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JTH PCR 519t At 5t R — WM AE YR A IR A R &
%, DNA [ F7 TAE i b A8 R BE PR 28 W) R R 3 4
B A= PR A PR B S8
1.2 REFHENEERMNRTHR. BINEREE
1) AR IR T MCHEK_7135 2[R 28 715 T bk () #) 2
B S A H B & 4E ff PCR (splicing by overlap exten-
sion, SOE-PCR) 15 1 44y 3 PR 9 75 T 5 1) 4 2%
RO 1) o BRASFEA RTE R B AL A9 Bk s
NP A A TR Rk 3 2 ) YR RCSE a1 Tk O TR KA
H A e A AR T bk . 2P BR LIS A
B M. huakuii 7653R 4232 gDNA B4, 4351 LA
S A+E . F+BY#MCHK_ 7135 | R BX,
SI9E F 8 3643 A8 MCHK_7135 P81 (£ 1)
PLpMDI19-T simple-km Bk A4 , P51 C+D -
B Km B B o 9738 8 A R o BRI S 1 4% B
A, B MCHEK_7135 () Km i A 35T 2 B 91 (CH:
Je vt Kom JE R FTu B AN ) ,MCHK_7135 B Km 4 A
SUJE B A0 (CHLAT 5 5 Ko 36 [R5 S 54N ) | 3 A
Km B30 (HRT 5 3690 9 5 MCHK_7135 /i 7 2 Ba A
HANTA) o G 34 R B, SRR A H AR
Byttt &Ky (K D e, B Rks ek
R Bt (MCHK_7135: : Km) 47 TA Sel , PRt i 1)

AT

MCHK 7135

AE} 0:' E F':b &~ B

}/ PCR

_
| e—— PCRI D c——
MCHK_7135F 5% C— MCHK_7135 /i
MCHK_7135 upper arm l MCHK_7135 lower arm

SOE-PCR

|
E 1 SOE-PCRiZItHZE
Fig. 1 Scheme of SOE-PCR

DU TE A 0 B 2 0 3 A RE M USR] sacB
) pJQ200SK (Gm™) # & I, ¥ gt j& & 4 20 K
pJQ200SK(MCHK_7135: : Km) , 5% A KA FFH# E.
coli DH5a,

B B SR 0 K R A AR B L B
E. coli pRK2073 i#47T =R AR AE , 75 Km W HLIE T4
B U 7R 5L SML L i AR AT T 8 A 1 1 AR R
BERR (Km®) , FERUCEEA S 8% . 10% 12% i b
B TY WA 373, 205 8~10 WAEANG BRI A T
TY+Km#igedk, FEPE R TY +Km P -4
K TY+Gm FARREA KB 7% . PCR K I L

F1 HiLPCR3Y
Table I PCR primers used in this study

BIE7RA

Primer name

J¥41 Sequence(5'-3")

SOE-B GCTCTAGACAAAGTCCGAAAATCGCGTC
SOE-C ACGGAGAAATTTGATGACCGCAAAGC-
o CACGTTGTGTCT
SOE-D TTTGAATGACCTCACCGGA-
CAGAAAAACTCATCGAGCA
SOE-E AGACACAACGTGGCTTTGCGGTCAT-
CAAATTTCTCCGT
SOE-F TGCTCGATGAGTTTTTCTGTCCGGTGAG-
h GTCATTCAAA
_ GCTCTAGATAACTAGATGAGAGGAG-
MCHK_7135-F

GAATTTGATGACCGGTC

MCHK_7135-R  GCTCTAGAAGCTTTGCCCTTGTG

Petofk FRE R EEMANMCHK _7135: : Km B
(pJQ200SK(Gm™)# AR T2k ) o 45 G % E R 1Y 5
B 7 B R XSS $8e 58 28 Ak M. huakuii T653R(A7135) o

