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Pl R A EEAEH, B EIEE (Xanthomonas
axonopodis pv. glycines)" i OmpA K75 J5 A%
TRERYRFEEREE, KB OmpA /1 Sz 4
FER S BOR LR T 2 1o b ket
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Table 1. The strains and plasmids in this study

Strains and plasmids Characteristics Source

E. coli DH5a Host of recombinant plasmids This lab

E. coli S17-1 The donor strain used for conjugation This lab

Mesorhizobium huakuii 7653R Wide type strain of Mesorhizobium huakuii, Str' This lab

pMD19-T (simple) TA cloning vector, Amp" TaKaRa

pCM351 Mutant strains construction vector, Gm' This lab

pMP2463 Green fluorescent label carrier, Gm" This lab

pGD926 Promoter expression vector, Tet' China Agricultural University

actamicro@im.ac.cn
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1.1.4 59 ALBFHLIYILE 2,
1.2 BEFEMIERFZME

KWHFFTE (Escherichia coli) R JHl LB 5353,
R FRIRE 37 °C, MR (Mesorhizobium huakuii
7653R):ERH TY #5573, Mk RAMEKH AMS
BRaR gk, BRFRIEEEYN 28 °C,
1.3 HirEEBNEYEBEST

NCBI i 25 4k H i 3L 750, 4R )5 38 i
NCBI Conserved Domain Search [ 5143 #r #U4
fA) DR ST 5 0 3 5F T B B A R T Rg ;@ A
BLASTp HXF AR IR 11, PRk A [m] e i [
JEE S, I MEGA 6.0 ZF 48 A HH 2 1k
(bootstrap N-J Tree) i it RG K T W o
1.4 B FHRRKEMD
1.4.1 MCHK 1326 JA38)¥-LacZ @& FRik ik
FIFEHE . M NCBI il & 3R MCHK 1326 JA
HFFH), LA 7653R HMREE K ZH DNA AsAR |
1326-p-F&1326-p-R 27514 PCR ¥ 3 H iy Fr BoIf
% B K pGD926 , i H El A ik Ik

pGD926-Psx6-LacZ, LW EAER MM E 18 £
7653R Hi,
1.4.2 LacZ (0 %5: pGD926 H LacZ 4atdIX.
S A A sh 1, B B SRS 37 v BOE
MRS, 40 X-gal YL RIS 1T B0
WL, HEmAI S 2 F R SRR TG, TAREAH
R B B AR R RE R IX LacZ, 4% X-gal B4
ARG AN A . Pk 5 = e,
SRMEFEKEE, FETRIEEF RS, T
22 °C LM 2d, WHHBE T LRE DS, %
7653R (pGD926-P;56-LacZ), 4 MWL G
5. 7. 15, 20 dpi FIEWI AR BRI 2H 2
2% X-gal WYL ER)S, 7 WA N g
E{SRiCN
1.5 AI326 SRAEBRAIMEE 5 ik

FI ] Cre-loxp RS H MCHK 1326 § K%
ARRALI326P1, DL 7653R R ERIER 4] DNA i
We, 29I 1326-up-F&1326-up-R Fl 1326-down-
F&1326-down-R WX} 5| ¥4 14 H i 5L T Ui
[l ACH R, ARECE B BL. &R N YR IG )

*2. SKAAY

Table 2.

Primers used in this study

ID of primers Sequences of primers(5'—3’)

Characteristic

1326-up-F GGCCGCCGGACTGATTGATC

1326-up -R CTAATTGGCTTGCATTGTTCTTTACTCCTT
1326-down-F TCGGCCTCGGTATGAAGTTCTAA
1326-down-R CACCTCAACCGGATTTCGAAGA

1326-CRmap-F
1326-CRmap-R

CAAGGCGCGGGCGAAATTCT
TCGCAAGTGCCTGTCCAGTCAAC

1326-map-F GCGAAGATGCAACGTCAAGGT
1326-R GCAGGATTTCCGGGGTCACG
1326-p-F GGCCGCCGGACTGATTGATC
1326-p-R AGATTGGCTTGCATTGTTCTTTAC

The forward primer of /326 exchange fragment
The reverse primer of /326 exchange fragment
The forward primer of /326 exchange fragment

The reverse primer of /326 exchange fragment

The verification forward primer of /326 mutant
The verification reverse primer of /326 mutant
The verification forward primer of 7326 ORF
The verification reverse primer of /326 ORF

The forward promoter primer of /326

The reverse promoter primer of /1326

http://journals.im.ac.cn/actamicrocn
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Figure 1.

