(DGR

Acta Microbiologica Sinica

2020, 60(10): 2172-2183
http://journals.im.ac.cn/actamicrocn T ]
DOI: 10.13343/j.cnki.wsxb.20190179 O

Research Article IREE TS

TIRERBEE SMH12 2 EH NopP AR RS FER Y
L gE
Wk, BW, xm, FKE
SR RO B R TR, B R 430070

WE: [ HiY ] BT Sinorhizobium fredii SMH12 1) nopP &4t A4: [ &G AR H T RE, MR ASEHTHR I
ROV 1 AR B AE LR R HE L 2R, 1T S O W e ORI BT 1) a5t A% o R P — S B2k [ 5 ]
FRAW015 B 223 BT nopP BIZEHIERAE, FIEE nopP itk . 1t Faik FIE AN bR, FExb R 7 2 A Fe 1 4y
15385 gRT-PCR 4341 nopP et Az 2 7 H i B 25 IR RRAE , I 2 7042 37 A RV S8 AR (R A 3L 17 7 NIN
ENOD40. PR1. PR2 Fil PR5 W3Rkt ; RABOGIL IR AL 0 B UEE NopP A i e o7 o [ 2551 ] #idUed
P 1Y NopP AL & AT L ANEHRBIER, 5590 IS A AEART Avr S80% AT [R50 o nopP B2k Z JE X BE &L 17
TR 13 PARIRE [ R TG 24 B R, 7R B3 17 A N, K nopP AR RS
17 MR 13 A, gRT-PCR /R, nopP 78 A4 4 N/ Bk, A FRARE
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HYJ DM Ik T3SS 43 WA 2 1 31178 At , 4
WA IR RN, A BRI 25 A PR B
SR, RN 1t Pl AR R A bt (R) B 1
P IF 175 S5 ZU % I 080 S5 1z RV 280 1 Ak ) 9
JE(ETI), #Em S EUREBU(HR), RIBHEMZ
Yoo HR, —SuN BRI ETI SO,
T 5 g

T3SS TEVF Z MU A P E 4 E ik, JFH W%
JE BE AL A W R G W — SRR T, XL
GERR LI SN 1 (Nops) , BERS 2 1 G 1 A&
Az 2R 48 B. japonicum 1, Mt 30 4
SE AT REZITBIRL N, A2 S. fredii i, KA
15 K S 1] BB A9 TRk 007 26 (1™, Okazaki %2
ZUEMH , AR Nops b A] LU i 245 th 2590 I8 1
(nod factor, NF)iFsSM45 (59 I HEEE0E 15 &
St 5 FERRi 2 1, NopL . NopC #il NopP
MR R S, AR YR S W i A4
KA P, 7€ NGR234 w1, NopL #iil GAHHE
AR P 5 0 HE ) MAPK {5 5Hd i, 1Eh
MAP I ) Wi 2 A JEC P41 A EA v 1) 15 2 974
R, 7 S. fredii HH103 2414, NopC fgi
fi2 k259814, NGR234 Hh nopP (28745 3815 £ 5.
RHE YT T3k (Flemingia congesta) F1dE 9 1116 &
(Tephrosia vogelii) it 25 % SR & % />, HH103
i, nopP EIEAF T G max (L.) Merrill cv.
Williams 1 2598 , H 2 A F) T3 #oly TR Y
Erythrina variegata #9459 . Jf H &3 nopP 5748
PRHERIE) Williams FIN, ARG FEA CHED] PR1
(07 SRR SE-REAR , 2B NopP X% 18 A B 3L
17 PR 4, B. diazoefficiens USDA122 i) NopP
T Rj2-KR G AN MY ERE, Rj2 H
J&F R#E A TIR-NBS-LRR 25573 USDA122
HHY nopP A2 73 Hr# W] NopP H1i) R60, R67 #il

H173 = HREEEA T Rj2 BB LR 1)
FW Rj2- KT H Rj2 & AT A0 5 fi
& e R ok W NopP 14 R 22 A% 1K IF FH A%
USDA122 {24 {H+ NopP & [ 7E He A AR B
FRIDIREA A Z F D

