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Isolation of Two Radiation Resistant and Desiccation Tolerant 
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Abstract⎯Although dryland ecosystems are the most abundant terrestrial biomes on the Earth, relatively lit-
tle is known about their microbial diversity and potential metabolic activities. Therefore, the bacterial diver-
sity of the Lut Desert in Iran has been remained largely obscure. In this study, ionizing radiation resistant bac-
teria from arid Gandom Beryan region was investigated by a culture-dependent method. After exposing the
soil and surface sand samples to different periods of dehydration in a desiccator containing silica gel, two non-
endospore-forming bacterial isolates were recovered by plating on R2A and TSA agar media and then sub-
jected to a desiccation and ionizing radiation resistance assay. The isolates A2 and B9 were still recovered after
8 weeks in a desiccator containing silica gel and were moderately resistant to gamma radiation with a D10 value
between 2 and 4 kGy. Strains A2 and B9 were affiliated with Modestobacter muralis MDVD1T (99.7% simi-
larity) and Maritalea mobilis E6T (97.3% similarity) respectively, using 16S rRNA gene sequence analysis.
This is the first report of radiation resistant bacteria which belongs to the genus Maritalea.
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Hot arid deserts are characterized by some harsh
environmental conditions of life. However, unique
extremophiles such as radiation resistant and desicca-
tion tolerant bacteria have been evolved there (Bull
and Asenjo, 2013). Beside the low water availability,
microorganisms in hot deserts are faced with a combi-
nation of extreme environmental stresses including
temperature f luctuations, intense solar f luxes, oligo-
trophic conditions and frequently high salinity levels
(Chanal et al., 2006). Resistance to ionizing radiation
which is correlated with the production of free radi-
cals, known as reactive oxygen species (ROS), has also
been correlated with tolerance to desiccation. Induc-
ing diverse damages to cellular macromolecules such
as DNA, proteins and lipids, oxidative stress results
from ROSs. Different cellular defense mechanisms
e.g. efficient DNA repair systems, pigments such as
carotenoids, ROS scavenging enzymes (e.g., catalases,
superoxide dismutases, and peroxidases) and antioxi-
dant complexes containing Mn2+ were described to
overcome oxidative stress in both desiccation tolerant

and radioresistant microorganisms (Slade and Rad-
man, 2011). The bacterial genera Deinococcus (Slade
and Radman, 2011) and Rubrobacter (Terato et al.,
2011) show the highest radioresistance level among all
microbial species.

Correlation between desiccation tolerance and
radiation resistance phenotypes has been demon-
strated for more than four decades (Mattimore and
Battista, 1996; Tanaka et al., 2004). According to the
“desiccation adaptation hypothesis,” on the one side,
environmental background gamma radiation doses on
the Earth is very low (175 mGy year–1 is the highest
measured dose rate), and on the other side drylands
compared to environments with high gamma radiation
flux were more common on the Earth’s surface. As a
result, desiccation has been proposed as a key selective
pressure to evolve unusual radiation resistance pheno-
type in radioresistant bacteria (Fredrickson et al.,
2008; Mattimore and Battista, 1996; Slade and Rad-
man, 2011). For instance, the evolution of resistant
structures with a low water content and undetectable
metabolic activity such as endospore in bacteria and
akinete in cyanobacteria has been a suitable strategy1 The article is published in the original.
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for the distribution of primitive cells. However, resis-
tance against desiccation in bacteria is not considered
in dormant forms and this extreme feature is taken into
consideration in vegetative cells (Slade and Radman,
2011). Continuous isolation of different bacterial
radioresistant species in the genera Deinococcus,
Hymenobacter, Kocuria, Kineococcus (Rainey et al.,
2005), Geodermatophilaceae (Busarakam et al., 2016;
Rainey et al., 2005; Sun et al., 2015) and cyanobacte-
rium Chroococcidiopsis (Billi et al., 2000) from desert
soils and arid environments around the world can
proved the above hypothesis.

