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SERTE AP,

MR P2 e TR 1) X R A R Y17
e FIARRXT i R g 1, s AR B
1 5 AR, T3SS Tﬂﬁmfﬁﬁ%ﬁ%%ﬁ‘ B
2P0 5 FE A WY, T3SS 1
HEN A R P E IS RS O R AR R
LNEZHIRIE R - K G I A AR R, MY W2
e 5 NodD 4555, 5T usl FER Rk,
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W E-G LA KRR, BA T3SS MAEEE
HRIEE TR PRI AR (R e AN Rl R B I, T3SS #irE H &
P TIEF 2E A HR R A AR R gy 20
Jetb Ay AR AR R, {HIE T3SS 7EAREI A -
T A A [ A 2 P 0 ) BB AR 5 41 A XA )
ARSI R B F TR AR R X Y 71 Rk
AEEARIE TR AR E AR, >R PCR £ Y 1S H: T3SS
FE B0 A% ST B9 rheRST JE N A BE, & BRAL 45
Bradyrhizobium sp. MM6 TEN 1) 23 18 A RIfEA:
MO AT T3SSP, rheRST JEN A BIN RS R E
SATRB, MM6 S5 KEIAER B. diazoefficiens
USDA110 & kFEEY, Nik—L W1 MM6
() T3SS MLEFIFTIRE, AWFIEAETRTS MM6 SEH
B AL b, R AE 9015 440 A T3SS 2
DRI (R 5 R RRAIE , R AL T3SS AT IR atsT 278
PRI, A S5 S, AR O A A B A Y

By A [ R R R, IR5T T3SS TEHR H-1e4:
A [ &R R R TIEE

1 AR

1.1 #h8k

L1 EARFIRURL: A S50 BT A A T R A ks

W22 1, HA Ok Bradyrhizobium sp. MM6

(#E MMO6)7r & AT AR 4 LI EA AU

AR RAF, BAREEZ WICHR[10].

1.1.2 FERF RIAFI & : Ex Tag DNA KA1

dNTPs, Mix, T4-DNA ZE3EHF . Bl Hse e di ik

Marker 14 H TaKaRa A#], ZHE S DNA $EBHR5T)

« PCR Py InlisGR) & F e 3Lk Al o

ﬁﬁﬁtﬁﬁﬁﬁ PCR 5 |¥yh i SEERERL 2 ]G, DNA

I A BRI R BE DR B A BR 2 W] SE I

1.1.3  3EFedk: I OESR MM6 KRR
YU YMA 533607, 28 °C 8%, SM KR

FIF =R A A 5 A8 S 00 1 93 A8 AR O UV s

Fo WL KEESR E. coli MK LB H577 5L,

37 °C £55%,

114 5l¥. ARSLEFTATIMILE 2.

1.2 T3SS &M LB T

FIIH MM6 1 rheRST R F By 5 5L K 24551
AT HEXT, B L 5 T AN B S ERP B SCF, SR
Ja¥ Scaffold I Fii 3 1 w6y 4115 NCBI 1

= 1. BB

Table 1. Bacterial strains and plasmids used in this study
Strains/Plasmids Characteristics Source
Bradyrhizobium sp. MM6 Wide type, NA' This lab
E. coli DH5a Host of recombinant plasmids This lab
pMD19-T (simple) TA cloning vector, Amp" TaKaRa Co.
pK18mobsacB Mutant strains construction vector, Kan" Miaolingbio. Inc
pRK2013 Auxiliary plasmid, Kan' China Agricultural University
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Table 2.

PCR primers used in this study

Primer names Sequences of primers (5'—3")

Characteristics

ttsI-286F CGGAATTCGATGATTTCCTGCCCAAG The forward primer of #zs/ exchange fragment

ttsI-675R CCCAAGCTTGTGCCAACGAGTTCAAGAGTG The reverse primer of #ts/ exchange fragment

pK18mobsacB-T GGCCGATTCATTAATGCAGC The primer used in PCR amplifing 200 bp upstream of
pK18mobsacB

ttsI-818R GCGGAAACAGCAAAGCAAG Downstream primer for the downstream sequence of
MMo6-ttsI

M13-F CGCCAGGGTTTTCCCAGTCACGAC The common forward primer of pK19 vector

M13-R AGCGGATAACAATTTCACACAGG The common reverse primer of pK19 vector

GenBank H1 L 4R ASE RS LU P9I EA T LR
HR A LU 45 22 i il T3SS SRR LA L5 R 1]
PA B. diazoefficiens USDA110 HZH bk, M4
DR PP AR AR o R/INDA B B St 1) 7 1) 225 i) MML6
5 B. diazoefficiens USDA110 T3SS & [K 7% it FLA
SRS I
1.3 Ansl AR BRI AR H 2