Sinorhizobium fredii SMH12 &—F)" 15 F4
AT, TSRS R AL SR ) 258 A
R — b EA R4 I Al S A AR R B 1 ) e
i, AT SMH12 F11) nopP i#E4 744 R Y
SOEFMLTI AT, BN RAITE R SR AR
PSSO 2 1 B R B ERIL R 2 SRR R i A S 5
AR

e

1.1 #H

111 AR, BORLAUEFREL: P H MR BRI
% 1., M9 (Sinorhizobium fredii HH103)%
YMA B dbdhge, it 28 R REER A AMS 5557
e, BRFE 2 28 °C K557 5 KA #T 1A (Escherichia
coli, E.coli) % LB 55355k, Hig4fJE 37 °C,
1.1.2 FEWPkEl: 325 17, it 13, Glycine max
Williams 82, BD2., %5 10 5, 44 14 FIRKFE—
Sk A EERELRE),

1.1.3  FERFIAMET: RHEN DI, St
fii \RNase inhibitor I | Fermentas /A &, pMD19-T
(simple) . DNA %y H TaKaRa 24 A, PCR J
o A RG] . DR HHEE RS HL UK Marker 4 B 2Ry
Al UAER . SRS OCAE S T AR AN
F i [ 2546 4] . ASBIESE BT PCR 514110 A B
DNA [ Fp 345 ph 2R — W A BR2S ) AR} A
WA RA R ZEM; 2OEER PCR [ ABI
Step One, “SAHEIE{L A GC4000A.
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Table 1. Bacterial strains and plasmids used in this study
Strains and plasmids Characteristics or function Sources
E. coli DH5¢ Host of recombinant plasmids This lab
E. coli S17-1 The helper strain used for conjugation This lab
GV3101 Host of recombinant plasmids This lab
Sinorhizobium fredii SMH12 Wide type of Sinorhizobium fredii, Str’ This lab
SMH12 (4nopP) In frame deletion of nopP from SMH12, kan' This study
CM-nopP Complement of nopP for SMH124nopP, Gm' This study
OE-nopP Overexpression of nopP for SMH12, Gm' This study
PMP2463 Gene fusion expression localization vector, Gm' This lab
pCM351 Mutant strains construction vector, Gm" This lab
pCM158 Mutant strains construction vector, Kan' This lab
pBBR1MCS5 Gene fusion expression vector, Gm' This lab
pCAMBIA1302 Gene fusion expression localization vector, Kan" This lab

114 519 ARFALSIWILE 2, 519
Primer 5.0 X {Fi% 11
12 EYRERFEST

it NCBI Mg 4k H I EE KT 91, SR )58
il BLASTp Xt &R IFEE M, Pt A RFE R
AR FUF S, A MEGA M R G R B R
1.3 QqRT-PCR il R B A& LILETH
RirgE

KEFFLEAHEKEE, S TG TR
HIK 40 min, RJFHLEKREHT 1 h, #EFT
K fariear, FICARGEHE . Frahii hss—
FrE, B AR E SMH12, 3ok
Wi 8h, 1d, 2d. 4d. 8d. 10d. 12d. 14d.
16 d, 20d. 25 d [WHRERL L, HhiR Ll BT REL
MR e A L4 T SMH12 Hiy RNA, FE 5%
SN cDNA, LIfS3 ) cDNA N . 16S RNA &
NS IR ER PCR, qRT-PCR [ )i FE 710
T:95°C5min; 94°C30s, 60°C20s, 72°C 20,
40 MEF; 72 °C 5 min, {55kl gukHE H SYBR
Green, AN RIEECR A 274 (G L
1.4 WEAE DL
141 7TEREHMAFMTHMES: LI SMH12

actamicro@im.ac.cn

SR AR Y 3 nopP 4ifs P2 If %125 GFP
) N S, BiA 5 NopP-GFP. Fifi o 5 a8 As4 4k
FIMRFEARME GV3101 Btk , WIRIGFIFUEE
B, AR EL 5 buffer &L TA{4(0.01 mol/L
MES-OH, pH 5.8, 0.01 mol/L MgCl,, 0.15 mol/L
Tk T 7MW acetosyringo-ne), i HZLHEE ODggo
0.5, SRIGEIREE 4 hJ5H 1 mL 3528 AR
F N R B T R R, B R 2.d el
FABOGI 1 4 3R 45 B 1B (Zeiss LSMB510) WL 5¢ 4
HL IR

