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(5-10] radiodurans R1 ATCC13939)
DR1709 TGY (0.5% 0.3%
DR1102 DR1236 0.1% 1.5% )
30 °C
] (Kanamycin) 40 pg/mL
(Escherichia coli) LB (1%
0.5% 1%
dra0258 1.5% ) 37 °C
(Kanamycin) 50 pg/mL
(Ampicilin) 100 pg/mL
DRAO0258 1.1.2
dra0258 LA Tag DNA dNTPs T4 DNA
TaKaRa DNA Ladder
PCR
DRA0258 TIANGEN DNA
Sigma
1 #RAT7 &
1.1 1.2 DRAO0258
1.1.1
1 (Deinococcus NCBI (http://www.
F1. KEAMFERAIIMEMS R
Table 1. Strains and plasmids used in this work
Strains and Plasmids Characteristics Source
Strains
E. coli
DH5a Host for cloning vectors TaKaRa
BL21(DE3) Host for expressing proteins TaKaRa
DRA0258 BL21 BL21 containing expression plasmid pET28a-dra0258 This work

D. radiodurans
R1
Adra0258
Plasmids
pRADK
pET28a-dra0258

Wild type strains (ATCC 13939)

D. radiodurans dra0258 gene knockout mutant

Resource of Km resistance cassette
Plasmid for DRA0258 purification

Store in this lab
This work

Store in this lab
This work
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ncbi.nlm.nih.gov) KEGG (http://

www.kegg.jp/kegg/kegg?.html)

(E. coli)
Ferritin
DRAO0258 Clustal X
DNAMAN
1.3 DRAO0258
BL21(DE3)

PA0258F 5-GGAATTCCATATGGA
GTGGTGTGGGGCG-3'( Nde |
)  PAO0258R 5'-TTAGGATCCTTAGCGCTTGG

GCGCG-3'( BamH | )
Ndel  BamH |

pET28a
DHS5a

CaCl, 50 pg/mL

LB
BL21(DE3)
1.4 DRAO0258

pET28a-dra0258

5mL LB
500 mL LB 37 °C 220 r/min
ODg¢=0.6 200 pmol/L
IPTG 25 °C
150 r/min 16 h 1xPBS
2 40 mL

(500 mmol/L NaCl 20 mmol/L Tris-HCl pH 7.5)
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15000 r/min 50 min
AKTA
Ni-NTA
SDS-PAGE milipore
BCA
1.5 DRAO0258
[12] L-
562 nm
194 pL
1.5 mL Eppendorf
4 puL 100 mmol/L L- 2 uL
50 mmol/L 85 °C
20 min 13000 r/min 5 min
Ases  A700 (D

Cre2+=(A564—A700 )/27.9 ( pumol/L) €))
100 mmol/L EDTA
(pH 8.0)

EDTA
(apo-DRAO0258)
Fe*" (25 pmol/L)
(2 mmol/L) 37°C

37°C
Fe-EDTA DRAO0258
DRAO0258 (50 pmol/L)
DTT (2 mmol/L)

30 min

30 min

Fe-A0258

1.6



,2017, 57(1) 143

dra0258 3 1 Adra0258
D. radiodurans R1 1.7 H,0,
PF1 5-CGGTGCAGAA [14]
CCTCTCCGAAGTC-3" PR1 5'-TATAGGATCC TGY
CTTGAGATCATCGGTCATGGTGG-3" ( (ODgoy=0.8)
BamH 1)) dra0258 10 mmol/L MgSO, 10

(region 1) PF2 5-TTGAAGCTTCT 50 mmol/L
CGCGCCTTACCTCAAGGTG-3" ( (0 5 10 20 40 min)
Hind 1II) PR2 5-GTCTACACCGTGGTCGAGC 10 uL (30 mg/mL)
AGCAGT-3’ dra0258 TGY
(region 2) TGY 30 °C
BamH 1  Hind III 3d (0 mmol/L

pRADK BamH 1  Hind III H,0, )

groEL 3
1.8 Fe’*
Fe**
TGY
40 pg/mL TGY (ODgpy~0.8) 1xPBS
PF1 PR2 PCR DNA 150 pL TGY
(A) B) bp M MT WT