S A= RUAEHE R TR B, DNA, R resT 5
MR R Fe 8 it b N WE 51 W) usl-286F F
ttsI-675R, A} EcoR 1l Hind YT BV 45,
1 ors] RIS B, 5 K pMD-19" 3% 4%,
W] 40 BRI AT pK18mobsacB H AR #k Ak, %
e ek, PS5 asl FEPASN AR 1 HE A POk
pK18mobsacB-Attsl. DNA $2HUZ FESCHER[151/ 5
Pes BORIAYSREL . DNA F IR ] Wl D0 i 34 4 545
TES: BESCHR[1 6100 7 367 7 o
1.4 FEAMEE I BWMARGERTTER asl K3
EPRAIIRS

ORGSR R I IE TR usl RAZH
B, FUARERAE DT R SCIR (1718845 . RA8(R PCR
Wb, JEAT pERE Y
L5 IEAEREER

o HIMCER 15 57 BRI B MM6 B A Y
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AT A B 2 725 K 11 T A D 2 TRT 1 A= P K o A
40 mg/mL YRR . A 523 (HHE N
S523). By 45 (455 H Y45)., KEHiE 57 (45
i GMST)FIEF K (465 R GS) 3R TH I 851
FERUS DURBE R A AE s IR, 1 mL BF
A= B RR TN Aves] 53708 DA TRV 3 S0l 42 b AS [ 4
FAEY, AN 3-5 AN ER BT 26-28 °C i5E,
JERE RN ARG AFIR] 4350 16 h I 8 he KiFF 40d J5
WCAR I G R ORI 1, (R ASE E AR R
AT A0 B0 A it

2 ERAAMN

2.1 T3SS ZEEBEMEALEH

Xt Bradyrhizobium sp. MM6 &K 2H ¥ & v
PR 25135 MM6 JERIZR/NAR 9.28 Mb,
GC ¥ 62.86%, 1t 127 4> scaffold 3¢, 350 4
contig LA FE R4 20 4370 A T MM 6 SR 21 v
T 9258 M, BKEL N 7.72 Mb, K
JE 834 bp, MiFERALKA 83.21%., FIHC K
) MM6 BRI rheRST FE R B 5 SR 4L kA T Eb
XF, ¥ MM6 1 T3SS Efi7E Scaffold10 I, #f
Scaffold10 | 4mhi5 ¥ 51 5 NCBI ) GenBank H' 21
SRR S T AT X, BB MM6 1
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T3SS JEM A7 T Scaffold10 45y 12991341 3
IR, BRKEZAN 34.1kb, GC T hE 57.9%, H
AN eesT IEAY GC &R 57.8%, rheV 2EA
[ GC 54 56.6% o M HLXT Y28 R 22 1l I T3SS
SERFIA LS E (B 1), ElHh MM6 T3SS H iy 5k
DAL AR B 20 0 2 1 O DD RE RO AN R] 22800 328
O3l 2 G e B A TR ORI IY | Gt o)
1A 2000 S5 DL RN S B 3 A R R 5 AR
AEIC AR IE DI REAR B A RE ], I v 44
fBE B D o ELACHS LR 25 51 b i TR R 2R
DLRR 1.

MMB6 1 T3SS JEH T 3 A~ IX Ik A% : Region T,
Region II 1 Region III, Region I v FH g X 3§,
A YT T3SS LI BIEEH rheCl | rhed
nopV. rheN. nopZ. rheQ. rheR. rheS. rheT Fl
rheU, XS HERAELH SRZI Y A2 2 B RS F ™
T3SS R E HIEN sl i F Region 11 H1,
Region II fl Region I FEMFRUNIEEH, 0
nopAJ. nopAR. nopEl. nopH. nopY Fl nopM,
PAK—Sefie s AR, Ak 1 RSk s o
2.2 MM6 5 B. diazoefficiens USDA110 T3SS &
DRI A S5 19 LB