The study of arid and hyperarid desert ecosystems
has become increasingly common and the majority of
to date studies have been conducted on the Atacama
Desert in northern Chile as the driest and oldest desert
on the Earth by NASA (Azua-Bustos et al., 2012). The
Lut Desert (the word Lut means bare; little or no veg-
etation) with an area of 199 000 km2 between 28° N
and 32° N latitude, as the 25th largest desert in the
world is located in eastern part of Iran. The Lut Desert
with a surface temperature more than 70○C between
2003 and 2010 is considered as the one of hottest
places on the Earth. A black hill with an area of about
200 km2 which covered by volcanic lava, locally called
Gandom Beryan (translated as Toasted Wheat), is
located in 80 km of north of Shahdad in Kerman prov-
ince, Iran. It is the existence of background black
rocks together with surrounding yellowish color soil
that greatly differentiates this area. Due to its black
appearance, the hill absorbs considerable amount of
sun’s energy, leading to extraordinary high tempera-
ture. In addition, a saline river, locally called Shoor
River, as the only permanent river f lowing at the heart
of the Lut Desert. The physicochemical properties of
this river and its microbial diversity was presented else-
where (Shirsalimian et al., 2017). The Lut Desert has
attracted enormous attention recently and was
inscribed as the Iranʼs first natural site in UNESCOʼs
World Heritage List in 2016.

So far, little has been written about microbiological
features of the Lut Desert: two strains of Deinococcus
spp., resistant to >15 kGy of gamma radiation and
>600 J/m2 of UV radiation, were isolated from a soil
sample collected from the Lut Desert (Mohseni et al.,
2014). Also, three radioresistant haloarchaeal strains
belonging to the family Halobacteriaceae, Natrialba
aegyptia, Natrinema pallidum and Haloterrigena jeot-
gali, with a D10 value between 2 and 3 kGy were iso-
lated from Shoor River (Shirsalimian et al., 2017).

In this study, 16S rRNA gene analyses with cultiva-
tion were used to characterize the diversity of desicca-
tion tolerant bacteria in soil and surface sand samples
from Gandom Beryan hill. Then, we investigated
whether they could also be tolerant to ionizing radia-
tion. Two isolates belonging to the genera Modestob-
acter and Maritalea showed resistance to gamma radi-
ation and desiccation.
MATERIALS AND METHODS

Site description and sample collection. A mixed
sample of soil (upper 5 cm) and surface sands were
collected in sterile glass containers from Gandom
Beryan hill (31°01′00″ N, 57°40′20″ E) in July 2015, in
the Lut Desert of Iran (Fig. 1). The samples were kept
at ambient temperature until processed. Analysis of
physicochemical parameters of the soil sample also
was carried out (Kavir Jonoob, Yazd). Flame photom-
etry was used to measure the concentration of sodium
and potassium ions. Determination of the ferrous and
manganese contents was performed by atomic absorp-
tion spectroscopy. Concentration of other ions was
calculated by methods based on titration. Total nitro-
gen and absorbable phosphorous contents were mea-
sured by Kjeldahl and Olsen methods, respectively.
Organic carbon was determined by a potassium
dichromate titration (Carter and Gregorich, 2007).
The pH was determined with a pH meter.

Isolation and culture conditions. A sterile glass petri
dish was filled with 5 grams of each sample in 4 repli-
cates and incubated in a desiccator containing silica
gel at 30°C (Chen and Alexander, 1972). After 1, 2, 4,
and 8 weeks, a petri dish was removed from desiccator
and then samples were diluted in sterile 0.85% NaCl
solution (w/v) and finally plated onto R2A and TSA
agar media. Single colonies were purified on the same
agar plates by successive cultivation after 14 days incu-
bation at 30°C. Isolates which were found by micro-
scopic examination (Light microscope Olympus
CH40, 100× magnification) to be endospore-forming
species were discarded because their possible resis-
tance against stresses found in deserts including pro-
longed desiccation, solar irradiance and starvation is
due to their endospore form.

