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Low concentrations of ethanol during irradiation drastically
reduce DNA damage caused by very high doses of ionizing
radiation
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Presence of low concentrations (1–2%) of ethanol during irradiation exhibited signiﬁcant protection against DNA damage
caused by very high doses (2–12 kGy) of 60Co-gamma-rays in vitro. Radiation-induced DNA damage was substantially
reduced in different types of DNA molecules (chromosomal DNA from Anabaena 7120 or Deinococcus radiodurans or
bacteriophage Lambda, and plasmid pBluescript DNA) when irradiated in the presence of ethanol, thus indicating the
generic nature of ethanol protection. The radioprotection appeared to be a consequence of the well known ability of ethanol
to scavenge hydroxyl radicals. Addition of ethanol during 6 kGy irradiation also reduced DNA damage in vivo and
improved post-irradiation growth recovery of Anabaena 7120 cultures. To our knowledge, this is the ﬁrst instance of ability
of very low ethanol concentrations to protect DNA from damage triggered by extremely high doses of 60Co-gamma rays.
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1. Introduction
Oxygen forms the basis of all aerobic life on our planet.
However, oxygen also forms reactive oxygen species as free
radicals (atoms or molecules with an unpaired electron),
which are highly reactive and damaging to biomolecules.
The chemistry of reactive oxygen species (ROS) is well
documented (Imlay 2000). The ROS formed include singlet

oxygen (1O2), superoxide (O2 ), the hydroxyl radical (OH )

and nitric oxide (NO ) (Elstner and Osswald 1994; Fridovich
1997; Finkel and Holbrook 2000; Halliwell and Gutteridge
1999). Hydrogen peroxide (H2O2), which produces the
highly damaging (OH) radical through Fenton reaction,
involving Fe2? ions, is often included among ROS. When
the ROS generated exceed a cell’s capacity to scavenge
them, the cell is said to be under oxidative stress (Billi
2009). Highly reactive molecules such as ROS are a major
source of damage to all biomolecules, nucleic acids, proteins
and lipids.
Ionizing radiation is one of the most damaging stress to
living cells and, depending on the dose, results in extensive
DNA damage. Such DNA damage is produced both by
direct and indirect effects of ionizing radiation in cells (Von
Sonntag 1987). The indirect effect results from interaction
with various free radicals, especially hydroxyl radical (OH.),
http://www.ias.ac.in/jbiosci

