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T LB B LRI N aap I bra R , 22 P HUR
JeA DA A g R G AH N 06 5 B SR R, AR K A2 B2
Mg 0 DRI 3t Ay MR T v A A A B T S A
71 ABC # iz (A B R 12

it — R 5% ABC Heia (R 15 3 i 46 65 R/
T RE , AT SEE i AR WA B R B, AR AR
Z& g Az MRS TE 7653R F K 41 h A7 7E i 5 ABC #%
ERB B arpA , I3 i 5 D[R] 5 5 4 4% R
FIEE T 7653R aipA S S Ak WF 9 % I AR 7E A 2R
AR KGR A ZM TR TIRE, BEE B ABC
Mg KI5 7 W e 3 A [ AU W D e XA I BLEL,
gl A 7= e 4R R R A RE AR T Y
M

1 MRS 7%

1.1 ERRSERE

AHIFFE T T B R B BRE IL 3R 1, B E. coli DH5a
SABIE A EFH T AEY AR KR EH SR E,
{di ] TY 355 335 72 AR 988 1 (Mesorhizobium huakuii
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LS A AN o

i %44

7653R) . i H AMS 55 3 F i 1k 28 AR A, 5 55 554 h
28 °C, i LB ¥ 32 535 32 KIGFF A (Escherichia co-
li,E. coli) , ¥533 54 0 37 °C. Fr ¥ AE B Mgk

& RIRRE &R (Kan) 20 pg/mL, £ % Z (Str) 500 pg/
ml, #r 2 & (Neo) 80 pg/ml . 250 pg/mL, ¥ F
ddH,O HFH% 0.2 pm CHEIENR T IE

F1 AR AEKNRA
Table 1 Strains and plasmids used in this study

T RR(FURL) Strains(Plasmids)

i Description

I Sources

E.coli DH5a
M. huatkuii 7653R
pK19mob
pRK2013
pBBRIMCS-5
pKatpA
pBBRatpA
HKatpA
HKatpA(pBBRatpA)

F lacZDMI15 recA 1 hsdR17 supE44 D(lacZY A argF)
Wild-type, Nod " on Astragalus sinicus 7653R
pK19mob pUC19 derivative lacZ mob;Km"
JHF A5 A 105 B Bz Helper plasmid used for mobilizing plasmids;Km®
lacPOZ'mob , broad host range, Gm"
atpA-F/atpA-R PCR product in pK19mob, Km*
C-atpA-F/C-atpA-R PCR product in pBBRIMCS-5, Gm"
7653R:: atpA , Str'Neo"

HKatpA carrying atpA gene, Str"Neo” Gm"

TaKaRa
ZEH I This lab
£ TR This lab
EH IR This lab
2 LB = This lab
ZEHLEE This lab
ZEH I This lab
HEH LG % This lab
EH I This lab

1.2 FERFESNHE
AT BT 4 Xba 1. Hind TIT 25 R ) 44 P 7] il
Ph ) Ex Tag DNA R4 B . T4 DNA % 32 1 55 8 [

TaKaRa /A al . 40P R K40 DNA $EHGR 7 &ty 5 b
TUREFE N T . DNA BERE [ 7 & F 5k DNA

P2 B0 & 3w et s MEE S |l o PCR AW
BIO-RAD 2 7, PCR 51 ¥ 5 BRI DNA f 7 12
Ve PRV A R e, 8 BT 7 20 B BT R
) [ [E 245 45 A | Sigma-Aldrich , ThermoFisher Scien-
tific . Solarbio LA & Merck Millipore. BCA & FH ¥k &
W a0 G AT R KA ARA FRA A

1.3 5|9

Fr 5103 2, 519 i Primer 5.0 45T
1.4 EYEBREST

1 NCBI ¥ il £ $248 5 v 48 2 L8 3 (Mesorhi-
20bium huakuii) 7T653R 4= KK 41 DNA 551 , AR P&
H B3 R Y TD 44 Bk MCHEK_8397 35 BUH 4 ity 1 44 3
R 251 . R )5 FI NCBI Y Protein BLAST T. E. ik
THCRE AT B0 E 3 R g B 1 i R M
PRS- E5 My 3k, I3 ExPASy ProtParam [ 3 3300
{10 32 DR G S 2 11 0 0 o 5 P B SRR A AR
SEVESE R R

