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Radioresistant bacterium, Deinococcus radicdurans, can repair com—

" pletely almost all of DNA damages including double strand breaks induced
by gamma-rays up to about 5 kGy. Tn order to reveal the repair mechanism,
it is necessary to develop a cloning vector available for the genetic
analysis, We tried to isolate plasmids from D.radiodurans Sark strain.

In the present paper the isolation and properties of plasmids were

described.
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1. Introduction

Micrococcus radiodurans was originally isolated in 1956 from canned

1)

meat which was irradiated with a sterilizing dose of gamme-rays .

This bacterium has been classified into a new genus, Deinococcus, by

)

Brooks and Murray in 1980, that can grow everywhere 1in sewage
sludge, animal feeds, and sawdust medium cof mushrooms 3’4). A
radioresistance in bacteria is associated in general with its spore-
forming capability. However, the radioresistance is also occured In

Deinococcus radiodurans eventhough it has no spore-forming ability. D.

radiodurans has been known to be radioresistant to both of lonizing
and ultra-violet radiation. The resistance of D. radiodurans to the
lethal and mutagenic action of UV, ionizing radiation and some
chemical compounds such as N-methyl-N'-nitro-N-nitroscguanidine{(MNNG),
nitrous acid(NA), ethylmethanesulphonate(EMS) andxg—propiolactone(BPL)

has been compared with that of Escherichis coli B/r. Tt was evidenced

that D.radiodurans was more resistant than E.coli B/r to the lethal
effects of UV, ionizing radiation and MNNG 'and NA, but sensitive to
EMS and BPL 5}.

D.radiodurans was isolated not only from irradiated but also from
unirradiated sources. This indicates that the radioresistance is an
inherent characteristic which is not acquired as a result of one or a
few exposures to radiation. It is known that the radioresistance of
this organism is due to high abiliiy of repair on DNA damages 6). In
fact, D.radiodurans can repair not only single- but also deuble-strand
breaks of DNA induced by radiation 7). However, the repair mechanism
in the bacterium has not been revealed. On the purpcse to reveal the
repair mechanism, the transformation using homologous chromogomal DNA
was only the method so far available for genetic analysis in the
bacterium. According to Moseley and Copland 8), however, there is a
limitation in direct use of chremcsomal DNA. In spite of a long
search, no phages have been found out from Deinoccccus spp. Further,
an attempt tc mobilize the chromosomal genes by introducing plasmids
from other species of bacteria as & vector have been unsuccessful 9).
To overcome this problem, a search of plasmids in Deinococcus spp. has
been carried out. It was found that several species of radio-

resistant bacteria  such as D.radiodurans Sark, D.radiophyrus,
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D.proteolyticus and others contzined plasmids except for D.radicdurans
~ . 10)
R1 strain

vecter for the type strain of D.radiodurans R

. The plasmid of Sark strain may be useful as a clening
1 Therefore, the
isolation of plasmids from Sark strain and their properties were

investigated.
2. Materials and Methods
2.1 Radiation sensitivity

Two strains of D.radiodurans Sark and R1 were grown in TGY medium
consisted of Bacto-tryptone 5 g, Bacto-yeast extract 3 g and glucose 1
g per liter. These bacteria were cultivated in shaking incubatcer at 30

°C for two days which were in a stationary phase. The cells werse
collected by centrifugation, washed with 0.01 M phosphate buffer(pH
7), then resuspended in the same buffer tc adjust to 1.0 of optical
density at 660 nm. 20 ml of the suspension was irradiated with
gamma-rays of Co-60 at a dose rate of 3 kGy/hr. The suspensions were
irradiated with the follcowing doses; 3.3, 4.8, 7.0, 8.4 and 10.4 kGy.
Nitrogen gas was bubbled through the sample during irradiation. The
first dose given, 3.3 kGy, was az single dose, while the focllowing
doses were fractional doses. Aliquot of suspensicn was taken out from
irradiated sample at intervals of certain minutes. The dilution of
suspension was maken in 0,01 M phosphate buffer containing 0.1%Z Tween
80, and plating for viable cell counts were dcre on TGY agar medium,
The plates were incubated at 30°C for 2 days until colonies were shown

