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(Pseudomonas fluorescens)
[2]

2,4-
(2,4-diacetylphloroglucinol 2,4-DAPGQG)

(pyoluteorin) (pyrrolnitrin)
-1- (phenzaine-1-carboxylate)
[3]
2,4-DAPG A
PhID
(phloroglucinol PG) PhlA PhIB PhIC
PG
2,4-DAPG"
2,4-DAPG
P. fluorescens F113
PhIF 2,4-DAPG
phlACBD pho
phlACBD 2,4-DAPG M

2,4-DAPG
GacS/GacA (two-component system GacS/GacA)
RNA (non-coding small RNA)

RsmX RsmY RsmZ
RNA (RNA binding protein) RsmA
RsmE 2,4-DAPG Bl
2P24
(6]
2,4-DAPG
2,4-DAPG
2P24  2,4-DAPG
phiA PG Tn5
2,4-DAPG
2,4-DAPG
1 ArRAe ik
1.1
1
2P24
Escherichia coli [7]
0.1 mol/L

(Ap) 50 pg/mL
(Km) 50 pg/mL (Tet) 20 pg/mL
(Gm) 50 pg/mL 5- -4-
-3- -B-D- (X-Gal) 40 pg/mL

1.2 P fluorescens 2P24

Rhizoctonia solani
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Table 1. Bacterial strains, plasmids and primers used in this study
Name Relevant characteristics or sequences (5'—3") Reference or source
Strains

Pseudomonas fluorescens
2P24

2P24AgacA
2P24Avfr
2P24AphlA
2P24Acra
2P24AcheB
2P24(p970Gm-phlA)
Escherichia coli
DH5a
S17-1(A-m)
Agrobacterium tumefaciens
NTL4(pZLR4)
Rhizoctonia solani
Plasmids
pUT-Km
p970Gm-phlAp
p970Km-rsmXp
p970Gm-rsmYp
p970Km-rsmZp
pRK415
p2P24Km

p2P24 Acra
p2P24 Avfr
p2P24 AcheB
p6013-phlA
p415-cheB
Primers
Cra-EcoRI1
Cra-840-2

Cra-3
Cra-780-HindII14
vir-EcoRI-F1
vir-R1

Vir-F2
vfr-BamHI-R2
cheB1EcoRI
1KBcheB2
900bpcheB3
cheB4HindIII
CheBPstl
CheBXbal

Wild type

Derivative of 2P24, gacA gene in-frame deletion
Derivative of 2P24, vfi- gene in-frame deletion
Derivative of 2P24, phlA gene in-frame deletion
Derivative of 2P24, cra gene in-frame deletion
Derivative of 2P24, cheB gene in-frame deletion
2P24 containing the phld-lacZ transcriptional fusion

supE 44 AlacU 169 (80lacZ AM15) hsdR17 recAl endA1 gyrA96 thi-1 relAl
pro thi hsdR Tpr Smr: chromosome::RP4-2 Rc::Mu-Km::Tn7

A. tumefaciens NT1 derivative carrying a traG-lacZ reporter fusion, AHL biosensor

Plant pathogen for cotton

Mini-Tn5 delivery plasmid with Km', Ap"

phiA-lacZ transcriptional fusion, Gm"

rsmX-lacZ transcriptional fusion, Km"

rsmY-lacZ transcriptional fusion, Gm'

rsmZ-lacZ transcriptional fusion, Km"

Broad-host-range cloning vector, Tet"

Cloning vector, Km"

p2P24Km carrying a 1.6 kb Hind IlI-EcoR 1 insert with a deletion in cra, Km'
p2P24Km carrying a 2 kb BamH I-EcoR 1 insert with a deletion in vfi-, Km'
p2P24Km carrying a 1.9 kb Hind III-EcoR 1 insert with a deletion in cheB, Km"
phlA'-'lacZ translational fusion, Tet"

pRK415 with a 2 kb Pst [-Xba I fragment containing cheB gene of 2P24, Tet"
Sequence (5'—3")

ATGAATTCCAGCACCACCGCTTCCAGCGGC

ACGCATCAGCAGCGCCACCGTCGAACAATTGCTCGACTTCCTGCCGCTGC
GCAGCGGCAGGAAGTCGAGCAATTGTTCGACGGTGGCGCTGCTGATGCGT

ATGAAGCTTGCAGCAGGCGCAGGTGCTCGTC
ACGAATTCGATGATTTCATAATCGTGGGTG
ACCAGGTTGCGCTCTTCCAGGTCCTAGTTTGTCGAGATTCTTGATCTTGA

TCAAGATCAAGAATCTCGACAAACTAGGACCTGGAAGAGCGCAACCTGGT

ACGGATCCAATGATCGTGCGCTGGTCATGC
ATGAATTCCGACGACGGCAAAGGCATGGAC

CCATGCCGGTGAGTACCACCGCCAGCTGAATGCTCGTGTCCGCCGAAAGA
TCTTTCGGCGGACACGAGCATTCAGCTGGCGGTGGTACTCACCGGCATGG

AGTAAGCTTCGCGGCCCAGCGGGGATAAATC
ATGCTGCAGTCCGGCGCCACCATCACCGGCGACG
GATCTAGAACGCCATGATGATGCCGATC

Laboratory
(8]