Desiccation resistance assay. To assess the desicca-
tion tolerance, isolates were grown in a liquid medium
at 30°C for 24 h. In all experiments, strain A2 was
grown in the complex Luedemann medium (Luede-
mann, 1968) containing 0.5% (w/v) yeast extract,
1.5% (w/v) malt extract, 0.01% (w/v) glucose, 1%
(w/v) soluble starch and 0.2% (w/v) CaCO3. Agar
(1.5% w/v) was used to solidify medium. Also, strain
B9 was grown and plated on TSB and TSA media.
Cells were collected by centrifugation, then washed
and suspended in 0.85% NaCl solution to achieve an
approximate concentration of 107–108 cfu mL–1. 25
μL aliquots, in triplicate, were pipetted into the each
well of a standard 96-well microplate. A single micro-
plate was considered for each desiccation time and
then microplates were placed inside a desiccator con-
taining silica gel at 30°C. After 1, 2, 4 and 8 weeks after
desiccation, a microplate was removed and the per-
centages of survival were determined in the following
steps: the desiccated cells were revived by adding 250
μL of sterile 0.85% NaCl solution to each well, cells
10-fold serially diluted, plated and the CFUs counted
after a 7 days incubation at 30°C (Fredrickson et al.,
MICROBIOLOGY  Vol. 87  No. 3  2018
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Fig. 1. (a) The Lut Desert is located in eastern part of Iran; (b) location of the Gandom Beryan hill; (c) sampling site used in this
study; (d and e) hillside and surface of Gandom Beryan hill; (f) Kalut-neighboring Gandom Beryan from south side.
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2008). The percentages of survival were evaluated
using viable cells present in the original inocula. Tol-
erance to desiccation were compared to Deinococcus
radiodurans R1 (ATCC 13939) and Escherichia coli
(ATCC 10799) as desiccation resistant and sensitive
strains, respectively. D. radiodurans R1 was grown in
TGY broth (1% tryptone, 0.1% glucose, 0.5% yeast
MICROBIOLOGY  Vol. 87  No. 3  2018
extract) at 30°C and E. coli grown in Luria-Bertani
medium at 37°C.

Gamma radiation resistance assay. A washed cell
suspension was prepared as described above. 1 mL ali-
quots of final cell suspension from each strain, in trip-
licate, was irradiated in a sterile 1.5 mL Eppendorf
tube with a gamma cell 60Co source (Gamma Beam-
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Table 1. Physicochemical composition of the soil of Gan-
dom Beryan

Parameters Value

pH 7.62
Organic carbon (% O.C) 0.143
Total nitrogen (% N) 0.013
Absorbable phosphorous, ppm 13.02
Absorbable potassium, ppm 110.4
Ferrous, g/L 0.006
Manganese, g/L 0.002
Sodium, g/L 15.6
Chloride, g/L 17.7
Sulfate, g/L 11.3
Magnesium, g/L 0.07
Calcium, g/L 1.5
Bicarbonate, g/L 0.7
Carbonate, g/L 0.0
150 Type B, Canada) at different doses (up to 6 kGy in
steps of 1 kGy) of gamma radiation at room tempera-
ture. An unexposed tube served as a non-irradiated
control. After irradiation, the cell suspensions were
serially diluted in sterile 0.85% NaCl solution. Colony
counting on the agar plates after incubation at 30°C for
7 days was carried out. The percentages of survival
were calculated by dividing the surviving cells after
irradiation to viable cells in the non-irradiated control
(Gtari et al., 2012). D. radiodurans R1 and E. coli were
used as positive and negative controls, respectively.

16S rRNA gene sequencing. Bacterial genomic
DNA was extracted using a DNPTM Kit (CinnaGen,
Iran) according to the manufacturerʼs protocol. The
16S rRNA genes were amplified with bacterial univer-
sal primers 8F (5'-AGA-0GTTTGATCCTG-
GCTCA-3') as forward and 1492R (5'-GGT-
TACCTTGTTACGACTT-3') as reverse (Spencer and
Ragout de Spencer, 2004). PCR reaction was per-
formed in a Reddy 2× PCR MasterMix (Ampliqon,
Denmark) using by a Thermocycler (Veriti 96-well
Thermal Cycler, Applied Biosystems) at conditions as
follow: 95°C for 5 min, followed by 30 cycles each of
94°C for 1 min, 57°C for 1 min, 72°C for 75 s, with a
final extension step at 72°C for 7 min. The quality of
PCR products were checked by electrophoresis on 1%
agarose gel and then purified and sequenced by Mac-
rogen services (Seoul, South Korea).

