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Abstract Objective The primary objective of this study was to identify whether the manganese ions Mn [l transporter genes DRI709
and DR2523 played roles in Deinococcus radiodurans’s radiation resistance. The second objective was to study the relationships among
manganese ions manganese ions transporter genes and the bacterial radioresistance. Methods We constructed mutants of DRI709 and
DR2523 . The wild type and the mutants were treated with UV and hydrogen peroxide H,O, . The survival fractions of the three strains were
analyzed. Results Disruption of DR2523 hardly affected the growth of D. radiodurans in tryptone-glucose-yeast extract TGY broth. But
at each site of the logarithmic stages the ODyy, values of DR/709 mutant M1709 were much lower than those of the wild type. After being
treated with H, O, and UV the survival rates of M1709 cells at each dose were much lower than those of the wild type. However the DR2523
mutant M2523 and wild type had the similar appearance after being treated with H, O, and UV though the wild type had the higher survival
than M2523. DRI709 and DR2523 could protect D. radiodurans from irradiation and superoxide radicals. In D.
radiodurans transporting Mn || from the medium was possibly controlled by several different steps. The roles of DR2523 might be partially
substituted by DR2283 and/or DR2284 while no other genes could exercise the similar function as DRI709 .

Conclusion
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Deinococcus radiodurans is a non-spore-forming protein damage caused during irradiation and Mn [[

bacterium notable for its capacity to tolerate exposure to
ionizing radiation ! > . Exploring the mechanisms of D .
radiodurans’s radiation resistance had potentially practical
purposes in cleaning up and stabilization of radioactive
waste sites * 77 .

D. radiodurans’s radiation resistance had been
attributed to a highly proficient DNA repair capacity © .
However the data from cryoelectron microscopy showed
that the DNA fragments in D . radiodurans were mobile
and that the arrangement of its nucleoids did not play the
key role in radioresistance =% . The degree of radiation

resistance was determined by the level of oxidative

ions can protect proteins from less oxidative damage in
D. radiodurans ° . But mechanism of Mn [ ions on
irradiation-tolerance remained still unclear.

DRI1709 and DR2523  ATP-

dependent ABC-type transporter were two predicted Mn

Nramp family

Il transporter genes in D. radiodurans. Study the
functions of DR1709 and DR2523 was helpful to reveal
the mechanisms about Mn [[  ions’ protection the
proteins. The aim of this paper was to test whether
DRI709 and DR2523 could provide a protection for the
bacterium against irradiation and superoxide radicals. We
found that the bacterium was affected little after DR2523

Supported by the Key Project of China National Programs for Fundamental Research and Development 2004CB719604

* Corresponding author. Tel/Fax + 86-371-67761947 E-mail shchang@ zzu. edu. cn

Received 9 October 2008/ Revised 13 December 2008



DR1709  DR2523 ./

2009 49 4 439

was disrupted. But the bacterium’s tolerance to UV and
H, 0, was reduced heavily when DRI709 was mutated.
The ODgy, values of M1709 were also much lower than
those of the wild type at each site of the logathmic
DRI709 and DR2523
radiodurans from irradiation and superoxide radicals.
The functions of DR2523 might be replaced partially by
DR2283 and/or DR2284 . But the possibility that other
genes played the similar roles as DRI709 was very little.

stages. could protect D.

1 MATERIALS AND METHODS

1.1 Strains and growing condition

The bacterial strains and plasmids used were listed in
table 1. All genes were identified as described in the
published genome sequence http //www. tigr. org/tigr-
database = gDR . All
D . radiodurans strains were grown at 30°C in undefined
rich media TGY broth 1% bactotryptone 0.5% yeast
extract and 0.1% glucose or TGY agar 1.5% agar .

scripts/CMR2/ genomePage3 . spl

Escherichia coli strains were grown in Luria-Bertani
LB broth or on LB plates at 37°C. Plasmids were
routinely propagated in E. coli strain JM109.

Table 1  The genotypes of the strains and plasmids used in this paper

Strains or plasmids Description Source or reference
D. radiodurans Rl ATCC13939 10
M1709 As RI but &dri709 This study
M2523 As R1 but & dr2523 This study
recAl  endAl gyrA96  thi-1 hsdR17  supkd4  relAl 2 lac-proAB /¥
E. coli ]M109 Dalian China

traD36  proAB*  lac I' lacZ AMI15
pUCI19 derivative with an EcoR V site Amp"

pMDI19-T Vector

TaKaRa Dalian China

pTK1709 pT1709 derivative with a Kan insert This study

pTK2523 pT2523 derivative with a Kan insert This study
pMDI19-T Vector derivative carrying DRI709 gene chromosome I positions 1733183-

pT1709 This study
1734493 treated with Aor51 HI and dephosphorylated

pRADK pRADZ3 derivative with a Kan insert Cat" Kan" Amp" 11

1.2 Growing curves

Growing curves were measured according to the
published methods '* . The cell density was determined
at 600 nm using a Beckman spectrophotometer with
approximately 2 x 10° CFU/mL present at 1 OD.
D. radiodurans and the mutants were grown overnight
and frozen at — 80°C in TGY supplemented with glycerol
to a concentration of 15% V/V .
liquid TGY the frozen
transferred to TGY plates. All cultures on TGY plates

