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1A PR A Ak i . RIRAEAE . A BESE AR
1B, TEW S MR I (Rhizobium leguminosarum)™ ,

Yt = ILIR BV Aap A1 Bra FERXURAZ S5, H
TARERM AR . NG . 2R S R A
MR G LR, VR T A K2 BB gl S34h,
TE i 9% Bl BR B (Streptococcus pneumoniae) ™ % ¥R
£k ABC #5i81k1Y psa EMEMA(NS S Mn® F
iz, [ ZR G RE R AR A R S A R SR e
Hh R P T A Y R A D 1 R A S A E
TEMER 3 BAF i RV PR T, urtB
JE BRI 19177,

A% vl A MU TR O L (2 Y T SRR
HAfe Bl 1, HAg 2830 7653R 2t
WA FIEERSN, RiEAZLE S
RNA-sequence il Microarray DA A 3 57 (19 3 A [ 2
TWZ, wurtB. urtD A urtE 7834 [ A Y FiE
ik, HA wB B R 16.8, Hapnilh 9.4
A5 AN ARBE R AP BAE 4T UntB 251
AR S A= o Th AR, il I 5 R RS 3l
T IR F R B AN wreB #E A AR S5 T 1
2 T AFRIBRFAE , SR A A K T AL B
H urtB RASKK, BEATHEY) R LR 4 H AL 3R
R, DIUIERAS ELREUEYE B B wreB BEDNTE 4598 11 [
RPREEINRE, AHIRAWIIE urtB BN I IIHENL
il B9 TAEBE b AR} 24 L

1 AR Fedr &
1.1 #H

111 BERRFIBURL: A28 B A At T ik 0 Bk
W 1.

1.1.2 FERAFZAF & Ex Tag DNA BAE M
dNTPs . 2xTag Master Mix . FR il Py VI B
T4-DNA 4% . M-MuLV % ¢ . RNase i
il 774 H Ferments 2 w] #1 TaKaRa 23 H], BhiJEHH
BEMEHL UK Marker W H Z< B84 w], PCR P HIBEME
IR G B LA (Watson) HE W) A /], BT
AR RSP S 3 5 o T AR L e
R R AP 25 4 A BIESE BT A PCR 519
H1 DR — W I A R A BR 2 7] 5 i, DNA
¥ TAE R — M 2 ) R e o 4 0 B AR R 4
A PR 7 58 1

113 519 AR HLIYIER 2.

F 1. BERFRA
Table 1. Bacterial strains and plasmids used in this study

Strains/Plasmids Characteristics Source
M. huakuii 7653R Wild type, Str’ This lab
E. coli DH5a Host of recombinant plasmids  This lab
E. coli S17-1 Host of transformation plasmids This lab
TaKaR:
pMD19-T(simple) TA cloning vector, Amp" Ca ana
0.
pK19mob Mutant strains construction This lab
vector, Kan
pRG960 Str’, Spe’ This lab

®2. KBEATESY

Table 2.

PCR primers used in this study

ID of primers ~ Sequences of primers(5'—3")

Characteristics

urtB-F CCCAAGCTTAATTCGACATTGGCGCTTTG
urtB-R GCTCTAGACAGCACCAGCACGACGATC

urtB-D AAAGTATGCCGCAATAGCCC

M13-F CGCCAGGGTTTTCCCAGTCACGAC

M13-R AGCGGATAACAATTTCACACAGG

urtB-RT-F TCGGGAGCGGTGAAGGA

urtB-RT-R CGACGAAGGTGGTGTAGGC

urtB-p-F AACTGCAGCGGCGAAATCCAGGCCGA
urtB-p-R CGGGATCCCGTCATCGGCTTCTGTTAACCCCTT

The forward primer of urtB exchange fragment
The reverse primer of urtB exchange fragment
The verification primer of urtB mutant

The common forward primer of pK19 vector
The common reverse primer of pK19 vector
The quantitative forward primer of urtB

The quantitative reverse primer of urtB

The forward promoter primer of urtB

The reverse promoter primer of urtB

http://journals.im.ac.cn/actamicrocn
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1.2 BEFREMEEIR &G