R MM6 5 B. diazoefficiens USDA110 JE A

R SRR L /NI B S 7 1) 22 1) T3SS 2
R L R (8 2), MM6 AR <7454 5
rheC2. rhcU. rheT. rheS. rhcR. rhcQ. rheN.
rhed . rheCl . rheV 5 B. diazoefficiens USDA110
L TR 4 S AR Sy 87%-93% 5 A% 2 11
nopAR (1326) .nopZ (1318) .nolV . .nopEl (1312),
nopH (1311) . nopY (1309)5 B. diazoefficiens
USDAT110 AH R 5P S ARRIAE A 83%-93%; 4
WA sl 5 B. diazoefficiens USDA110 tts] FEH
AR SRRy 94%. HEAh, P T3SS LA R
LR s 7 ) 8 4 — 30, SRR B BEAH IR
2.3 MM6Ansl AR B EEFRUE

M () 5 PR A 4 i B, SR =R AR S
FeRIT A T asl JEPIRITRALIR . Bidad A
A HRARIFIIRES 7E 5 NA™HI Kan HTMER) SM
e i AR RS, 514 pK18T/itsI-818R
P47 PCR Bilk, A LASF A= 7 MM6 & DNA $54f
R BAMEXS IR, G T LY H 24 749 bp B B,
BRI T BT 715 Y 250, IR 1 S R AR
tts] FEFRAIE A RAE (F 3), Aitt— B8 Awesl 2875
WRE tes] FER IR AR TGS , B Ansl 78k
ST AR A T 0 1R B 2R R IR T B 2 YMA
i b, BEBCBAE AR/ NER HL PCR BiEA K

S8 I F Ladadosesd & 8 $
® ¥ & &I 9 NN ®
< —*1 Regionll i Region I Region Il
T3S conserved T3S transcriptional
. structural componnts . regulator
Nodulation Hypothetical
outer proteins - protein

1.
Figure 1.

MMG6 T3SS EFFEE AR LE1E
Basic structure of MM6 T3SS gene cluster.
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Figure 2.

Comparison of the type III secretion gene clusters in Bradyrhizobium sp. MM6 and B. diazoefficiens

USDA110. Colored strips represent the conserved gene regions between the compared strains, and the color

indicates the percentage similarity.
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Figure 3. The electrophoretic diagram of the
MM6 AttsI mutant. M: DL2000 DNA marker; lane 1:
PCR product of #s/ mutant genomic DNA; lane 2: PCR
products of wide-type MM6 genomic DNA.

/N 749 bp BB TP B, $REUEERIZH DNA,
FH5 14 pK18T/1ts1-818R 17 PCR 714, 4 4lifb)s
) PCR =it ivibe, & EHRIIERILH B A
BRSNS EIEA TR . P2 R WL ST, 82, S3.

2.4 MM6ansl AR K B A= BRI Bk 5 R R 6
a Tyl O
H4 7 A 5 MM6 FIl MM6 A trs1 58 A8 A 43 1] 432
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AN 523 A 45, FENlyh 523 FEm 45
W, RN R AR IR S MM6 B A RU TR AR AR EL, R AR
e, BARE W25 R (K 4-A, P<0.05), {HJE
Hb BT BRI Y 25 (K 4-B). SRR
FRAREL, MM6 BERR S AR R RIS AR R AE Bl 45
HRETE BCE 2 AR (B 4-A) . R TR A A
IR B NI 523 H, SRR AR IR A A AR
M bR MM6 B A TR R AR I 2%, H2 0 B A AU B
PRIGHEPR I R B B i 1) B A4 (8] 4-C);
MAE S 45, FERh IS AR PR IR R I 2 Aol
MM6 B A RIG PRI A B 809 22 5 (18] 4-D).

Xt A6 A i 523 FNEH 45 R UE A s b
Frof B onss, RIAEAAE N 523, HE Al
MM6 AresI HAR FIHLIE U) F HE AR MM6 B 28 AT
PRGSO, SR 2 5-A); 164
A B 45 T, FERP MM6 B AR TR B R ARSI B
Jea ek, v e DB R 1 R PR TR A
PIAMAEL, % T AN A > TR MM6 Awsl TRIPR
ARSI V) (&1 5-B).o
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Figure 4. Symbiotic phenotypes of the #zs/ mutant and wild-type strain with peanut. *: significant difference at
P<0.05; ns: no significant difference. The error bars represent the standard deviations of three independent

experiments. C: S523; D: Y45.
(A)

#,

&

&l 5. MM6 K MM6Atts] RERR RIS BRRBAETIE

The paraffin section of root nodules after peanut infection by MM6 and its mutants. The semi-thin

Figure 5.
nodule section magnified 100 times (10x10). A: S523; B: Y45.

http://journals.im.ac.cn/actamicrocn



482

Yongxiu Lai et al. | Acta Microbiologica Sinica, 2020, 60(3)