Before growth in

strains were immediately

were checked for contamination by streaking for single
colonies. For liquid growth cultures were shaken at 180
r/min at 30°C with the culture volume kept at 10% ~
15% of the flask volume. Cultures were first grown in a
culture tube until ODgyy = 0.5 and then 50 #L cultures
were transferred to a flask containing 200 mL fresh TGY
broth and reinoculated. The ODgys of the cultures were
measured each 1 h interval. All data were measured for
triplicates and the average values were used. The curves

were drawn using Microsoft Excel.

1.3 UV irradiation and cell survival

Measurement of UV irradiation and cell survival rates
was performed as described before * . Cells were grown
in TGY broth at 30°C until ODgy = 0.5 and then were
serially diluted with PBS 137 mM NaCl 2.7 mmol/LM
KCl 5.3 mmol/L Na, HPO, 1.8 mmol/L KH, PO, at pH
74 in triplicate and spread onto TGY plates. After the
medium was absorbed the plates were opened and
exposed to UV light from a LP UV lamp 15 W Philip
at a rate of 0.295 J- s~ m~? Laser power meter
Gentec Canada Model-PSV-3303
incubated at 30 °C and colonies were counted after 2 to 3

The plates were

days.
1.4 H,0, treatment and cell survival rates

H, O, treatment of strains was prepared according to
Huang et al '* . The cells were grown in TGY broth at
30°C until ODgy = 0.5 and then various volumes of
H,0O, were added to the growing cultures. After the
mixtures were vortexed briefly and put in darkness for 1 h

at 30°C katalase Sigma was added to stop the
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reaction. Samples were withdrawn for immediate dilution
and plated on TGY agar plates. Survival rates were
calculated as a percentage of the number of colonies
obtained to untreated cells.
1.5 Disruption of DRI709 in D. radiodurans

The frame diagram of DRI709 mutant construction
was shown in Figure 1. The gene DRI709 of
D. radiodurans was amplified by PCR 94°C 1 min
52°C 50 s 72°C 3 min. 40 cycles using the primers
P1 5'-GTGGCGGACTGGTAGATG-3" and P2 5'-
CGGCGAGGACTTCAGC-3" . The  amplification
product was ligated into the pMDI19-T cloning vector
TaKaRa IM109
TaKaRa After
being extracted from the transformed FE. coli the
with  Aor51 HI and
dephosphorylated. The dephosphorylated plasmid was

and transformed into E. coli
following the standard procedure .
plasmid was  digested
named pT1709. The kanamycin resistant gene Kan with
the promoter GroEL was amplified from pRADK ' by
PCR 94C 1 min 55C 50 s 72°C 1.5 min. 40
cycles using the primers P3 5'-ACAGACAGCGCTTA

GAAAAACTCATCGAGCATCAAATG-3" and P4 5'-
TTCTAGAGCGCTCGCCAAGCTCGCGAGGCC-3'

pRADK
PCR

groEL+Kan

Aor51 HI

pTK1709

Aor51 HI digestion sites were underlined . The PCR
product was digested with Aor51 HI and ligated into
pT1709. The new plasmid was named pTK1709-1 and
also transformed into E. coli JM109. After being
extracted from the transformed E. coli cultures and
digested with Aor51 HI those plasmids containing the
1.2-kb band were selected and sequenced. The plasmid
in which the transcriptional direction of the kan gene was
opposite to that of DRI709 was selected and named
pTK1709.

After D. radiodurans R1 was transformed with
pTK1709 as described above ' chromosomal DNA was
isolated from the wild type and the possible mutants.
PCR was performed using the primers P1 and P2 94°C
I min 52°C 50 s 72°C 3 min. 40 cycles . The PCR
products were digested with Aor51 HI and
electrophoresed. If the mutant had been constructed
successfully three bands 800 bp 1205 bp and 1250 bp
would be observed. Since it was difficult to distinguish
1205 bp and 1250 bp bands in 1% agarose gel two bands
would be seen in the gel. However the predicted
digestion result of the wild type contained three bands

800 bp 1205 bp and 300 bp .

Genomic DNA from
D.radiocurans

l PCR

DRI709

Ingert into pMD19-T, treated with
Aor51 HI and dephosphorylated

pT1709

lTransfoml into D.radiodhirans

Select the possible mutants on TGY plate with kanamycin

!

