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DRB0092 1
DR
dps DRB0092 dps 1.1
Dps 1.1.1
DNA 1
1
Table 1  Strains and plasmids used in this work
Strains and plasmids Characteristics Source
Strains
E. coli
DH5a Sup¥A4  Alac U1 6  hsd R17 rec Al end Al  gryA966 thi-1 rel Al Store in this lab
BL21 DE3 B ¥~ dem ompT hsdS rg mg  gal X DE3 Novagen
BL21-dps E. coli BI21 DE3 with pET28a-dps This study
D. radiodurans
Rl Wild type strains ATCC 13939 Store in this lab
Kdps D. radiodurans dps gene knockout mutant This study
Plasmids
pGEM-T easy ColE  Amp" Promega
pTC T vector with dps gene flanking sequence and Cm cassette Amp" This study
pET28a Expression vector Kan' Novagen
pET28a-dps pET28a containing BamH I -Xho | fragment of dps Kan® This study
pKatCAT resource of chloromycetin resistant cassette Amp" and Cm" 1. Narumi Lab
Amp" Kan' and Cm" indicated resistance to ampicillin  50pg/mL.  kanacillin - 20pg/mL. and chloromycetin - 3pig/mL  respectively.
1.1.2 Escherichia 3
coli LB 1.5% Pl P4
37°C D. radiodurans ~ TGY PCR3 PCR3
Sg 3g lg T-Vector pITC pTC  EcoRV
30C pUCI9 R
TaKaRa pGEM-T easy DR 3mg/L
Promega Ni-NTA Superflow dps
QIAGEN DNA 1.3 KO,
Model-3000 ODg, 1.5
Bio-Rad 10mmol/L pH 7.6
1.2 10" cell/ml. 1.5mL Eppendorf
Primer Premier 5 PREMIER Biosoft International USA 4°C 30min 100pg/mL
UPF 5'-TAGTTGTTGTTGGTCAGCC
CGGTCAGTT-3" UPR 5'-GGGTGGGGATCCGTTTTCTC H, 0, 30C 3d
CTTATCAT-3' BamH | H,0, 3 3
PCR1 DRB0092 DNF 5'-
TAGTTTAAGCTTGCCGAGCATCACCGAG-3’ 1.4
Hind Il DNR 5'-TGTTTGTGTGGTTCAAC 20mmol/L,
GACTCCTACGG-3’ PCR2  DRB0092 H,0, 30min 20mmol/L Tris-
PCR1 PCR2 BamH [ HCI pH 8.0 2
Hindl[ll Kat ol QOB 1 E3PPRINFF AT B S48  hetp:// journals. im. ac. en
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H,0,
Branford P 80pg
Native-PAGE
16
TotalLab
1.5 dps
Primer Premier 5 B92F 5'-

GGTTGGGGATCCGATGCGTCATTCTGTG-3'

BamH | B92R 5'-TATTTATTCTCGAGGC
GGCCACGCAGCGG3’ Xho 1
PCR dps PCR
Xho 1 ~ BamH 1

pET28a
pET28a-dps E.
BL21-dps

coli BL21 DE3

LB 37°C
400mL
ODg, 0.5 0.2mmol/L. IPTG
30°C 4h 10000g 10min
20mmol/L Tris-HCI pH 8.0 2
SDS-PAGE
Ni-NTA-Agarose

1% 37°C

100mmol/L

17
1.6 Dps

Dps

DNA
DNA
crosslink
P. Wilkinson 1
Tris HCl pH 8.0  50mmol/L NaCl

1028

Steven
20mmol/L
V/V

Anne Grove

0.1%
Dps

30min Eppendorf

200pL
pUC19 0.5g/L. 0.5uL
Dps
Tris-HCI
30min

200pmol/L

Tris-HCI 10pLL
30°C
Fe NH, , SO, ,» 6H,0
80mmol/L,
1%  SDS

1%

H,0,

15min

80V
0.5mg/L

90min

EB 30min

2
2.1 DRB0092
dps
pKatCAT Narumi
kat
DRB0092
dps
Kdps PCR DNA
Pl P4 PCR
Nde |
Kdps
2130bp
685bp  1445bp DNA
R1 PCR
1966bp DNA
2.2 H,O,
dps DR
R1 Kdps
1 R1
dps
10mmol/L H, O,
Kdps 30min
14% 70%
H,0, 20mmol/L Kdps
100 ——RI1 -o-Kdps
8o
g
2 60
g 40t
20}
% 10 20 30 0 5
Concentration of incubation with HyOp/(mmol/L)
1 HO, R1 Kdps
Fig.1 Survival curves for wild type R1 and dps gene function-deficient