®2 FHARFAASIMRERFT

Table 2 The primers and sequences used in this study

5|44 FK Primers J¥%1 Sequences (5'—>3")

f#§i8 Description

atpA-F TTTAAGCTTGACGAAGACTAGGGCGATGA

atpA-R TTTTCTAGAATCCTGATGGCGATGGTCTG
atpA-MP TTGTAACCGCCTATTGGACA
C-atpA-F TTTGGTACCAGAGGCGTGCCGGGATTTAC
C-atpA-R TTTTCTAGACGCGCGCTTCTCATGGGAAT

pK19-F ATCAGATCTTGATCCCCTGC

pK19-R GCACGAGGGAGCTTCCAGGG

M13-F CGCCAGGGTTTTCCCAGTCACGAC

M13-R CACACAGGAAACAGCTATGAC
QatpA-F CCCCCGGTCGTTGGTCATCTT
QatpA-R ATCGACTGGCTTGATCAAGGT
QgyrB-F TTCGACCAGAATTCCTACAA
QgyrB-R GCTCATTTCGAAGATCTGGC

Sense primer for azpA mutation
Antisense primer for azpA mutation
Mapping PCR primer for azpA mutation
Sense primer for azpA complementary mutation
Antisense primer for azpA complementary mutation
pK19mob mapping primer
pK19mob mapping primer
Sense primer for LacZ
Antisense primer for LacZ
Sense primer for qRT-PCR of azpA
Antisense primer for qRT-PCR of azpA
Sense primer for qRT-PCR of gyrB
Antisense primer for qRT-PCR of gyrB

T 519 P R 50 Dby BRI AL A5

Note: Restriction sites in primer sequences are underlined.
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1.5 atpAEBERTHREIS BikHEE

I LSS A A S A IR A atpA FE DR e AR R
B FEUN T « LM, huakuii 7653R i DNA iR ,
atpA FER Y PCR 5 94 15t B Y 7 B, D B3 s
PEAT UG , 574 4k i pK19mob AR HE4T 1 2 , 15
) 4 R pKatpA o A M. huakuii 7653R 1E k3%
KB, L& 47 pRK2013 AL DL K pKatpA J5ikL A9 K
Jo FF B 43 VR Sk il B A RLR AR B, — o E AT 4R 3
Ji o 8 i P A Rk LA & L pK19-F /R Al atpA-MP
J B AT B VE PCR BGIE , 4k 15 arpA B H 58 75 14
&k HKatpA .

i FH 235 F AR pBBRIMCS-5 44 7 55 41 i i pB-
BRatpA : LA M. huatkuii 7653R 5 DNA A AR , C-at-
pA-F #l C-atpA-R N 5| W4T PCRY 1S, ¥ 1 Hh &
BIRBIT X apA S F B, Xt zead [l atifb s i
atpA Fe K v Bedt AT BUBEDT, JF 5 Bk pBBRIMCS-5
R B B 7 W) AN B2 3 DHSa Y, Ak
it ) A0 7 2R AT Y0 AIE , 3R A5 BH A4 5% 16 T pBBRatpA .
P atpA R %78 Bk HKatpA N Z K H , pRK2013 K
HE BT, BAMERE AT (SR 21 Bk pBBRatpA ) S HEAA T4
PEITA B = AR A i R e 5 DRICR T
DA M13-F F1M13-R N5 | W #k1 7 i PCREIE, 3015
7] %2 1A ¥k HKatpA (pBBRatpA) .

1.6 BEHRERKBZHNE

A 2% g A MU 7653R L 2878 bk HKatpA LA
Ko a1 42 TRk HKatp A (pBBRatpA) $E 0 21 5 A1 W i A4k
R TY R E, 28 CEFRAMREFR 2 do ITCRZK R
R TRAA, DL 120 A H2 b i e A 3 TY A1 AMS T A 85
FeFerh I HA 46 ODgyo 0, =0.01, & THIRIR 5%
PRIGFE 1] B Bsf ] BORE I 5 BT ODgo oy TR 225 11 A2
Kok, BA T 3HPATES .

1.7 BERREWIET B EE N HITE

%2 Tian %5 WY 5 0T HUJR T 2 90 B A e
FIPEATINE o B4R R 7653R S8 A8 Bk HKatp A 35
N E AP ZR M TY #Hi L, 28 CHE#:2d. G
PRACK R BERL TR EEFD 214 1 mL YMA AR KR
FREME b IRIR G R IR 2 do FERFFRILE N
RN VR 2 G, IS, SR e, T 2540
IR 25 A A W B0 5 RV U R KT
S, M 95% I IRERE 2 h, 52 H ODggo m» F £
oz 5 43 BT L i 2P (P<<0.05) .

