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Effect of Nt beam exposure on the activities of Mn-SOD
and catalase in Deinococcus radiodurans
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SHAO Chun-Lin, WU Li-Jun, YU Zeng-Liang
{Center of Fengle Ion Beam Bicengineering, Institute of Plasma Physics, the Chinese Academy
of Sciences, Hefei 230031)

Abstract Though the radiation-resistant bacteria Deinococeus radiodurans (D.
radiodurans) have a high resistance to the lethal and mutagenic effects of many
DNA-damaging agents, the mechanisms involved in the response of these bacteria
to oxidative stress arc poorly understood. In this report, the superoxide dismutase
(S0D) and catalase (CAT) activities produced in bacteria (D.radiodurans AS1.633)
and their change caused by 20keV NT beam exposure were examined. Resulis showed
that the activities of the enzymes were increased in the case of N* beam exposure
from 8x10*ions/em? to 6x10™jons/em® In addition, the treatment of HO3 and
[CHCl3+CH3CH,0H] and the measurement of absorption spectrum showed that the
increase of whole SOD activity resuited from inducible activities of Mn-SOD in (a
sub-type) D.radiodurans AS1.633. These results suggested that these bacteria possess
inducible defense mechanisms against the deleterious effects of oxidization.
Keywords Nt beam exposure, Deinococcus radiodurans AS1.633, Superoxide dis-
rmtase, Catalase
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1 INTRODUCTION

Bacteria Deinococcus, formerly a part of Micrococeuslt!, are the types of a small
number of exceptionally radiation-resistant, red-pigmented coccl considered to comprise
one of the eight major groups of the enbacteria. These bacteria share high resistance to
both the lethal and mutagenic effects of ionizing and ultraviolet (UV) radiation. Most
of the studies on the radiation resistant mechanisms of D.radiodurans mainly focused
on D.radiodurans R11?~%. Extensive investigation on radiation-sensitive mutants has
found that the unusually high radiation resistance of D radiodurans is attributed to their
efficient DNA repair system®”]. Two mechanisms for the repair of damaged DNA by
ionizing and UV light radiation in D.radiodurans have been described: excision repair and
recombination repair®¥. Other protective mechanisms may also be involved. Since many
effects of ionizing radiation are oxygen-enhanced!%), reactive factors, including hydrogen
peroxide and oxygen free radicals, they play an important role in radiation toxicity.
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Some reduced molecules, such as superoxide radicals (03 ), H20» and hydroxy! radicals
(¢QH), are produced during normal cellular respiration!!¥l, and can also be generated

1~14] - Biological damage caused by them includes oxidization of

by ionizing radiation
membrane fatty acids (resulting in lipid peroxidation), oxidization of proteins, and DNA
damagel’®’, D.radiodurans have developed defense mechanisms to prevent and repair
the oxidative damages. Enzymatic defenses, including SOD, CAT and peroxidase, exert
an important effect on the cell’s defensive repertoire against reactive oxygen species!?,
It possesses relatively high levels of SOD and CAT activities!'®l. However, Antioxidant
enzyme Tesponses to ion beam exposure in these bacteria are as yet poorly understood.

As we know, study of the interaction between low energy ions and solid material was
started about thirty years ago. Since then science of ion implantation materials has been
quickly developed. However, the biological effect of low energy ion exposure was ignored
for a long time because of its very low energy. Until the middle of 1980s, the biological
effect of ion beam exposure on seeds was observed in our laboratoryl?™. program for rice
of mutation breeding by low energy ions beam then was performed in Institute of Plasma
Physics, in collaboration with China Tnstitute of Rice. Through exploring the mutagenic
effect for years, it has been found that this approach can induce higher mutation rate
and wider mutational spectrum with higher survival rate for crop breeding. Since then
the ion implantation, as a new source for mutation, has been widely used in improving
crops in agriculture. Up to now, there have been more than one hundred groups taking
part in this project in China!'®l. In 1989, Yu Z. L. observed that the cellular walls
could be etched by ion beam, and suggested studying the action of low energy ion on
cells and tried to find its application in bioengineering. As a result, Gus gene and CAT
gene were successfully transferred into the intact cells and ripe embryo of rice etched
by ion beam, and the expression of the foreign genes were detected in these samplest'®).
In the middle of 1990°s, Yu Z. L. and his collaborators measured the mass deposition
effect of slowed-down implantation ions. For example, after nitrogen ions of 30 keV were
implanted into CH3COONa, a new chemical group cyano-group (-C=N} was detected
out. Furthermore, a number of amino groups (-NH:) were formed when the irradiated
samples were dissolved in water!?d.