2) M MCHK_7135 M1 %M bR B9 R . Se ity
A MCHK_7135 5844 ORF By AN IR, 2659
FEH (514 MCHK_7135_F fi1 R, 3 1) iR k%
5T R AR 25 5 07 25, 3 PCR Y™ 115 21 5 4 1%
WEARZE G 0 a5 SE 88 L X R B, A A 3] e sk 28Ik
pBBMIMCS-5(Gm®) v, 75 2 & A [l #b 25 14 (1 E.
coli DH5a (pBBMIMCS-5-+7135) . F-#k4T = A
4E A 5 R % B 4 R, pBBMIMCS-5-+MCHK
71355 A 7135 K& H e 1 I AR IR A AR R (ML huakudi
7653RA7135) , 4E SM+Str-+Km-+Gm $ 1 F ¥ |
AR R T, R PCR 6 UE S 75 BED™ 184 1 [m] kb I
PR, DT 5 2] 8] %D BT A M. huakuii T653RA7135+C
(complement) .
1.3 WEASIREE A EEILE

B W M. huakuii 7653R BT A= 1 28 78 ¥k | [0l
N RR ST BITE TY WK S IR B b 85 5% kil e A1 7E
o3 R A AR T o BTN SR B A, B
DS SE R TR R, A BEER KIS RS L 20 B 2k R
0.0.1 #1 1.0 mmol /L #y H,O,F 28 “CALFE 1 h, FiE
FERKBE L HO, 5, WU TY VAR, Rk i 5 4
HE ., 28°CHigE 3d, IR FETESL
1.4 ERFEZFIXEK

H R 5% (V/V) NaClO 1 31 # 10
min, JG W K YE % 10~15 W5, FAlE 120~2% 17K
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g L, 28 ‘CHs 3% 2 d, iR TR 2F . BRI
TREER T, 16 18~22 CLIREE 1555, 52
K 1 Fahraeus JCAUE F7 W, 16 hoGIE/8 h R g 8%
F26 dJa, BRI B, AR A TY MR RS 37 48 h,
B JCR KBV AR R 2 mLL
1.5 GFP#rZIRBEMKE RHHELEHUE

il W S A A R 0 4= G £k 3l 0o T SR AR 2
B R R AR IC SR R R (gfp) |
I3 1A M. huakuii 7653R B EFAE R AR | [0 b 1
PRSP ASA gfp B R pMP2463(Gm ™), T3k
1% gfp brRic FIARIE PPk

1 gfp bric 0 BF AR Y SR AR B 1] b TR A 43 )
PRk L =0, IR T 4 .8 (14 AR &,
FEDE G B (405 nm) WLEEAR R 1 1R e £k AR IR
RS 9
1.6 HAEE RN

FEVE K TE IRV i Fh R 2R 58 208, 3R e
K ) Fahraeus TTRGE TR, 7 d G PRI TR . 42
PG 5 35 9% 30 d WA 48 2~ e, A6 I A 7 R0 s 9
B, G045 AR B b b 040 T i | A AR PR (AR
SRR RRIR T R 1 . A D R 4
B o MR A R E D) e R R e T
3 Y A T AR IR L S5

2 ZEREHH

21 fEZIREE 7653RHI MCHK_7135& E F 5
[ TR 14 e 5 A IE 53 A

FRATA RIS B~ , MCHK_7135 i TAEZ$ 4R
Jé B 7653R B Bk (19 pMHa 3t 4= i k7 E (GenBank:
WP _038654552) o %4 N JT i 1] B2 HE 42 (ORF) A
534 bp, Zi k% 14~ H1 177 A28 KL R Tk e 41 L i) 28 1 oL
(P 2) , B0 H 4y 7 ik 19.9 kuo 58 1 NCBT 9 3
XF X MCHK_7135 BEAT 45 ¥ 38043 A (181 3) , 45 2R 12
7N, HARSF A5 R385 Prx5 & BE A YR . Prx (peroxire-
doxin) J& THUAME F MG, | IZAFTE T A% M B A%
A IR RS S A 1A PR SE 2 D R 1Y i
414 1 A (thioredoxin) . IR IERR P I RGE K E
(I 3) m] LU« AR 2R B 7653R /Y Prx 5 [7) &
T A BRI TR Y JE W IR TR (M. cicerd) VA
Jok FR AR 988 TR (M. loti) B Prx 45 % &5 8] W 2 (9595
86 %) , 5 T MR 18 (Sinorhizobium meliloti) . K 5.
RO TR (S. fredii) A — e B BE A R (8096 .76 %0 ) o
5 7% B I (Neisseria meningitidis) . K ¥ 5 (E.
coli) BRI ) (Saccharomyces cerevisiae) %5 [A] I 1
BAR(51%6.21%6.25%) (K 4) o