1.8 #EHMERKIXE
B RYFTF R 759 L BER 2% A FRENTH

B, FH IO KB BE 8~ 10 3 JFH 4 7 h (i HeAp ik, JH
B PR R A B R 24 5Bl 2 100 i BAR T
Mr b SRR E S 2 AR, RIRE k%
(D FHEFP T EOK B IE A P AR T i — 2 g
Ao BEAFD ARE, AR BRI B O 5 BT RS R A
H,16 hGHE 8 h R RT R 7 d, B MR TR AR i T 4%
RUCRER . RSB R W RDULSE AR AR K BT R E R
WoE W BEE .
1.9  atpAERE A [E B HA R R O R %

1) A8 P RNA Bl 42 o % 35 4= AU 7653R Filge
A5 ik HKatpA £ F0 2) S AN Pt A Z 09 TY Rbim L,
28 CHiFE 2 do VENLBAIAR , B2 Fh 8] AMS 1445 75 3
R IR O, B O TTIE o A Trizol 350
7240 MR D5 R ZUIR5 ,  E 5 )J2 5 BT .
P M SN R ) # e B0 IEE RNATTVE , JF
H75% CBEVEY, B0 FRE 5 min, 55 RNA UL
JEW f# T RNase-free /K 1, 82 1R 2 T — 20 “CUK%6
A7

2) MR RNA A4 o 4 0 B 2 7Y 7653R
K97 14.21.28.35.42 d I8 =9 R, FIR A
LA B W Ry A, $ AR SC41.9.1) 7By O 2k 1R BORR 9
RNA 3 2 # 5 )i cDNA , T —20 COK A1 77 -

3)qRT-PCR. VATE H A= 46400 F A K iy B A Al
7653R T AR ) cDNA X BE , gyrB 3 FAE Ay P 2 3
PR, 3 3 26 A2 i PCR A azp A FE PRIAEAR B DL SR
(] N S AR R v A ek g
1.10 REXEEEEARAFIN

1) AR 2 P A B B Tl e o A0 B8 A TR R R
AR RIGE AR 1) 28 d AR, AR R 78 4 R B Jis o A %4
it TR 7 2 . BSOS, FH BCA R &k i &
BT BV BE ol FH DR 38 S AR MR 0 B AT AR
I Z B 0 B 14 730 S A B i Je AL 2 T e s
el

2)LC-MS/MS KKt 5B o it A €33 - Jig
T ER IR HT B R BCRE o 2 B i A L S A
Ve Ay B KB . i (MS) FHR B 5 3% (MS/
MS) H AR IR BE A — G FN — i & . 15 B A
JE A R AP T Al 5 A BN LU X, R AT AR
BOFNER KT B 408, BRI A A B2 TR
Xof S B O AT T BB TR R L i 0 BT DA O
.
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2 %%55}@? Bl 1R o atpA FEH RN R 944 bp, 4t ABC ¥5iz

2.1 atpAREREEYIEERFES

I H NCBI H iy Protein Blastp X} azpA & K 4 i
T H A& FE TR 7 91 e AR Y- a5 ¥ 38k adE 47 40 B, 45 R

1 25“3 5|O 7|5 10‘0 1%5

1 §0

B E M, J& T NupQ B % %k . i i ExPASy Prot-
Param Fiill AtpA £ H 19 BRALME I, Hif 326 A~ & 3%
W2 K 1, LS 43 O 35.2 ku, IS SF HL RN
10.11, J& THaE n K H o

