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Table 1. Bacterial strains and plasmids used in this

study

Strains/Plasmids Characteristic Source
M. huakuii i i This lab
T653R Wild type, Str

E. coli DH5a Host of recombinant plasmids This lab
E. coli S17-1 Host of transformation plasmids  This lab
Ii"lz/slelp?l;a ) TA cloning vector, Amp' Ee(t)l'(aRa
pK19mob Mutant strains construction This lab

vector, Kan
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a3 S A B 2l 5 3R 0 A 5% b g A AR R T
T653RFNIEFNT653RATEE = 5530 dARJEIRNA, 2l
AT W P IF AT R e s . AR ' I ) cDNA
FREAT, B ERT-PCREEF: 95 °C 5 min; 95 °C
30 s; 56 °C30s; 72 °C 1 min; 72 °C10 min,
304G, [RlBsS P rmp BIRERIVE NS
1.5 FOEEEPCR

R S cDNAW Y BIE Bk E, B
WPCRAG NS I F L B — 3, SRIG X HAnk A
HATY G, AR, KU/NER, A ReiiA T
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Table 2. PCR primers used in this study

ID of primers Sequences of primers (5'—3") Characteristic

MCHK-2779-F  CCCAAGCTTGGGCGAGGTCTACAAGGAAGT The forward primer of MCHK-2779 exchange fragment
MCHK-2779-R  GCTCTAGACCAGGTCAGTTGGATATGGGTG The reverse primer of MCHK-2779 exchange fragment
MCHK-2172-F  CCCAAGCTTCCCATACGCCGCAACAG The forward primer of MCHK-2172 exchange fragment
MCHK-2172-R GCTCTAGACGAACATCGTGCCCATCA The reverse primer of MCHK-2172 exchange fragment
MCHK-5577-F  CCCAAGCTTAGAGGCGATCTTCCCTCTG The forward primer of MCHK-5577 exchange fragment
MCHK-5577-R ~ GCTCTAGACATGAACAGGCCCATCAACT The reverse primer of MCHK-5577 exchange fragment
2779-P2 TGATCCACGGTGGCAAGA The verification primer of MCHK-2779 mutant
2172-P2 GTCACGCCCGAAGAGTTCC The verification primer of MCHK-2172 mutant
5577-P2 AGACGGCTAATTTGATCCAAGAGAG The verification primer of MCHK-5577 mutant

M13-F CGCCAGGGTTTTCCCAGTCACGAC The common forward primer of pK19 vector

M13-R AGCGGATAACAATTTCACACAGG The common reverse primer of pK19 vector

2779-F GCGAGGTCTACAAGGAAGTGGT The quantitative forward primer of MCHK-2779
2779-R TCGAAGTCGCCAAAGGTTTT The quantitative reverse primer of MCHK-2779

2172-F GCCTATCCGCAATTCCTGC The quantitative forward primer of MCHK-2172
2172-R CGTTCTCGTCGGGCTTCA The quantitative reverse primer of MCHK-2172

5577-F GACATGGTCGCCCTACGAGA The quantitative forward primer of MCHK-5577

5577 -R 5'GCCTTGCCATTGCCTTCC The quantitative reverse primer of MCHK-5577
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#*3. MCHK-2779. MCHK-2172F1MCHK-5577H) BB RIE R mEEA
Table 3. Characterization of gene expressions and proteins encoded by MCHK-2779, MCHK-2172 and MCHK-5577

Gene ID Location UporDown  Foldchange  Genelength  Sizeinaa  Function

MCHK-cl Chromosome: Up 15.9763 498 165 Polyketide cyclase/dehydrase and
mhr2779 2725116-2725613 lipid transport family protein
MCHK-cl Chromosome: Up 3.3086 456 151 Polyketide cyclase/dehydrase and
mhr2172 2125064--2125519 lipid transport family protein
MCHK-cl Chromosome: Down 0.108 528 175 Polyketide cyclase/dehydrase and
mhi5577 538063-5381158 lipid transport family protein
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1
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Rhizobacter sp. Root1221 (WP_056666697.1)

Pseudomonas pseudoalcaligenes (WP_003455040.1)
Bradyrhizobium sp. DFCI-1 (ERF81052.1)
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1. MCHK-2779. MCHK-5577FAMCHK-2172% % % B ¥t