Phylogenetic analysis. The identities of the 16S
rRNA gene sequences were determined using
BLASTn program in the GenBank database
(http://www.ncbi.nlm.nih.gov) and through EzTaxon
server (http://www.ezbiocloud.net), and then aligned
with the sequences of the closely related strains
retrieved from EzTaxon using ClustalX software
(Thompson et al., 1997). A phylogenetic tree was con-
structed by the neighbor-joining method (Saitou and
Nei, 1987) with bootstrap values based on 1000 repli-
cates (Felsenstein, 1985) contained in the MEGA
software package, version 6 (Tamura et al., 2013).

RESULTS
Sample characteristic analysis. Black Gandom

Beryan hill is only one of the unique phenomena
found in the Lut Desert. Some physicochemical char-
acteristics and ion concentrations of the soil sample
were presented in Table 1. Chloride, sodium and sul-
fate are the main ions in the soil. Low levels of organic
carbon and total nitrogen in the tested soil indicated
the oligotrophic conditions in the soil of Gandom
Beryan region. The pH was about neutral.

Identification of microorganisms. In a study of the
culturable diversity of radioresistant bacteria in the
soil and surface sands of arid Gandom Beryan hill
locating in the Lut Desert of Iran, two non-endo-
spore-forming pigmented colonies were obtained on
R2A and TSA agar plates after different desiccation
periods in a desiccator. A pale-pink colored colony
with gram-positive cocci occurring in diads and tet-
rads, designated A2, was isolated from a mixture of
surface sand sample of Gandom Beryan hill on R2A
agar medium. An orange pigmented colony on TSA
medium, designated B9, was also isolated from a mix-
ture of soil sample of Gandom Beryan hill. Cells of
isolate B9 were gram-positive with a diplococcic or
tetrad shaped. The 16S rRNA gene sequence similari-
ties of these isolates to relevant sequences were evalu-
ated. A search on the EzTaxon database showed that
the strain A2 was affiliated with Modestobacter muralis
MDVD1T (99.7% similarity) in the family Geoder-
matophilaceae. The strain B9 exhibited closest similar-
ity to the Maritalea mobilis E6T (97.3% similarity) in
the class Alphaproteobacteria. Phylogenetic analysis
was performed by construction of a dendrogram
(Figs. 2, 3). The GenBank/DDBJ accession numbers
for the 16S rRNA gene sequences of strains A2 and B9
are LC331307 and LC331308, respectively.

Resistance to desiccation. In the following step,
desiccation tolerance for the strains A2 and B9 after
exposure to different periods of dehydration was inves-
tigated, as well as D. radiodurans R1 and E. coli strains
were used for comparison. After 8 weeks in a desicca-
tor containing silica gel, strain A2 remained viable and
exhibited a 23% survival rate. Whereas, the viability of
D. radiodurans R1 decreased to about 15% over
8 weeks which was in agreement with previous
studies (Fredrickson et al., 2008). The survival per-
centages for strain A2 at 1st, 2nd, and 4th week were
calculated 62, 53, and 50%, respectively. Also, strain
B9 could survive after 8 weeks of desiccation and 15 ×
104 cfu mL–1 which equal to a 0.15% survival percent-
age were recovered. A rapid decline in viability for
strain B9 occurred after initial 7 days and a survival
MICROBIOLOGY  Vol. 87  No. 3  2018



ISOLATION OF TWO RADIATION RESISTANT 367

Fig. 2. Phylogenetic neighbor-joining tree based on 16S rRNA gene sequences showing the phylogenetic relationship of the
strain A2 to the genera Modestobacter, Geodermatophilus and Blastococcus within the family Geodermatophilaceae. Escherichia coli
(ATCC 11775) was used as outgroup. Bootstrap values (expressed as percentages of 1000 replications) are given at nodes. Bar,
0.05 substitutions per nucleotide position.
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percentage of 2.6% was observed, while the survival
rate was almost constant during the next 49 days. In
addition, the viability of the E. coli reduced dramati-
cally upon a week of desiccation and showed very little
or no survival after 2 weeks of desiccation. It should be
noted that as desiccator was opened at each time, the
relative humidity within desiccator increased and
upon resealing it decreased again. Therefore, the sur-
vival rates of bacteria may be affected by cycles of des-
iccation and partial rehydration (Mattimore and Bat-
tista, 1996).