17‘5 200 22|5 25‘0 2?5

Query seq. s

signature motif ARSI

Specific hits

Non-specific e
hits
Superfanilies

TM_PBP1_branched—

chain—AA_like superfamily

NupQ superfamily

Bl atpARBEANERIESS T
Fig.1 Analysis of the protein domains encoded by aipA

22 atpARERERTEHEESEHRNHESEE

LI M. huakuii 7653R & DNA MM, atpA-F/at-
pA-R MBI, 38 1 K /N R 681 bp 1 aipA FH R
B, UK SR R KN 5 HUNARAE (81 2A) . #4471
A B 2 k pK19mob £ XUEE VI 5 A7 42, b &
E. coli DH5a "1, X Ak~ 5E 47 J50RE il 1) S 56
WEJG , AT A RN =R ARG o il Pk &R ik D
Lo UL atpA-MP/pK19-R 245 | #E47 B % PCR % IE,
FEL PR 45 SR 5 78 R AR IRTE 1.2 kb 2o A7 Ab 4 48 KA B 4%
T AR R 7653R IR Y BUAH R 45T, TIE BH 2k A4 [R]
U5 R 40 BB 2 B A R 7653R SE R4, RIS ar-
DA FEPH AR 9828 Pk HKatpA (81 2B) o

M 1 M 2 3

bp
5 000 [—
3 000 [
2000 L

2000
1 000
1000

750

500

A apA HH 1 PCR P73 PCR amplification of the afpA gene;
B: 2745 bk HKatpA 197 7% PCR KL Colony PCR detection of HKat-
pA mutant strain; M 4 DL5000 DNA Marker, 7Kii 1 4 azpA JER -
B A B, Yk 2 B A A 7653R X i, Uk I 3 S HKatpA Rk M
means DL 5000 DNA Marker; lane 1 was an amplified fragment of
the atpA gene, lane 2 was wild-type 7653R control, lane 3 was HKat~
pA mutant strain.

B2 atpAEFEREHRIIEIE
Fig.2 Verification of afipA gene mutant strains

PL M. huakuii 7653R E DNA NHAH , C-atpA-F/
C-atpA-R 51931 5 3 3 1 XY atpA B X
B, K/ANZ R 1.9 kb (B 3A) . ¥ H W R B 5 pB-

BRIMCS-5 i #2317 A #1J&Z 75 DH5a. X446 T
PEAT TR D) S 96 0F 5 oF— A it = R AR A
S K T 4H UKL pBBRatpA A SZAKTE M. huakuii
HKatpA. it HiA: R ik & UL M13F F1M13R A 5]
VAT V% PCREGIE , 9738 3 17 2.2 kb 2245 1 v B
(& 3B) , & arpA B 11 19 &2 & #k HKatpA (pB-
BRatpA) A a2

M 1

bp
5000
3000
2000

1000
750

500

A F R B F XY apA BB PCR &3 PCR amplification of
the azpA gene fragment containing the promoter region; B : [0l & [ #&
Y1 7% PCR #2:3 Colony PCR detection of complementary strains ; M
4 DL5000 DNA Marker, ki 1 4% 3 2l F X (19 arpA FeF v Beyr™
1, Ukl 2 2 HKatpA 5878 1 ; Ukl 3 27 8l & 1 bk HKatpA (pBBRat-
pA) M means DL 5000 DNA Marker, lane 1 was the amplification of
the azpA gene fragment containing the promoter region, lane 2 was
HKatpA mutant strain, lane 3 was complementary strain HKatpA
(pBBRatpA).

B3 atpAEEE £ EHRAILEIIE

Fig.3 Verification of atpA gene complementary strains
2.3 atpARERTXEHEKEKF N
¥ A %% rh g 4 MR T 7653R | %8 7E Bk HKatpA
DL}z 15l &2 B Bk HKatpA (pBBRatpA) 53l DL 91 45
ODj00n=0.01 £ FP 2| TY 58 4> K5 55 FL F1l AMS S A
Brge i, LSS T R 0 A AR L 1] BRI Tv) SO )
BT ODgog e 22 M A K BT ZE . 12 TY 58 428 775
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R 12 h g, = AR B RO, B A bk
HKatpA {14 4 4 58 i W] . [0 B A= Y 7653R LA K ol &
i ¥k HKatpA (pBBRatpA) £t 5 3] 30 h i, 28 45 #
HKatpA J t5 i AFSE 3, 1 A= 8 76 53R i [l 5 1A
Pk HKatpA (pBBRatpA) 46224 K H % 60 h A #E A
SEWI(EI4A) . 15 AMS BEA K S gk, 5842 bk HKat-
DA TE 12~24 hIRfAb T Az K RE RS, A= 4 P L ] i
P B 4= B 7653R il [l &2 T #k HKatpA (pBBRat-

