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Table 1  Strains, plasmids and primers

VA PR L JORL 5 4

: . . B:4E Description
Strains, plasmids or primers

225 30k ORI T 51

RCfCI'CHCC s Sources, sequences

W HE Strains

RIv3841 Rhizobium leguminosarum bv viciae , Str® [12]

RLohrB Rlv38410hrB :: pKohrB,Str" Neo’ AWF5E This study

RLohrB(pRKohrB) RLohrB carrying pohrB, Str™ Neo" Tcr AMWF5E This study
F~ lacZDM15 recAl hsdR17 .

DHb5«a a o re " ZAMWFFE This study

supE44 DUacZYA argF)

JFi ki Plasmids
IncP 715 & SO b 3 i

E#H LK E R This lab

BEH TAE LI EARAE This lab

ZEH T AE LB AR AFE This lab

AR5 This study

RK415

P IncP broad host range cloning vector, Tc"
K19mob pUC19 17 A= Fik:

P pUC19 derivativelacZ mob; Km*®
RK2013 SORAE A B UKL

P ’ Helper plasmid for triparental mating; Km?®
KoheB & pr1373/prl1374 P84 B 1Y pK19mob J&i kL

r

pRo pr1373/pr1374 PCR product inpK19mob, Km"*
RKohtB & prl1490/pr1491 ¥ 14 F Bt i pRK415 Jii ki

pRKohr

AWF5E This study

pr1490/pr1491 PCR product in pRK415, Tc*

514 Primers

ohrUP ohrB 3K € M RAE5|Y)
ohrLW Primers for R1.2927 (ohrB) mutation

K ohrB 3K 85| 4
ohrMP . . .

Mapping PCR primer forohrB
pK19A pK19mob JFiki 38 F 5191
pK19B Primers for pK19mob
ohrBhbUP ohrB Z:H H 5] 9)
ohrBhbLW Primers for ohrB complementation
M13-F
MI3-R LacZ 51¥) LacZ primers
gyrBl-for gyrB1 %6 E = PCR 5|9
gyrBl-rev gyrB1 primers for qRT-PCR
ohrB-QF ohrB %t PCR 5%
ohrB-QR ohrB primers for gqRT-PCR
gpx-QF gpax FE # PCR 514
gpx-QR gpx primers for qRT-PCR
prx-QF prx 9G5E it PCR 514
prx-QR pra primers for qRT-PCR
grxC-QF graC P E B PCR 39
arxC-QR graC primers for qRT-PCR

5'TTTAAGCTTCTATAGATGGCCCGATTCCCGS'
5 TTTTCTAGATATTGCCGTGTGTCGCCTTGG3'
5'GGCCCTCCGCATCAAATCCTC3'

5' ATCAGATCTTGATCCCCTGC3'
5'GCACGAGGGAGCTTCCAGGGS'

5" TTTGGTACCGCGCAGCAACCCATGGAAACCS’
5" TTTGGATCCCAGGCCCTCCGCATCAAATC3'
5'CGCCAGGGTTTTCCCAGTCACGAC3'
5'CACACAGGAAACAGCTATGACS'
5'GGCATCACCAAAAGGGAAAAS'
5'GCGAGGAGAATTTCGGATCAS'
5'CGGGCAGGCTGACATTGAGGS'
5'GCTGCTCAGAGAAAGATCAC3'
5'AAACAGTGGATGGTCGTGAGS'
5'GAGCTTTTCCAATCCCTCATS'
5'CAGTGCTCATTGGGTTGTTC3'
5'CTGTCGATGCCTTTCTCCTGS'
5'GAAGAAAAGGGTGTCGAATAS3'
5'AGATCTGCGGAAAAGTGGTAS'

R R R BRI M B DD 7 25 Note: The restriction sites are underlined.