Amplify the fragment corresponding to DR7709 from the possible mutants’ genomic

DNA i

Sequence the fragment. The strain where the transcriptional direction of Kar was
opposite to that of DR1709 was the wanted and named M1709.

' Fig. 1

The frame diagram of M1709 construction.
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1.6 Disruption of DR2523 in D. radiodurans

The total procedure of DR2523 mutant construction
was similar with M1709 Fig.1 . A PCR fragment the
DR2523 gene of D. radiodurans R1 was amplified from
the purified chromosomal DNA 94°C 1 min 58°C 50

sec 72°C 2 min 40 cycles Primers P5  5'-
GCAACAGGCACTGGAACCG-3' and P6 5'-CCACC
CTTGAAGACCTTGAGC-3' were  designed for

amplification. The PCR product was ligated into pMD19-
T vector and the new plasmid was named with pT2523.
After being transformed into E. coli IM109 the pT2523
plasmids were extracted digested with Apa [ and
electrophoresed. If a 1.5-kb band was observed in the
agarose gel the plasmid was afterward digested with
Aor51 HI and dephosphorylated. The Kan gene with the
promoter GroEL was amplified from pRADK '' by PCR
94°C 1 min 55°C 50 s 72°C 1.5 min. 40 cycles .
The P7 5'-ACAGACAGCGCTTAGA
AAAACTCATCGAGCATCAAATG-3" and P8 5'-
TTCTAGAGCGCTCTGC-AGACGCGTCATCTG-3’

were designed and the Aor51 HI digest sites were also

primers

underlined. The amplified product was digested with
Aor51 HI ligated into the dephosphorylated pT2523
transformed into E. coli JM109 and spread on the LB
plates containing 30 Mg kanamycin per ml. The plasmids
were extracted from the E. coli colonies growing on the
LB plates digested with Aor51 HI and electrophoresed.
If a 1.2-kb band was seen in the 1% agarose gel the
corresponding colonies were cultured and sequenced. The

plasmid where the transcriptional direction of DR2523
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was opposite to that of kan gene was named with
pTK2523.

D . radiodurans R1 was transformed into pTK2523.
After the chromosomal DNA was isolated from the wild
type and the possible mutants the PCR fragments were
amplified using the primers P5 and P6 94°C 1 min
58°C 50 s 72°C 2 min 40 cycles . The PCR products
were digested with Aor51 HI and electrophoresed. If
DR2523 had been disrupted successfully three bands

1442 bp 1104 bp 872 bp would be seen in 1%
agarose gel but two bands 1448 bp and 872 bp would
be observed in the wild type.

2 RESULTS

2.1 Construction of M1709 and M2523
There were two Aor51 HI sites in the genome
sequence of DRI709. The fragment corresponding to
DR1709 was amplified from the possible mutants and
digested with Aor51 HI. After being electrophoresed in
1% agarose gel two bands were seen suggesting that the
mutant had been constructed successfully Fig.2B . The
length of PCR fragment from the mutant was larger than
that in the wild type which also illustrated the inference
Fig.2B . The fragment corresponding to DRI709 in
the possible mutant was further amplified and sequenced.
We found that the transcriptional direction of the Kan
gene was opposite to that of DRI/709 data not shown .
These results showed that the gene DRI709 had been
disrupted successfully. The DRI709-disrupted strain was
named M1709 Table 1 .

1234 i) L1 234356
bp
HK—
~—1200 bp
~—s00bp  {$89T ~—1442 bp
1200— 1104 bp
1000—

=3} p ~—3872 bp

BN—
600—

Fig. 2 The construction of M1709 and M2523. A was the blueprint of mutants construction. B was the confirmation of DRI709
disruption by PCR and digestion. The enzyme was Aor51 HI. Lanes L DNA ladder 1 the digestion result of D. radiodurans R1 2
the digestion results from the mutant M1709 3 PCR product from M1709 4 PCR product from the wild type. C referred to the
confirmation of DR2523 disruption by PCR and enzyme digestion. The enzyme was Aor51 HI. Lanes L DNA ladder 1 the digestion
result of the wild type 2-6 the digestion results from the mutant M2523.
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After being transformed with the disrupted plasmid
pTK2523 the fragment corresponding to DR2523 was
amplified from the DNA of the possible mutants and the
wild type and then digested with Aor51 HI. If the
DR2523 gene was inserted as expected three bands
1442 bp 1104 bp and 872 bp would be found in the
agarose gel otherwise two bands 1448 bp and 872 bp
Fig.2C . The

corresponding to DR2523 from the possible mutant was

would be observed fragment
sequenced and found that the transcriptional direction of
the kan gene was opposite to that of DR2523 data not
shown which showed that the gene DR2523 had been
disrupted successfully. After DR2523 was disrupted the
strain was named M2523 Table 1 .
2.2 The growth in TGY broth