off.
2.2 Plasmid isclation

D.radiodurans Sark strain was used in this experiment. The Sark was
cultivated 1in TGY-glycine medium  ccntaining C.27 glycine. The
separation of plasmids was conducted on agarose gel electrophoresis by
considering some conditions such as growth phase of bacterium, kinds
of agarose gel, concentration of agarose, pH of buffer and voltage of
electrophoresis. Buffers used in the experiments were TAE and TBE, TAE

buffer was maken up of 40 oM Tris-HCl, 1 mM acetate and 1 mM EDTA,
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D.proteolyticus and others ccntained plasmids except for D.radicdurans
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R1 strain 1
vecter for the type strain of D.radioduransg R

. The plasmid of Sark strain may be useful as a cloning
g Therefore, the
isolation of plasmids from Sark strain and their properties were

investigated.
2. Materials and Methods
2.7 Radiation sensitivity

Two strains of D.radicdurans Sark and R1 were grown in TGY medium
consisted of Bactc-tryptone 5 g, Bacto-yesst extract 3 g and glucose 1
g per liter. These bacteria were cultivated in shaking incubator at 30

°C for +two days which were in a stationary phase. The cells were
collected by centrifugation, washed with 0.01 M phosphate buffer(pl
7), then resuspendqd in the same buffer tco adjust to 1.0 of cptical
density at 660 nm. 20 ml of the suspension was irradiated with
gamma-rays of Co-60 at a dose rate of 3 kGy/hr. The suspensions were
irradiated with the following doses; 3.3, 4.8, 7.0, 8.4 and 10.4 kGy.
Nitrogen gas was bubbled through the sample during irradiation. The
first dose given, 3.3 kGy, was z singie dose, while the following
doses were fractional deses. Aliquot of suspensicn was taken out from
irradiated sample at intervals cof certain minutes. The dilution of
suspension was maken in 0.071 M phosphate buffer containing 0.1%Z Tween
80, and plating for viable cell counts were dcne on TGY agar medium.,
The plates were incubated at 30°C for 2 days until colcnies wefe shown

off.
2.2 Plasmid isclaticn

D.radicdurans Sark strain was used in this experiment. The Sark was
cultivated in TGY¥-glycine medium  containing 0.27 glycine. The
separation of plasmids was conducted on agarose gel electrophoresis by
considering scome ceonditions such as growth phase of bacterium, kinds
of agarose gel, concentration of agarose, pH of buffer and voltage of
electrophoresis. Buffers uged in the experiments were TAE and TBE. TAE

buffer was maken up of 40 mM Tris-HCl, 1 mM acetate and 1 mM EDTA,
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while TBE buffer consists of 89 mM Tris-borate, 89 mM boric acid and 2
oM EDTA., FElectrophoresis was held under two different conditions. One
was carried out in circulation of buffer cooled in ice, and another in
cold chamber(4 °C), The buffer circulation was mostly used for
electrophoresis which was run in room temperature under the voltage up
to 100 V.,

For recovery of plasmids, "EpiGene"(EpiGene Inc.), "GENE CLEAN"(BIO
101 Inc.) and low-melting-temperature agarose were used in relation to
the concentration of agarose and kinds of buffer.

{1)EpiGene: Tn this method, bands of plasmid DNA detected on agarose
gel by staining with O.5tpg/m1 of ethidium bromide(EtBr) were cut into
as small pieces as possible and then transfered to a specific eleectro
transfer chamber which contains DEAE matrix. Buffer was poured into
the chamber which was connected to a power electric source to allow
DNA +to come out of the gel and attach to the DEAE matrix. DNA was
eluted from DEAE matrix using 0.5 to 1.0 ml of TE buffer(10 mM Tris, 1
mM EDTA, pH 8.0) containing 1.0 M NaCl, then recovered by ethanol
precipitation.

(2)GENE CLEAN: In this method, DNA band excised from agarose gel was
dissolved in Nal stock solution, and then glass milk suspensiocn was
added. After the supernatant was discarded, the remained glass milk
pellet was washed in NEW {NaCl/Ethanol/Water) sclution (BIO101 Inc.).
DNA was eluted in water or low salt buffer. No ethancl precipitation
wag required in this method.