1
1

ATGACCGGTCAAAAGAAGGTTCCCTTCGTCACGTTTCTTACGCGTGTTCGCGATGATTCAGTCCAGGGCCCCAATCCATACCGCTGGGAA
M T G Q K KV PF VTFLTIRVRDUDSV QGPNUPYRVWE

91 GAAAGAACATCCCACGACTACTTTGCCGGCAAACGGGCCATCCTGTTCTCGCTGCCTGGCGCTTTCACCCCGACCTGTTCGACCTACCAA
31 E R T S HDYFAGI KU RATILTFSLUZPGATFTUZPTT CSTYQ
181 CTCCCCAGTTTCGAAGACCTCTACGAGGAATTCAAGAAGGAAGGAGTTGACGCGATCTACTGCCTCTCCGTCAACGATGCCTTTGTCATG
61 L P S F EDULYEETFI KT KEG GV DATIYT CLSVNDATFUVM
271 AATGCATGGGGGAAGTCCTTGGGGCTGCAGAAAGTCGAGCTGATCCCGGACGGTTCAGGCGAGTTCACTCGCAAAATGGGCATGCTTGTT
99 N A W G K S L G L Q KV ELTIPDGSGETFTU RIEKMMGMLV
361 GCCAAGGACAATCTCGGCTTCGGTATGCGCTCCTGGCGCTACGCGGCTCTGGTCAATAATGGCGTGGTGGAGCAGTGGTTTGAGGAGGAA
12 A K D NL 6 F 6 M RS WRYAALVNNSGVVEAGQWTFTETEE
451 GGTTTCTCCGACAACTGCGAGACCGACCCCTATGGCGTCTCATCCCCGCAGAACGTCCTTCAAACATTGAAGGACGCAGCATGA
1s1 6 F s b NCETUDUPYGV S S PQNVLQTILIZ KTDAA *
2 1RIEE MCHK_7135& E K DNA R S EEF 7!
Fig.2 DNA and amino acid sequence of MCHK_7135 in rhizobium
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B3 NCBIMF3T MCHK_7135F B R &1 M5
Fig. 3 Conserved domains analysis of MCHK_7135 peptide

2.2 MCHK_7135 % & 3= 35 & #k 0 B 4 B £k B9
¥y

1)MCHK_7135 3£ 2 AR Bk . o5 S
B HEAH PCR( SOE-PCR ) ¥4 £ [R] Y5 WU A2 46 i 7 1) H

(R LR T B, BRI 85 2 B DRI A MCHK

7135 A BE(MCHK_7135: : Km) o PR 2 A5 5 47

REREHRURIEL H] SacB (19 pJQ200SK(Gm ™) #& £ I .
I N S N T L 2 A NI o /R
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]()()I% 80|% 6()I% /]OI% 20|%

WP_038654552 Mesorhizobium huakuii — 959,
WP 063171295 Mesorhizobium ciceri 86%
WP 059187550 Mesorhizobium loti 80%

WP 018097504 Sinorhizobium meliloti 76%
AAG37299 Sinorhizobium fredii 51%
NP 273984 Neisseria meningitidis ——— 21%
ANO30606 Escherichia coli 26%

EDV12152 Saccharomyces cerevisiae
El4 MCHK_7135EFERGK X EH
Fig.4 The phylogenetic tree of MCHK_7135 gene

pJQ200SK (MCHK_7135: : Km) 3 A B 4= # M.
huakuii T653R H . PREFE SM+Km #5575 FA K1
MAL TS RN TY 8538 Ll F
pJQ200SK A SacB HE[H | J& REA SO A [ 2R Tk,
TE 55 P A 85 55 35 v DR A R &2 A it 25 2K i Bk
MCHK_7135: : Km J Bt W] 25 DL — 5 B 5 1 B A 4
MR # T MCHK_7135 DNA FF41 & A R IR A8 #e
FHA TR v B 1) e A T 07 6, 5 2 AR A% [ YR XL AS 4k
MR R . 192 RAR HBRTE S APiER Km iy
SM e A K, 7E SM+Gm F A4 K . BB H
pJQ200SK # Ak 0 & £ 1 & Km 1) H B 3 A B Bt
O 2838 o [F] R B e, B dte T e oAk I A i B AR
HIMCHK_7135 3451