A
—e—7653R
2.1 —m~HKatpA
1.8 -+ HKatpA(pBBRatpA)

o Duoo nm
=

0 12 24 36 48 60 72
I5F1E)/h Time

PA) ; 1E 24~48 h It} , 58 8 bk HKatpA A= 1< 38 & A fr
TGz H 2 AE 48 hinh iF A Fe e 191, i #y A= 84 7653R LA
X [81 42 Bk HKatp A (pBBRatpA ) 4k 4L 4: K B 7 48 h
JE AT HEFEAFEE W (K 4B) . HIb R, aipA FEH
G AR 3 (AR IR TR B 1T E RS I, (RS A L e ¢
(LR, ]I B ABC #5315 3 il ] fEE AR
Jed TR 1 5 3R o g ds v e B AR LR K W] g
FECPARRACNR AR UL, AT i AR K e

B

9.0. —®7653R
' —=—HKatpA
1.6k ——HKatpA(pBBRatpA)

ODhOllwm

0.8F
0.4+
‘).(_ 1 1 1 1 J
0 12 24 36 48 60 72
B E)/h Time

B4 M. huakuiEBRFETY BEHE (A AMS B35 5 (B) PR £ K i 4
Fig.4 Growth curve of M. huakuii strains in TY medium(A) and AMS medium(B)

2.4 atpA E[F 32 35 3 Bk A M BE T B B B2 i

B B AN T R N SR BB T R ) BT
7%, H LA Z2 B FER 1 R B, 1 B A /D i R A
HAY R A A TR AN RE S SR B A Wy
W) PR R e B N Hiee )y, i FF
Y P AE B BRI T AR A DL R 5 F AR G
ZUT R 5 AT, 5 B AR I 7653R M HLER, SR AR bR
HKatpA A=W REIE BCRE J198055 o arpA 3 N AE AR IR
T A= RO i 7 v R 48— A, X nT e R
iy ABC #1212 iE M S5 T MANR & Wi iz ok
P8 TR T A W R A 5 R LA R R e A, R —
52 W LR DA AR S S AR T Y e
25 atpABERERTHRAEAERE

HTIRIE arpA FER AR BRIV A 5 5 =0
ek [ R TR A S, A 5 B AR A T PR 7653R

F1ZE A5 B TRk HKatpA 4357l #2221 48 22 BEAR B 85 37
28 d, M Al pR Ay e A e, A Y AR Y 7653R T4
BRAH L, 3R 28 78 bk HKatp A AR AR I Fr 254k, 2 0
o B ) e IR (T 6A) o NSRS R, $5Fh
7 AR R 7653R MM B K, B i 2 H IR ATt T
FE R 575 bk HKatpA iRV A b, 2 A6 (81 6B) .
SR T A R 7653R BUAB A LL , 2848 #& HKatpA [1)
R R o B b b 0 B 3590 AR A [ R T
SRR T 14.3%6.33.3%.31.5% F118.8% (£ 3) o
FEH arp A Fk K 575 25 5 M R IRE BT 1) 45994 [ 2R LA
FAERRRAERARDS . X PTRER N arpA FEH 5245 7
FOLRID ) ABC 5538 7R 15 35 Bl & A 008, 317 52 )
F T B R RS ST AR R S SR Y
e [ AR A T A R A3
2.6 atpAERFEEAEBAREPHRIE
PRI A A 8 7653R J5 42 K 7 d AR B RNA

F:3 M. huakuii BEFPHERE RO R EY
Table 3 Symbiotic phenotype of plants inoculated by M. huakuii
R i /cm TR A/ g IR B & 5 / [nmol /(g +h) ]
Strains Plant height Plant fresh weight Number of nodules Activity of nitrogenase
wC 5.61+0.14¢ 0.081+0.007¢ 0 0
7653R 7.14+0.44a 0.15240.012a 16.5542.05a 43.43+6.24a
HKatpA 6.12+0.10b 0.101+0.002b 11.3440.80b 35.28+9.09a

TE: WC K P 20, R4 . R Pl 20 T P B (£ SEM) , 83 i AR ] 7 bk 3R 13 22 57 (P<<0.05) » Note: WC
means water control, not inoculated. The data is average (+=SEM) of 20 replicates. Different letters in each column indicated a significant dif-

ference(P<20.05).
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944 %

0.4r
a
0.3F b
A 0.2
o]
0.1F
0.0
7653R HKatpA
FH Bk Strains

o7 PR % ot 8 e €0 T e L IRE T 194 A W B e g, 5 I A T
T653RAH LA, 2878 bk HKatp A (9 4= W) IETE i RE J1 055 o Bt 2ok
B 3SR (A (£ SEM) , AR FRR BT 2% 5
(P<<0.05) - In this study, the biofilm forming ability of rhizobia was
measured by crystal violet staining in vitro. Compared with wild type
7653R, the biofilm forming ability of HKatpA mutant was weakened.
Data are averages ( +SEM) from 3 independent biological samples.
Different letters indicate a significant difference (P<<0.05).