142 HEHAERSTHTMAMRERN: KOFF2
FAERERKEG, BCE T#E TAERK 40 min,

MIGHE KR A+ 1 h, #&FT KEEREA S,

FTCEMRBERE . FRhii i i — Bk, etk
A BRIV SMH12, 3 IOBGER)S 2 d fi1 8 d
AIFE P AR TR H L, fd O 1 L 2R A B
(Zeiss LSM510) W& 4H it 2 Y6 H-FA A

1.5 nopP k. MFRIA R EAMNEVRIIIE

1.5.1 AnopP RAKMMEELE: FIFH Crelox
RGO B2 10 J7 12, Ha g nopP Btk 5
A, LA SMH12 L4 DNA Rtk , R
nopP-up-F/R FI nopP-down-F/R 51¥1%f, 4351414
nopP [FIJRACH: BRI, #m Wik 4 B 2k
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Table 2. Primers used in this study
Primers Sequences of primers (5'—3’) Brief description
nopP-up-F ggtaccCATCATCTGGCAATCGGTT Amplifying the exchange upstream arm fragment
nopP-up-R catatyACGAGCTATCAATTCGACC
nopP-down-F gggcccGACTTACGAAGATGACTTCATG Amplifying the exchange downstream arm fragment
nopP-down-R accggtCATCTACTTATGAGCTCCAGC
nopP-Map-F AGTCGGGACGCAATGGAT Validation of nopP mutants
nopP-Map-R ACTCCACTTCCAATCACTCCG
nopP-ORF-F ATGTACGGTCGAATTGATAGCT Cloning the ORF of nopP used
nopP-ORF-R TCACATGAAGTCATCTTCGTAAGT for complementary plasmid
Gm-F ATGTTACGCAGCAGCAACG Cloning the ORF of Gm
Gm-R TTAGGTGGCGGTACTTGGG
nopP-g-F AGGTGGGTTCAGCATGGAAG Using for nopP of gRT-PCR
nopP-g-R GCTCGAGCAGAATATCGCCT
16S-g-F GGATCGGAGACAGGTGCTGCA Reference gene of qRT-PCR
16S-g-R CGTGTGTAGCCCAGCCCGTA
nopP-L-F ggtaccCATGTACGGTCGAATTGATAGCT Constrution of the recomb ination of NopP localization
nopP-L-R tctagaCATGAAGTCATCTTCGTAAGT
PR1-F GGCCAATACGGGGAGAATCT Using for PR1 gRT-PCR
PR1-R TCCAAACAACCTGAGTGTAATGC
PR2-F TGAGAGTGGATGGCCTTCTT Using for PR2 gRT-PCR
PR2-R TGTTTCACATTCCGAACCAA
PR5-F AACGTGCCCATGGACTTTAG Using for PR5 gRT-PCR
PR5-R CGGTTTTGAAGACAGTGCAA
ENODA40-F GGCTTCTCTGATCAACAAGGG Using for ENOD40 gRT-PCR
ENODA40-R ACATAGCCATAGAGACCCCA
NIN-F ATATGGTGGGTTGGTGCAGA Using for NIN gRT-PCR
NIN-R CCCAGCATCCTTCCACAAAC
Tef-g-F TGCAAAGGAGGCTGCTAACT Reference gene of qRT-PCR
Tef-g-R CAGCATCACCGTTCTTCAAA
M13-F GAGCGGATAACAATTTCACACAGG Identify the recombination plasimid PMP2463-NopP
M13-R CGCCAGGGTTTTCCCAGTCACGAC

pMD19-T (simple), M5 1E 4 Je K XUV I 40
A 5 A B pCM351 #% 4K % 5, 18 B ROk
pCM351::nopP-up-down %4k % E. coli S17-1 1,
G EALE G R, BRI T SM+Str+Gm P-4l
|, Z&519%F nopP-MAP-F/IR . Gm-F/R ffi vk 4k,
T, #Hf7 PCR B R AR A,