This work
Laboratory
This work
This work
Laboratory

Laboratory
Laboratory

9]
Laboratory

Laboratory
This work
This work
This work
Laboratory
This work
Restriction site
EcoR 1

Hind 11T

BamH 1
EcoR 1

Hind 111
Pst1
Xba 1

The underline in the sequence represents the restriction site.
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2.5 cm 5 uL
24 h 3
1.3 DNA
DNA
[13]
P fluorescens
[7] DNA «C )

BLAST (https://blast.

ncbi.nlm.nih.gov/Blast.cgi)

1.4 2P24
2P24
28 °C 48 h 150 pL 12000 r/min
1 min
50uL  HCL 200 uL
5 min OD:ssg
[14] 3
1.5
RNA rsmX rsmY  rsmZ

p970Km-rsmXp'"!  p970Gm-rsmYp!'"

p970Km-rsmZp"""  phid
p970Gm-phlAp""!  phid
p6013-phlA ( )
p- [15]
3
1.6 TnS
phlA-lacZ (p970Gm-phlAp)
2P24 Tn5
( X-Gal)
( philA
) Tn5

Tn5
1.7 cra vfr cheB

cra vfr  cheB

Cra-EcoRI1/Cra-840-2
HindIll4 vfr-EcoRI-F1/vfr-R1

Cra-3/Cra-780-
vir-F2/vir-BamHI-

R2 cheB1EcoRI/1KBcheB2 900bpcheB3/
cheB4HindIII PCR cra Vfr
cheB
p2P24Km
p2P24 Acra p2P24Avfr  p2P24/cheB
2P24
cra Vvfr  cheB
2P24 /A cheB CheBPstl
CheBXbal ( 1) 2P24 PCR
cheB pRK415
p415-cheB
1.8
(quorum sensing, QS)
2P24 SuL
03% LB 28 °C
[7] QS
2P24  cheB 28 °C 12h 3uL
QS A. tumefaciens NTL4
(pZLR4) 28 °C
3 3
2 BRFPA
2.1 2P24 2,4-DAPG
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2,4-DAPG 21 2P24  2.4-DAPG
(6]
2P24
(Rhizoctonia solani)
2P24
0.1 mol/L
0.1 mol/L
(2
phiA
R. solani ( 2
0.1 mol/L
0.1 mol/L 2P24  R. solani
( 2 2P24
2,4-DAPG
2,4-DAPG

F2. AEIFEZME K 2P24 3R TE LA 2 4% 894D
HI1ER

Table 2. Inhibition of R. solani by 2P24 on potato
infusion agar added different carbon sources

Inhibitory zone/cm
Carbon source

2P24 2P24AphlA
Glucose 0.61£0.05a 0
Fructose 0d 0
Mannitol 0d 0
Sucrose 0.32£0.05¢ 0
Sodium D-gluconate 0d 0
Sodium succinate 0d 0
Glucose+Frucose 0.43+0.04b 0
Potato infusion 0d 0

"Data represent the averages of 3 replicates per treatment. Means
followed by different letters differ significantly at P=0.05,
according to Tukey's honestly significant difference post-hoc teat.

actamicro@im.ac.cn

2,4-DAPG
2,4-DAPG
phlACBD

2P24 (

phlACBD
phlACBD
phlACBD ( 1-A)

phlA
( 1-B)

2,4-DAPG 2,4-DAPG

2.2 2P24
2,4-DAPG

[16]

Cra (catabolite repressor/activator)