In fact, the action mechanism of ion beam exposure in some areas is different from
that of traditional irradiation. For example, implanted ions in cells cause energy exchang-
ing, jons sputtering and slowed-down ions depositing. However, the biological effect of
low energy ioms was only recognized for more than ten years, Tt is obvious that the basic
mechanisms of exposure effects have been poorly understood. Therefore, it is necessary
to study the biclogical effects induced by low energy ions. In this study, we examined
the adaptive response of D radiodurans to NT beam exposure, and found that it could
stimmlate the increase of activities of SOD and CAT, and Mn-SOD of D radiodurans

AS1.633.
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2 MATERIALAS AND METHODS

2.1 Strains, media, and growth condition

D.radiodurans AS51.633 were obtained from Institute of Microbiology, the Chinese
Academy of Sciences. They were grown at 32°C with shaking (200r/min) in TGY
medium('8, which consisted of 10 g of tryptone, 5g of yeast extracts, and 1.0 g of glucose
per litre. Exponentially proliferating cultures were used for all experiments.

2.2 N* implantation and incubation

N* beam exposure was performed in the following way: cells harvested were sus-
pended in 50 mmol phosphate buffer (pH7.0) containing 0.1 mmol/L MgS0,, and were
washed three times with phosphate buffer and re-suspended in the same buffer. 50uL
suspension (approx. 3x108CFU/mL) of bacteria, which had been cultured in the expo-
nential growth phase for about 18h, were spread on four glass plates {2cmx3em). Then
the plates were put into vacuum (107° Pa) target chamber (designed for studying the
survival rate of the living cells), and implanted by 20keV N* beam after dry in air (ap-
prox. hmin). The Nitrogen ions were produced by the ASTPP’s ion beam bioengineering
instrument, and the pulse implantation technique was used with pulse time of 55 and
interval time of 30s. The beam of each pulse to the sample was 101 jons/em?, and the
sample in chamber of vacuum without ion implantation was used as control.

Immediately after implantation, the samples in the presence or absence of 100 pg/mL
chloramphenicol were propagated at 32°C with shaking at 200r/min for 18 hr.

2.3 Preparation of cell extracts

Cells harvested were washed twice with 50mM phosphate buffer (pH7.0) and sus-
pended in the same buffer containing 150pM/mL chloramphenicol (to prevent added
protein synthesis). Cell suspensions were then sonicated (using JY-92II sonicator) at
4°C (30s pulse on, 20s pulse off) for a total of 20min on ice. The homogenate was
clarified by centrifugation (6,000 g, 4°C, 30 min), the sediment was discarded and the cell
extracts solution was stored at 4°C for use.

2.4 Enzyme activity assays

The SOD activity was assayed by the method of Beauchamp and Fridovich??!l, In
this method, photochemically-generated superoxide radicals react with nitroblue tetra-
zolium (NBT), which produce insoluble purple-blue formazan. Since SOD can compete
with NBT in scavenging superoxide radicals, and inhibit the colour formation, this re-
action can be used to quantitative SOD activity in a sample. The reaction mixture
contained 56 umol/L NBT, 10 mmol/L methionine, 1.2 pmol/L riboflavin, 20 p,mol/L
sodium cyanide, 0.1 mmol/L EDTA, 50 mmol/L potassium phosphate (pH 7.8) in a total

volume of 5.0 mL. The reaction mixture was illuminated at 26°C with a 40 W fluorescent
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lamp; the colour formation due to NBT reduction was quantitated by determination of
Argg. Inhibition of this reaction by SOD in a sample was measured by plotting Asgn
against the quantity of the sample. Under the experiment conditions, 1 U of SOD ac-
tivity was defined as the amount causing 50% inhibition of the rate of NBT reduction.
Catalase was determined by measuring the decomposition rate of hydrogen peroxide at
240nmf*!l. 1U is defined as 1 gmol of H,Q; hydrolyzed /min.

2.5 Distinction of SOD isoenzymes types

Different types 80D iso-enzymes can be inhibited by different inhibitors, and CuZe-
SOD activity is inhibited in the presence of H2Oq, Mn-50D activity is inhibited by
CHCl3;+CH3CH,OH, (1:1.5V/V), and Fe-SOD by H;0; or (CHCl;+ CHsCH;OH}, s0
they can be identified!?3. In this test, the CuZe-SOD, Mn-SOD and Fe-SOD were distin-
guished from SOD isc-enzymes by adding 20 mmol/L H;0; and (CHCl;4 CH,CH,0H)
containing 0.1mmol/L EDTA and 50mmol/L potassium phosphate (pH7.8) in cell ex-
tracts solution for reaction 60 min?2l, respectively.