(3)IMTA: In low-melting-temperature agarose(ILMTA) method, DNA band
was cut into as small pieces as possible, and put into two volumes of
TE buffer(20 mM Tris-HC1l, 1 mM EDTA, pH8.0), then melted completely in
70°C water bath, This solution was then extracted by phenol saturated
with 0.1 M Tris buffer-0.2 % 2-mercaptoethanol, followed by phenol-
—chloroform(1:1) and chloroform-isoamylalcohol (24:1) before DNA was
collected by ethanol precipitaticn,

2.3 Digestion of DNA by resiriction enzymes
Several restriction endonucleases were used for a single or dcuble

digestion of DNA in this experiment. Reaction mixture was made up into

final 15 ’pl with W/ul of each endonuclease, 3 /ul of conecentrated
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buffer, 4 }ﬂ, of DNA solution and 7 Pl of distilled water. The
digestion was carried cut at 37°C for 3 hr. Twolpl of loading buffer
containing 50 % glycercol and 0.1 % bromophenolblue was added to the
mixture, then incubated at 60°C for 10 min. Electrophoresis was taken
part in TAE buffer(pH 8) with 0.9 % agarose gel. The voltage used for
the first 30 minutes was constant at 50 V, ther changed to 100 V for
3 hr. During 100 V electrophoresis, the buffer was circulated through
ice to keep it ccol. The mcolecular size of DNA fragments produced on
electrophoresis was calculated from migration of standard DNA. In this
experiments Sma T was used feor identification of plasmids, and EcoR I,
Hind 1III, Pst T, Dra I, Sca I, EcoT22 I and Cla I were also used for
making the restriction map of plasmid.

On the purpose te cenfirm the possible use of plasmid from
rifampicin resistant Sark strain, the plasmid of antibictic resistant
Sark strain was compared with a plasmid of non-resistant cne. The
restriction endonucleases used on rifampicin-resistant Sark plasmid
were Apa I, Bgi II, Dra I, EcoR I, Hind III, Pvu II, Sal I, BamH I,
Pst 1, 8ca I, Sma I and Xho I. These enzymes were alsc used tc the

plasmid of rifampicin non-resistant Sark strain as a contrel.
3. Results and Discussion
3.1 Radiation resistance

Sensitivies of D.radicdurans Sark strain and R1 strain are shown
in Fig.1. Although Sark strain is more sensitive than R? strin up to
10 kGy, the sensitivity more than 10 kGy seems not {% be so
different. Many chromosomal genes may be responsible for the radio-
resistance of the cells as stated above., In order to carry out genetic
analysis of the resistance, it is desirable to construct a cloning

1)

vector. It is reported thaet R, straln has no plasmid 1 s what we

1
confirmed in this experiment. So Sark strain was used for isclation of

plasmids.
3.2 Conditions available for separation of plasmid

In the plasmid separsation, the concentration of agarose and
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buffer, 4 }ﬂ, of DNA solution and 7 yl of distilled water. The
digestion was carried cut at 37°C for 3 hr. Two‘pl of loading buffer
containing 50 % glycercl and 0.1 % bromophenolblue was added to the
mixture, then incubated at 60°C for 10 min. Electrophoresis was taken
part in TAE buffer{pH 8) with 0.9 % agarose gel. The voltage used for
the first 30 minutes was constant at 50 V, then changed teo 100 V for
3 hr. During 100 V electrophoresis, the buffer was circulated through
ice to keep it ceool. The molecular size of DNA fragments produced on
electrophoresis was calculated from migration of standard DNA. In this
experiments Sma T was used feor identification of plasmids, and EcoR I,
Hind 1III, Pst I, Dra I, Sca I, EcoT22 I and Cla I were also used for
making the restriction map of plasmid.