KIGHAFIR R FR ] LB 85350, 18 37 °C $5
Fro T653R ., RASKKIIE N W IRR ] TY Hidf
B, TRERA MR ] AMS B33k, 7 28 °C K%,

AMS }5373(g/L): MOPS 4.190, K,HPO,-3H,0
0.114,NaCl10.200, MgSO,4-7H,0 0.500, /il A 1 mL
Solution A #11 2 mL Solution B J5, J75 pH £ 7,
1x10° Pa K 30 min.Solution A (g/L): EDTA-Na,
15.000, ZnSO,4-7H,0 0.160, NaMoO, 0.200, H;BO;
0.250, MnSO4-4H,0 0.200, CuSO4-5H,0 0.020,
CoCly-4H,0 0.001, 4 °C KWIfR77. Solution B:
CaCl,-2H,0 1.28 g (F#A % 50 mL), FeSO, 7H,0
0.33 g CEA R 50 mL), BR8N 100 mL, RE
I, IRGVEM 4 °C I AE AL 14,
Solution C (g/L): Thiamine hydrochloride 1.000,
D-Pantothenic acid calcium salt Biotin 2.000, Biotin

0.001, iTJEBRTA, 4 °C fR1F.

1.3 urtB R7BHR. RETREEMERKEEK
jibvi

131 EHABRAMMEE: LI 7653R BRI H
DNA MM, urtB-F Fl urtB-R 51914 B[R] JE S f
B PCR W 451 : 95 °C 5 min, 55°C 30's, 72 °C
1 min, 30 ME¥F; 72 °C 10 min, PCR f=#J%4: DNA
&t e [l Wik 7] & [l RS % #0iR pMD19-T
(simple) 3451k & DH50, PCR BaiiF J5 K B va e
R R AU W e I o R I A Y PR v R
JECRL A Z A pK19mob JFk! . DL Hind 11, Xba 1
W) BH A4 e 2 ISR A pK19mob,  [EIC XY 5
IR B, 2k, F T4-DNA & %RHE 5
B2 S17-1 PCR A i) B4 Bt 2 5 TE 8 199 B 1 e
BBk Ay 24 A urtB-pK19mob.,

132 B FREEMEROME : L 05

actamicro@im.ac.cn

(http://www.cbs.dtu.dk/services/Promoter/) Tl urtB
SEH B3 F, PCR File H B H Bt & #:3)
pRGI60 #k 1A U1 4 ¥4 & 4F (4 F 4 T ki
urtB-pRGI60 F125 25, pRGI60 JFi 4 43 1] 18 1t H 4 Ak
F| 7653R A FE @ GUS G i e 15
B MR, 5545 24 8 weB-promoter Fll
pRG960-CK . B JE 5 BIHERIE L m oM ES . Z )5
Sy HICE 10, 17, 25, 30 d AOHS, 205 fRi i vk
JEHEE] GUS Yesih, 37°C 4 3h UL |, BEJRTE
3 e s AR B iR IR,

GUS 443 :0.01 mol/L K4[Fe(CN)],0.50 mol/L
EDTA, 0.001% Triton X-100, 20% M5, 0.019 mol/L
X-Gluc, 0.050 mol/L PBS (pH 7.0),

1.3.3  7653RAurtB B RABRAFELE: LU
urtB-pK19mob RHHAR . 7653R N2 AKwH, #H17
WISEABESHR . # urtB-pK19mob A 7653R,
R DR 308 ] 058 e 2 A ok R S B e A I
PN PR 2 3 o SRAT A Str+Neo 1) AMS i
BT e 2 AR PR K S AR A Y BB VR
HRBEIA StrtNeo FUPEM TY FAi b, Digik
pK19mob ., i 514 M13-F 5Bz 5 % i H
(IR T LE S |9 D PE4T PCR KGN, ] A P A A2
7653R K:[FIZH DNA FRpg Vet iEls),

1.4 HEYEHR LT R A R AR E

1.4.1 FEYERLE: [ 75% FEE L = YR
T2 5 min, 2% (VY)Y NaClO ¥R M 8
10 min, FHJCHKEZE 8-10 %, B YEZ: NaClO
BRER RS RN FIROK I K 4-8 h Al TR &
TR, T 22 °C KiFR4H(16 hOLHE, 8 h
PR SRZ) 2-3 d A, AR R RE RN &
Fahareus JCARMY)E W TR VP 4, R4 AL P
5Hk, 29 3-5 d YLK H S - EE, TER
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FREFI 1 mL (ODgoo=0.5)FH XS Ij (AR R0,
MR RE SR 30 do 73 9MLL Fahareus TCAAEY)E
FRW N FEAE FRWAN NHNO; HiL i BIr i 5 32 1Y)
TCHERZI
1.4.2 FAERBPIE : WEA R EIFN E H
B85 A O - QN < RN T3 E O 5 S 7Y
w7,
1.5 BtrEREEMEEZETRIOLEER
b2, 2]