hydrated electron (e-aq) and H atom, produced by ionizing
radiation due to radiolysis of intracellular water (Dizdaroglu
1992). Studies using radical scavengers have shown that the
contribution of the indirect effects to the lethal effects and
DNA damage by ionizing radiation is approximately 70% in
oxic conditions in cells (Roots and Okada 1972; Chapman
et al. 1973). Free radicals generated by ionizing radiation
from water, especially OH., produce a large number of basederived and sugar-derived products in DNA, as well as cause
DNA-protein crosslinks (DPCs) in nucleoprotein (Teoule
and Cadet 1978; Von Sonntag 1987; Oleinick et al. 1987;
Dizdaroglu 1991).
Radiation induced DNA damage depends on factors
such as the radiation quality, the cell type and cell cycle
stage, the level of DNA organization, the DNA environment, ROS scavenging capacity, and also the speciﬁc
techniques and assumptions adopted in damage detection
and data interpretation (Prise et al. 1998). With DNA of
well deﬁned sizes (usually plasmids), single strand breaks
and double strand breaks can be easily measured by
electrophoresis, because the supercoiled, relaxed and linear forms can be easily separated into distinct bands and
visualized (Milligan et al. 1993). However, quantitation of
damage to chromosomal DNA tends to be somewhat
arbitrary and subjective.
15
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Living cells do not suffer radiation damage passively.
The strategy used for surviving such stresses is to
sequester the damaging ROS species followed by repair/
resynthesis of damaged biomolecules. A large number of
antioxidants are generally present in cells and scavenge
ROS (Eiamphungporn et al. 2012). Common alcohols
also protect both prokaryotic and eukaryotic cells against
the deleterious effects of low doses of ionizing radiations. This was ﬁrst shown in early 1950s (Burnett et al.
1951) and subsequently conﬁrmed by several studies
since then (Roots and Okada 1972; Dewey 1963;
Johansen and Howard-ﬂanders 1965; Cramp 1969; Roots
et al. 1982; Webb 1963; Billen 1984). Alcohols, like
ethanol, are reported to be good hydroxyl radical scavengers, with a rate constant of 1.95 9 108 dm3 mol-1
s-1of ethanol for OH radicals (Buxton et al. 1988).
Though the protective effect of alcohols during irradiation are generally believed to be due to removal of OH
(Sanner and Pihl 1969; Elstner and Osswald 1994),
radical scavenging effect of several alcohols on cell
survival after irradiation does not necessarily correspond
with their reactivity with the OH radical (Cramp 1969;
Ewing 1976a, b; Ewing and Kubala 1987).
Most of the studies on alcohol based protection against
radiation induced DNA damage have employed low doses
of ionizing radiations (upto 600 Gy) and rather high
concentration of alcohols (*6–20%) (Roots and Okada
1972; Burnett et al. 1951; Billen 1984; Cramp 1969;
Dewey 1963; Johansen and Howard-ﬂanders 1965; Roots
et al. 1982; Webb 1963; Paston et al. 2003).While the
doses up to 600 Gy can be considered meaningful as most
eukaryotic cells do not survive higher doses, the ethanol
concentrations employed (6–20%) do not appear to be
physiologically relevant in view of the extreme toxicity of
ethanol to living cells, especially eukaryotic cells (ManzoAvalos S and Saavedra-Molina 2010). Bacteria display far
superior tolerance to radiation (1 to 15–30 kGy of c-rays
in some cases) and certainly are more tolerant to ethanol
than mammalian cells (Yang et al. 2016). Organisms like
Anabaena and Deinococcus can efﬁciently survive high
doses (3–10 kGy) of 60Co-gamma rays (Battista 1997;
Singh et al. 2010, 2013). It is, therefore, interesting to
investigate if ethanol can protect DNA from extremely
high doses (in kGys) of ionizing radiations and at what
concentrations.
The present study examined the protective role of ethanol
against ionizing radiation induced DNA damage to demonstrate that low ethanol concentrations (1–2%) substantially
reduced the DNA damage caused by extremely high (2–12
kGy) doses of 60Co-gamma rays in vitro. The study revealed
that such concentrations of ethanol also offered limited
protection to DNA against 6 kGy of 60Co c-rays even
in vivo, and aided post-irradiation recovery (PIR) of Anabaena cells.

2. Materials and methods
2.1

Strains and growth conditions

Anabaena sp. strain PCC 7120 (hereafter referred to as
Anabaena 7120) was grown in Cyanophycean medium
(David and Thomas 1979) without combined nitrogen at pH
7.0, under continuous illumination (30 lE m-2 s-1) and
shaking (100 ± 5 rpm) at 28° ± 2°C. E. coli cells were
grown aerobically in Luria-Bertani medium (LB) at 37°C
and 150 rpm. Deinococcus radiodurans strain R1 (lab collection) was grown aerobically in TGY (1% BactoTryptone,
0.1% Glucose, and 0.5% Yeast extract) medium at 32°C
under agitation (180 rpm).

2.2

Post irradiation recovery of Anabaena 7120

Anabaena cultures were concentrated to a cell density
equivalent to 10 lg chlorophyll a ml-1and were exposed to
6 kGy of gamma radiation in the absence or presence of
different concentrations of ethanol. Subsequently cells were
washed with and inoculated into fresh media at a chlorophyll
a density of *3.5 lg ml-1, and allowed to recover for 7
days under usual growth conditions. Growth was measured
as increase in the content of chlorophyll a (Mackinney 1941)
during the post-irradiation recovery.

2.3

Isolation of plasmid and genomic DNA

Plasmid DNA pBluescript SKII (?) was isolated from
E. coli strain DH5a cells using Qiagen Spin Mini Prep Kit
(Qiagen, USA) as per the manufacturer’s protocol.
Genomic DNA was isolated from Anabaena (Apte and
Haselkorn 1990) and from Deinococcus radiodurans
(same protocol as for Anabaena with an initial ethanol
stripping of cells). Purity of DNA was estimated by
absorption spectrometry (O.D260/280 ratio which showed
a value of *1.8 for both genomic and plasmid DNA).
Bacteriophage lambda (k) DNA was obtained from Bangalore Genei, India.