On the purpose te coenfirm the possible use of plasmid from
rifampicin resistant Sark strain, the plasmid of antibictic resistant
S8ark strain was compared with a plasmid of non-resistant cne. The
restriction endonucleases used on rifampicin-resistant Sark plasmid
were Apa T, Bgl II, Dra I, EcoR I, Hind III, Pvu II, Sal I, BamH I,
Pst 1, 8ca I, Sma I and Xho I. These enzymes were alsc used tc the

plasmid of rifampicin non-resistant Sark strain as a contrel.
3. Results and Discussion
3.1 Radiation resistance

Sensitivies of D.radicdurans Sark strain and R1 strain are shown
in Fig.1. Although Sark strain is more sensitive than R1 strin up to
10  kGy, the sensitivity more than 10 kGCy seems not {% be so
different. Many chromosomal genes may be responsible for the radio-
resistance of the cells as stated above. In order to carry out genetic
analysis of the resistance, it is desirable to construct a cloning

1)

veetor. It is reported that R, strain has no plasmid ! y Wwhat we

1
confirmed in this experiment. So 3ark strain was used for isclation of

plasmids.
3.2 Cenditions available for separation of plasmid

In the plasmid separstion, the concentration of agarose and
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duration of electrophoresis tend to take an important part in this
process. The relative mobilities of plasmid DNA are dependent
primarily con the agarose concentration and are also influenced by the
strength of applied current or voltage and the lonic strength of the
buffer 12). Therefore, for the plasmid separation from bacterial
cells, various conditions were examined such as different growth
phase, kind or concentration of agarose, and kind or pH of buffer. The
DFA in the gel was stained with low concentration of ethidium bromide,
then detected by direct illumination of the gel wunder ultraviolet
light.

Fig.2 shows plasmid DNA recovered in two growth phases of early
stationary phase{24 hr cultivation) and late stationary phase(45 hr
cultivation). There is no qualitative and quantitative difference in
plasmids isolated from the bacteria. The effect of running time on
electrophoresis is shown in TFig.3. Using high-melting-temperature
agarose (m.p.>85°C), the concentration of C.6%7 either in TAE or TBE
buffer gave a good separation. The clean separation of plasmic bands
was appeared after 9 to 12.5 hr of electrophoresis. The four bands of
plasmid DNA were detected by staining, and named as F1, P2, P3 and P4.
The electrophoresis was carried out at 50 V for the first 30 minutes
and then at 100 V for the remaining time.

On the other hand, in low-melting-temperature agarose(m.p. 65°0C),
two concentrations of 0.6%Z and 0.75%7 were examined. As shown in Fig.4,
define plasmid bands can be obtained by using 0.6 Z agarose gel in TAE
buffer(pH 8.0). The times reguired for the plasmid separation in low-
melting-temperature agarcse was 5.5 hr, where the voltage was kept at
150 V throughout the run. When the electrophoresis was carried out
either in circulatbion of ice-cold buffer or in cold chamber at 4% °c
without %buffer circulation, the former condition gave better
separation than the later (Fig.5). As far as the kinds of buffer is

concerned, TAE and TBE were favourable to be used for the separation.
3.3 Recovery of plasmid from agarose gel
Four bands of plasmids separated by electrophoresis were tried to

recover using FpiGene, GENE CLEAN or LMTA methods. Amongst the thres
methods, GENE CLEAN and LMTA methods gave promising results in purity
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and yield of plasmid. GENE CLEAN methcd can be used either for high-
and léw—melting—temperature agarose in TAE or TBE buffer. But more
linearization had occered by GENE CLEAN compared with LMTA method. It
may occur during handling the suspension of glass milk pellet on which
plasmids attached. EpiGene method did not give any good result. From
the compariscn of three methods, it was clear that IMTA method was

most favourable for the separation and recovery of the plasmids.
3.4 Identification of plasmid

To confirm the purity and identification of plasmids, a restriction
endonuclease Sma I was used. Fig.6 shows an illustration of fragments
produced from each plasmid of P1, P2, P3 and P4. By conmparing the
density and the compeositicn of fragments separated by electrophoresis,
the purity of plasmids was determined. The digested DNA fragments of
P2, P3 and P4 show different electrophoretic patterns one another{Fig.
6, lanes 2, 3 and 4}. On the cther hand, P71 seems to be a mixture of
P2, P3 and P4, because P1 identical bands of No.1,7,9,12,13,14,15,16
and 17 can be seen in lane 2., Whereass, bands, No.2,4,5,6,10,11 and 19
are alsc seen in lane 4, and No.3 and 8 bands may be come from P4
plasmid. Herein, it can be seen that P1 plasmid is dominated by P2,
then followed by P3, while P4 is contaminated slightly in P1 plasmid.
Thus it 1s clear that P2, P23 and P4, which molecular size is 36, 45
and &7 kbp, respectively, are the Inherent plasmids in D.radiodurans
Sark. Two of those plasmids have been found by Mackay et al.jo) as
pUE10 and pUE11 which correspond te P2 and P3, respectively. However,