A survival curve for the strains A2 and B9 as well as
D. radiodurans R1 was drawn. As shown in Fig. 4,
strain A2 like D. radiodurans R1 displayed a sigmoid-
shaped desiccation survival curve with a shoulder
before the exponential part, compared to a linear
curve for the survival of B9 strain.
MICROBIOLOGY  Vol. 87  No. 3  2018
Resistance to gamma radiation. There is a close
relation between desiccation tolerance and ionizing
radiation resistance mechanisms (Mattimore and Bat-
tista, 1996). The isolates A2 and B9, D. radiodurans R1
and E.coli were tested for their resistance to different
doses of gamma radiation. The D10 value, the radia-
tion dose necessary to provide a 90% reduction in via-
bility, was 3–4 kGy for Modestobacter sp. A2, whereas
the D10 value of Maritalea sp. B9 for gamma rays was
about 2–3 kGy (Fig. 5). Strains A2 and B9 showed no
loss of viability at 1 kGy dose of gamma radiation.
Strain A2 could survive up to 5 kGy and 0.2 × 104 cfu
mL–1 were recovered at this dose, whereas strain B9
showed no viability following exposure to 5 kGy of
gamma radiation. A 6 kGy dose of gamma rays kills all
cells in the original cultures of the strains A2 and B9.
D. radiodurans R1 culture showed highly radioresis-
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Fig. 3. A phylogenetic dendrogram which was generated by the neighbor-joining method demonstrated the phylogenetic relation-
ship of the strain B9 to the genera Maritalea and Devosia within the family Hyphomicrobiaceae and other related species in the
class Actinobacteria. Escherichia coli (ATCC 11775) was used as outgroup. Bootstrap values (expressed as percentages of 1000 rep-
lications) are given at nodes. Bar, 0.02 substitutions per nucleotide position.
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tance up to 6 kGy gamma rays dose without loss of
survival. The cell numbers in E. coli culture was
reduced dramatically after receiving a 1 kGy dose of
gamma radiation.

DISCUSSION

The genus Modestobacter as well as the genera Geo-
dermatophilus and Blastococcus constitutes the family
Geodermatophilaceae which belongs to the order Geo-
dermatophilale. Members of this family are known for
their unusual resistance against a number of extreme
environmental stresses and can colonize different
harsh environmental niches such as Antarctic or hot
desert soils, high altitude soils and rocks and historic
monument surfaces. Modestobacter strains are gram-
positive rods and cocci actinobacteria, occurring sin-
gly or in pairs which do not form endospore. Cells
often form short multiseptate filaments. Colonies
appear pink, dark brown or black pigmented
(Busarakam et al., 2016; Gtari et al., 2012). At the time
of writing, the genus Modestobacter consists of 6 spe-
cies (http://www.bacterio.net/Modestobacter.html).

Strain A2 isolated from the present study was affil-
iated with Modestobacter muralis MDVD1T (99.7%
similarity) based on 16S rRNA gene sequence analy-
MICROBIOLOGY  Vol. 87  No. 3  2018
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Fig. 4. Survival curves of Deinococcus radiodurans R1 (r), A2 isolate (d), B9 isolate (m) and E. coli (j) following exposure to des-
iccation.
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Fig. 5. Survival curves of Deinococcus radiodurans R1 (r), A2 isolate (d), B9 isolate (m) and E. coli (j) following exposure to
gamma radiation.
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sis. Resistance level to 56 days of desiccation in a des-
iccator containing silica gel for Modestobacter sp. A2
(23%) was even more than the classic desiccation tol-
erant D. radiodurans bacterium (15%). Modestobacter
sp. A2 was found to be moderately resistant against
gamma radiation with a D10 value between 3 and
4 kGy.