(Hind T (BamH T)

Kanamycin cassette

dra0259 — dra0257
<1975 bp
—] <1465 bp
“\ o
PRI (BamH 1) PR2
I | I |
l<Region > l«Region 2>

& 1. RITHk Adra0258 HIMIETIEE
Figure 1. Construction and identification of the mutant Adra0258. A: the framework of the dra(0258 construction.
B: identification of Adra0258 mutant by PCR analysis with primers PF1 and PR2. M: DNA ladder. MT, WT:
represented the Adra(0258 and wild-type respectively.
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1 5 mm
SuL 10 puL 50 pmol/L

FeSO, 30°C 3d

1.9

N-(4-antipyryl)-3-chloro-5-sulfonate-p-benzoquinon

emonoimine 520 nm
100 mL
TGY
2 1 1
40 mmol/L  H,0, 30 min
1xPBS 3 2 mL 1xPBS
12000 r/min
20 min
(Total Antioxidant Capacity Assay Kit )
el ABTS
ABTS.+ Trolox
ABTS.+ 734 nm 405 nm
Trolox
1.10
5mL TGY
1 100
100 mL TGY
ODgy0=0.8 1 mmol/L EDTA
3 EDTA
3
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(ICP-MS)
1.11 RNA
PCR
TGY ODgp¢=0.5
2 30 mmol/L
H,0, 30 min
1.5 mL Eppendorf DEPC
2 H,0, Total
RNA Extraction Kit RNA
ND-1000 Spectrophtometer OD540/OD»ygp

OD;60/OD»3 RNA
RNA (Reverse transcription PCR, RT-PCR)
Tanaka [17]
RNA 3 pug

0.5 mmol/L dNTPs

1 ug
1 pL RNase

4 pL 5xFS

Superscript DEPC

65°C 15min 4°C2min 42°C2h 72°C 10 min
cDNA -80 °C

2 uL

PCR (real-time quantitative
PCR) Quant SYBR Green PCR
(TIANGEN) PCR
(Mx3000P with the real-time PCR detection
SYBR
10 uL
0.6 uL

system Stratagene USA)
20 uL
2xSYBR Mix 0.6 pL Forword primer
cDNA
94°C5min 94°C30s 58°C30s

94°C30s

Reverse primer

72°C30s 40
58°C30s 72°C30s

27AACt 3
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Table 2. Primers used in this work

Primers Primer sequences (5'—3") Primers Primer sequences (5'—3’)

RT-1998-F GGGCGTGGACAAGCGTATTC RT-0865-F GGTCACCGAGGTACACGCCT
RT-1998-R GTAGACGGGGGCTTCCTGCT RT-0865-R TCCGGACACTGCCCATAAAG
RT-a0259-F GGGCAAGGCTCACCTCGTCA RT-2539-F GGTAAGGTGAGCACCCAGGC
RT-a0259-R CGCCCTGGTCAATGGTCTCC RT-2539-R GAAACAGTTCGAGCAGACGGTG
RT-a0146-F GGCGCCGAGTACCAGCTGC RT-1219-F GCCTTTATTCCGCTGATTCT
RT-a0146-R CGTGCCAGGGGTTGAACTCCAG RT-1219-R ACGGGTACGAGGTCTTTCTC
RT-1546-F TGTCGCTTTCCGCCTGTGC RT-2263-F GAAACAGGAGCGCAGGGTG
RT-1546-R TCGGGTTCTCGTGGATGTGC RT-2263-R TCGATGGAGGGGAAAATCT
RT-a0202-F GAGCCGCAACCACGATACGC RT-B0092-F TTTCCAGCCTGCTCCTCGGT
RT-a0202-R GTCTTGTAGTCGTCGGGGTTGG RT-B0092-R AGCTCGGTCAAGGTGTTTTGC
RT-1279-F GGCAAGCTCGATGTCGTGTCC RT-1709-F CACGGCAAGAACGTGGAAAAC
RT-1279-R GGCGGCGGTTCTGGTAGTTG RT-1709-R GCCCAGCAGAATGACGATGAAAG
RT-1343-F GCCTACACCGAAGACCCCAT RT-1102-F TCACAACCACCCGCATGAGCAT
RT-1343-R GAACTTGACGAGGTTGCCCAT RT-1102-R CGTAGGCGACTTCGAGGACCAG

