation with stimulation
of growth at low doses, while the filaments would break up
or even disintegrate at high doses. Although many studies
have evaluated the biological response of cyanobacteria

to high doses of y-radiation, few studies have focused
on stimulation of bioactive compounds production in
A. platensis. RAZI and HASNAIN 2006, [35] studied the
effect of y-rays on the growth parameters of two chro-
mium resistant unicellular cyanobacteria, from the genus
Synechocystis sp. Both strains showed a significant
increase in chlorophyll content when irradiated at doses
of 1 to 10 Gy. Carotenoid content increased significantly
only in AHZ-HB-MK (DQ381960) sp. at all growth stages.
MOUSSA et al. (2015), [36] exposed A. platensis to
different y-radiation doses (0.5, 1.0, 1.5, 2.0, 2.5, and
3.0 kGy) and found that the optimum upsurge for chloro-
phyll a, carotenoids, intensity of total photosynthetic activity,
and carbohydrates is at 2.0 kGy. Ribuloso-1,5-bisphos-
phate carboxylase / oxygenase (RUBISCO) activity peaked
at 2.0 kGy and phosphoenol-pyruvate-carboxylase activity
(PEPCASE) peaked at 1.0 kGy. Another important study,
(BADRI et al, 2015) [37] showed that Arthrospira sp. PCC
8005 is highly tolerant to y-rays and can survive to at least
6400 Gy (dose rate of 527 Gy/h). Their detailed proteomic
and transcriptomic analyses performed after irradiation
with 3200 or 5000 Gy showed a decline in photosystem 11
quantum vyield, reduced carbon fixation, and reduced
pigment, lipid, and secondary metabolite synthesis. On the
other hand, transcription of photo-sensing and signalling
pathways, and thiol-based antioxidant systems was
induced. Furthermore, transcriptomics did show significant
activation of ssDNA repair systems and mobile genetic
elements (MGESs) at the RNA level. Interestingly, the cells
did not induce the classical antioxidant or DNA repair
systems, such as superoxide dismutase (SOD) enzyme and
the RecA protein. Arthrospira sp. cells lack the catalase
gene and the LexA repressor. Based on the observation that
irradiated Arthrospira cells did induced strongly a group
of conserved proteins, the authors (BADRI et al, 2015) put
forward the hypothesis that these proteins could be invol-
ved in the response of cyanobacterial cells to irradiation,
which remains to be checked. ABOMOHRA et al (2016)
[38] showed that in the cyanobacterium Arthrospira
platensis carbohydrate production by 106, 246 and 146%,
respectively and lipid content increased significantly over
the control at 0.5 kGy. Interestingly, carotenoid produc-
tivity showed significant increase at all used y-rays doses
up to 155% over the control whereas other components
decreased.

SHABANA et al (2017) [39] showed that in
A. platensis exposed to doses up to 2.0 kGy, significantly
increased the phenolic and proline contents and stimulated
the soluble proteins, malondialdehyde (MDA), vitamins
(A, K and B group) and mineral (N, P, Na, K, Ca, Mg
and Fe) contents. The activities of some N-assimilating
and antioxidant enzymes were significantly increased at
irradiation doses up to 2.0 kGy. This study withstands the
possible use of y-irradiation as a stimulatory agent to raise
the nutritive value and antioxidant activity of A. platensis.
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Gamma rays ionize water and generate ROS (reactive
oxygen species, which include hydrogen peroxide, H2O,
superoxide, O, and hydroxyl radicals, HO") which
interact with intracellular macromolecules, causing
damages and activating cellular pathways for repairing
them (ROBINSON et al [40]). The higher the dose of
y-radiation penetrates the cell, the greater the amplitude
of damages and the complexity of repairing mechanisms,
including DNA-repairing mechanisms, inorganic scaven-
gers (e.g., salts and Mn** ions) and organic scavengers
(carotenoids and ROS scavenging enzymes). ROS and

ROS-altered cellular compunds could interact with mem-
bers of signaling pathways to induce changes in some gene
expression, as suggested by TALE et al, 2017 [41]), for up
regulation of lipid biosynthetic pathway, and by BADRI
et al, 2015 [37]), for a group of conserved proteins.
We expect that the y-irradiation at low doses could
increase synthesis of some compounds important for cell
biology and for biotechnological and medical applications.

In Table 1 there are presented the main results
reported on stimulating effects of non-lethal y-radiation
doses on Archaea and Bacteria.

Table 1. Syntethic presentation of some archaean and bacterial strains where y-irradiation stimulates metabolism
(for more explications, please see the text)

Strain Irradiation Results Authors
Halobacterium salinarum 2.5-7.5 kGy | No distinct loss of viability up to 2.5 kGy | Kottemann et al,
NRC-1 (ATCC 700922) (D10 to 5 kGy); increased sensitivity to 2005

irradiation in stationary phase.
Haloferax 0.5 Gy/s The resistance of Haloferax IRU to Asgarani et al, 2006
radiotolerans (IRU) vy irradiation — partly attributable to high
intracellular KCI and bacterioruberin.
Halobacterium 3 Gy/min Bacterioruberin protection to y rays. Shahmohammadi et
salinarum NRC 34002 al, 1997
Synechococcus lividus chronic Increased growth rate and of some Conter et al, 1986,
y-irradiation | enzymatic activities 1987
A. platensis. 0.5 kGy- At lower irradiation growth is stimulated Hu et al, 1990
3.0 kGy
Arthrospira sp up to 6 KGy | At low irradiation the growth is stimulated | Wang et al, 1998
Arthrospira sp. PCC 8005 | 3.2 or5kGy | Detailed proteomic and transcriptomic Badri et al, 2015
analyses
Arthrospira platensis 0.5 kGy- Stimulatory effects at 0.5 Gy and Abomohra et al,
2.5 kGy inhibitory ones at higher density (2016)
A. platensis doses up to Increased content of soluble proteins, Shabana et al, 2017
2 kGy vitamins and minerals
Pseudomonas aeruginosa. | 0.3-0.4 kGy | hyperproduction of biosurfactants Igbal et al, 1995
Bacillus subtilis UTB1 0.1-3 kGy biosurfactants and more robust biofilms Afsharmanesh et
Afsharmanesh et al, 2013 al, 2013
Pseudomonas aeruginosa 0.3 kGy increased amount of biosurfactant Lotfabad et al, 2010
MRO01-C

Conclusions

The content of this review argue that, at international
level, the topic is under increased interest. The results
rewieved in this paper show that the use of non lethal
gamma irradition on prokaryotic cells, both Archaea and
Bacteria, could stimulate, in some cases, the synthesis
of various metabolic products. All these changes are
important indices toward understanding the mechanisms
involved in the control of their synthesis, wheres some of
them concerns metabolites which are of biotechnological
significance as well (biosurfactants and PHA, carotens,
lipids etc.)

Research perspectives

The perspectives of this domain concerns both
biotechnological and fundamental research. With respect to
applications: i) The use of bacterial strains, including those
isolated from contaminated area, and able to produce
metabolits in excess following gamma irradiation with
biotechnological potential; ii) the cultivation of the selected
prokaryotes/microorganisms on minimal media or as
cheap as possible ones, eventually based on waste products
as well; iii) diversification of researches concerning the
characterization and the utility of biologic active products
represent the first interest for the implementation the
biologic methods in various technologies.
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