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Table 1.

* 1. SLWATREMRRER

Bacterial strains and plasmids used in this study

Strains and plasmids

Relevant characteristics

Source and reference

Strains

A. caulinodans ORS571
Mutant strains
Escherichia coli DH5a
Plasmids

pEASY blunt simple
pCM351

pRK2013

Wild type strain, Nal and Amp
ORS571 derivative, Gen
General cloning strain

The vector cloning PCR products, Kan
The construction of mutant, Gen, T¢
Helper plasmid, carries tra genes, Kan

[13]
This study
This study

TransGen
[14]
[15]

Nal: nalidixic acid; Amp: ampicillin; Gen: gentamicin; T¢: tetracycline; Kan: kanamycin.

F 2. XWFASIH
Table 2. Primers used in this study

Primers Sequences (5'—3’) Restriction sites
fliN-up-F GGTACCTCTTGTTGATGATGTCGGC Kpn |
fliN-up-R CATATGAGACAACTCCCGTTTCGGC Nde |
fliN-down-F ACCGGTATGGTCTCTTCCTTGCCGT Age |
fliN-down-R GAGCTCACGCTCGTGAAGCTGGAAA Sac |
fliM-up-F GGTACCCGACCGAGCTTCATGAGAT Kpn |
fliM-up-R CATATGGCGGGTCGAAGAGCAGATC Nde |
fliM-down-F ACCGGTCATCGAGCAGCATGTCT Age |
fliM-down-R GAGCTCGACGCAGTATATCTGCGAC Sac |
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fliN-down fliM-down
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pCM351:: fliNup-down

1.3 AfliN

[18]

pCM351::fliNup-down

PCR

pCM351::

pCM351:: fliMup-down

AfliM

ORS571
DH5a
DH5a

pCM351
TY+Nal+Amp+Gen

fliN-up-F  fliN-down-R

PCR

AfliN

WT  TY+Nal+Amp

pRK2013
10:3:2
ORS571  fliN
Gen
ORS571 WT
AfliM
1.4
AfliN AfliM
Amp
ODgyg 0.6-0.8
TY
2h OD600
15
Bible!*”!

TY+Nal+Amp+Gen
TY+Nal+

37°C 200 r/min
50 mL

ODgye  0.05

WT AfliN  AfliM
TY+Nal+Amp 37 °C 200 r/min
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2d
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(2% pH 7.4)
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1.7
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8g/L ODgoo 0.8 WT AfliN
AfliM 3
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Barnard [20)
(20 mmol/L)
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3 30 °C 3-5d
0.1% 2 mL 20 min
3-5
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150 pL 96
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3-5
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Figure 2. PCR confirmation of the mutant strains. M:
37 °C 180 r/min 24h 48 h marker. Primers fliN-up-F/fliN-down-R: 1: The genomic
30 min ODsoo DNA of AfliN mutant strain; 2: The genomic DNA of
oD wild-type strain. Primers fliM-up-F/fliM-down-R: 3: The
S genomic DNA of AfliM mutant strain; 4: The genomic
ODgo oDy DNA of wild-type strain.
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Figure 4. The chemotaxis ability to sodium lactate of . . .
the three different strains. 36% 30% 40%
20% 31% 24%
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Figure 5. Morphological examinations of the three strains under electron microscope. A: Wide-type strain of
ORS571 with flagellar; B: Mutant strain AfliN without flagellar; C: Mutant strain AfliM without flagellar.
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Figure 6. Colony morphologies and quantitative analysis of the EPS. A: Colony morphologies of the three
different strains spotted on the L3-N plates with three different carbon sources (sodium lactate, glycerol and malic
acid). Photographs were taken after 4 days of incubation. There were distinct differences between the wide-type
strain (WT) and the mutant strains (AfliN and AfliM); B: Quantitative analysis of the EPS. The error bars represent
SE of means from three independent experiments. Asterisks indicate statistically significant differences (*: P<0.05).
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Figure 7. Biofilm formation and quantification of ethanol-solubilized CV from PVC plates biofilms. A: Biofilm
morphologies upon crystal violet staining of the WT, AfliN and AfliM. Lane 1: Strains were inoculated with L3+N
liquid medium; line 2: Strains were inoculated with L3-N liquid medium; B: Biofilm formation was quantified by
crystal violet staining method. The error bars represent SE of means from three independent experiments. Asterisks
indicate statistically significant differences (*: P<0.05 and **: P<0.01).
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Figure 8. Flocculation of wild-type and mutant
strains. A: Flocculation morphologies of the WT, AfliN
and AfliM. Strains were inoculated with L3+1/2N
liquid medium, and photographs were taken after 48
hours of incubation; B: Quantitative analysis of the
flocculation cell mass. The error bars represent SE of
means from three independent experiments. Asterisks
indicate statistically significant differences (*: P<0.05
and **: P<0.01).
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Function analysis of flagellar genes fliN and fliM in Azorhizobium
caulinodans ORS571
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Abstract: [Objective] To investigate the phenotypes of Azorhizobium caulinodans ORS57 mutant strains that
lacked the flagellar motor proteins FIiN and FliM respectively, and the functional mechanism of these proteins.
[Methods] The gene knock-out mutant strains (AfliN, AfliM) were constructed by homologous recombination and
triparental conjugation. The phenotypes including cell growth, chemotaxis, exopolysaccharide production, biofilm
formation and cell flocculation were investigated. [Results] Mutants AfliN and AfliM did not shown any difference
in cell growth compared with the wild-type strain. However, both mutants lost their flagella when observed under
electron microscope. In addition, AfliN and AfliM were impaired in chemotaxis, exopolysaccharide production, and
biofilm formation. To the contrary, the flocculation ratio of both mutants was higher than that of the wild-type strain
within the same amount of time. [Conclusion] The flagellar genes fliN and fliM could regulate the flagellum
formation, cell motility, exopolysaccharide production, biofilm formation and cell flocculation of Azorhizobium
caulinodans ORS571.

Keywords: Azorhizobium caulinodans ORS571, flagellar, fliN, fliM, exopolysaccharide, biofilm, flocculation
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