2.4

In vitro DNA protection assay

Different types of DNA [genomic DNA of Anabaena 7120,
D. radiodurans, bacteriophage Lambda, or plasmid DNA
{pBluescript SKII(?)}] were used for the DNA protection
assay. All DNA samples were resuspended in 1mM EDTA
solution (pH8) and exposed to 60Co-gamma radiation at a
dose rate of 5 kGy h-1 (Gamma Cell 5000 irradiation unit,
Bhabha Atomic Research Centre, Mumbai, India), with or
without the speciﬁed concentration of ethanol. After
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irradiation, the DNA samples were electrophoretically
resolved on 0.8% agarose gel at 80 V for 2 h and 40 min.
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3. Results
3.1 Ethanol protects DNA from radiation-induced
damage

2.5

Estimation of in vivo DNA damage

In vivo damage in Anabaena 7120 cells was studied by a
modiﬁed protocol of in situ lysis and Pulsed Field Gel
Electrophoresis (PFGE), described earlier (Mattimore and
Battista 1996). Anabaena cells were exposed to 6 kGy dose
of 60Co-gamma radiation in the absence or presence of
12% ethanol, washed and allowed to recover in fresh culture media under the usual growth conditions. Cells (5–6
lg chlorophyll a equivalent) were harvested at different
time points of post-irradiation recovery (PIR) and immobilized in 0.8% agarose blocks after mixing them with
agarose in 1:1 ratio. Agarose blocks were processed for
in situ cell lysis by sequential treatment with lysozyme (2
mg ml-1 in 0.5 M EDTA, 37°C overnight) and proteinase
K solution (1 mg ml-1, 0.5 M EDTA, 1% L-sodium sarcosine, 50°C, overnight). DNA in agarose plugs was
resolved by Pulsed Field Gel Electrophoresis (PFGE) on
0.7% agarose gel in Gene navigator system (GE, USA) for
25 h with pulse ramp between 5–120 s. Lambda Ladder
PFG marker (50 kb to 1 Mb; New England Biolabs, U.K.)
was co-electrophoresed with samples for determination of
DNA size.

2.6

Quantitation of DNA damage

Densitometric quantitative analysis of gel images, that were
documented using gel-doc (Image Master VDS, Pharmacia
Biotech, USA), was performed using image analysis tool
ImageJ (Schneider et al. 2012), wherein quantity of DNA
in different lanes were compared with unirradiated DNA
sample (co-electrophoresed on the same gel) in terms of
percentage of (a) Open Circular, Linear and Supercoiled
forms in case of plasmids, or (b) arbitrarily chosen Large
([6 kb), Medium (1–6 kb) and Small size (\1 kb) fragments in case of genomic DNA resolved on agarose gels, or
(c) Large ([630 kb), Medium (194–630 kb) and Small size
(\194 kb) fragments in case of genomic DNA resolved by
PFGE.

2.7

Statistical analysis

Each experiment was carried out three times with 3 replicates each and mean ± S.E. values are shown for a representative experiment, except for the PFGE data (ﬁgure 5b)
and its quantitation (ﬁgure 5c) which were done only for the
experiment shown in ﬁgure 5a. Variation between different
experiments was less than 10 per cent.