A3 AR A AR S A T 8 IR A 5% g A AR
P 7653R. HFh 7653R (R AT 9, 12, 14, 18,
21, 25, 30, 45, 50 d HRJE A9 RNA, &lifb )52
RNA ¥, ¥IHZE 2000 ng, FHibfi it
RT-PCR #J¥: 42°C 1h; 72°C 10 min,
1.6 FOEERE PCR

Je i PCR F NSRS JEH —3, AR5
M EPRIER ST 1S, AR —, K/NER,
ok roetE = PCR ¥, WS N rnpB.
Real-time qPCR /¥ : 95 °C 5 min; 95 °C 30 s;
60°C20s, 72°C20s, 40 NMEFR, {55 K5k
ffifl SYBR Green, SMrixt&iki R 244
{E R s,
1.7 BRERSEYE %S

A NCBI Wi R4 HARIE R Y 1D 2% PR A 4%
G b5 3B Y R A KA Bk, SRR B L NCBI

7

UrtB 242

Conserved Domain Search [ 51 43 ##E &5 1 ) PR T
AN, MR DR ST A5 BN R DI RE ;R
HEHFFYEE BLASTp WX &R FIIRER, Pkik
AFRYFERIIRE A S, [ DNAMAN %
PEATE 1 IR ECX 20, 8 Clustal X A MEGAT
AL 2B AR 70 R St (bootstrap N-J Tree) R i 2
RERKEM

2 ERFAH

2.1 urtB ERGSEO KNSR

BET R TAERERS, FA104r 7 R HbrHE
DAL A MR R SR8k, KB ureB | urtD il
urtE SEESCAE RO PR BRI, Hd
urtB L 16.8 155, urtD b4 9.4 £, urtE F3 5.1
IO XKW ABC B IR R i IRk A= [ A
MWAZEHEEEINEE . urtB FH4AK 1614 bp, 4%
537 NEKERR, 7 RPN 56.6 kDao Ffi]
#E—2HE NCBL B AT T wrtB FE R 4 s 8 11 14 £
SPEER IR 1),

WA FEAREYE R K, UtB HHZA
FLPR ¥ 540 F—4~ TM-ABC transporter signature
motif Fl urea_trans UrtB Z5#38, 54 1245 /3811
EHBAGES 5 IREZ AR MR
WFFE 45 SRR W% AL DR R 1l g 26 F T IR R iz
SR, UrtB 75 AR A 2011 rh ity [R] 5L [

TM-ABC transporter signature motif

~\ 533

C

421439 ~537

urea_trans_UrtB

1. UrtB RFEHMETREE

Figure 1.

Structure diagram of the conserved domain of UrtB protein.
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L SMb20604, 7E H A& AR Hh iz i R T 4= e
DXLl RN L X ik, FLH e R e DR
R A E R . Fit, D EadriRizdk
FEPRERL I [ A b B AR
2.2 urtB ERMFEFEE RN FRERE S

V4 urtB FER GRS 4 S SER T 51 4E NCBI Hilkf 7
BLASTp HbXIo3#T, KR RIGRIRA R iz Ak
HWFEEEAWE T RELFTHE 2). NFR

GRBEWATES, wreB JERE A8 A HYR T R AL
—ANAEX ST R, B 5 Mesorhizobium sp.
SEMIA 3007 (WP_069092226.1), Mesorhizobium loti
(WP_064985651.1)3F KL R I . XKW urtB FERTE
HPfE A LR TR A S RAF o iHE— 2B R wreB FEIR]
G 2 115 LRSS 1Y) PP A AR T TR L kA
BILRIFHI XS, 4R UntB 5 Mesorhizobium
loti (WP_064985651.1)2 5Ll 35 [a] it dnc i o

99 Sinorhizobium sp. BJ1 (WP_097523640.1)
79 Sinorhizobium fredii USDA 257 (AFL50230.1)

ﬁ“fj

99

95

96

s

6 Sinorhizobium fredii USDA 205 (KSV86831.1)
Sinorhizobium sp. PC2 (WP_046117346.1)

95 Sinorhizobium meliloti (WP_003529437.1)
1001 Sinorhizobium meliloti 2011 (AGG72525.1)

Shinella sp. HZN7 (WP_064334139.1)