U7 Pseudomonas

(carbon catabolite repression) Vfr
cAMP

(18] cra vfr

cra vfr
2P24
( ) phld
( 2-A)
E. coli CsrA-CsrB
P. fluorescens CHAO
CsrA-CsrB

RsmA/RsmE (19]
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Figure 1. The effect of carbon sources on the expression of 2,4-DAPG biosynthesis genes in P. fluorescens 2P24.
Strain 2P24 was cultured in the LB broth, the potato fusion broth (1), the potato fusion broth with 0.1 mol/L glucose
(2), the potato fusion broth with 0.1 mol/L fructose (3), and the potato fusion broth with 0.1 mol/L surcose (4) at
28 °C and the expression of the phlA4-lacZ transcriptional fusion (A) or the phlA'-'lacZ translational fusion (B) was
checked at 12 h post-inoculation. All experiments are performed in triplicate, and the x+s are indicated.
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Figure 2. The effect of cra and vfr genes on phlA gene expression (A) and different carbon resources on
non-coding RNAs expression (B) in P. fluorescens 2P24. Strain 2P24 and its derivatives were cultured in indicated
broth at 28 °C and the expression of the phld’'-'lacZ translational fusion or rsmX/Y/Z-lacZ transcriptional fusion
were checked at 12 h post-inoculation. All experiments are performed in triplicate, and the x+£s are indicated.
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23 2,4-DAPG
M2
( 2 M12 ( 3
2P24 2,4-DAPG 2p24
Tn5 2,4-DAPG 2,4-DAPG
phlA p970Gm-phlAp 3. FRBRBEMEN 2P24 RERT R HETEL
Fh 2 A% B9 DI E A
Table 3. Inhibition of R. solani by 2P24 and its derivatives on
phiA 10000 different carbon sources medium
5 phiA ( Inhibitory zone'/cm
Strains
) Fructose Glucose
Ml 0.13%0.03d 0.50+0.05b
M2 0.70%0.06b 0.70+0.05a
phi4 M4 0.98£0.07a 0.3040.02d
( 3-A) PG Ml1 0.10%0.02d 0.30£0.03d
PG P24 ( 3-B) MI12 0.37%0.03¢ 0.27£0.02d
2P24 Oe 0.40%0.05¢
"Data represent the averages of 3 replicates per treatment.
Means within the same column followed by different letters
differ significantly at P=0.05, according to Tukey’s honestly
significant difference post-hoc teat.
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Figure 3. The expression of phld gene (A) and production of PG (B) were measured in strain 2P24 and its

mutants. Expression of the phld-lacZ transcriptional fusion in strain 2P24 and its mutants was measured the potato

fusion broth with 0.1 mol/L fructose at 28 °C after12 h post-inoculation. All experiments are performed in triplicate,

and the x+s are indicated.
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Figure 4. The effect of cheB gene on motility (A), expression of the phld4 gene (B), PG production (C) and quorum
sensing system (D) in P, fluorescens 2P24. Expression of the phld-lacZ transcriptional fusion in strain 2P24 and its
derivatives was measured the potato fusion broth with 0.1 mol/L fructose or LB broth at 28 °C after12 h post-inoculation.
For analysis of QS signals, strain 2P24 and the cheB mutant were grown in LB broth at 28 °C for 24 h, 3 puL of cultures
were spotted on the plates containing QS signals biosensor A. tumefaciens NTL4(pZLR4). After incubation at 28 °C for
10 h, the picture was taken. All experiments are performed in triplicate, and the x+s are indicated.
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Effect of carbon sources on production of 2,4-diacetylphoroglucinol
in Pseudomonas fluorescens 2P24

Yan Zhang', Yang Zhang', Bo Zhang', Xiaogang Wu'", Liqun Zhang®

' National Demonstration Center for Experimental Plant Science Education, College of Agriculture, Guangxi University,
Nanning 530004, Guangxi Zhuang Autonomous Region, China

* Key Open Laboratory for Plant Pathology, Ministry of Agriculture, Department of Plant Pathology, China Agricultural
University, Beijing 100193, China

Abstract: [Objective] Many environmental factors, such as carbon sources, regulate the biosynthesis of
antimicrobial compounds and influence the biocontrol capacity of Pseudomonas fluorescens. P. fluorescens 2P24
protects various crop plants against root diseases caused by plant pathogens. Among a range of antimicrobial
compounds secreted by 2P24, 2,4-diacetylphloroglucinol (2,4-DAPG) is the major determinant of its biocontrol
potential. This study investigated the impact of exposing strain 2P24 to selected carbon sources on the production
of 2,4-DAPG. [Methods]| Antifungal activity of strain 2P24 was tested on potato infusion agar with different carbon
sources against Rhizoctonia solani. The reporter strain 2P24 (p970Gm-phlAp) was subjected to a random mini-Tn5
insertion mutagenesis. The collection of Tn5 insertion mutants was then screened for improved phl4 expression on
potato infusion agar with fructose. [Results] Strain 2P24 cultured on potato infusion with glucose strongly inhibited
the growth of R. solani, whereas no inhibition was observed on potato infusion agar with or without fructose. Five
mutants with significantly increased phld expression were identified and the interrupted locus in one of them was
identified as the cheB gene. Genetic analysis showed that the expression of phld4 and the production of
phloroglucinol (PG) were strongly increased in the cheB mutant as compared with the parental strain. [Conclusion]
Carbon resources influenced the expression of phl4 and 2,4-DAPG production and some genetic factors involved in
carbon sources to regulate the production of 2,4-DAPG.

Keywords: Pseudomonas fluorescens, carbon catabolic, 2,4-diacetylphoroglucinol, swarming motility
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