mutant Kdps following exposure to H, O, . Values are means obtained
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1% R1  Kdps Dps
60 H,0, =30mmol/L BL21-dps IPTG
Kdps
R1 24.3% ~52.7%
dps 3-B
Kdps H,0, 30.9kDa
dps DR INB M 1
Nnen—
66.2—
2.3 dps DR _
45.0—
catalase DR
o 35.0—= W
dpS DR kkh e
KatA  KatB T 25.0—
2
(BA—
2-A
KatA RI e B
H,0, 2.3 3 dps
Fig.3  PCR-amplified dps gene and the recombinant protein of Dps
KatB analyzed by 12% SDS-PAGE. A dps gene PCR product analyzed by
H,0, KatB asarose electrophoresis. M. DNA ladder 1 and 2. PCR amplified
2.6 2-B dps product. B The recombinant protein of Dps analyzed by 12% SDS-
PAGE. M. Protein ladder 1.The purified recombinant protein of Dps.
2.5 Dps DNA
z g € Kala Dps DNA
£ uKah i
£y
_% R [ DNA
"4
0 2 3 1
2 dps D. radiodurans
Fig.2 Effects of dps knockout on catalase activities of D . radiodurans
in stationary growth phase. A Native-PAGE analysis of catalase activity.
B Enzyme activity quantification. The enzyme activity of KatA in
parental R1 strain without treatment of H, O, was assigned as 1.0. The
relative intensities from three independent scans are presented as means *
SD. 1. Wild type Rl sample without H,O, treatment 2. Wild type
Rl sample treated with 20mmol/L. H,O0, 3. Kdps mutant sample 4 Dps DNA

without H, O, treatment

4. Kdps mutant sample treated with 20mmol/L

H,0,. Each sample contains 80p.g of total protein.
2.4 Dps
Dps PCR
dps 3-A

(@]

Fig.4 DNA binding and protection by Dps protein in vitro assay. 1.
pUC19 plasmid DNA alone control 2. pUCI9 exposed to Fe NH, ,
SO, » 6,0 and H,0, 3. pUCI9 plasmid DNA alone 4. pUCI9
exposed to Fe NH, , SO, » 6H,0 and H,0, after incubated with

0.5pg Dps protein. 4. pUCI19 exposed to Fe NH; , SO, y 6H,0 and

) HJOF b incibined v 21kl Dp&prdiéialt.  http://journals. im. ac. cn
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Construction of a dps mutant and its functional analysis in Deinococcus radiodurans

YAN Zhuo-yan XU Zhen-jian XU Guang-zhi TIAN Bing HUA Yue-jin"
Institute of Nuclear-Agricultural Sciences ~ Zhejiang University — Key Lab of Nuclear-Agricultural
Sciences of Ministry of Agriculture  Hangzhou 310029  China

Abstract Dps DNA protection during starvation is a member of the iron-binding protein family in prokaryotes. It has
been shown previously that Dps possesses ferroxidase activity and the ability to sequester iron that seems to protect DNA
from oxidative damage. Based on the method of Polymerase Chain Reaction and homologous genetic recombination in
vivo the gene DRB0092 encoding a Dps protein homology in the extremely radioresistant bacterium Deinococcus
radiodurans was deleted from the wild type strain R1 genome. The obtained mutant was designated as Kdps and further
verified by PCR and sequencing. Survival rates of the mutant and wild type strain were investigated after challenged with
different doses of hydrogen peroxide H,0, . Results showed that the survival rate of dps mutant reduced rapidly under
the low concentration of H,0, < 10mmol/L.  while the wild type strain showed no sudden decrease. When the H,O0,
concentration was higher than 30mmol/L. the difference of the survival rates between the mutant and wild type was more
than 50-folds. The result demonstrated that the loss of dps gene in D . radiodurans made cells become more sensitive to
oxidative damage. An iron staining method was used to determinate catalase activity in native polyacrylamide
electrophoresis gels. The result displayed that two catalases in dps mutant were enhanced about 2-folds than that of wild
type. The soluble Dps protein was obtained after construction of expression plasmid and inducement in E. coli
transformant. The Dps protein showed the capacity of DNA binding and protected DNA from hydroxyl free radical
cleavage in vitro . This study demonstrates that Dps protein of D . radiodurans plays an important role in its antioxidant
system which may contribute to its extreme resistance of this bacterium.

Keywords Deinococcus radiodurans — dps-mutant —antioxidation Dps protein  DNA protection
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