3 RESULTS

3.1 Effect of N* beam exposure on the activities of SOD and CAT in D.
radiodurans AS51.633

The activity curves of SOD and CAT of D.radiodurans A51.633 was showed in Fig.1.
Their activities kept at a relatively stable level when the N* beam exposure dose was less
than 8x10%%ons/cm?. They increased gradually and reached maximum within the dose
range from 8x 10" jons/cm? to 610" ions/em?(SOD) and 5 10'° ions/cm?®*( CATY), then
decreased when doses were more. Generally, when dose was less than 7x10'° ions/cm?,

activities of the two enzymes were improved by N' beam exposure as compared with

control.
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Fig.1 Bffect of N* b am exposure on S0OD and CAT activities of D.radiodurans AS1.633

Compared with cells that hadn’t been implanted (control), N* beam exposure in ab-
sence of chloramphenical induced the activity increase of SOD and CAT ih exponentially



284 NUCLEAR SCIENCE AND TECHNIQUES Vol.11

growing D.radioduransA51.633. However, cells treated in the presence of chlorampheni-
cal increase slightly these enzyme activities within the dose range from 83 10'* ions/cm?
to 6x10'% jons/cm?. This result indicated that de novo protein synthesis was required
for adaptation of D.radiodurans to oxidative stress by Nt beam.

3.2 Effect of H;0, addition on SOD activity of Deinococcus radiodurans

After HyO; treatment, the change trend of SOD activity (see Fig.2a) was similar to
that in Fig.1. However, when exposure dose was less than 8x10"*ions/cm?, SOD activity
was inhibited seriously by H,Qj, that was about cne-sixth as many as control. In this
examination, CuZn-SOD and Fe-SOD lost their most activities, and Mn-SOD kept its
more than 90% activity in the presence of 20 mmol/LH;Q;. In the light of the different
responses of the different types of SOD iso-enzymes to H20[221’22], we could deduced that
N beam exposure induce increase activity of Mn-SOD, and this confirmed that increase
activity of SOD in D.radiodurans resulted from inducement of N* beam exposure.

3.3 Effect of (CHCl;4+ CH;H;0H) treatment on SOD activity of D. radiodu-
rans

After the cellular extracts solution was treated with (CHCl3+CH3CH,OH), SOD
activity was inhibited substantially and its decrease was more serious when exposure
dose was more than 810 ions/cm?. Residual SOD activity was showed in Fig.2h. In
this study, 50D activity was inhibited fully by the treatment of [CHCl;+CH3CH;0H],
and more seriously when exposure dose was more than 8x10'ions/em?. According
to the principle, which Mn-SOD and Fe-SOD lost their activities in the order of Mn-
SOD>Fe-50D, and CuZn-SOD was affected by (CHCl34+CH;CH,0H) little, different
types of SOD iso-enzymes against [CHClz+CH3;CH,OH| were different21.22] we drew a
conclusion that ions beam exposure could stimulate and induced increase of Mn-SOD
activity of D.radiodurans AS1.633.
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Fig.2 Effect of H20; (a) and [CHCl3+CH3CH,0H] (b) on the activities of SOD iso-enzymes of
D.radiodurans AS1.633
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3.4 The Vis-UV absorption spetrum of SOD treated with H,O,

The Vis-UV absorption spectrum of 80D extract solution treated with 20 mmol/L
H;0» was showed in Fig.3. This absorption spectrum confirmed that ions beam exposure
induced the increase of Mn-SOD activity. The two absorption peaks of Fig.3 were the
characteristic absorption of Mn-$OD in 475nm vis-light and 280 nm UV-light?*, The
reason for this is that the high content of Tyrosine of Mn-SOD led to its maximum
absorption at 280nm UV, and Mn®*t was the main reason for the maximum absorption
at 475nm Visi?4),
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Fig.3 The absorption spectrum of SOD treated with H,0;

4 DISCUSSION

SOD, CAT and peroxidase(POD) may play an important part in the defense against
oxidative stress, and they were called protective enzymes. Our results indicate that
D.radiodurans AS1.633 responds to oxidative stress of ion beam exposure by inducing
increase of protective enzyme activity, especially Mn-8OD activity.

Some investigations have showed that Mn-SOD plays a more important tole in
radiation-resistance than Fe-SOD and CuZn-SODE%2%. These findings were of impor-
tance to understand mechanisms involved in the tresponse of D.radiodurans AS1.633 to
oxidative stress of ion beam exposure. It was reported that energy deposition, momentum
transfer, mass deposition and electric charge neutralization and exchange characterized
the action of low energy ion to organisms. Therefore, the response of antioxidant enzyme
to ion beam exposure has close relation to the four action types mentioned above, we
conclude that the effect of mass deposition and electric charge was responsible for the
increase of Mn-S30OD and CAT activities.
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