2 ERFQM

DRAO0258  E. coli

Ferritin D48 E175
2.1 DRAO0258 )
KEGG DRA0258
DRA0258 (Ferritin)
DRA0258 Ferritin
2.2 DRA0258
DRAO0258 E. coli
Ferritin 16.3% BL21
2 NCBI dra0258 pET
Ferritin E. coli
Ferritin E17 S49-N50
Q53 Y94 EI26 HI29 D130 DRAO0258 SDS-PAGE 90%
[18-19] DRA0258 S114 ( 3-A)
E207 HI129 E. coli Ferritin S49
E126 HI129 3 - 564 nm
DRAO0258 ( 3-B)
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DR_A0258 MEWCGALFLPPRNSEDCSESHEQGP GTERLGWPGPPFI FTRNPTMTDDLK 50
FerritinEc . . . . ... MATAGMLLKLNS QUNREF 18
Consensus

DR _A0258 TGRPHEGS RRTI;ERGLAGTAVAAS F SDAF GEgEAGAP VGKQS S VLDLAAT 100

FerritinEc YASN. . .. .. LY®H. . . .. .. LSNWCSEQSIBN®T. . . ... ... ... ... .. 39
Consensus
DR A0258 AEALSVT HASF LTPETADDLRGVLAAESHHLELLC 150
FerritinEc . ATF NVTQWMNMR. . . . . ... ... MENFM 69
Consensus

DR_A0258 TASFA% IIZETDAGVFADTALKLEQISTIAYLGAEHQLAAAQPELAATM 200

FerritinEc VKAI D NSLEELFQKTMEEYEQRSHTLAQLIRDEAKELNDDSTVNF 119
Consensus p S a

DR_A0258 AQI AA S GYGPFRDTLPAASFRQMADTAP ALAPYLKVING 250
FerritinEc LRDLE ........................ 1 LDEVRSEK 145
Consensus qk 1 1 a

DR A0258 KGEVTIY D GSRPVPRGEAF VQLYRPAPK 287
FerritinEc LAGMCl3 VQT lQ VS HOQWVH. . . .. ... ... .... 167
Consensus

2. WiiE5I FEKE DRA0258 5 KT E$XE A Ferritin B B 4544 [E)R X bt
Figure 2. Aligment of D. raiodurans DRA0258 and E. coli Ferritin. Cluatal X software was used to align the
amino sequence of D. radiodurans DRA0258 and E. coli Ferritin. Black background: identical residues; Gray
background: block of similar residues. Thick arrows pointed the positive iron binding residues.

(A) kDa (B) 0.04 -
S F—116.0
W 662 £ 003}
g _
w |-450 =3
S E
2 = 0.02
£%
DRA0258 - | 350 g 35
~| - £ 2
- 250 -
- 1184 0.00
BSA DRA0258 Fe-DRA0258
Variety of proteins