HHE (Km)20 pg/mlL, Fr A4 ZHWIWTF Sigma
UNEIR

2) K F 5 LA, T4 DNA % # . RNAiso
Plus . FR il £ 4 D) #§ ¥ g T TaKaRa 24 #]; Taq
DNA 4 . phusion & {# BB I§ T Thermo Sci-
entific 24 w3 S %% 53 7 43 9 1l PrimeScript™
RT reagent Kit #1 FastStart Universal SYBR
Green Master (Rox),

1.2 RLohrB Z=Z & # #1 RLohrB(pRKohrB) & #h &
HEHE

D#J 8 RLohrB A bk, S M Luo %7
B ohrB N R AR, PL ohrUP/ohrLW 4 5]
P DRI 3841 (15 DNA fE R BB R , i
7 PCR & i, JH Xba 1T F1 Hind I ¥ ¥
pK19mob #k & 5 H i A Bf. 4 T4 DNA 3% 4 i it
BB AL R IAAT I DHS o B2 2 Ak T 2 B )



56

35 45

FVI P 56 30F S5, 3K A5 B M 5% 1k F K % #F B DH5«
(pKohrB), #f #17 =B A 45 & 5L 85 DL AR g A
3841 N Z K . KA FF H DHb5a (pKohrB) A fit A&
B, K IGHFF T DH5«(pRK2013) Sy % B B L 3 2+ 51 4=
M % & ohrMP/ pK19A 45| ¥ PCR ¥
E , B 23R 15 22 ZE T Ak RLohrB,

2 ## RLohrB(pRKohrB) B 4Ntk . VL% &
LI B R1v3841 & DNA M AR H . ohrBhbUP/ohrB-
hbLW 5%y (% 1), 47 PCR [ L, 13 8 H 19
Bt, R Kpn 1 A BamH | WEFY] pRK415 28 {4k
FH BB, 2 T4 DNA % 42 By 13 00 % £, #4k K
AT DHb5a 852 25, e 4k 1 2 g U1 AN e 393k )5
AP PER AL T pRKohrB, = A S LR L.
F B4 M13F/M13R PCR B30 , #4571 & %8 78 1
¥ RLohrB(pRKohrB),

1.3 BE#HBEEKIRRE

D H O, Mo &M PRtk ERK. Silfen
ZRAFH B RLohrB 15 B A4 % o & AR JR 1 3841 2 Fp
THIMAR L AE RN TY £, 30 CHFE 2 d.4
AMS 5 FR R BRI JG  #2Fh T AMS 85 55 5, 55 57
2t 30 °C 200 r/min, & f 6 h B 3 mL M D
B, 434N EE,

)M E LK. O % 28 Bk RLohrB., H.
& #k RLohrB (pRKohrB) Fl B A 7 9 o7 4 8 B4
3841 RN TUS AR BT AE R TY #HE, 30 C i 5%
2 d, TCHEKBER W Do A 1, %A 100 pL 1§
WT AMS A, 88 J5 5 & A A TR vk BE i &l ad S 4k
M4 (cumene hydroperoxyde, CuOOH) . i3 % 4k &
(H, O,) R TR E (NaClO) (14 7] 38 48 A & F 5 Hi
g Y 3 ANEE 30 CIEEREFE, 24 h 5540
R E R, ChOOH % T 95% /K B, LIWE A
95 % JCIK LI B U8 48 R A S % R

DEAW AT AR R . B R K
RLohrB 58 A= A 3841 T A% 43 9l 42 Fb F 9 4 85 37
3,30 °C. 200 r/min FEIR B EXFEH (Do N
0.3~0.6), /4 3 MHEE ., B 6 4 10 mL HW, &
Lo AR BRER TG U 3 8 . PR BE 43 50 0.0.5. 1,
2.3.5 mmol/L # 10 mL CuOOH 7£ 30 °C ¥ 3= 46
HgbBE 1 R T R 2 A B R K VR L R ORI A
TY ¥, 30 CHEFE 2 d D2 40 1205 R, B4
3NEE,

1.4 qRT-PCR & ilE A RKEZHK N
¥ 28 bk RLohrB 5 HF A4 7 3841 B #k 43 B

AT AMS W B 7756, 30 °CL200 r/min $E R K;
FRE Do fHHN 0.3~0.6. 84 3 MEKE., WHIKLH
Yefa . 0.5 mmol/L H, O, &b¥ 1 h, %f 08 4 ¥R
KANFE . RNA #HUR H Trizol F ik, &850 &~
BE5R 8 cDNAL P X cDNA #5547 #F 17 26 Ot & &
PCR., MXH AN G WU E 1. gyrBl HINS
HH.