B 5 M. huakuii B ¥k 4 Y1 BE T FX BE
Fig.5 Biofilm-forming ability of M. huakuii strains

L e ANl 351 AR RNA, LA DNA el B Y FE 3t
gyrB NS IR, ] qRT-PCR S arpA H
PRIAE AN [R) s AR AR B i iy 3R Gk o S5 SR 3R,
SR AR B AR AE R S T AR L Bl R R 9 A
RE atpA BT K F 0 R i 258 1
(E7), X EW] arpA FEWFERRIE 5 55 = e 3 A 0
PP pis R Rk TR SRR A AE K R B M E A e

wC 7653R HKatpA

strain, and HKatpA was the plant inoculated with mutant.

PAL PSS
27 EBEAERRIESH

X W Az 7 TR PR 7653R i 5 AR A B R HKatpA
U5 S M AR R R AT B A AL 2= A b,
FEFN 2 837 A HE A H AT 2367 M EREM . W
ZF R AR 3R W IR AR, 22 R
FkHAR<0.33 2 B E N IRARfL Y B (P<<0.05)
Gi i 52745 R TRAR S T 10 MR8 288 TR (R v A X 1 A A
2R FRMEATEE . £ LC-MS/MS /i Hri e
33 22 5 FRE AL 784, Hidh 5 HF A= A 7653R 2
BRH EL , 8728 vk HKatpA K 1A b B FEAE A
234, PR IAEHA 551

L5 55 A R 7653R 15 5 1 AR IR S B AR AH L, 58 A8
Pk HKatpA 755 i AR S i AR L 20 21 10 5 4
Mz ERFBEAGRL) , HhA 14 E
FI238 B, 928 TR, FLaX S 2R (1 g i 56 PR
AT YR o fE B A, MCHK 3276 4ifi%
iR th ABC ¥z R 45 & A, TR AR
AR R 0 W i, e b 2k v] e 4R R T R AR 1
BRI R AT, MCHK 2453 (urtA) 4t
JRE ABC iz R RMZE G HE M, il aeS 5 R E R
K Yl A IR im0 A WIS ARGAE , wreA FE DR Bk
S HENIE LB SR LI U M G R A,
I AE 52 0 AR IR v U B 3 sl R A 2F T R e AR R

wC 7653R

HKatpA
A A A IR A AR B The overall growth of each plant ; B : £ FE Bk B9 4R 345 8 5 L Root nodulation of each plant; il T 28 d B #R
LR A WC AL 123 AR BEABLAR , 7653R 42 R 7 A4 Y B Bk 19 %o BRI , HKatp A A RN R BRI #% . The plant symbiotic phe-

notype was measured at 28 days. WC was the blank control plant without inoculation, 7653R was the control plant inoculated with wild-type

E6 M. huakuiiZEFERIERREREBER
Fig.6 The growth phenotypes of plants inoculated and nodulation by M. huakuii
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FAF TR, arpA SEREARI vh i b BEHAT W3 M 2s 5w (244,
P<0.05), RhigE/RERIMPR, Data are averages(+SEM) from
3 independent biological samples. * indicated that the expression level
of atpA gene in root nodules was significantly different ( =>2-fold,
P<C0.05) compared with that under autogenous growth condition.
Rhi represents the rhizosphere of Astragalus sinicus 1...
7 atpAEETER FRFIR E B AR R A R
Fig.7 Expression of afpA gene in rhizosphere and root
nodules at different stages
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Table 4 Amino acid transporterin mutant-induced nodule bacteroids relative to wild type-induced nodule bacteroids