100 Agrobacterium sp. RAC06 (WP_069043538.1)
L4 grobacterium albertimagni (WP_006725827.1)
Agrobacterium rhizogenes (WP_052210696.1)

54

100

72

96

—

Agrobacterium tumefaciens (WP_042617442.1)

Mesorhizobium ciceri (WP_063167929.1)

Mesorhizobium qingshengii (WP_091575023.1)
—— Mesorhizobium sp. WSM3626 (WP_027144932.1)
Mesorhizobium japonicum MAFF 303099 (BAB48285.1)
Mesorhizobium loti (WP_064985651.1)
44 «L Mesorhizobium huakuii UrtB (WP_038646962.1)

Mesorhizobium sp. SEMIA 3007 (WP_069092226.1)
Oceanibaculum pacificum (WP_067556538.1)

4?E Mesorhizobium sp. Root102 (WP_056582291.1)

0.020

[ 2.
Figure 2.

Pseudoruegeria sp. SK021 (WP_086051786.1)

UrtB REIREBMRFERBE ST
Phylogenetic analysis of the UrtB and homologous proteins. The phylogenetic tree of UrtB was

constructed basing on amino acid sequences. The phylogenetic tree showing relationships between UrtB protein and
some highly homologous members from Mesorhizobium sp. SEMIA 3007 (WP_069092226.1) and Mesorhizobium
loti (WP_064985651.1). The neighbor-joining phylogenetic tree was constructed using MEGA 7.0 software.
Bootstrap values (%) were calculated by 1000 resampling repetitions. The number in parentheses represents the
accession of protein. Node number represents the confidence level of relatives, the length of branches represents the

evolutionary distance and the coefficient is 0.020.

actamicro@im.ac.cn
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2.3 urtB FERTE A AR M T MREK
P

R T RS urtB FEFTE 7653R H R IB R,
Oy M HAERN M. huakuii 7653R HEKF)%5 9. 12,
14, 18, 21, 25, 30, 45, 50 RAYHLIE LI K A 4=
S PSR BIBO R 7653R, iR RNA I
EHAS cDNA, #£17 Real-time PCR & & 4341 . PCR
FE M LA RS RNaseP 4 rapB NINS LR, 4
TR R AE LA MU (4 25 B wreB B R 1G9 3R
ik, HTE 12, 14 d &k 10 50 E0E 3).
24 urB BERFHFHEILEFZETHIRARS
Ry

ASCGHAT T urtB R G 3 F3RIE AR GUS G
CFIRI, 25BN wrB FEPITE R R YL AR |
{RYLR LIS IR A FRE (AR, urB BRIz
il 10 d BRI DR FRIA(E 4-A), TE 17-
30 d MAVEEIAUX R RIA(& 4-B-D), X K]
urtB R S5 B AR [ A RE R VIR G
2.5 7653R urtB FRANKE MR EFL E

L 7653R AL ZH DNA WA, 958 K /N Hy
849 bp MEIIE B, HITKEE R/ N S T AH

urtB-promoter

o - .

(R 5-A); WP IEAf SERE 2 Hind ILA Xba 1 AU
Y15 R VI 24K pK19mob [, #4k E.
coli DH5a, filif2 BORIBEDI B E . E2H ks 3 AfE
LR TR 7653R H, EALFR A i B S YR
LY wreB TR AR E A, GG
iR b, BFIMRZ R 0

30 -
I S
25 +
© L
5
—20r
St
3
(/)15_
§ [ EE—
gt
§ L
&2 5t
O_
R
P o S S B @b,\@”’&

B 3. wrB EIEFFHIARENRIRER R ERIE
Figure 3. The dynamic expression patterns of urtB
under free-living condition and different-staged root
nodules. From left to right: nodules collected at 9, 12,
14, 21, 25, 30, 45 and 50 d respectively; 7653R of
free-living cells. The error bars represent the standard

deviations of three independent experiments.

urtB BENFERBE R B T2 F BRI = RE

Figure 4.

Spatial and temporal expression analysis of urtB promoter in nodules. A-D: urtB fusion with GUS

staining observation of nodules collected at 10, 17, 25 and 30 d respectively; E-H: pRG960-CK GUS staining
observation of nodules at 10, 17, 25 and 30 d respectively; Bar=500 um (A); Bar=100 um (B—H).
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(A) bp

1000

750 849 bp

(B) 1 M2  bp

1500

1215 bp
1000

5. 7653RAurtB R KR PCR &N EE

Figure 5.