2)MCHK_7135 JE PRl [n] % BT ke %) g 2 % 0 2
h T BRAIE S AR TR R 5 4R s i S A R AR R
T B LRG0 e 5| R, 75 B4 2 10 #b o bk < DL BT
A BRI T gDNA SR, 9714 i MCHK_7135
4K e B B 32 3K 2 1R pBBRIMCSS |, 4 22 Ji [ul
A 3K pBBMIMCS5+7135, = A4S H#
TN A7I35 5 KR, R 15 R B bR M. huakudi
7653RA7135+C.
23 EEASHRERNEIRELER

1) L8 2R, M. huakuii 7653R B A= R |
FRARKR AR R A K AE D . 3PP TR TG (L35 5 F
XTEUBS 43 50 S e B FP 8 TY WA 85 3% 36 b 28 °C
Pz iS5, WIBUREI ODgoo fH o S5 54 7 « 3PP PR
14 A K B AR AL, 6 B AE IR W K5 95 40, MCHK _
7135 H PRIR I AN 52 Wi ML I8 TR AR 119 2 K (81 5)

2)1E HLO, W38 6445 F , M. huakuii 7653R 1 B
A A GEAR PR | RUAM G RR B ARSI o 3 R AR 22 4
W 0.,0.1,0.5 A1 1.0 mmol/L ) H,O, 4t ¥ J5
i B AT TY WAl , 45 R Bon |, 76354 HO, W36 i
(0 mmol/L) , £ Bk 09 A4 KA B B 22 5 5 7F HLO,
ik 36 40 B S, MCHK_7135 58 78 #k X6 48 i 301 58 g 5%

JB, HAFTE R B R it 28 K1 8 A FRRD [ b ik
Ui Bl MCHK_7135 3& R A B T AR 8 1 415 18 &0 i 0
(K 6),

O WT —A-47135
== A47135+C

Absorbance
=)
=)
T T T 1T 1 11

B SGIE(OD,,,)

[ mmgr® . . . L
0 8 16 24 32 40 48 56 64 72 80 88
BUFERT [B)/h Sampling time

W B A RIUAR B Wild-type rhizobium strain A7135: 28 48 #&
A7135 mutant strain; A7135+C : [Al#MF £ A7135 mutant strain com-
plemented with complete MCHK_7135 gene. R2ZE&FR3INHEE
[FR1EZE . Error bar represent the mean+ SD for 3 replications. |~
[A]. The same as follows.

B S5 BIREBAKEREFEREPHERKHLZE
Fig.5 Growth curve of each rhizobium

strains in liquid medium

120,

= 110 owT
100 BA47135
90 BA47135-C
80

70
60
50
40
30
20
10
(\

1111 TrT1

TY AR L T35 %
Colony number on TY plate

).
i E AL S ALK BE/(mmol/L) H,0, concentation
O ME 22 R (P<0.05) , *r B MR I E 22 R (P<

( ( 1.0

0.01). FIAl. *:Significant difference , P<(0.05; **: very signifi-
cant difference, P<0.01.The same as follows.
6 FIRBEERE H,O. M85 7E
TY TR LR EEH
Fig.6 The colony number of each strains on
TY plate after H,O, stress treatment
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BRI T gfp 96 DR A 7 A= MR 0 1 | 28 A8
PR R R AR S B R AR R m . AR R S
4.8 14 d WORIR &, FE 9800 W 1 se T~ 4% GFP FRicd
1) f2 YL 2 AR I L (J&1 7 1 8)

H P18 AR 7 H2 AR 8 TR Y 0T (4 dpi) , ML
huatkuii T653RA7135 RZERRAZ Y4 5 = Pl B I 1LY
R YL LR B0 W /D T 1 A BUAR R BT, {HL R I8 3 B 3% K
VL PR 8. 14 d i, RAERIE MU R Y R B
D TR A R R RD AR T B R Y S o s D
TEAER AR EZES . AIBE L BFER 584
7 NI 7 S N R R S S R N T
SE 7).
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5 2 1)
WT A7135 A7135+C
4 dpi
-~
. --
14 dpi