When genomic DNA isolated from diverse organisms like
Anabaena 7120, Deinococcus radiodurans or bacteriophage
Lambda (ﬁgure 1a) or plasmid DNA (ﬁgure 2a) were irradiated in the presence of ethanol, the DNA damage was
signiﬁcantly reduced indicating the generic nature of ethanol
protection. To assess whether ethanol could mend damaged
DNA post-irradiation also or reduced DNA damage only
when present during irradiation, DNA sample was ﬁrst
irradiated and then mixed with unirradiated ethanol (ﬁgure 1b, lane 1), or DNA and ethanol were irradiated separately and then mixed (ﬁgure 1b, lane 2). In both cases no
protection against DNA damage was observed, indicating
that ethanol offered protection only when it was present
during irradiation. It was considered possible that ethanol
may not protect DNA or reduce the damage, but may simply
aggregate the fragmented DNA and retard its electrophoretic
mobility during electrophoresis. To verify this, DNA was
restriction digested with HindIII and incubated without (lane
1) or with ethanol (lane 2) before electrophoresis (ﬁgure 1c).
Ethanol did not alter the DNA mobility in this case.
Reduction in DNA damage by ethanol was also measured by
irradiating HindIII restriction digested DNA in the absence
(lane 3) or in the presence (lane 4) of ethanol. HindIII
digested DNA when irradiated without ethanol at 9 kGy,
yielded a complete smear of very short DNA fragments
(ﬁgure 1c, lane 3) as compared to unirradiated DNA (ﬁgure 1c, lane 2) or HindIII digested DNA irradiated in the
presence of ethanol (ﬁgure 1c, lane 4). When DNA irradiated in the presence of ethanol was subsequently restriction
digested with HindIII, it produced a proﬁle (ﬁgure 1c, lane
5) in between what was seen in lanes 3 and 4 (ﬁgure 1c).
These ﬁndings conﬁrmed that while ethanol did not aggregate DNA fragments, the radiation induced DNA damage
was considerably reduced in the presence of ethanol.
The effect of ethanol could be more clearly ascertained
with plasmid DNA, wherein the radiation induced single
strand breaks and double strand breaks could be distinctly
visualized (ﬁgure 2a). The plasmid pBluescript SK II(?)
when subjected to 2 or 9 kGy of gamma radiation, clearly
showed disappearance of ccc (covalently closed circular)
form of plasmid and generation of increasing amounts of oc
(open circular) and linear forms in a dose dependent manner
(ﬁgure 2a). Quantitative estimation of DNA damage (ﬁgure 2b) corroborated the visual observation (ﬁgure 2a).
Irradiation in the presence of 1% ethanol signiﬁcantly
reduced the ccc?oc?linear form conversion. At 9 kGy
most of the damaged DNA was seen as oc form and its
conversion to linear form was arrested, while the content of
linear DNA was reduced from *40% in the absence of
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Figure 1. Protection of chromosomal DNA, against radiation
induced damage, by ethanol. (a) Chromosomal DNA (2 lg) of
Anabaena 7120 (A. 7120), or D. radiodurans (D. rad), or
bacteriophage Lambda were irradiated without or with 1% ethanol
and electrophoretically resolved on 0.8% agarose gel at 80 V for 2
h and 40 min. (b) Anabaena 7120 DNA was irradiated and mixed
with unirradiated (U) or irradiated (I) 1% ethanol and then resolved
electrophoretically as mentioned above (c) Anabaena 7120 DNA
was restriction digested with HindIII enzyme. Restriction digested
DNA was exposed to ionizing radiation (9 kGy) in the absence or
presence of 1% ethanol and resolved electrophoretically as
mentioned above. Lane 5: Genomic DNA was irradiated in the
presence of 1% ethanol, followed by restriction digestion and
electrophoretic resolution as mentioned above.

ethanol to only *10% in the presence of 1% ethanol (ﬁgure 2b). To our knowledge, this is the ﬁrst report of ability of
ethanol to protect DNA damage at such high doses of 60Cogamma rays.
Ethanol protected DNA against radiation induced damage
in a concentration dependent manner (ﬁgure 3). With

Figure 2. Protection of plasmid DNA, against radiation induced
damage, by ethanol. (a) Plasmid pBluescript SK II(?) DNA [0.2
or 1 lg] was irradiated without or with 1% ethanol and resolved
electrophoretically as mentioned in ﬁgure 1. (b) Densitometric
analysis of DNA resolved as Open Circular, Linear and Supercoiled forms. Forms generated at different doses of irradiation, in
the absence or presence of ethanol, are shown as percentage of the
total DNA.

plasmid DNA, as ethanol concentration was increased, both
radiation induced SSBs and DSBs were reduced, and
ccc?oc?linear conversion decreased (ﬁgure 3a). Ethanol
also protected lambda DNA in a concentration dependent
manner even at a very high gamma-ray dose of 9 kGy
(ﬁgure 3b). As shown in ﬁgure 3c and d, the proportion of
intact DNA increased signiﬁcantly in plasmid DNA and that
of large size fragments increased in lambda DNA, as
the ethanol concentration, present during irradiation,
increased.
Figure 4 shows that ethanol (1%) could protect genomic DNA against radiation induced DNA damage even at
doses as high as 12 kGy. Damage reduction with ethanol
was quite impressive at low doses of 3–6 kGy (ﬁgure 4a,
b) and was clearly visible at high dose of 9 or 12 kGy also,
though the molecular size of ‘‘protected DNA’’ progressively decreased as DNA damage intensiﬁed. At 6 kGy
and 12 kGy the major species of damaged DNA were
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Figure 3. Ethanol concentration determines protection against radiation induced DNA damage in vitro. Plasmid or chromosomal DNA
were irradiated in the presence of different concentrations of ethanol and electrophoretically resolved as mentioned in ﬁgure 1. Various
lanes contained either (a) Plasmid pBR322 (200ng), or (b) Lambda DNA (1lg). (c & d) Densitometric analysis of DNA resolved as
(c) Open Circular, Linear and Supercoiled forms or (d) Large, Medium, and Small size fragments at different doses of irradiation, in the
absence or presence of ethanol. Different forms are shown as percentage of total DNA.