Identification of 7653R AurtB mutant by PCR. M: DL2000 DNA marker; lane 1: PCR product of urtB

mutant genomic DNA; lane 2: PCR products of wild-type 7653R genomic DNA.

TR VE A DNA YEFT PCR, PLZE4A pK19mob
ME S M13-F SEGUIA 00 0 B By Y
TEET 1Y wrtB-D #:4T PCR B0, [ 3R FH B A 1
7653R & DNA AR BAYEXT IR, i M13-F #l
urtB-D 9 41 AurtB 7B R PCR 772494 1215 bp
(% 5-B), FBI/NSHUWASF, 7653R X R
TP o G5 RFR AurtB AR R IEH
2.6 7653RAurtB FEASRR AL AR B F R EUAG I
o

L 7653R 1 7653RAurtB LM EMK, NEH
IRTHE, BT R RS IR SRR T R AR
30 d JEWEMER. i B KBRATIES, R
7653R WS m bk, KRR | M Rrgef, e
Fl1 7653RAurtB W5 = YEREMRC IR/ N i Fr kv
FIH LA ZIURIRE(E 6-A). [RIINF, WA
PR R RA A L, HERP 7653R IRERRAR R &
ik, MEECEZ ok R, TS8R S
TR, MR SSR (B 6-B). AIEDI 4551
TIRFERN 30 d BYEFA: R AR TS5 AR 1E AL T HE RS
AR, A X, HREAIX GRS,
FRALUABE K (E 6-C £2), X FRWIHYR E AS
JIHE R T 5 72 FE AR AR R [ 280 DX 55 T 4 L B
D, ERSr AN I RIRAS (B 6-C ), X5

actamicro@im.ac.cn

6. 7653RAurtB %
Symbiosis phenotypes of 7653RAurtB
mutant tested on Astragalus sinicus. A: Appearances of

Figure 6.

plant growth, negative control (without inoculation of
any rhizobia strain) (left), 7653R-wild type (middle)
and 7653RAurtB mutant (right); B: Appearances of
root nodulations, control (left), 7653R-wild type
(middle) and 7653RAurtB mutant (right); C:
Microscopic observations for the development of root
nodules. Paraffin-embedded slides of longitudinal
section of 30 d nodules stained with toluidine blue.
7653R nodule (left) and 7653R AurtB mutant nodule
(right). mer, meristem; infz, infection zone; fixz,
nitrogen fixation zone. Bars=500 pm.
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YK FIE /N, TR TG AR Y 2Rk R ALY
G o R wreB FERFE S AT R SR . i
—2, Xk R R R A A
il 5 P A TR gE o (B 7), 5 R R B Fh o
AR R TR A5 A R B AR AR EL, 6 M 13 40 fef
TRE . 9 SO [ AR S YE I e B v R
(P<0.05, n=12).
2.7 AR ELEAKE 7653RAurtB A [E
RGP RE

Sy TN bk A G 2 Y (R B BT 2R
P I B EURRAE )i S 2 R HARIE R wrtB 192
RERIE T 800, FATHE— BT AR R A b T

o e e
9

Fresh weight of areial part/g
[}
~

O e
S = N W

WT Mut
Strains

—_ = NN W W
S L © W O
T T 11

S W O W
—T—T—T T T

Nitrogenase activity
(umol/g nodule-h)

WT Mut
Strains

RE, IHFRIMIERER 7653RAurB J5% =¥yt
A ZERFREH, WF A AU AR Ol IE E O AR
S, TN ERLH S AR R BT AS AR AT A 1 €8/ N
BRI A Rk (E 8), AGuit2#4rHr, AL,
96 T R [ SR TG 5 A AU E AT SR R 25
SR Hh o R AR A B M 22 (3R ).
TR, #hFRA KBRS VRN T wriB HE A
AR 18 I RE B T S 20 I AR Al ik SR R Y
A FE DAL RS IEH A1, AT il 353 AE )
HSE AR . XGRS U R
A B S 5 A [ R R P T A T T A ML R
(14 % 38 s R AL

80 |

70 |
5 60
5 60
£ 50
g L
o 407
= 30
S L
Z 20
10 [

WT Mut
Strains
0.040 -

0.035
.~ 0.030
‘gb L
2 0.025
2 0.020
S 0.015]
=] : L
Z 0.010

0.005

0.000

WT Mut
Strains

7. t#EHKtEHSEE. B BEREREERNE

Figure 7.

