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Breeding of Pseudomonas chlororaphis GP72 based on ARTP
mutagenesis and high throughput screening
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Abstract: [Objective] Pseudomonas chlororaphis GP72 is a plant growth-promoting rhizobacterium. Its
secondary metabolite 2-hydroxy-phenazine (2-OH-PHZ) has broad-spectrum antimicrobial activity,
although its yield is too low to apply in agricultural pest management. [M ethods] The limiting factor
PhzO in 2-OH-PHZ biosynthesis pathway was replaced by green fluorescent protein (GFP), and a
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novel atmospheric and room temperature plasma (ARTP) technology was used to mutagenize the
strain. High-throughput screening of the mutants in a 96-well plate was done by using a microplate
reader. Finally, GFP was replaced reversibly by PhzO in the strain with high fluorescence intensity to
obtain the 2-OH-PHZ high-yield mutant. [Results] The yield of 2-OH-PHZ was 4.62 times higher than
that of the wild-type strain in KB medium in shake flask culture. [Conclusion] The high yield of
2-hydroxy-phenazine GP72 mutants could be obtained rapidly and safely by high-throughput screening
based on ARTP mutagenesis using GFP substitution of the restriction factor as the marker. This method
overcomes the shortcomings of traditional breeding methods. This method could be used as a reference

for other microbial breeding.

Keywords: Pseudomonas chlororaphis, GFP, ARTP, High-throughput screening

GP72
(1 3
-1- (Phenazine-1-carboxylic acid
PCA) 2- - (2-Hydroxyphenazine 2-OH-PHZ)
2- - -1- (2-Hydroxy-phenazine-1-
carboxylic acid 2-OH-PCA) 2-OH-PCA
PCA PhzO [
2-OH-PHZ GP72
10 12 000 bp
phzl phzR  PCA
phzABCDEFG 2-OH-PHZ phzO
PhzO
PCA 2-OH-PCA  2-OH-PHZ
2-OH-PHZ
PhzO 2-OH-PHZ
[1-3]
Liu [
GP72
2-OH-PHZ 450.4 mg/L
[4]
GFP
2-OH-PHZ

(ARTP)
[5]
ARTP
[5-6]
M GFP
(8]
1 #REhTE®
11w
111 BEHRFABRL: 1
112 EFEREFREH: LB (g/L)
10.0 5.0 10.0 pH 7.0
KB (g/L) 20.000 18.915
0.514 0.732 pH 75
15.0 LB
15.0 (mg/L) (Kan)
50.0 (Amp) 100.0
37 °C 180 r/min 28 °C
180 r/min

113 FERFFLEE: 2xTaq Master Mix
PrimeSTAR DNA
Infusion ( )
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*F 1 EHRARK

Tablel Srainsand plasmidsused in the study

Straing/Plasmids Genotype and relevant characteristics Reference
P. chlororaphisGP72  Wild type, Amp', Sp' Thislab
E. coli
DH5a SUpE44AlacU169(®@80lacZAM 15)hsdR17recAl gyrA96 thi-1 relAl Thislab
S17 res-pro mod-+integrated copy of RP4, mod+ Thislab
Plasmids
pK 18mobSacB Broad-host-range gene replacement vector, SacB, Kan' [9]
PK18-G-O Felzllscrzs\tl);?cg':;arsri ?39 }I(EZ(;B I-BamH I insert of 597 and 403 bp flanking phzO and This study
pBbB5k-GFP contain a sequence 695 bp of GFP [10]
Amp’ Sp’ Kan' .
Note: Amp": Ampicillin resistance; Sp": Spectinomycin resistance; Kan': Kanamycin resistance.
Genomic DNA Kit 12 DL GFP £E#E#: phzO EHE
Plasmid MiniPrep Kit pBbB5k GFP-F2
Quick Gel Extraction Kit GFP-R2 GFP pBbB5k
PCR Purification Kit GP72 phzO
IPTG  X-gd ( ) PhzO-F1
PhzO-R1 PhzO-F3
WondaSil-WR PhzO-R3 F1 RS pK18 (EcoR 1
BamH 1 ) R1 F3
PE& ENSPIRE 2300 GFP 4
Nikon&Ti 96 96 Infusion
Corning
114 5|4:
2 (2 phzO GFP phzO
*2 515
Table2 The sequence of each primers
Primers Seguences (5—3') Sizes (bp)
PhzO-F1 ACATGATTACGAATTTCATCCTCAATGGCCAG 32
PhzO-R1 TTCTCCTTTACTCATGGTAGCAGCCTCAGTAATGT 35
GFP-F2 ATGAGTAAAGGAGAAGAACTTTTCACTGG 29
GFP-R2 TTATTTGTAGAGCTCATCCATGCCA 25
PhzO-F3 GAGCTCTACAAATAAACCTGATTGCCGTGTAG 32
PhzO-R3 CGACTCTAGAGGATCTGCTGAGCCTTTCGTGGAT 34
PhzO-F1 PhzO-R3 pK 18mobSacB PhzO-R1 PhzO-F3