7 GFPiREHERLINRERE
Fig.7 Infect thread and nodules primordium
labeled by GFP(bar=100 pm)

. A
A5 oWT
2 4oL BA7I3S
| ma71354C

AR R R R
Infect thread number per plant

0

PR R )5 B 18)/d. Time post inoculated

B2 14 d(14 dpi) J5 ¥ B HRE R B8 4 A
Giil g R Bon B S AR AR 14 d 5 B B0 R I8 TR
R B E D TR AR (ES) ., fEEA Ed B4
YRR B R AR SR /N (T 7) o [l b B AR B
AR R R R A B SH AR R B E 2R

DL 45 SRR W] . MCHK_7135 5878 2 1% & , R
I TR L IR YL A — S ) R 1) X AR R T I B
P AR
25 RER.EFIEKRELZE EHEERE

A T2 T B A 7 M. huakuii 7653R 48 =%
FERh AT 135 7L BRI 56 = B K 3R /N B > A
TR /IS Bl 11 5 D] D 2 A8 e Jir 245 AR 9 AR AR L 28 A
B, B I BRLL (5, 5 = e MR K 3B # , TE U0 B
ARI(E9).

20~ B

15+

B O AR R DR 4

Nodule primordium number per plant
>
T

WT 47135 A47135+C
A Bk Strains

A FERE AR & R MOE SRR IR Ge T B #2040 14 dJ5 MHYR R IESETT . A The infect thread by each rhizobium strains in vary
days after inoculation; B: The nodule primordium number by each rhizobium strains in 14 dpi.
8 BMEEAKNEHEREMHHIE

Fig.8 Data of early infect event by each rhizobium strains

B pras R W , S AE R L, HER A 7135
RAZPRINY 5 2= DR R B T B D E mAIR (3R 2) , SR
PRI (R AF R i SO 2230, T 42 IR R RR AT 135+ C 1Y
A i S WA R TC I 2 25 5 ATI135 SRARBR
R AR R L TSR 2o M e (B19B)
R PR M J 50 R T G A I R AR
(#%2),

A R RG2S R I, MCHK _7135 3£ 28748
PG, R TR RS E AR . 5
B RUAH L, IR RR AT 135+ C TR R bR S =30 | A
S M IR (B0 [ UG TG PE AR B 22 . B
TR 14 58 2 i AR RE J0 kL LS 2 AR RRAIG
A FRAEMR (K 2) . UL MR AT A B
MCHK_7135 3 J5 , AR T 19 4594 | [ 2 6E 71 15 2]
oI

26 WREBAREYRUE

F 76 30 d S WAk MR , il A A s U0 R, FHR
W FOR R MEFA B M. huakuii T653RHHLE
A7 135 G BRI ARIEE RO/ 0N, M9 9 % A SRR Y
FEL ) 240 L (% b € 1) 4 ) Ll 370, B 2805 T
(AR IR 2 L N A R 25 9 . DR IR AR e B 422 3
By A R (181 10) .
3 i ®

Az W AE AR BRAR I 2 7 A — S M A 2R I
(reactive oxygen species, ROS) , i 45 # & [H & 1
(O, ) i ALY (1 H,O,) AR 2 5 4 H L4
e T B 1) e ST EORE AR A ) 2 X0 AR ) 1 A R 2 3
B RE AR o iU, N 40 . A Wy 2 2108
W4 o M A Ik W) Ik B (superoxide dismutase,
SOD) . i & 1k A K (catalase, CAT) 3 & AL W if it
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A':Inoculated with wild-type rhizobium strain; B: In-
oculated with A7135 mutant strain; C:Inoculated with A7135+C complement strain; D: None-inoculated as control.
B9 EMRERSEKRIOJGE . EREZRPEERIREERE

Fig.9 Whole plant and root phenotypes of A. sinicus inoculated by vary rhizobium strains for 30 days

x2 EMREBEARNEREEZRNETLERE

Table 2 Symbiotic phenotypes of A. sinicus inoculated by vary rhizobium strains

g A T 5/ S, [ 8 (CH,) /

ik R R IR SRR B/ mg o

. Fresh weight aboveground . (pmol /h)