1.5.2 #BERIEF nopP EAMEBRAMEE : LI AE Y
HROE B SMH12 %t [H 41 DNA R it , H
nopP-ORF-F/R 54%}, #4455 nopP 8% 1y F
TR SR AE L 22 Wl U] RS 5 TR A U 1) 1 28 AR

pBBRIMCS-5 % 4% , # & & 4 £ & 2 1k
pBBR5-nopP, il ¥ IE# 5 A TP SE A G
Gy K T AR T A BFAE R SMH12 R AR i
AnopP Ht, FEEERA T & A M RNPUA R AR I
BIET 28 °C H AP, K% 4-7d 5, LUS|H*E
M13-F/R #E17 FHH2 AL 7 PCR %k,
1.6 WIEE-KEILAERESH
KREMFAE N KA, BCE TG T/
FIR 40 min, FHIHEKRIEFF 1h, #EFTKF
s, FJCERERE . FRA KRS — R Ent
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I, 2 AT AR T SMH12(WT) 25K & ¥k AnopP
FEFRIB K nopP(OE) . HAMAERE(CM), WIIE B 5
25 d Y, S BIGET TR A R S AR ARt 1358
SYEETE . YRR . MR A R
1.7 REFeH: K G i Aa SR R Rk B i
43 S SCEBCHE T 7 £ R SMH 12 R 225 {4 AnopP
J& 2 d IFEE 17 MERAHE, HhEE Ll AN AR AL
21 RNA, FERL5 58 cDNA, LI EIY cDNA
NN, TEF NS BRSO E 7 PCR, 407
Y A= RIFN S AZ b NIN, ENOD40, PR1, PR2 #iI
PR5 ik, qRT-PCR JWFRFMIF: 95 °C
5min; 94°C30s, 60°C20s, 72°C20s, 40
fEi¥h; 72 °C 5 min. {F5 KM YkHEH SYBR
Green, FIXFFERAIMR A 272 E R

2 HRFuaH

2.1 NopP WIRG R B HM

BHA, FAT%F Sinorhizobium fredii SMH12 3 [A]
HPEAT TR AR, R How R H X &
S. fredii SMH12 2[RI 2H % F — > A] REAY nopP, i
—#l it BLASTp (https://blast.ncbi.nlm.nih.gov/
Blast.cgi)/Hr AR, FEPAERL 184 BUFN g A 7l
HRJRE TR TP X AFLE NopP [RIIEEE . RGEK BRI
78, NopP W[FIIEEE 430 3 Mg, 435 AR
3 4 e P 1 A MR T 8 (Bradlyrhizobium) | BRA= LAY
rh A& K7 T J@ (Sinorhizobium) 1 H g A AL i s
(Mesorhizobium) (& 1), Z &2 b X534 & 21, NopP
T [6] — B & th AR LR s, AR Bl 2 90%,

55rSinorhizobium fredii SMH12 (NopP)e®
5T=Sinorhizobium fredii HH103 (WP_041409855.1)
7T Sinorhizobium fredii USDA257 (WP_014857569.1)

100

99|-Sinorhizobium fredii CCBAU 45436 (WP_037457110.1)

Sinorhizobium fredii NGR234 (WP_010875098.1)

841 Sinorhizobium sp. CCBAU 05631 (ASY60917.1)
Sinorhizobium sp. BI19 (WP_097523465.1)

34 100[Sinorh[zobium sp. PC2 (WP_046119641.1)

50 100

Mesorhizobium tamadayense (WP_125005402.1)

100 Mesorhizobium delmotii (SIM31916.1)

78 Mesorhizobium metallidurans (WP_008874793.1)

97 100L pesorhizobium prunaredense (WP_077376236.1)
Mesorhizobium ciceri (WP_027038898.1)

Mesorhizobium muleiense (WP_091595847.1)

_"‘ Mesorhizobium huakuii 7653R (AID34648.1)

62 Mesorhizobium amorphae (WP_100084785.1)

43| Bradyrhizobium japonicum USDAG6 (WP_014497970.1)

591“ Bradyrhizobium diazofficiens USDA110 (AAG60738.1)

S8IL Bradyrhizobium diazofficiens USDA122 (APO50372.1)
Bradyrhizobium liaoningense (WP_035678775.1)

Bradyrhizobium sp. CCBAU 15635 (WP_038973567.1)

100

—
0.05 86
1.