3. DRA0258 EH L& RE NN
Figure 3. Detection of iron binding activity of DRA0258. A: the purification identified by SDS-PAGE; B: iron
binding per protein. BSA was selected as control. DRA0258 represented the iron binding activity of the purified
protein in vivo. Fe-DRAO0258 represented the iron binding activity of the ferrous iron incubated protein in vitro.
P<0.05.
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2.3 dra0258 R1 80%
( 4-B) dra0258
groEL
( 1092 bp)
2+
dra0258 2.5 Fe
dra0258 PF1 Fe**
PR2 PCR
R1 TGY
1465 bp PCR
1975bp ( 1-B) Fe** )
DRAO0258
dra0258 26
24 H,0,
dra0258 dra0258
H202 R1 Adra0258
Adra0258 H,0,
Hy0O, ( 4-A) 50 mmol/L H,0,
Adra0258
( 6-A) 40 mmol/L H,0,
Adra0258 R1
( 4-B) 10 min Adra0258
Y B) o
50 mmol/L H,0,
—=-Wild type
Count of cell/mL 107 10° 10° 10* 10° ’;g) 1l ——Adra0258
=2
wild type Tg’
g
Adra0258 T; 21
z
Z
3t
0 10 20 30 40

t/min

Bl 4. MHESHFKE R1 5RETHR Adra0258 & 50 mmol/L H,0, {3 TRITETE LIk
Figure 4. Survival profile of Adra0258 mutant under 50 mmol/L H,0, treatment. P<0.05.
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(A) (B) .
B Wild type
3t E@Adra0238
§
=
2
52
=
£
[
1S
g1
(=]
N
wild type Adra0258 0
op 5 10
Volume of added Fe*/uLL

B 5. B4R SR Adra0258 3 Fe UGB E R
Figure 5. The Fe*" sensitivity assay of wild type and Adra0258 mutant. A: the comparison of inhibition zone
between wild type strain and Adra0258; B: the comparison of inhibition zone between wild type strain and
Adra0258 under different Fe*"concentration. P<0.05.

(A) (B) 504 '
1600 + mm Wild type
m Wild type O Adra0258

COAdra0258

0.3+

—
N
(=3
(=]

02+

S
(=3
(=}

Catalase activity/unit
x®
S
S

Total antioxidant capacity/(mmol/,

H,0, free H,0, treated H,0, free H,0, treated
Processing of the cell Processing of the cell

B 6. FERGRTIK Adra0258 7 H,0, LEBETE IR U EEEMER D MENE LR
Figure 6. The catalase activity and total antioxidant capacity of wild type and Adra0258 mutant under normal
condition and H,O, treatment. A: catalase activity of wild type strain and Adra0258 under normal condition and
30 mmol/L H,O, treatment; B: total antioxidant capacity of wild type strain and Adra0258 mutant under normal
condition and 30 mmol/L H,0, treatment. P<0.05.

H,0, ( 6-B) H,0,
H,0, 57% dra0258
H,0,
H,0, 40 mmol/L H,0,
dra0258
40%
H,0,
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2.7 dra0258
H,0, R1
Adra0258
Adra0258 2.8
Adra0258
PCR Rl Adra0258 PCR
KAT SOD
( ) ( ) (gRT-PCR) Fur
3 KAT o] o)
Mur (DR0865)' DtxR (DR2539)
(dr1998 dra0259  dra0146) 3 ;
DPS1 (DR2263) DPS2 (DRB0095)!"!
SOD (dr1546 dra0202  dri1279)
( 4 mur
R1 H,0,
; 2.5 dpsl  dr1709
2.3 2.0 dra0258
H,0,
Fur
dps1
dra0202(s0dC) s
2 dra0258 dra0238
40 mmol/L H,0, 30 min
3 2.9 ICP
232 298 2.11 Mn-SOD ICP
drl279 3.47 ( 5
20%

#* 3. WAEE PCRIGNELTHk Adra0258 SEHERENEKABRIEMEUBERIEIKTEES
Table 3. ¢gRT PCR of anti-oxidation-related genes in the dra0258 mutant relative to wild type R1 with or without
H,O0,; treatment

Fold change (+SD)

Locus Annotation®
H,0, free Aa0258(-H)/R1(-H)  H,O, treatment Aa0258(+H)/R1(+H)