GFP-F2 GFP-R2 5

Note: The underlined parts of the primers PhzO-F1 and PhzO-R3 are in reverse complement to the pK18 plasmid which had been digested.
The underlined parts of the primers PhzO-R1 and PhzO-F3 are the sequences starting from 5' of GFP-F2 and GFP-R2 respectively.
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pK 18mobSacB phzO
DH5a PCR phzO phzO 2 476 bp
pK18-G-O 12 pK 18mobSacB
S17 Kan Amp phzO
GP72 Kan
GP72Y5
LB 15 RERME~ENE
PhzO-F1 PhzO-R3 PCR phzO GP72 KB
GFP ( 60 mL)
(GFP) PhzO GP72-G HPLC
1.3 ARTP iFT R ik (- 3
ARTP
GP72-G (ODgoo 0.6) 0.01 mol/L PBS 2 R EAR
10 10 uL —.
" 21 HRCEEEERE
100 W 10 SLM GEP h?O
2 mmiiz13] p
pK18
0 10 15 20 35 50 70 90s
( phzO GFP
- - 2500bp  1800bp PCR
) x100%6+
KB
phzO GFP
GFP GP72
KB
9% (1) GFP 695 bp phzO
1476 bp 1100 bp
600 uL KB
9% M ODggo
488 nm
510 nm 323! ODs0o
PhzO [10]
5
3
1 GFP E#RE%i## phzO Ay PCR I&iiE
Pk A [a] % Figurel Idetification of phzO replaced by GFP gene
14 RETHH phzO HIEIE PhzO-F1 PhzO-R3.L1  GP72-G
5 L2 GPP2 L3 ddH.0 M Marker.
GP72-G5 1.2 GFP phzO Note: Amplification using primers PhzO-F1 and PhzO-R3. L1:
Genome of GP72-G as a template; L2: Genome of GP72 as a
PhzO-F1  PhzO-R3 GP72 template; L3: ddH,O as atemplate; M: Marker.
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Figure2 TheARTP lethality curve of the strain GP72-G
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Figure 3 Fluorescence intensity changes of the different
mutants
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GP72 PhzO-F1
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4A GP72-G GFP
1 800 bp
GP72-G5 phzO phzO
2 500 bp
KB GP72
phzO
GP72Y5 GP72
PCA 2-OH-PHZ
2-OH-PHZ
4B
232 AEEWIE: phzO
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ODegno ( 9
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GP72Y5 20%( 5A)
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bp M LI
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Figure4 Idetification of phzO replace GFP gene (A) and the color change of mutant strain (B)
PhzO-F1  PhzO-R3. L1 GP72-G L2 GP72Y5 L3 ddH-O M  Marker.

Note: Amplification using primers PhzO-F1 and PhzO-R3. L1: Genome of GP72-G as a template; L2: Genome of GP72 as a template; L3:
ddH,0 as atemplate; M: Marker.
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Figure5 ODggVvalue (A) and 2-OH-PHZ production of the strains GP72 and GP72Y5 (B)
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