Figure 1. Neighbour-joining phylogenetic

100 EBradyrhizobium sp. ORS 3257 (SPP98457.1)
Bradyrhizobium shewense (SCB31169.1)
Bradyrhizobium elkanii (WP_050994312.1)
NopP ElIR EHH ARG & B #H Lkt
tree of NopP homologues. Phylogenetic tree of NopP and its homologs

from other species was constructed by the neighbor-joining method using the MEGA version X program. Numbers

in bracket represent the sequences access

ion number in GenBank. The number at each branch points is the

percentage supported by bootstrap. Bar, 0.05 sequence divergence.
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TTAE AN ) P S AR LR A, AN 40%. 55
A, FATTHE A A AR IR PR v R R 51 NopP [] U
A AFAE, W] NopP JEARIR B H FITRR A R
HE, R, TR E MR R
Gi ik
2.2 WEEEFEEF nopP HIFRIKFFHE

T BIES nopP FEMYIR K B R P Rk
fiE, AR qRT-PCR Jr ik HiX 2 Ab B A
YRR T RIE R, S5 R BN, SMH12
Y nopP 7E A AR A AR AT RGE .
Bzl 2 d J5, nopP Rk A, J&AASKMH
52 fi5, BHfEFRILmGH N, P TRE, HAH
Xt H AR Rk (8] 2), %8 nopP 7Et:
At R b R EEAE A
2.3 NopP & H 40 5 iz

N T NopP ZEAIIKF R HEns, A%t
A K2 4 TR REC A T T A T BRI ik e Ak, I
FEVE S 48 h J5 WL NopP [IE N . 45 B, TEAH
BRI 5 240 R TR A0 A% 4 BE AR B4R 6,50k
DAPI

(A) Merged

25 um

(B) Merged GFP

50 pm

3. NopP fEMEEFNLA KT 891 4 A 7E 1L
Expression of NopP::GFP in tobacco epidermal (A) and soybean root cells (B). N. benthamiana leaves

Figure 3.

50 pm

FEiE—2id s DAPI Yy, XSS B S0k 14 5 (078
I E S SRIOCE S, B NopP &AL T4 fifit%
H(E 3-A), FHH NopP FEAH B H A0 20 A
Az

W =)
(=] (=]

B
(=]

(3]
[=}

(=

Relative transcript level
W
=

(=]

Oh 8h 1d 2d 4d 8d10d12d14d16d20d25d
Time

2. nopP EBAREAFRIF M ESRIE

Figure 2. The dynamic expression patterns of nopP
under free-living condition and different staged root
nodules. From left to right: SMH12 of free-living cells;
RNA was isolated from the roots at 8 h, 1, 2, 4, 8, 10, 12,
14, 16, 20 and 25 days after inoculation respectively.
The primers listed in Table 2 as described in Methods.
The expression level of each gene was normalized by
the 16S rRNA gene. Data presented are meanststandard
deviations of three independent experiments.

GFP

Bright field

25 pm!

Bright field

and soybean roots were transfected with combinations of constructs for the expression of NopP::GFP. Confocal
images of tobacco cells and soybean root cells expressing NopP fused to green fluorescent protein (GFP). Tobacco
leaves were taken 24-48 h after transfection. Soybean root tissues were collected at 2 and 8 days after inoculation.
Scale bars, 25 um (A) and 50 um (B).
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J Tk — AP NopP AUV 4N E DL, FA1H
SMH12 (pMP2463-nopP)#Ef T3 & 17 b, Ft4
SR 2 d 18 d JE RUAEIAR T, B AR AR
PR AR SO U] L FEBO G R AR
S5 0L 7R . NopP 7 4 i ISR 20 M A2 b 35 BE LS 31
PN 3-B), STEMHFLI: Fr v W EE A0 285 S A — 3K
RIE, B NopP & {7 T 2 I AR AN 248 A% v .
2.4 AnopP RAERMWEFLEE