P4 plasmid was first found cut in this experiment.
3.5 Antibiotic resistant gene as a marker

A vecteor suitable for gene cloning must have at least the following
properties: (1)copy number in a cell is high, (2)there are many
recognition sites for restriction enzymes, (3}it posseses distinguish-
akle genetic markers, such as antiblotic resistance, to allow
selection on agar plates of cells containing the recombinant plasmid.
The plasmid of small molecular size carring a marker such as

antibiotic resistance is favorable as a vector. Therefore, P2 plasmid
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of the-smallest molecular size was examined to construct a vector. It
is hoped that antibiotic resistant strain would carry the resistant
gene on its plasmid. 90 Sark strain was cultivated in TGY medium
containing rifampicin to select mutant strain resistant to the drug,
and then plasmids were isclated. From the digestion of whecle plasmid
by several regtriction enzymes, it was found that no different
patterns of fragments were given on plasmid from rifampicin resistant
strain compared with normal one from cengitive strain (Fig.7).
Furthermore, the plasmids from rifampicin resistant strain 4id not
transform +to the sensitive strain. These results suggest that the
rifampicin resistant gene might be located on chromosomal DNA. So a
search would be required for transforming the antibiotic registant
gene from chromosomal DNA to plasmid DNA as & marker before it is used

as a vector.
3.6 Restriction map of plasmid

In order to construct cloning vector, the recognition sites of
restriction enzymes have to be known. Therefore, P2 plasmid was
digested by 9 kinds of enzymes, i.e., Bamd I, EcoR I, Hind 111, Pst I,
EcoT22 I, Sal I, Not I, Cla I and Xba I. A part of results is shown in
Fig.8. The fragment size after digestion with BamH I was calculated to
be 0.9, 9.8 and 26.6 kbp. As shown in restriction map of P2 plasmid
(Fig.9), three cleavage sites were also found by Cla I (4.0, 6.4 and
24.2 kbp), and two sites by Hind LIl (15.3 and 20.5 kbp) and Pst I
(2.5 and 27.3 kbp). Whereas FeoT22 I, Sal I, Net I and Xba I had
introduced single cut. From the analysis of these data obtaired by

electrophoresis, 18 cleavage sites were determined.

4. Conclusions

The several conditions for isclation of plasmids and the properties
of plasmids isclated from radiation resistant bacterium, Delnococcus
radiocdurans Sark strain, were investigated.

In the isolation of plasmids, it was found that the growth phase of
Sark strain did not influence the constitution of plasmids.

Low-melting-temperature agarose at 0.6 7 concentration in TAE
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of the smallest molecular size was examined to construct a vector. It
ig hoped that antibiotic resistant strain would carry the resistant
gene on its plasmid. So Sark strain was cultivated in TGY medium
containing rifampicin to select mutant strain resistant to the drug,
and then plasmids were isolated. From the digestion of whole plasmid
by several restriction enzymes, 1t was {found that no different
patterns of fragments were given on plasmid frem rifampicin resistant
strain compared with normal one from sensitive strain (Fig.7).
Furthermore, the plasmids from rifampicin resistant strain did not
transform +to the sensitive strain. These results suggest that the
rifampicin resistant gene might be loceted on chromosomal DNA, So a
search would be required for transforming the antibiotic resistant
gene from chromosomal DNA to plasmid DNA as a marker before it is used

as a vector.
3.6 Restriction map of plasmid

In order to construct cloning vector, the recognition sites of
restriction enzymes have to be known. Therefore, FZ2 plasmid was
digested by 9 kinds of enzymes, i.e., Bamd I, EcoR I, Hind I11, Pst I,
FeoT22 I, Sal I, Not I, Cla I and Xba I. A part of results is shown in
Fig.8. The fragment size after digestion with BamH I was calculated to
ve 0.9, 9.8 and 26.6 kbp. As shown in restriction map of P2 plasmid
(Fig.9), three cleavage sites were also found by Cla I (4.0, 6.4 and
24.2 kbp), and two sites by Hind IIT {15.3 and 20.5 kbp) and Pst I
(8.5 and 27.3 kbp). Whereas EcoT22 I, Sal I, Not I and Xba I had
introduced single cut. From the analysis of these data obtained by

electrophoresis, 18 cleavage siles were determined.