middle and small size fragments in the absence of alcohol,
which respectively changed to large and middle sized
fragments in the presence of alcohol, clearly demonstrating damage control offered by ethanol (ﬁgure 4b) at all
doses of radiation.

3.2 Protective effect of ethanol on post-irradiation
recovery
Since ethanol clearly reduced the DNA damage during
irradiation in vitro, it was of interest to know whether it
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4. Discussion
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6+

of low concentration of ethanol during irradiation reduced
the DNA damage and thus helped the cells to recover faster.
To ascertain that presence of ethanol during irradiation did
indeed reduce DNA damage, the DNA damage was examined in situ in cells irradiated with and without ethanol. The
in vivo DNA damage appeared to be relatively less when
ethanol was present during irradiation (ﬁgure 5b). Cells
irradiated in the presence of ethanol also repaired DNA
relatively faster than cells irradiated in the absence of ethanol
(ﬁgure 5b and c) as the fragments sizes were comparatively
higher with ethanol than without ethanol. Quantitation of
DNA damage corroborated this result and revealed that
small size (most damaged) fragments decreased while
medium size (less damaged) fragments increased in the
presence of ethanol (ﬁgure 5c).

12-

12+

Dose (kGy) +/- EtOH

(b)
Figure 4. Protection from radiation induced DNA damage by
ethanol at different doses of ionizing radiation. (a) Anabaena 7120
chromosomal DNA (2lg per lane) were subjected to different doses
of 60Co-gamma radiation in the presence of 1% ethanol, and
resolved on 0.8% agarose gel as mentioned on ﬁgure 1. (b) Densitometric analysis of DNA resolved as Large, Medium, and Small
size fragments at different doses of irradiation, in the absence or
presence of ethanol. Different forms are shown as percentage of
total DNA.

would protect DNA damage in vivo as well in Anabaena
7120 cells. Ethanol (2%) slightly reduced cell growth, but
not DNA per se, but when present during irradiation,
reduced the DNA damage and improved post-irradiation
recovery in Anabaena 7120 cultures. Cells irradiated with 6
kGy of gamma-rays in the presence of 2% ethanol displayed
50% superior recovery than cells exposed to the same dose
in the absence of ethanol (ﬁgure 5a). It implied that presence