PEWCE TR AR RNA B, REFEFR 25 d 199 S AH
PRARIE I AR AR B OB R . RNA 42 J
cDNA H #7545 RNA #1407 MR, #E4T
T VR A SC T Ak 3k R 36 3k A BT L DL AMES B
I I X E5 I BT A B TR R A X R
1.5 #YRFAEK

i 0 Sy R R R R B L BT R AT 4
95% LWE 2% WA BR AN K I TR 0T S L G AT
E K I3 A To T JC RS % W 8 A SRR BE AR
BEk 2 MBI D, 3 RER R B TR 1 mL A7
PRV . A6 Fh g BR AR R 1, B T ORI R A R 5
Bi e 5 .22 °C JBJE 70% YEIRREFE 16 h;20 °C i
JE70% MmEEFE S h . 3~4 d 5. JHEH T ¥ %
e PR L AL A

1) AR 98 [ 4t 3% 0 . B R 9% AR T Bk RLo-
hrB. 5 #h # ¥k RLohrB (pRKohrB) #il B 4= A 5 #k
3841 FUMAHRL bt A= R 69 TY &b [, 30 C K 3%
2 d, HICHKUEE, 76 B 2 A Do (B, Bk 5 5
A1 mL EREW, TR R DR 3 M.
IR [ S0 T 5 SR FH B 3 Tl 2

) e A . AR TY &b b A JE B K
e TR A, B E R[] EL Y 3841 5 RLohrB IR A &
Wi .l 4 2= FF b 3841 5 RLohrB By CFU [ 6] Ky
10° : 10°,10% = 107,107 = 10°, #EAPHF, R 1 mL
FRBAREW. 4 B, MR EURIE 50 4, 350 R
Fa G BRI 26 T TY + Str+ Neo #1 TY + Str F
Me b .30 CHEERFALFE 3 d. G i R=AE /.

3 AR B E T RE I AE . ¥ 3841 5§ RLo-
hrB & 4% A W AR U HIE & B 1 mL, RLohrB :
3841 Fefl A 0+ 1,12 0,1 ¢ 1,10 = 1090, 454
8~1041EHE, #M | mL HHKIESW TFM 1 A
1) 39 S AR AR G IR AR T R 1 S R AR
B LA L4y, A PBS 28 M 20 mL, @& E % 30
min J& BV BB OT 10 £ 86 BE B B 43 BIUR A T
Pk ZFM TY + Str il TY + Str+ Neo., 30 °C K
F3dfE. gt W kg, i, TY+Str KIRBHE N
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B A 0 98 AR K TR 95 B9 S AT, T TY + Str+ Neo
M A B R 28 A8 1K RLohrB,

2 #HRE5H
2.1 RLohrB RZE # #1 RLohrB(pRKohrB)E #h &

BRI 2

LI Str.Neo HYHTHEF- A Ui 1E H K 09 558 7% K
iR . Hl ohrMP/PK19A 5I¥ P 35 1 1 kb £ 47
() PCR 7=# . 3513 ohrB % H i A 2275k RLohrB,

¥ pRKohrB FkLE i3 = E AR A F AR
RLohrB, Tc $it ¥ i & # & F. UL M13-F/MI13-R
Sl IR TRy g 11 kb ZHMWEM A
B 3RA% B B AN ¥ RLohrB(pRKohrB) .
22 EHBEAEK

DohrB 5878 X W AR A 1 52 B 28 A8 TR i
RLohrB 5 % A= A i T ML I 3841 4280 T AMS WK
TREE R AR 6 h BUREI Do (B, IR iC 2% . BUdE
7R, RLohrB A K% i 5 BF A4E BU B Bk 3841 A K AR
LA 3 22 0, R W] ohrB JE K 5878 N 5 Wi B
HRIR B IE A