Figure 1. The phylogenetic tree of MCHK-2779. MCHK-5577 and MCHK-2172 basing on amino acid sequence.
The Phylogenetic analysis of MCHK-2779. MCHK-5577 and MCHK-2172 genes encoding proteins. The
phylogenetic tree showing relationships between MCHK-2779/MCHK-5577/ MCHK-2172 protein and some highly
homologous members from Mesorhizobium loti(WP_019858598.1, WP_019862100.1 and WP_027028911.1),
Sinorhizobium fredii HH103(CCF00274.1), Mesorhizobium sp. URHCO0008(WP_027042801.1 and
WP_027045038.1), Rhizobium giardinii(WP_018324292.1), Rhizobium sp. CF097(WP_037121259.1), Rhizobium sp.
NT-26(WP_052638243.1), Aminobacter aminovorans(AMS41901.1), Bradyrhizobium sp. DFCI-1(ERF81052.1),
Sinorhizobium meliloti(WP_015241148.1), Rhizobacter sp. Root1221(WP_056666697.1), Hoeflea sp.
108(WP_026227285.1 and WP_018428066.1), Variovorax paradoxus(WP_019656139.1), Neorhizobium
galegae(WP_046624018.1), Streptomyce clavuligerus(WP_003959768.10), Pseudomonas
pseudoalcaligenes(WP_003455040.1), Pseudaminobacter salicylatox-idans(WP_019173455.1),
Proteobacteria(WP_035033259.1) and bacterium YEK0313(CEJ11995.1). The neighbor-joining phylogenetic tree
was constructed using MEGA 6.0 software. Bootstrap values (%) were calculated by 1000 resampling repetitions.
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2. MCHK-2779. MCHK-5577fAMCHK-21728%
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Figure 2. Genes relative transcription level of MCHK-
2779, MCHK-5577 and MCHK-2172 under the free and
symbiotic conditions. **: significant difference at
P<0.01; The error bars represent the standard deviations
of three independent experiments.
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Figure 3.

Identification of the mutants by colony PCR. M: DL2000 DNA marker; Lane 1, 3, 7: PCR products of

wild-type 7653R genomic DNA; Lane 2: PCR product of MCHK-5577 mutant genomic DNA; Lane 4-6: PCR
products of MCHK-2779 mutant genomic DNA; Lane 8: PCR product of MCHK-2172 mutant genomic DNA.
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& 4. MCHK-2779. MCHK-5577F1MCHK-21725E =Tk 5 &gyt 77

Figure 4. Symbiosis phenotypes of 7653R-2779mut, 7653R-5577mut and 7653R-2172mut tested on Astragalus
sinicus. A: plants from left to right: 7653R-wild type, 7653R-2779mut, 7653R-5577mut, 7653R-2172mut and control;
B: roots from left to right: 7653R-wild type, 7653R-2779mut, 7653R-5577mut, 7653R-2172mut and control.

24. MCHK-2779mut. MCHK-5577mutfi1MCHK-2172muttt % REGNE S

Table 4. Symbiosis phenotypes analysis induced by 7653R-2779mut, 7653R-5577mut and 7653R-2172mut tested on
Astragalus sinicus

Strains Fresh weight of plant/ Number of nodule  Fresh weight of nodule/ Nitrogen fixation activity/
(mg/plant) (/plant) (mg/plant) (umo%/g nodule h)

CK 53.33°40.70 0 0 0

M. huakuii T653R  240.00%+54.00 20.3"+6.94 14.85"+ 0.02 15.302.97

MCHK-2779mut 83,03 +5.00 8.92°46.54 10.07+0.24 0.33£0.24

MCHK-5577mut — 66.71° +7.08 23.00%£1.26 6.73"+2.10 0.20°+0.13

MCHK-2172mut 13333 +25.77 17.17° +4.85 8.63"+2.23 9.38"+1.60

*: the date is average of three replicates. a, b, ¢ values in each column followed by the same letter are not significance difference (P<0.05).
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Cloning, mutagenesis and symbiotic phenotype of three lipid transfer
protein encoding genes from Mesorhizobium huakuii 7653R

. . . . *
Yanan Li, Xiaobo Zeng, Xuejuan Zhou, Youguo Li
State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan 430070, Hubei Province, China

Abstract: [Objective] Lipid transfer protein superfamily is involved in lipid transport and metabolism. This study
aimed to construct mutants of three lipid transfer protein encoding genes in Mesorhizobium huakuii 7653R, and to
study the phenotypes and function of mutations during symbiosis with Astragalus sinicus. [Methods] We used
bioinformatics to predict structure characteristics and biological functions of lipid transfer proteins, and conducted
semi-quantitative and fluorescent quantitative real-time PCR to analyze the expression levels of target genes in free-
living and symbiotic conditions. Using pK19mob insertion mutagenesis to construct mutants, we carried out pot plant
experiments to observe symbiotic phenotypes. [Results] MCHK-5577, MCHK-2172 and MCHK-2779 genes encoding
proteins belonged to START/RHO alpha C/PITP/Bet_v1/CoxG/CalC (SRPBCC) superfamily, involved in lipid
transport or metabolism, and were identical to M. loti at 95% level. Gene relative transcription level of the three genes
all increased compared to free-living condition. We obtained three mutants. Compared with wild-type 7653R, above-
ground biomass of plants and nodulenitrogenase activity induced by the three mutants significantly decreased.
[Conclusion] Results indicated that lipid transfer protein encoding genes of Mesorhizobium huakuii 7653R may play
important roles in symbiotic nitrogen fixation, and the mutations significantly affected the symbiotic phenotypes. The
present work provided a basis to study further symbiotic function mechanism associated with lipid transfer proteins

from rhizobia.
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