LI SMH12 EJE K20 DNA NH, 25l i
K/NJg 692 bp H1 691 bp AYIFEITE 1B AT (K
4-A), [FVE FEZ Kpn | Al Nde | 3% 3] 34k
pCM351, £ Apa | F1 Age | F[a] 6 R i 2 2
A& pCM351::up. K4 a by i B 24 kL 2 AP 2
HYJRE B SMH12 v, S 20 Bk b 1 ag 3 Fr Be S AR
FEE A ) nopP |, FiER Brk AR,
BEF Qe b, SETTR R L N e DAERUA
PCM351 #9549 Gm-F 5] s %5 b i H G 3 A
f5 156 51 41 nopP-MAP-R 317 PCR I iiEd 14 H £
k1 1625 bp (&1 4-B) 7 Bt, K/NSHUIAST . [AET
K FHEF A2 1 SMH12 i DNA Bt o BAME T R, G

(A) (B) (©)
bp M1 2 bp M 1 2

2000
1000

bp M 1 2 3

1000
750

1000
750

4. AnopP REHKHY PCR £7E
Figure 4. Identification of SMH12 (AnopP) mutant by
PCR. M: DL2000 DNA marker. A: PCR amplification

of exchanging arms. Lane 1: the exchange upstream arm;

lane 2: the exchange downstream arm. B: PCR verificate
of SMH12::Gm. Lane 1: the post-gene exchange vector
fragment; lane 2: the SMH12 wild-type genome. C:
From 1 to 3: cloning the ORF of nopP validates the wild
type SMH12 genome, SMH12 (AnopP), and the
elimination the Gm resistant mutant.

actamicro@im.ac.cn

Ay . dE— 2% pCM158 3 A SMH12
(AnopP::Gm), ¥ Gm JHERTSF 56 4l 588 1A
AnopP, 4T PCR i, Z5HRFEH SMH12
(AnopP)Z& AL AN HEIE A (] 4-C).
2.5 AnopP RAMKSEE 17 M #E 13 gyt F
AR T

9 T W5 SMH12 (AnopP) %t 3 A= [ 4 1) 5%
M, WAHYE T nopP ik OE-nopP M H %h
CM-nopP, FHE& MK ST 17 A E 13 (1
A RA, GRN], Y 17 M 13 SR
[F) Bk 3R A 25 5, BT 17 R R AR
W IR FGE B o, BB ik 5 8
A BUAR PR B 55 HH . H D EAN R AR A )
TR THP AR G5 AR R Z 8], ATk 434 5 3] B
AERIRA(E 5-A). [FIFE, P 13 HERh SR AR
F R FR5 A b b AR A B A B A R v LR
ok, RN E AN R A ) R T A A
L RASR Z (8], AT FR Pk S 3 B A B R A (18] 5-B)

(A) wt AnopP CM OE B)wr AnopP CM OE

5. AnopP ZELHE5HET 17 f0dh#E 13 pyHEAERA

Figure 5. Symbiotic phenotype induced by strains
tested on JD17 and ZH13. A: Symbiotic phenotype
induced by strains tested on JD17; B: Symbiotic
phenotype induced by strains tested on ZH13. WT: the
wild type SMH12; AnopP: the nopP mutant strain; CM:
the nopP complem-entation strain; OE: the nopP
overexpression strain.
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20 X R AR R[] RS | TRk, R R S
ER oA TAE I T, ARERW], HEE 17 4%
Fh R AS PRAE R4 8 BTG o~ 24.3 pumol/(g-h), B74=
RURE R AL AE [ ZUBEHE O 11.1 pmol/(g-h), 5878k
F1e ] 80 RS A T 7 A 7 1 2 T (P<0.05), TR %K
U 30 2 v TP AR A A R TR (0 R A R il
W TR e St bR oyt Y R AR T AR
FERN SRR BT 13 AFAR A AR R [ U TG Y A
TR 5 T4y, FEMh I 2 K TR R ) e R AL (] 2R
47 8.6 umol/(g-h), HFAFUREAR A 23.3 umol/(g-h),
R A 1 ] RS R T B A A 1 25 IR (P<0.01)
FERP AR FIER IR IR . R D) el b -t
AT TE ARG i 22 5 (K] 6). £.Z, nopP