Putative conserved domains of MCHK 1326 protein and three-dimensional structure prediction. A: Putative

conserved domains of MCHK 1326 protein; B: Three-dimensional structure prediction of MCHK 1326.
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Figure 2.

Phylogenetic analysis of the MCHK 1326 and homologous proteins. Numbers in bracket represent

the sequences accession number in GenBank. The number at each branch points is the percentage supported by

bootstrap. Bar, 0.2 sequence divergence.
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3. BT LacZ 40N MCHK_1326 B FEHEE T2 H AR = RIE
Figure 3. Detection of spatiotemporal expression of MCHK 1326 promoter during symbiosis based on LacZ
staining. Roots or nodules were observed at 5 dpi (A), 7 dpi (B), 15 dpi (C), 20 dpi (D), respectively. Bars=200 pm.

2.3 MCHK_1326 RAERRB AN 26 % ORF K BtJH 123 bp, HILLIS4¥ 1326-CRmap-

e P AT ) VB T A AR pCM351-1326-  F&7326-CRmap-R it R AR, Xf i 2 B A Y
up+down FABFAH M. huakuii 7653R, FEE  T653R MR A BRI 2167 bp, RAE (A
o [ LD FOR A B e ok b, T E R YR R Bl 2471 bp (8] 4-B), PCR § 4™
FEREE . BF Gm Cassette tb MCHK 1326 1) W&y Hext 3 B R 92 (A h i) MCHK 1326

B
(A) o orf down-F (B) kb MIWT AL A2 A3 A4 A5 A6 A7 A8
——> —>
up-R down-R
PCR l l PCR
3
2
bla ColEl ori tet oriT
pCM351
M Ly . © b,  M2WT BI B2 B3 B4 BS B6 B7 B8
1/ l": .""
A A
Wide type
750
CR-map-FloxP  Gm loxP
Mutant e———— WSS 8 500
m—
CR-map-R

Bl 4. ET Cre-loxp 7735 1T MCHK 1326 ERF B TLIRAFR

Figure 4. The construction of MCHK 1326 deletion mutant based on Cre-loxp system. A: The diagram of
strategy for MCHK 1326 knockout, DNA flanks upstream and downstream of the target gene are amplified by
PCR with using primer pair up-F & up-R and down-F & down-R, and then cloned into pCM351; B: The products
of PCR distinguish between mutant and wide-type by using primer CR-map-F and CR-map-R, due to the
difference size of MCHK 1326 and the Gm Cassette. Lane marked “A1” to “A8” refer to 8 clones picked out a
purification from a mutant identified in preliminary screening; C: The products of PCR distinguish between
mutant and wide-type by using primer /326-map-F & 7326-R. Lane marked “B1” to “B8” refer to 8 clones
picked out a purification from a mutant identified in preliminary screening.
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HI(E 6), SEFAETIA LY, 848 R 12 Ye S FIAR IR
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Yedk RIIEHR .
2.5 A EARER AT
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BT B, 43R 98 AR A (R AF PR [R) A 22 AR 978 AT 7
PR SRR AR AR RN . 8, R

9 dpi 13 dpi 18 dpi

B 5. GFP #ri2HY WT-7653R 1 7653RA1326 R KIEME TR EHREME

Figure 5.

Observation of infection process of GFP-labeled 7653R-wild type and 7653RA/326 mutant after

inoculation with Astragalus sinicus. The figure shows the different processes of infection of plants by rhizobia,

including root hair curling, elongation of infection threads, entry into cortical cells, formation of nodule primordia

and differentiation of bacteroids in mature nodules, bars=100 um in A-4, bars=50 pm in the remaining figures.
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Figure 6.