Strain Nodules number Weight of root nodule per plant L. .

part per plant Activity of nitrogenase

WT 0.179 £0.003a 18.44 4+0.59a 13.02 4+0.70a 11.21 +0.027a
A7135 0.110 £0.150b 11.34 +1.77a 7.60 =1.05b 5.20 ££0.109b
A7T135+C 0.168 £0.016a 14.88 4+4.03a 10.41 £+0.64a 8.01 +0.425a
CK 0.120 £0.026b 0 0 0

TE : CK: AR AR TR B 58 2 900 It o 3 Bl O S5 A2 A 2 {8, B 90 B30 v A A ) 57 B 28 70 BT I35 28 5 (P<<0.05) o Note::
CK: A. astragalus without rhizuobium, The data is average of 5 replicates. Data in each column followed by the same letter are not significant

difference (P<<0.05).

fitf (peroxidase , Prx) ({1 FEI AU /0 1 MRS ROS X4 Yesek B 1700 ARG 81 6 AL 980 P Al LS TR AR 2 5

UG EL /TR Y 11 0l 5 A2 [P 280 D R [ S0l X 4 A Sy R
TEI R A ) SRR R T R e i AR i 2 R B AU N A IR G . AR A AR

ML) 227 A TP A A S B AL , TR B4 i R v 2 7™ A R T P S S o, X AR TR S T

PN IR RE DG S 33k S WO NI AR S ORI I 1R PRI a0 MR P9 1 S L1 26 11 (leghemoglo-
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A € MCHK_7135 5315 J& , M98 o o 25 o 2 B ik SR AL W) 55

500 pm 500 pm 500 pm T,
WT A7135 A7135+C

10 EFIRER 30 d FHRERET A
Fig. 10 Paraffin section of nodule after
inoculated with rhizobium for 30 days

bin ) VB A %A 4R A4, i 28 b 41 i b % SR AR Ak
A5 AR IR P9 b TSR 3R 8 0 [l 7 Sk ARk
B, TR M v i e A Ak b Al 3ot Ak S )
F5 B RO X TC B T IR R AR AL TR
SR FREE ST i [ AU R A R R B A REIE R AT

S B ARUR T A g O e B i AR R T
)1 Ak U 3 ) kar G 8 FF HLO, A A2 i HLO
Oy, NI B 1 A 0 B BRI 5 K arG 2278 KA
Ji , SRR HO, SRR 8 38 5 ar G 2R TR AT 52
M) AR 98 P 7E 9 b ) e [ (R L MH At G 28 A8 B
PRASRETE A AP AR P IE 5 B 5 AP 9 30 2 B, AR
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Abstract

7653R 1n free living and in symbiotic condition were constructed respectively. Some differential expression

In the previous studies, the global transcriptome databases of Mesorhizobium huakuii

genes in free living and symbiotic condition were identified with RNA-Seq and Microarray. Among these
genes, MCHK_7135 belongs to the peroxiredoxin (Prxs) family. Its expression was significantly up-regu-
lated at the stage of symbiotic nitrogen fixation.In this article, the replacement mutants and complementary
strains of MCHK_7135 were constructed by homologous recombination to study the function of MCHK_
7135 gene in symbiotic nitrogen fixation between rhizobia and host plants. The phenotypes of mutant and
complementary strains were investigated under free living and symbiotic condition with Aszragalus sinicus.
Results showed that the mutant strain of MCHK_7135 gene was more sensitive to H,O, stress compare
with the wild-type strain. The growth of A. sinicus plant inoculated with the mutant was inhibited , the num-
ber of infect thread and nodule primordia decreased , the number of nodule was small, and the activity of ni-
trogenase was low. However, when the mutant strain was complemented by complete MCHK_7135 gene,
some symbiotic phenotypes were restored to different degree. It is indicated that the peroxiredoxin gene
MCHK_7135 of M. huakuii plays an important role in the symbiotic nitrogen fixation between rhizobia and
host plants.
Keywords rhizobium; symbiotic nitrogen fixation; peroxiredoxin; Astragalus sinicus; homologous

recombination ; mutant
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