A) —
=40r gwT  mCM

@ 35¢ *
= AnopP EOE I

= ok

Nitrogen

©
250~ BWT B CM
= AnopP W OE
5 200f
=%
5 I
E 150F
5
‘5 100F
=
[
= 50F
=]
=
Z

=]

D ZH

RAPER R AR KR, SEELE 17 i
B 13 (AR [ ARSI IR T AR Y
ARKEE, KU nopP Byhie 5 3HA: A ARE
26 HET 17 RpIE R CER R AR T

W AN R AR S A R AE L, RS
2 d 5T 17 A NIN (76 NFR &A1 NFs 53
fiE R A7 py A BE )y ik i s 1.2 %, ENODA40
FIRKVEA BEB, N TRAEST 17 il
nopP &S 1 B RN, FATTHEI IR 17 AR
HHEAEARICEE I (PR, PR2 FI PRS)IFRIL ., 45
T, SHEEFPET ARG L, AR AR RS
17 #H PR5 7EE T 2 d Jm Y ik 1 i 5 PRAIL 3.6 7% .
HR, PRL I PR2 MYZRIBWA BE LB 7).
(B)

401 EWT
35t

30r
25F
20t
15
10+

5L

0

B CcM

%

AnopP M OE

Nodule number per plant

)

D) = EWT BWCM
AnopP WM OE
I

wn (=)
]
—

=
T

—_ 2
T T

Fresh weight of areial part/(g/plan
(U%]

o

D ZH
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Figure 6. Comparative quantification of the nitrogenase activity (A), number of nodules (B), weight of nodules (C) and fresh
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Functional characterization of a T3SS effector protein NopP of
Sinorhizobium fredii SMH12 in the symbiotic nitrogen fixation
and interaction with soybean

Yifang Sun, Peng Zhao, Yuan Liu, Youguo Li
State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan 430070, Hubei Province, China

Abstract: [Objective] To understand the molecular mechanism of the effector nopP in the nodulation and nitrogen
fixation of Sinorhizobium fredii SMH12, and to provide foundation for effective genetic improvement of
rhizobium-soybean symbiosis, we studied the function of nopP in symbiotic nitrogen fixation between S. fredii
SMH12 and soybean. [Methods] The phylogenetics of the NopP was analyzed by bioinformatics, and the deletion
mutant (AnopP), overexpression (OE-nopP) and complementation strains (CM-nopP) were constructed by genetic
operation. We further analyzed the symbiotic phenotypes. Meanwhile, the expression pattern of nopP under
free-living and symbiotic conditions and the expression of NIN, ENOD40, PR1, PR2 and PR5 in AnopP mutant in
roots of Glycine max cv. JD17 inoculated with SMH12 and SMH12 AnopP were detected by quantitative real-time
PCR (qRT-PCR). The subcellular localization of NopP was observed by laser confocal microscopy. [Results] The
NopP protein of S. fredii SMH12 does not contain any functional domains and has no homologues with Avr
effectors in the genome of several pathogens. Deletion of nopP in SMH12 significantly increased the nitrogen
fixation activity of JD 17 and Zhong Huang 13 compared with the wild type strain SMH12, and the nodule number
significantly increased in JD17 inoculated with the mutant AnopP. It is indicated that the deletion of nopP promoted
the symbiotic nitrogen fixation with JD17 or Zhong Huang 13. gRT-PCR showed that the expression level of nopP
under symbiosis was significantly up-regulated compared to that under free-living condition, and the nopP was
highly expressed at a 2-day post inoculation (dpi), indicating that the nopP gene plays important role in the rhizobia
early infection and the symbiotic nitrogen fixation. In addition, the NopP protein localizes at the cytoplasm
membrane and nucleus in both tobacco leaves and soybean roots. Moreover, the expression of NIN in the roots of
JD17 inoculated with the mutant AnopP was up-regulated by 1.2 times, whereas the expression level of PR5 was
down-regulated by 3.6 times compared to the wild-type SMH12 inoculation. [Conclusion] The effector protein
NopP of SMH12 plays important roles in the early infection of rhizobia and the defense response regulation in
soybean under symbiosis.

Keywords: symbiotic nitrogen fixation, Sinorhizobium fredii SMH12, effector protein NopP, symbiotic phenotypes
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