DR1998 Catalase (KatE) —-0.95 (£0.07) -2.32 (£0.13)
DRA0259  Catalase (KatE) —1.09 (+0.09) —2.98 (+0.56)
DRAO0146 Catalase (CatA) —1.88 (£0.11) —-2.11 (£0.20)
DR1546 Cu/Zn family superoxide dismutase (SodC)  —1.46 (+0.29) —1.51 (+0.26)
DRA0202  Cu/Zn family superoxide dismutase (SodC)  —2.15 (+0.57) 0.76 (£0.11)

DR1279 Mn family superoxide dismutase (SodA) —1.58 (£0.17) -3.47 (£0.15)

% functional annotation is based on KEGG (http://www.genome.jp/kegg/).
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F 4. TOLER PCREMRE Adra0258 SHERMMP SR CHXEANRIEIKTEESR
Table 4. gRT-PCR of iron-transport-related genes in the dra0258 mutant relative to wild type R1
Fold change (+SD)

Locus Annotation®
Adra0258/R1
DRO0865 Ferric uptake regulation protein Mur —2.56 (£0.94)
DR2539 DtxR family transcriptional regulator —1.20 (£0.12)
DR1219 Ferrous iron transport protein B —1.28 (£0.11)
DR2263 Dps family DNA-binding stress response protein 2.38 (£0.18)
DRB0092 Dps family DNA-binding stress response protein 1.38 (£0.19)
DR1709 Manganese transport protein MntH 2.08 (+0.13)
DR1102 Cation efflux system protein 1.47 (£0.18)
% functional annotation is based on KEGG (http://www.genome.jp/kegg/).
x5 RTHKEHLEAPHERETIE
Table 5. Ions concentration in mutant and wild type
strains
Ions concentration (nmol/mg) Adra0258 mutant ~ Wild type
Fe 1.37 (£0.07) 1.66 (£0.03)
Mn 1.28 (£0.06) 1.33 (£0.10)
Cu 0.13 (£0.02) 0.12 (£0.006)
Zn 0.56 (£0.02) 0.62 (+£0.04)
Mg 82.16 (£3.74)  99.06 (+4.65) (21]
DRA0258 2223
DPS
3 it
24
DNA 4
Dps Ferritins,
2 Ferritin
2 Dps DR2263
DRB0092
DRAO0258
[6-20] Ferritin

actamicro@im.ac.cn
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Antioxidant function of the iron binding protein DRA0258 in
Deinococcus radiodurans

Su Yang, Mengjia Liu, Liangyan Wang, Yuejin Hua'

Key Laboratory of Nuclear-Agricultural Sciences, Ministry of Agriculture, Institute of Nuclear-Agricultural Science, Zhejiang
University, Hangzhou 310029, Zhejiang Province, China

Abstract: [Objective] The complete genome of the extreme environmental resistant bacterium Deiococcus
radiodurans R1 was analyzed by sequence comparative method and putative ferritin-like protein DRA0258 was
screened. Molecular techniques were applied to validate and analyze its function. [Methods] We applied sequence
alignment to analyze amino acid sequence of the hypothetical protein DRA0258 and detected its iron binding
activity after purification. We used triple-fraction-ligation method to construct dra0258 null mutant and detected its
survival rate under H,O, treatment, catalase activity and total antioxidant capacity, using QRT-PCR to examine the
relative transcriptional level change of the antioxidant relative enzymes and iron transport relative proteins.
[Results] We confirmed DRAO0258 obtained a certain iron binding activity. The survival rate assay with H,O,
treatment suggested that deletion of dra0258 reduced the cellular antioxidant activity of D. radiodurans. The
attenuation of catalase activity, total antioxidant capacity as well as the reduction of relative transcriptional levels of
antioxidant related genes verified that both the oxidative stress response systems and the iron regulation network
were damaged. [Conclusion] This study verified DRA0258 is an iron-binding protein. Deletion of this gene would
affect cellular iron transport system and reduce cellular antioxidant capability.
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