R FHe [R5 o7
BHID IR A R g kPl e
ene ene name rotein description atio value o
Gene ID G Protein d ipti Rati P val
localization
iRk ABCH4iB 24 4 I Phosphonate ABC transporter sub-
MCHK 4782  phnD ﬁf’mﬁ:{i, e y‘_lérﬁ,w’g% 5 &R Phosphonate rAnsporter su 4150 0.002 201015 Chr
strate-binding protein
TR Z 454 TR MG R ABC g B R DE5 61
MCHK_5203 Thiamine-binding periplasmic protein thiamine ABC transporter substrate 0.264 0.003 087 61 Chr
binding subunit
iR EE ABC $iz /ey Sulfate ABC transporter substrate-
MCHK _3276 G{f’;‘h [efLﬁm&% e & M Sulfate ABC transporter subsirate 0.228  0.000914 625 Chr
inding protei
MCHK 5900 HlyD F MR 2 o1 5 B %L HlyD family efflux transporter peri- 0207 0.006 634 323 Chr
- plasmic adaptor subunit ' ’
MCHK 6270 ABC #4125 K454 11 ABC transporter substrate-binding protein 0.178  0.000 829 048 Chr
WRER ABC fsiRss & Sulfate ABC transporter substrate-bind-
MCHK_3270 ﬂ“gﬁ " FEB MRS & B Sulfate ABC transporter substrate-bind= 17 01 106 g3 Chr
ing protein
MCHK 0505 i‘ﬁfé{‘:%fﬁﬁiﬁ Y% iz 25 A Transporter substrate-binding domain-contain- 0170 0.000 796 079 Chr
mg pro em
# ABC 254 8 Urea ABC transporter substrate-bindi
MCHK 2453 urtA ?r i i HIE RIS 5 R Urea ransporter substraleTbindng 4 135 0,000 897 119 Chr
1
MCHK _12665 W2 R 2 254 M Nuclear transport factor 2 family protein 0.097  0.009 042 824 pMHb
MCHK _8218 L F 155 ¥ 2R 4 W3 o Electron transfer flavoprotein subunit alpha 0.016  0.003 196 461 Chr

1 : Chr /R Y o4, Ratio 267/ HKatpA/7653R [ HAE . Note: Chr means chromosome, and ratio means HKatpA/7653R ratio.
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Table 5 Nitrogen-fixing proteins in mutant-induced nodule bacteroids relative to
wild type-induced nodule bacteroids
' ) LR L
EHID  EEAR U s P L
. . IR Protein description . Gene
Gene ID Gene name Ratio P value L
localization
MCHK _8176 nifH A MFER 11 Nitrogenase iron protein 0.051  0.002 501 227 pMHb
MCHK _11830 nifA NifA 55 PE 5 5L 3] Nif-specific transcriptional activator Nif A 0.045  0.000 206 472 pMHb
MCHK_8219 1 FixCFAD 454 2 11 Protein FixC FAD-binding protein 0.028 0.016 027 623 pMHb
MCHK _8175 nifD (i1 U BH 2K 25 11 o 4% Nitrogenase molybdenum-iron protein alpha chain 0.024  0.007 924 052 pMHb
MCHK 8217 [ %2 11 FixA Nitrogen fixation protein FixA 0.023 0.008 648 375 pMHb
MCHK 8174 nifK [ 42Uk 5H 2K 25 1 R 5% Nitrogenase molybdenum-iron protein beta chain 0.021 0.000 466 67 pMHb
Nifl1#£5 FIEFIR AT Nifl1-like lead tide family nat-
MCHK 12735 LLRESG ARG IR AW HiT 1 Nifl1-ike leader peptide family nat= o o)) 000 555 875 pMHb
ural product precursor
MCHK _11255 nifX [ %026 1 NifX Nitrogen fixation protein NifX 0.017 3.39346E-05 pMHb
] SR A A L A NIfE Nit se iron-molybde-
MCHK 8172 ppp PORNGEREARBNIN 74 4] & I 1 NIfl2 Nitrogenase iron-molybde 0.016  0.019 36387 pMHD
’ num cofactor biosynthesis protein NifEl
] SR it 2 Rl F-A= 9045 1A 111 NN Nit ase iron-molybde-
MCHK_8171 iy RBREREEAIEEA A0 & MR NifN Nitrogenase fron-molybde 0.005  0.001743 086 pMHD
’ num cofactor biosynthesis protein NifN
MCHK _11005 nifT A % 08 A NIl T Putative nitrogen fixation protein Nif T 0.002 1.11333E-06 pMHb
] 2R WA NifB Ni ase cofa biosynthesis
MCHK 8226 iy PORBRRBN 72 ) £ AR Y NGB Nitrogenase cofactor biosynthesis o o) 7 76567 o7 pMHb

protein NifB

1 : Ratio 87~ HKatpA/7653R F LLff . Note: Ratio means HKatpA/7653R ratio.