2)ohrB FAZ X MR BT A AL P 5 R . AN [A] 4
e %t RLohrB. 3841 Fl 1. %b B bk 4 310 1 fig J1 45
W22, H,O,%F K 20,100,500,1 000 mmol/L,
20 h B, 55 HR 3841 A Lb . 23 A8 TR bR A0 AT B AR 2
BOKLHAE H, O, 8 BE A 1 000 mmol/L B, &4
i 27;CuOOH HE N 5.20,100,500 mmol/L,
20 h B, 55 3841 A kb, £ CuOOH ¥k h 100
mmol/L B, P & A & % 22 573 NaClO #k £ 12,
64,320,640 mmol/L,20 h i}, 5%} I8 3841 AL . 7E
NaClO ¥ FF 4 320 mmol/L B, EH B EEHF.
MiX 3 F &YX ohrB F K # H 4 # £ RLohrB
(pRKohrB) #ll 18 Bl K /N5 3841 %A I 3 22 5] . £ W
HANE R ohrB HEH M)WK E T ohrB 58 2% 14 Mk
k=R

®2 AREAYHNEEN(MEBEER)

Table 2 Inhibition zone diameters of different oxides cm

ALY Oxides

T R
. 1 000 mmol/L 100 mmol/L 320 mmol/L
Strain
H:0O: CuOOH NaClO
3841 5.17%0.31  3.37%£0.15  4.43%0.12
RLohrB 6.374+0.29*  4.0340.21*  6.63£0.15"
RLohrB(pRKohrB) 5.23+0.25 3.7040.46 4.40+0.10

T * FI/RTE 0.05 K F I RLohrB(pRKohrB) Fl Rlv3841 77 7E
I % 225 Note: * shows significant difference compared to

RLohrB(pRKohrB) and Rlv3841 at P<C0.05.

R TR B R TE A A A 38 Y A A e
R EE B CuOOH &b B X H0 0 3 A% L o F B A7
WHRE 1, 78 CuOOH 4B R, B Bk 19 4= K 32
B —E B, {H /2 RLohrB 28 78 B Bk B5 i Rk
1E CuOOH ¥ FE 4051~ 0.5.1.2 mmol/L B, RLo-
hrB 58 28 T MR AFIE 3200 50 4296 .24 96.,0.7 %, M 1L
BF A AU 3841 TH Bk HAF I R B E TR,

1004
—a—384] —e— RLohrB
— 80F
<
-
15
= 60F
w2
S
5 40t
st
= 20+
% I > 3 PR
CuOOHK /(mmol/L)
Concentration of CuOOH
1 CuOOH il T T # 0 I fh %
Fig.1 Inhibition of the growth of RLohrB and RIv3841

in the presence of CuOOH

23 RT-PCROMMEUHEXERNRIEE

B Xk B 09 B R A A L K & 0.5 mmol/L
H,O, 4038 1 h J&, #2 B RNA, #E179¢ 06 & & RT-
PCR J& , B 45 21 i 8cdis 2 e A7 Ab 3, 245
WK 2 Bron, 0.5 mmol/L H, O, 4k FH 3841 Fil
RLohrB B #kA, 2251k RLohrB @ #k o ohrB ik
2 3841 19.0.00940.001 %, HAth i S A 3 H 2 3k
BN katG g 3841 (1) 1.463+0.14 5. gpx N
3841HY0.617£0.074%, pra H3841A91.19+0.05

L6r 13841 = RLorhB
o

1.2f —3—
1.0 —
0.8}
0.6}
0.4}
0.2
0.0
-0.2

mRNAFH X # k4

Relative mRNA levels

katG 8px ohrB
PrAALZEH Antioxidalive gene

prx

ohrB; Organic hydroperoxide; gpz: Glutathione peroxidase;
prx: Peroxiredoxin.
2 EHREXEEZEHOMETHREZER
Fig.2 The antioxidative gene expression of RLohrB

and 3841 in the presence of H, O,
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fir IR B IR A AR B 2R, g5 RER.
1E H, O, 38 T L ohrB 3 X HAh BL 58 Ak A1 56 56 A
FRIBBA W, BLAh, W E R 0.5 mmol/L 1)
H, O, 47 3841 Hikk 1 hoohrB JEPH R B & IR
AEFE Y 0.83 +0.30 fiF, i A& Ik B B 22 R OKOF
(K2,

ohrB TEJE 1, 25 d AR B R b Rk 1 M 7E H
AT 173022 1%, Rkt A — &R, H
WA IR BN B E KT, SR ohrB FERFEIL R 7 d R
AR TR T Y 5 O A SCIRRE , R B O A
AR Y 5.5940.04 F517, 3 0 7E AR IR AT 4
ohrB FEHFIE W ZE LA 3.,

6r
CIXF . Control
5 AL Treatment

4t

mRN A 43k
Relative mRNA levels
@

1+ }

0

A B C
ALBE Treatment

LA AR ohrB 22 FRBXM . A:0.5 mmol/L HyOz; B
7 WA C.25 d FH K. The expression of ohrB in free living
condition was used as control.A: 0.5 mmol/L H;Os; B:7-day-old
pea bacteroids; C:25-day-old pea bacteroids.