2.5 MM6ansl BRI REFARMERSHFRE
MR EEIE
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FATE ) T3SS 5 HAF 4R A G ARIHEYITE A
DU S&AE T 237 A A TR Fh 2 10 21 B 1 ) o
W | FEAR PR B9 AR IR 7, I 05 AR N AR 19 89 NodD
M, RS NodD & 1 ma b HAT ¢ 4% .
TELL A e 4 AR B R DARTE B, B s 1Y
NodD BEVET sl B[RRI, srsl HDR b
WG T, 456 T RSP ts-boxes X, M
M5 T3SS ABLE Ao 43 F i 2k 8 & B
HA UMK GRS T3SS MTETEG , Btk
PUIEREE R, 77 A SO0 A8 15 R A PR AP 1 1Y) £
J3 v % (effector triggered immunity, ETI), AR #H
JNE o HAFAE SR U PRE R | Ry E A 40 A e 2
FET=, M BEL L7 SR A P > Foe
TELL R YL AR R G-I AR R, 4

TR Z(E 7-A).

CK MM6 Attsl
Strains

©

(B)
Atts]

CK MM6 Atts]

Ntts]

2390 40

Bl 6. MM6ansl REFUKLFERFKRSHRE
Symbiotic phenotypes of the #£s/ mutant and wild-type strain with wild Glycine soja and Glycine max 57.

Figure 6.

AR KRG HE 57 i3t RE

*: significant difference at P<0.05; **: significant difference at P<0.01; ns: no significant difference. The error bars

represent the standard deviations of three independent experiments. B: GS; C: GMS57.
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Bl 7. MM6 K MM6Aansl REFRIZHFRXGEHRBEAET A
The paraffin section of root nodules after Glycine soja infected by MM6 and its mutants. The semi-thin

Figure 7.
nodule section magnified 40 times (4x10).

YIBF R AR T T3SS S AR 23 bk
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FE KK V-55 7% S T8 U IR TR 22 6k Bt o
B FE SN AP, AR, HR4E MM6 15k
DL BRI 252, AR 2541 GC &l
62.86%, T3SS KM GC &tk 57.9%, 5t
D2 GC A2 4.96%, H tesT Fl rheV $:N
1) GC &t srml 5 AR AR GC Frl 2 5.06%F1
6.26%. X F B MMG6 (1) T3SS H [ —LE LR TR n] &
SRS IRAT I . M MM6 TR LR 41
R, BATLH T MM6 ) T3SS JERFEAY K
AGEREL, B HABAS A BRI T Y T3SS BiA
SEFARAHRL. % MM6 1 T3SS JLH % S H s
HBIR A BIFRERE R B. diazoefficiens USDA110 Ay
T3SS FEHFFEIAT AL, KL MM6 Y T3SS FEH#%
RIS 85455 B. diazoefficiens USDA110 FfR—
B, HIEEEFF AR
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Structure and function of type III secretion system in peanut
Bradyrhizobium sp. MM6

Yongxiu Lai, Meijuan Hu, Huaqin Ruan, Jingyu Chen, Xue Li, Ting Li, Huanhuan Jin,
Jun Gu’

School of Life Sciences, South China Normal University, Guangzhou 510631, Guangdong Province, China

Abstract: [Objective] To reveal the functions of type III secretion system (T3SS) of peanut Bradyrhizobium sp.
MMG6 interacting with different host plants. [Methods] We analyzed its structural characteristics of T3SS gene
clusters by BLASTn in NCBI related database, and constructed the T3SS regulatory gene #ts/ mutant by
homologous single exchange. We also compared the differences of symbiotic phenotype between the MM6 and its
tts] mutant by nodulating experiment. [Results] The T3SS gene clusters of MM6 included 3 regions containing 10
conserved structural genes and 8 effectors. The similarity was 83% to 93% with B. diazoefficiens USDA110
corresponding genes sequence. The total nodule number and fresh root nodule weight significantly increased in the
tts] mutant nodulating peanut and wild soybean. In soybean Zhonghuang 57, the MM6 formed red effective root
nodules, whereas the #s/ mutant only formed 1 empty nodule, and the plant leaves turned yellow, and the dry
weight of aboveground part was significantly lower than that of the wild type strain. [Conclusion] The T3SS of
MMB6 played a negative role in the symbiosis system of MM6 with peanut and wild soybean, whereas it played a
positive role when nodulated with the soybean Zhonghuang 57.

Keywords: peanut Bradyrhizobium, type 111 secretion system, #£s/, symbiotic nitrogen fixation
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