Gtari et al (2012) investigated the resistance pro-
files of a strain of Modestobacter multiseptatus, named
as BC501, which was isolated from Carrara marble
cave in Italy to different environmental stresses. 10%
of original cells from strain BC501 were recovered
after 60 days of desiccation period in a desiccator con-
taining silica gel and 6 kGy of gamma rays. Strain
BC501 was significantly less resistant to desiccation
than the Modestobacter sp. A2, whilst radioresistance
level of strain BC501 was about 2 times higher than
that of Modestobacter sp. A2. The same radioresistance
and desiccation tolerance profiles between strain A2
obtained from arid Gandom Beryan hill and strain
BC501 isolated from rock surfaces confirms environ-
mental niches that were occupied by members of the
family Geodermatophilaceae. Gtari et al. suggested that
MICROBIOLOGY  Vol. 87  No. 3  2018
the Geodermatophilus-Modestobacter-Blastococcus and
the Deinococcus-Thermus clades are similar in terms of
the presence of the resistant/sensitive traits to ionizing
radiation because unlike Geodermatophilus and
Modestobacter, the genus Blastococcus is sensitive
against effects of different oxidative stress-producing
agents.

Xu et al. (2009) isolated a pale-yellow colony on
LOSWM medium from coastal seawater collected
from Tianjin, China and presented it as a novel genus
and species, Zhangella mobilis, in the family Hyphomi-
crobiaceae. Further phylogenetic analysis transferred
the Zhangella mobilis from the genus Zhangella to the
genus Maritalea, with the name Maritalea mobilis
(Fukui et al., 2012). Three species in this genus have
been defined until today (http://www.bacte-
rio.net/Maritalea.html).

In the present study, strain B9 showed the highest
16S rRNA gene sequence similarity to Maritalea mobi-
lis E6T (97.3%) and less than 96% similarity to other
relatives. Due to low similarity level in 16S rRNA gene
sequence, strain B9 can be proposed as a new taxon
and needs more investigations using polyphasic taxon-
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omy. Radioresistance has not been reported in the
family Hyphomicrobiaceae and this study is the first
showing that the genus Maritalea belonging to this
family is resistant to gamma radiation and desiccation.
In contrast to D. radiodurans R1, resistance level of
strain B9 experienced a sharp fall after 7 days of desic-
cation, while the level fell slightly over the next follow-
ing days. Like haloarchaeal strains isolated from Shoor
River in the Lut Desert, resistance to desiccation in B9
strain did not follow the sigmoid survival curve pattern
of D. radiodurans and showed a more resistance to
desiccation in more long-term periods of time
(Shirsalimian et al., 2017). Maritalea sp. B9 remained
viable after desiccation for 8 weeks (a survival percent-
age of 0.15%) and was moderately resistant to gamma
radiation with a D10 value between 2 and 3 kGy.

There has been an upward trend toward in the study
of microbial diversity in arid and hyperarid desert eco-
systems. Research into understanding of these habitats
and their diverse microbial life such as radiation resis-
tant, desiccation tolerant, extremely halophiles and
lithobiontic microorganisms was begun only a few
decades ago, mainly in the Atacama Desert by NASA
(Azua-Bustos et al., 2012). Two main strategies were
used in desert-dwelling microorganisms to achieve
high resistances against ionizing radiation and desic-
cation: protection-based mechanisms by ROS-scav-
enging capacity such as Mn2+ complexes, carotenoids
and antioxidant enzymes; and well-developed DNA
repair systems. These strategies to combat oxidative
stress could provide new promising approaches for
bioremediation of radioactive waste sites, delaying
aging and preventing cancers (Slade and Radman,
2011). Microbiology of the Lut Desert and Gandom
Beryan hill located there has not been subjected to
study until today. The study of the microbial biodiver-
sity of this desert through both culture-dependent and
-independent methods can open various biotechno-
logical applications in the future.

In this study, isolation of desiccation tolerant and
radiation resistant bacteria from arid Gandom Beryan
region located in the Lut Desert was investigated. In
all, the results which obtained from the present study
can confirm the desiccation adaptation hypothesis. A
new strain of Modestobacter was isolated from surface
sands collected from Gandom Beryan hill as was iso-
lated in other deserts in the world. Conversely, there
has not been any report on desiccation tolerance and
radioresistance properties in the bacterial genus Mari-
talea belonging to the family Hyphomicrobiaceae,
making the present study unique with respect to the
strain B9 isolation. However, a polyphasic description
of the strain B9 is required according to low16S rRNA
gene sequence similarity. Modestobacter sp. A2 and
Maritalea sp. B9 were resistant against gamma radia-
tion with a D10 value between 2 and 4 kGy and main-
tained their viability over the period of 8 weeks of des-
iccation.
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