B3 ohB EETE H.0.
MEEHTEREEREXNREE
Fig.3 The expression of ohrB during symbiosis

and free-living growth under the H, O,
EkEEMEE
1) MR IR 18] BB . ZhAk 4 F e 28 Bk RLo-
hrB 42 M A MR OE AL (0 A SO o B 5 B A A
3841 M. RASHR A H 4P E #& RLohrB(pRKohrB)
SRR B A B 3 25 5 (R 3, i — BRI Sk
i Pk DM T R L 45 R SR ] L R AR B AR L T
R B L AD TR BE [ B S A 22 e (R 3) L IE W ohrB

24

F3 REHEHWHEEERBE
Table 3 The symbiotic nitrogen fixation ability
of the mutant RLohrB
AR 55/ bk PR [ % 7% / (nmol/h)
B R . .
. Nodule numbers Nitrogenase activity
Strain
per plant per plant
Rlv3841 123.0+23.0 3.32+0.36
RLohrB 133.04+58.1 3.08+0.55
RLohrB(pRKohrB) 141.6+21.9 3.10£0.91

2 DAL 11 2 728 5% DA Ak 1 L 0 WA R ]

)T EEIMEE ST . 2AEKE RLohrB JE Al 2 B 1A
fefE TY+ Str+Neo AR _EA Y, M7 27 A= AR BE
M Bk RD 3841 Fl RLohrB (1% L 48] 43 51 & 107
107,107 = 10° F1 10° = 107 I, €48 f& RLohrB B4R
T AR 32% .16 %6 45 % (Bl 4), Horp g
FERP LAy 107 = 107 B, 3841 Fl RLohrB 14 4R 98 B
R RN B AR 1/3 247, R A ohrB
975 I 255 ) L 35 4 2 R e

120r [ 3841
[ RlLohrB
100 T -[
g I |
i 80
<
=
3
z 60
ISy
BE 401 T
20k 1
0
3841:RLohtB 3841:RlL.ohrB 3841:R LohrB
=10:10' =10"10 =10":10°

CRULLHI CRU ratio

4 ZRITHRRLohB EHLERE S LI
Fig.4 A test on competition in nodulation

ability of the mutant RLohrB

M E L RE ST . AN AV BE 1Y 3841 A RLo-
hrB IR A TR Fh 8 G AR PR . 5T ohr B 53 78 X AR
AR A8 B RE 0 1Y S2 . g3 i 2 Fl 3841 A RLo-
hrB i} ,3841 B4l RLohrB ¥ 1.12 £%; 24 3841 #l
RLohrB #% 1 = 1 IR G # i}, 3841 F 4N RLohrB
9 1.21 55 24 RLohrB Ay 3% Fl i o4 3841 B9 10 %
i, RLohrB AU BN 3841 210 1.28 15, 45 %
W ohrB %5 [H 5875 X AR 96 TR 76 AR el 1) 22 A e ) I
R
3 it

H, O, 5 S A ¥ 23 38 5 B 3 & 1 0T, R i e
DNA 52 Wi 41 g /Y 1F & A= #AC 5, i Lk 2 ik
THZERPLE R A &A% ROS i F .,
AWFE KB ohrB B K Y € 748 XoF il 12 BF Az AU AR 9 T
3841 WA K BA M . (HXT H, O, .CuOOH . NaClO
EEEAL Y . 7 Burkholderia thailanden-
sis JMycobacterium smegmatis"™ 240 b, B E
T Ohr-OhrR 7EHSPU ALY it B b A S Z AL, T

