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Function of a methyl-accepting chemotaxis protein Tlp1 in
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Abstract: [Objective] To study the mutation phenotype of the methyl-accepting chemotaxis protein
Tlpl (transducer-like protein) located in the upstream of the gene cluster of Azorhizobium
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caulinodans ORS571, and to explore its functional mechanism. [Methods] The t/p/ mutant strain was
constructed by the homologous recombination and triparental conjugation. Growth of the wild-type
strain ORS571 and the #/p/ mutant was compared by measuring ODgg over time of cultures in TY
medium. The semi-solid plate assay was used to test the ability of chemotaxis. The production of
extracellular polysaccharide and secondary metabolites was measured through Congo red solid
culture medium. The acetylene reduction assay was used to measure nitrogen fixation ability.
[Results] Compared with the wild type, the growth of the mutant in rich media was the same as that
of the wild type. The #/[p/ mutant was impaired in chemotaxis to glycerol, and the complemented
strain’s chemotactic capability could be partially complemented. The production of extracellular
polysaccharides secreted from #/p/ mutant and wild type has no difference, but one of the secondary
metabolites—the melanin #/p/ mutant appeared earlier than the wild type. The nitrogenase activity of
tlpl mutant strain was weaker than that of the wild type, and the complemented strain could
complement part of the nitrogen fixation ability. [Conclusion] The methyl-accepting chemotaxis
protein Tlp1 of 4. caulinodans ORS571 showed a certain ability of chemotaxis to glycerol, and also
affected the secondary metabolites and the nitrogenase activity in ORS571.

Keywords: Azorhizobium caulinodans ORS571, Chemotaxis, Melanin, Nitrogenase activity
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Table 1 Bacterial strains and plasmids used in this study

Strains and plasmids

Relevant characteristics

Source or reference

Strains
A. caulinodans ORS571
Mutant strain
Complemented strain
Escherichia coli DH5a
Plasmids
pMD18-T
pCM351
pRK2013
PBBRIMSC-2

Wild type strain, Nal and Amp
ORS571 derivative, Gen
tlpl mutant derivative, Kan

General cloning strain

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

The construction of complemented strain, Kan

[9]
This study
This study

Transgen

TaKaRa
[10]
[11]
[12]

Note: Nal represent nalidixic acid; Amp represent ampicillin; Gen represent gentamicin; Tc represent tetracycline; Kan represent kanamycin.

F*2 KKAASY
Table 2 Primers used in this study

Primer Sequence (5'—3") Restriction site
0660-up-F GGGGTACCCCACCAGCCTGTCGATCTG Kpn 1
0660-up-R GGAATTCCATATGTGGCTCGGCTTAGCATCG Nde 1
0660-down-F TCCCCGCGGCCGCTCCGTGCTTAACCCT Sac 1
0660-down-R CGACGCGTTGACCGCGACTTCCTTCTTC Miu 1
0660-F GCTCGATAACGTGGACCAAC
0660-R CCGTCTGAACGTTGCTTGTA
0660-com-F CGTCTAGAGCCAGGGCTCGAGTACAAG Xba 1
0660-com-R CGAGCTCCCTCTCCCGTGAGGGTTAAG Sac 1
1.1.3 EFESEKEH. TYP L3 Nde 1 Kpnl Ndel
37°C LB [l PCM351 T4
37 °C PCM351::0660up PCM351::0660up
Amp ( ) 100 mg/L Kan ( ) PCR
50 mg/L  Gen ( ) 30 mg/L Tc ( )
10 mg/L Nal ( )25 mg/L
1.1.4 EFERXFIFLEE: NEB PCM351::0660up
DNA PCM351::0660up-down
T4 1.3 ZEERIRES dpl RTIREIEE
7890A Agilent PCM351::0660up-down
1.2 EE R ERAs EMEA SRR AE DH50 PRK2013
tipl 782 bp DH5a ORS571
768 bp pEASY [15] PCM351 914 bp
Kpn 1 tipl 1913 bp
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TY tpl
0660-up/0660-down Nal  Amp
ORS571 tipl L3 37°C 200 r/min 20 h
ODeno
14 EHEREEE 1.0 7mL 3mL L3
tpl 30 bp 10 uL 400 uL
2 139 bp pEASY 37 °C 12 h
Xbal Sacl 100 pL
Xba 1 Sac 1
PBBR1IMSC-2 T4
PBBRIMSC-2::0660-com
tipl = x(
Nal Gen Kan TY 7 mL/ 100 pL)/(1 nmol X
PCR tlpl 1.3 min)
PBBRIMSC-2 2 HHEEAT
tipl
; s 21 dpl BREMEMSH
37501
15 SRHZANE ORS571
Y Tlp1
TY °C 2 i
37 °C 200 r/min (1A C
ODgyp  0.6—0.8
0.05 2h ODsp
M1
1.6 LI . ( 1B) Tipl
37 °C 200 r/min
ODgo 0.6-0.8 5 uL 500 bp
V) o
03% TY 37°C 5 Chek
3d
17 BshE R AR TR /
(10 mmol/L)
5 gL 3 ~|‘-I-|HAMP|—| _MA H
1 dpl EFESH ETH7E ORS571 ik LAHR(A)
0.04% ODgy  0.6—0.8 R H L5 (B)
Figure 1 Physical map (A) of #lpl gene as well as the region
o (B) of its both ends and the predicted domain architecture
37°C 3d Note: A: The arrows indicate the direction of transcription; HY:
Hypothetical protein. B: Domains of the predicted Tlp1 protein, as
defined by the SMART database; HAMP: Histidinekinase,
1.8 ’ﬁ@ﬁ;‘ﬁg‘;gﬁ Adenylylcyclases, Methylbindingproteins, Phosphatases; MA:
Methyl-accepting chemotaxis-like domain; Black rectangles depict
(ARAs) transmembrane regions.
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Figure 2 PCR confirmation of

Note: A: Primers: 0660-F/0660-R; 1: The genomic DNA of

0660-com-F/0660-com-R; 3: The genomic DNA of wild strain; 4
mutant strain.
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Figure 3 The growth curve of wild type and t/p] mutant
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Figure 4 The chemotaxis ability to glycerol of three different strains
Note: A: The chemotaxis ring of three strains in L3 semi-solid plate with the carbon source of glycerol (+/—N). B: The ratio of #/p/ mutant

and its complemented strain swarm diameter to wild type.
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El5 FFARMRTIKRERIRLTER ERBEBRMINDIFR
Figure 5 The secretion of melanin of the wild type and
mutant strain on Congo red solid culture medium

Note: About 4 to 5 days, the center of mutant strain began to
appear shallow black substance, and wild type does not have any
similar phenomenon; About 5 to 6 days, wild type began to appear
black substance, the black color of mutant strain deepened and

have the diffusion trend; About 7 to 8 days, the center of wild type
and mutant all become dark black.
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Figure 6 The nitrogenase activity of three different strains
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