3 3 i

He 2% rh g A LR TR 5 SRR U3 2R G
ZR 00 1 G0 RRT A R RIS s
BT AR I SRR 61 e 255 1) 5 Rt 3 ML
ABCHiz iR B B MiS SR AT sl B @ ok 3%
16 SRR R A G R T TR A M HE
CE AL, AERE A 9 SR B BT s 2 SRR AR
PR R IE I 19 1% 5 3 F 9 5% 32, 1 Nod B+
LR RESR BV Y IR HE S I, X 2 R ER
e R 4%

A AW E B 2E AT, R IR ARS8 A KR T
7653R H MCHK _8397 4 i ABC ¥% iz 1412 # i At
pA, 38 b [\ U5 4 B R B A 5% b 18 AR AR T
7653R atpA H [H 58 48 ¥k HKatpA , W 5 arpA H& [H %€
AETERYR B A K R OE e 01 DA 5 5 m et
Az A B D EE  JT R S T AR S T AR A T 22
SEATAEPT . S5RER, SE AR R L,
atpA B[R 575 25 AL IR DA B ATk A RRUE L (ER
A= W) BT B RE T 55 o A 5 AR PR B A AR I Rz
B, R AURE AR 58t R R v BE b 3 e o o 4
SR LA B 2 I it 1 PR S 2 AR . DA SRR

B arpA Jk PRI 5875 25 W 2550 W R P 2B R AR DA K 55
15 FE RPN IAERE . i3 LC-MS/MS 43 #r i
TN R R 22 T FRIRE M, SRR 7653RAH L,
FE 5878k HKatp A JIT 1755 1) MR 988 215 B A o o 6 7 31
T8N R FIREH (234 L, 554 T ), Hdh 54
ERFBHEHENAG 1040, 2 5EAZE5WIE K
PR R ARG H AR B AT 124, it — 2D Ui
T atpA FE R G278 XY S TR N B AR A A 1 3Rk
()5 ), 0 HL 2 5 80 3 R 2 4 R (1 2o AR A DG 1 2R
Pk,

AHIFFE 0] R T e ABC $5 12 14035 155 i35 PR 7 MR
B 5 R A 3 A T RGBT ) T RE BT — o Sk
Bilt, I Ry i R R D i b e A VR [ R T AR 1
0 LR RIS W . AR, ABC 5512 1495 435 il 35k R 2L
SRR PR AR R B S e R S A R R R g —
HWFFEUER .
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Symbiotic nitrogen fixation of atpA gene in
Mesorhizobium huakuii 7653R

YU Fuyan,ZOU Qian, YAN Chunlan, CHENG Guojun
College of Life Sciences, South-Central Minzu University, Wuhan 430074, China

Abstract The role of ABC transporter permease gene a/pA in the symbiotic nitrogen fixation be-
tween Rhizobium and legumes in Mesorhizobium huakuii 7653R was studied. The azpA mutant strain
HKatpA was constructed through homologous recombination. The functions of the mutant stain in the
growth and symbiosis of Astragalus sinicus 1.. was studied. The results showed that the mutation in the az-
PA gene caused rhizobia to early enter a stable period and weaken its ability to form biofilm. The plants in-
oculated with the mutant strain had yellow leaves, and prominent symptoms of nitrogen deficiency, with
their plant height, fresh weight of the above-ground parts, number of nodules, and the activity of nitrogen
fixing enzyme decreased by 14.3%, 33.3%, 31.5%, and 18.8%, respectively. 78 differentially expressed
proteins were identified with proteomics analysis. Compared with wild-type bacteroids, 23 proteins in ajpA
gene mutant bacteroids were up-regulated and 55 proteins were down-regulated. Among the differentially
expressed proteins, 10 proteins were related to amino acid transport, and 12 proteins were related to nitro-
gen-fixing complex formation in nodules. It is indicated that the ABC transporter permease gene a/pA in
Mesorhizobium huakuii plays an important role in the process of growth and symbiosis with the host plant
Astragalus sinicus 1...

Keywords Mesorhizobium huakuii 7653R ; ABC transporter permease ; symbiotic nitrogen fixation ;
proteomics analysis
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