As shown in Fig 3 the growth curves of the wild type
and the two mutants were all S types which all had the
logarithmic stages. The curve of M2523 was consistent
with that of the wild type. But the ODgy, value of the
wild type was higher than that of M2523 at each site of
logarithmic stage. These indicated that after DR2523 was
disrupted the growth of D. radiodurans in TGY broth
was affected little. However the ODgy, values of M1709
at each site in logathmic stage were much lower than
those of the wild type. M1709 entered logarithmic stage
4 hours later than the wild type showing that the growth

of D. radiodurans was badly inhibited in logathmic
stage after DRI1709 was mutated.

2.5¢

20 —RI

-—M1709
——~M2523

1 35 7 9 11131517192123252729313335
t/h

-. 3 Growth curves of the three strains in liquid TGY .

2.3 M1709 was more sensitive o UV radiation than
wild type and M2523

After being spread on TGY plates the strains were
treated with UV radiation. Within 200 J/m? the three

strains had the similar survival fraction. When treated

with higher dose however the survival rate of MI1709
was much lower than those of the wild type and M2523.
After treated with 600 J/m® almost no survival M1709
cells can be found on TGY plates while 89% of the wild
type and 72% of M2523 cells were still alive Fig.4 .
M2523 had the corresponding survival fraction with the
wild type although the survival fraction of wild type was
higher than that of M2523 Fig.4 . M1709 was far
more sensitive to UV radiation than the wild type and
M2523.

Dose/(J/m?)
100 200 300 400 500 600
o
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oh
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-1.0 f

-1.2
-. 4 The survival fraction of the three strains after being treated
with UV.

2.4 The survival rates of the three strains after
being treated with hydrogen peroxide H,O,

After treated with H, O, the survival lines of the wild
type and M2523 were almost the same Fig.5 . But the
survival rate of M1709 was lower than that of the wild
type at each site especially at high doses 25 mmol/L
and 30 mmol/L.  Fig.5 . M2523 and the wild type had
the similar resistance to H,O,. But M1709 was much

more sensitive to H, O, than the wild type and M2523.

c(H2O,)/(mmol/L)
5 10 15 20 25 30
Orl 1 1 1 1 1 ]
-0.5 F
=
B
2
& 10Ff —-RI
§° —o- M1709
E sk —A— M2523
&
[=]
—
2.0 F
250

The survival fractions of the three strains after being
treated with H, O, .
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3 DISCUSSION

D. radiodurans had an exceptional ability to
withstand the lethal effects of ionizing radiation !’
Although several explanations on the extreme resistance
had been reported the underlying molecular mechanism
was poorly understood * ' . Rescently it was found that
Mn [l

ionizing radiation in D. radiodurans °

ions could alleviate the damage caused by
But how Mn
Il ions protect proteins remained unclear.
Mn homeostasis in bacteria depends upon regulation of
Mn [l

coordinated expression and activities of the transporters

transport which includes import and efflux. The

are necessary for the cells to be able to respond to

fluctuations in external Mn [ ' . There were two
types of Mn [[  transporters in D. radiodurans
Nramp family and ATP-dependent ABC-type

transporter . DR1709 belonged to the Nramp family and
DR2523 was one of ATP-dependent ABC-type
transporters 2 . Therefore in D. radiodurans utilizing
Mn [

several different

ions from the media was possibly controlled by
steps. In the genome of D.
radiodurans only one predicted Nramp family gene

DRI709 was found ® . In liquid TGY MI1709 grew
much slower than the wild type in logarithmic stage. It
showed that after DRI709 was disrupted the growth of
D . radiodurans was inhibited heavily suggesting that no
other gene could exercise the similar function as DR1709
in D. radiodurans. However M2523 showed the alike
appearance with the wild type although it grew slower
than the wild type. There were three possible ATP-
dependent ABC-type transporter DR2283-
DR2284 DR2523 in D. Radiodurans * . When
DR2523 was disrupted its partial functions could be
recovered by DR2283 and/or DR2284 .

After being treated with H,O, the M1709 cells had a
much less survival rate than wild type. In M1709 cells
the uptake of Mn ||
blocked. The concentration of Mn [[
might be low. When treated with H,O, the cells had
less Mn ]
Many cells were killed by the superoxide radicals

genes

ions from the medium was

ions in them

ions to react with superoxide radicals ° .

resulting that M1709 grew worse than wild type. After
DR2523 was disrupted the partial functions of DR2523
might be exercised by DR2283 and/or DR2284.

Therefore M2523 had the similar survival fraction with
the wild type. The survivals of the three strains under
UV treatment were also measured and the similar results

were found which also approved the inference.
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