Statistical analysis of early infection processes after inoculation of GFP-labeled 7653R-wild

type and 7653RA7326 mutant. A, B and C show the number of infected threads, the number of root hair
curls, and the number of nodules about 7653R-wild type and 7653RA[326 mutant, respectively. *:

compared with the wild-type control group, the mutant group showed significant difference at P<0.05; **:

compared with the wild-type control group, the mutant group showed significant difference at P<0.01; the

error bars represent the standard deviations of three independent experiments.

N

7. 7T653RAI326 RERIER B R ILERENE

Symbiotic phenotype of 7653RA7326 mutant
tested on Astragalus sinicus. A, B, C: from left to right
are plants inoculated with CK, 7653RA/326 and
7653R-wild type. A, B: appearances of plant growth; C:

Figure 7.

morphological observation of roots and nodules in the
plant. Bars=1 mm.
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Comparative quantification of the fresh weight of plant, number of nodules, fresh weight of nodules,

and nitrogenase activity induced by 7653RA /326 mutant. A, B, C and D show the fresh weight of the aerial parts
of the mutant plants, the number of nodules, fresh weight of the nodules, and the nitrogenase activity of each

plant, respectively. **: compared with the wild-type control group, the mutant group showed significant
difference at P<0.01; the error bars represent the standard deviations of three independent experiments.
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Figure 9. Symbiotic phenotype changes of the mutant
plants under the supplemental inorganic nitrogen source.
A, B: Appearances of plant growth, 7653R-wild type
(left, no nitrogen addition) and 7653RA/326 mutant
(right, with nitrogen addition); C: Morphological
observation of nodules in the plant, 7653R-wild type
(left, no nitrogen addition) and 7653RA/326 mutant
(right, with nitrogen addition). Bars=1 mm.
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Table 3.

Restoration of the symbiotic nitrogen fixation defect phenotype of 7653RA7326

Nitrogenase activity

Treatments Fresh weight of areial part/(g/plant) Number of nodule/plant ~ Nodule weight/(g/plant) [mol-g/(noduleh)]
WT-7653R 0.30+0.07 34.26+8.04 0.07+0.01 4.24+0.48
A1326+N 0.39°+0.12 9.16%+3.18 0.01°+£0.00 2.74*+0.43

The data is average of three replicates. a: compared with the wild-type control group, the mutant group showed significant
difference at P<0.05; b: compared with the wild-type control group, the mutant group showed significant difference at P<0.01.
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Construction and assignment of symbiotic phenotypes of outer
membrane porin encoding gene MCHK 1326 in Mesorhizobium
huakuii 7653R

. . . . oK %
Lingli Mei, Xiaobo Zeng, Youguo Li , Dasong Chen
State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan 430070, Hubei Province, China

Abstract: [Objective] The gene MCHK 1326 from Mesorhizobium huakuii 7653R encoding an outer membrane
porins may be involved in the process of rhizobial infection, nodulation and symbiotic nitrogen fixation. This study
was aimed to explore the function of this gene in legume-rhizobium symbiosis. [Methods] Bioinformatics analysis
used to study the structural characteristics and biological functions of MCHK 1326 protein. The spatial and
temporal expression characteristics of MCHK 1326 gene was assayed by histochemical staining. The deletion
mutant strain (7653R 47326 strain) was constructed by the Cre-loxp system. Early infection events and symbiotic
phenotype of wild-type and mutant strain were observed. The symbiotic phenotype of the mutant strain was also
measured under the conditions of adding nitrogen source. [Results] The gene MCHK 1326 was highly expressed
during the entire early phase of infection and in the infection zone of mature nodules, such as the elongation
process of the infected thread. The infection threads and the number of nodules primordium by the mutant were
significantly reduced; compared with the controls, the plants inoculated with 7653RA7326 strain displayed
significant reduction in the fresh weight of the aerial plant, nitrogenase activity, and the amount and weight of
nodules of 7653A1326 strain was significantly lower. The defected symbiotic phenotype of plants inoculated with
7653RA1326 strain could be restored to normal by adding inorganic nitrogen source. [Conclusion] The gene
MCHK 1326 participates in the early infection and nodulation processes and plays an important role in the

development of nodule and symbiotic nitrogen fixation.

Keywords: Mesorhizobium huakuii 7653R, outer membrane porins, mutant, symbiotic nitrogen fixation
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