Comparative quantification of the fresh weight of plant, number of nodule, nitrogenase activity and

fresh weight of nodule induced by 7653R A urtB mutant. *: significant difference at P<0.05; the error bars represent

the standard deviations of three independent experiments.
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8. #MBELIBEMT urtB REHEEFERAHRERENKE

Symbiosis phenotype restoration of ur¢B mutant after N addition treatment in pot plant experiment. A:

Figure 8.
Appearances of plant growth, 7653R-wild type (left, no nitrogen addition) and 7653R AurtB mutant (right, with
nitrogen addition); B: Appearances of root nodulations, 7653R-wild type (left, no nitrogen addition) and
7653R AurtB mutant (right, with nitrogen addition).

T 3. 7653RAurtB L4 ERERIARE AR E N E

Table 3. Symbiosis phenotypes restoration of 7653R AurtB by the addition nitrogen in pot experiment
Group Fresh weight of Number of Fresh weight of No.dl%le nitrogenase
plant/(g/plant) nodule/(plant) nodule/(g/plant) activity/(umol/g nodule h)
WT-7653R 0.57"+0.06 36.5+0.16 0.09°+0.01 13.88%+2.52
7653R AurtB+N  0.48°+0.04 20.67°+0.33 0.02°+0.02 6.27°+1.11

The data is average of three replicates; values in each column followed by the different letter indicate significance difference (P<0.05).

3

A=y [ R A T R AR P 2 P B N i Dt
B NH, B3 % . B R 518 £ S AMEY A BAEH]
TE AR , 32 DL T A (bacteroids)JE A T4 4
[ AAEH - MR T 518 = G R W TR 2R
T EERHEY) RV E SR AR i . RB IR LA K
WIF I DU SRR, VRN R, AR
PR A H [ A FLE MR s R, TR
BAERKBHFLEAER.

TERE AT B P R, wreB FEH ] BE
ZHizh . BEER . JER . KA, ZEK
WG X T AR IR EE ZEhYR 2 B
At RE , A A R s R A R IR R
ABC 552K, @it B s B2, A1 kM
7653R urtB kK 1 PRAF S5 AR S50 5 35 A0 T AF AR L
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F G R T o i L D A v 18 A MR R B AR
SF, BER T wrtB JERATRES 5 P8 A i T L
ARBTE R LA T P N R sk . O THRSE
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Construction and analysis of symbiotic phenotypes of wurtB
mutant in Mesorhizobium huakuii 7653R

Xuejuan Zhou, Chuncao Ma, Yanan Li, Chang Hu, Youguo Li
State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan 430070, Hubei Province, China

Abstract: [Objective] Urea ABC-transporter permease subunit UrtB may be involved in urea metabolism and
branched-chain amino acid transport. This study aimed to obtain experimental evidence to clarify the effect of urtB
gene on the nodulation and nitrogen fixation of Mesorhizobium huakuii and provide scientific basis for further
study of its functional mechanism. [Methods] The structure characteristics and biological functions of UrtB protein
were analyzed by bioinformatics, the expression pattern of urtB gene under free-living growth and symbiosis
conditions were detected by fluorescent quantitative real-time PCR, and in situ expression of ur¢B gene in nodule
tissue during nodulation process were detected by promoter fusion with B-glucuronidase activity. The urtB gene
mutant was constructed by site-directed insertion, pot plant experiments and in combination with nitrogen addition
treatment were carried out to identify symbiotic phenotypes and restoration. [Results] It showed that the urtB gene
was anticipated to be involved in nitrogen transport of rhizobia. The expression level of urtB gene under symbiotic
conditions was significantly up-regulated compared to that under free-living conditions, and urtB gene was highly
expressed in the nitrogen-fixing zone of the mature nodules; an ur¢B mutant of 7653R was screened and obtained.
Compared with the wild-type strain 7653R, the 7653RAwurtB mutant inoculated with host plant resulted in an
abnormal development of the nodule, and the above ground biomass of plants and nodule nitrogenase activity were
significantly decreased. Adding nitrogen in the pot experiment could restore its symbiotic defective phenotype.
[Conclusion] The urtB gene of Mesorhizobium huakuii may affect nitrogen transport or assimilation in root

nodules, and therefore it plays an important role in root nodule development and symbiotic nitrogen fixation.

Keywords: Mesorhizobium huakuii, urtB, mutant, symbiotic nitrogen fixation
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