%
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B ohrB JPRITEA HLE AL W) 00 i B 4o B2 b 9 VR 2
FoAl Bt AL 3 O T AR RS ) kR Y
CuOOH Ak BT BT Y 5 28 7 55 BT /4 70 G bR I 1
R 2 B, HBE A S A i B A I, TR AR B
W T, TF Pseudomonas aeruginosa P ,ohrB 3
PR G € 48 MR 7E 1. 25 mmol/L CuOOH K 114
mmol/L ¢-BHP 4b B, HAN 5 18 K /) 5 B 2R R H
BABEES,

AW 4 H, O, Ab B, W7 A B 3 bk 3841
ohrB KK (¥ Kk i WA B3 LA, Ochsner 51 7E
Pseudomonas aeruginosa P& ¥ H, O, ., B & 4k
SFXF ohrB HE N B R IB WA FEFIEM. Prx.Grx,
KatG il Gpx 7E 4T A b & 48 b & ¥ 8 2 AE H ., Prx
AEH ROOH G ALy i S 58 i Ji s ROHM™ 5 4%
A 1 (GrsO TEZAER 240 I N AL IR 25 rh R 4
BRSO A R SR (Gpo B TR A
H ik e AT A Ve . DRSS R B, gpa s prae B 4L
AAEENAE H, O, Wi F YRIKIFAZ ohrB FEA
RAL I, UL B AR T ohrB RAZAN R H
fbbi Ak B IR R R M R B HE S
OxyR WM#E R A B ST . BF5E & B, 78 Alfalfa-
Sinorhizobium meliloti F:H: R AR IR R 1R 4 I 45
97 32 B AP A AL R G0 AR AR ohr HE DR 1 B
R X 1 e A R RO R A R Y AR Y
WK I ohrB 1Y 578 AN 52 Wi A Bk 1Y 3 A= [ 20 B8 g AN
WE T MEE J1. Ochsner U0 B IAE ohr 3L A Gkt
JmF OxyR 4G4t AL 72 40 23 0 B e A #A1E R
PRAFHUR R A R 52, AT R A T 5 ohr B BE P Bk 2%
T3 B P AR B B L R IE T 28 48 Bk 0 2 4R 8/
AE 5 ohrB FHEPR Y 5748 52 i 1 AR TR AE B 1
HRFR 1) 3 4+ 4598 E /1, Smadar 257 & Bl ROS 7£ 3L
Az 3 R v ok AR R T A e AR A R L T A
W ohrB B PH 5748 1] g 5 B 30 4R A2 45, AT 52
i) S 78 Bk 1) 38 P 259 BE . JF H RT-PCR A& 1
RULAETEI 7 d 25 d AR 28 T8 1k b Rk i
5 AEFMT BRI W25 W TE R BRI/ 1k
TS IE BB B s ohr B 25 ITEHRHT ROS A7 H 22
YEH .

2 % X #
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Antioxidation and symbiotic nitrogen fixation phenotype

of ohrB gene in Rhizobium leguminosarum

TIAN Mengyang HE Donglan LI Xiaohua ZHOU Yanlin ZENG Xiaobo CHENG Guojun

College of Life Science s South-Central University for Nationalities ,Wuhan 430074 ,China
Abstract  Through homologous recombination, a Rhizobium leguminosarum ohrB mutant was
constructed,and its antioxidation and symbiotic nitrogen fixation phenotypes were studied. The growth a-
bility of the ohrB mutant was the same as the wild type under free-living condition. However, cells of the
ohrB mutant were sensitive to CutOOH, H, O, and NaClO. The ohrB mutant was highly sensitive after
the short exposure to CuOOH.The results of quantitative real-time PCR showed that the expression of
ohrB was not stimulated by exogenous H;O,.The transcription of other antioxidant genes in the ohrB
mutant strain was not changed.The ohrB mutant had normal nitrogenase activity and the same coloniza-
tion ability in the pea rhizosphere compared to the wild type. However, the ohrB gene in 7-day-old pea
bacteroids was expressed significantly higher than that in free-living cells. The competition nodule ability
of ohrB mutant was reduced compared to that of the wild type.lt is indicated that ohrB is essential in an-
tioxidation and competition of nodule ability,playing an important role in antioxidation and symbiosis.

Keywords Rhizobium leguminosarum; ohrB mutant; antioxidative activity; gene expression;

symbiotic nitrogen fixation
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