Effects of ethanol on cellular physiology are rather complex,
especially in eukaryotic/mammalian/human cells. Ethanol
adversely affects several organs in human body (ManzoAvalos and Saavedra-Molina 2010) and is known to promote
cancer, particularly in breast tissue (Seitz et al. 2012).
Ethanol is known to be a genotoxic substance and causes
DNA damage indirectly through its catabolism to acetaldehyde, resulting in generation of ROS (Yu et al. 2010). But
in vivo ethanol effects can go either way. Ethanol (DNA
damage) also activates p53-dependent signal transduction,
and stabilization or downregulation of p53 have been shown
to respectively result in alleviation or increase in DNA
damage and cell cycle arrest in breast tissue (Zhao et al.
2017). Ethanol has indeed been shown to protect human
lymphocytes against DNA damage caused by hydrogen
peroxide and ionizing radiations in vitro, though it causes
DNA damage per se in these cells (Greenrod and Fenech
2003). Bacterial cells, especially Anabaena cells are devoid
of such ‘eukaryotic’ complexities. We, therefore, used such
cells to investigate if the impressive protection ethanol
offered in vitro against DNA damage triggered by very high
radiation doses can be observed in vivo as well.
A protective role of ethanol against the deleterious effects
of ionizing radiation has been reported earlier in both
prokaryotic and eukaryotic cells (Cramp 1969; Ewing and
Kubala 1987; Ewing and Walton 1991). Ethanol reportedly
reduced the DSBs induced in calf thymus DNA by ionizing
radiation. Presence of ethanol (0.4 mM or 1.85%) required
300 times more radiation dose to yield same amount of
DSBs in calf thymus DNA (Distel and Schuessler 1997). At
concentration of 3.5 M (*20%), ethanol has been reported
to protect DNA from ionizing radiation (10–30Gy) induced
damage (Paston et al. 2003). About 0.2 to 1 M (*1 to 6%)
ethanol reportedly protected E. coli B/r, Shigella ﬂexneri
Y6R and Chinese hamster V79 cells from X-rays induced
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Presence of ethanol during irradiation aids postirradiation growth recovery in Anabaena 7120: (a) Effect of
ethanol on post-irradiation recovery of Anabaena 7120. Anabaena
cultures (*10 lg ml-1chlorophyll a equivalent cell density) were
exposed to 6 kGy of gamma radiation in the absence or presence of
1–2% of ethanol. Cells were washed with and inoculated into fresh
media at a chlorophyll a density of *3.5 lg ml-1, and allowed to
recover for 7 days under usual growth conditions. Growth was
measured as increase in the content of chlorophyll a during postirradiation recovery. (b) Protection of in vivo DNA damage by
ethanol. Anabaena cells were exposed to 6 kGy dose of 60Cogamma radiation in the absence or presence of 2% ethanol, and
allowed to recover under usual growth conditions. Samples were
collected at different time points of PIR and processed as
mentioned in methods, and resolved by Pulsed Field Gel
Electrophoresis (PFGE) on 0.7% agarose gel in Gene navigator
system (GE, USA) for 25 h with pulse ramp between 5–120 s.
Lambda Ladder PFG marker (50 kb to 1 Mb; New England
Biolabs, U.K.) was co-electrophoresed with samples for DNA size
determination. (c) Quantitation of DNA damage. Densitometric
analysis of DNA resolved as Large, Medium, and Small size
fragments at different doses of irradiation, in the absence or
presence of ethanol. Different forms are shown as percentage of
total DNA.

b Figure 5.
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damage (Cramp 1969; Ewing and Kubala 1987; Ewing and
Walton 1991). The aforesaid studies have revealed protective
effects of high ethanol concentration, that are toxic to
eukaryotic cells, at very low doses of gamma-rays.

The present study investigated, for the ﬁrst time, effect of
low concentrations of ethanol at very high doses of 60Cogamma rays. Ethanol did not change the electrophoretic
mobility of restriction digested DNA fragments (ﬁgure 1).
But at concentration as low as 0.4%, ethanol was able to
reduce DNA damage from gamma radiation and 1% ethanol
could in vitro protect DNA at doses as high as 9–12 kGy.
This effect of ethanol was universal, and protected DNA
molecules isolated from Anabaena, Deinococcus, bacteriohage lambda and also different plasmids. Irradiation of
plasmids in presence of ethanol signiﬁcantly reduced nicking
as well as double strand breaks in a dose dependent manner
(ﬁgure 2).
Ethanol protected DNA only when it was present during
irradiation as has been reported earlier also (Brustad and
Singsaas 1971). Thus, protection offered by ethanol is consequent to its ability to scavenge the highly damaging
hydroxyl radical. Presence of 2% ethanol during irradiation
of Anabaena 7120 noticeably reduced the amount of DNA
damage caused by 6 kGy of radiation (ﬁgure 5b, c) and
allowed better growth recovery than in cells irradiated
without ethanol (ﬁgure 5a). Higher ethanol concentrations
were not tried, since they are known to be toxic to Anabaena
(Ehira et al. 2017).
The present study found low concentration of ethanol to
be very effective in reducing DNA damage when present
during irradiation. Earlier studies have demonstrated protective effects of high concentration (1–3.5 M or *6–20%)
of ethanol at low doses of radiation (up to 600 Gy). Novelty
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of the present study lies in convincingly demonstrating
signiﬁcant protection by low concentration (1–2%) of ethanol against radiation induced DNA damage at very high
doses (6–12 kGy of gamma-rays) in vitro, and even limited
protection of Anabaena in vivo against 6 kGy dose of
gamma-rays.
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