4. Conclusions

The several conditions for isolation of plasmids and the properties
of plasmids isclated from radiation resistant bacterium, Deinococcus
" radicdurans Sark strain, were investigsted.

In the isolation of plasmids, it was found that the growth phase of
Sark strain did not influence the constitution of plasmids.

Low-melting-temperature agarcse at 0.6 % concentration in TAE
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buffer(pH 7-8) gave the most promising results in separating the
plasmids. Voltage used for electrophoresis was 150 V with circulation
of cooling buffer. ¥or recovery of plasmids from the gel, low-melting-
temperature agarose gave the best results among the several methods
tested.

The agarose gel electrophoresis showed 4 bands of plasmid DNA named
as P1, P2, P3 and P4. The digestion of each plasmid by restriction
enzymes provided clear evidence that P2, P3 and P4 were different
plasmid one another and their molecular size was 36, 45 and 87 kbp,
respectively. Besides P1 was a mixture of P2, P3 and P4. The two of
them have besn found by Mackay et a1.10) as pUE10 and pUE11 which
correspond to P2 and P3, respectively. P4 was newly found in this
gtudy.

Te obtain a better plasmid for cloning vector, plasmids from
rifampicin-resistant Sark strain were compared with those from non-
resistant strain. From comparative digestion with several restriction
enzymes, it was found that no rifampicin-resistant gene was located in
the plasmids. The digestion of P2 plasmid by 9 kinds of restriction
enzymes gave 18 specific cleavage sites for the enzymes, what allowed

the constructicn of restriction map.
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buffer(pd 7-8) gave the most promising results in separating the
plasmids. Voltage uged for electrophoresis was 150 V with circulation
of cooling buffer. For recovery of plasmids from the gel, low-melting-
temperature agarcse gave the best results among the several methods
tested.

The agarose gel electrephoresis showed 4 bands of plasmid DNA named
as P11, P2, P3 and PL. The digestion of each plasmid by resiriction
enzymes provided clear evidence that P2, P3 and P4 were different
plasmid one another and their molecular size was 36, 45 and 87 kbp,
respectively. Besides P1 was & mixture of P2, P3 and PL. The two of
them have been found by Mackay et al.jo) as pUEI0 and pUE11 which
correspond to P2 and P3, respectively. P4 was newly found in this
study.

To obtain a better plasmid for c¢loning vector, plasmids from
rifampicin-resistant Sark strain were compared with those from non-
resistant strain. From comparative digestion with several restriction
enzymes, it was found that nc rifampicin-resistant gene was located in
the plasmids. The digestion of P2 plasmid by 9 kinds of restriction
enzymes gave 18 gpecific cleavage sites for the enzymes, what allowed

the construction of restriction map.
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Fig, Survival curves of Deinccoccus radicdurans Sark strain and R1
strain.

Origin ——

Plasmid ———*{

Fig. 2 Electrophoresis of plasmids isolated from Sark strain

cultivated for 45 hr(A) and 24 hr (B).
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Fig. 4 Plasmid isolation on electrophoresis using low-melting-
temperature agarose with a concentration of 0.6 % in TAE
buffer(pH 8.0).

The electrophoresis was run for 5.5 hr. The voltage was

set up at a constant of 150 V.
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The number of fragments produced by enzyme:
B (BamH I) : 3 L (Sal I)

E (EcoR I) : 4 N (Not I)
H (Hind III): 2 Cla (Cla I)
P (Pst I) : 2 Xb (Xba I)
T22 {EcoT22 I): 1

= e

Fig. 9 Restriction map of P2 plasmid.




