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Table 1  Strains and plasmids
Strains and plasmids Characteristics Source
Strains
E.coli DH5a recAl endAl gyrA96 thi-1 hsdR17(rk mk*)supE44 relAl Lab collection
E.coli SM10 F thi-1 thr-1 leuB6 recA tonA21 lacY1 supE44(Muc") A~ Km" Lab collection
P. chlororaphis G-05 PHz" producer, Amp® Spe® Lab collection
P. chlororaphis G-05S PHz producer, Amp® Spe® Gen®, gacS :: aacCl1 This study
Plasmids
pUCm-T ColE, cloning and sequencing vector, Amp" Sangon, Shanghai
pUC-S pBluscriptSK containing 1.4 kb gacS gene fragment This study
pME6032 Lacl 9-p . expression vector; Tet® Haas D
pE-S pMEG6032 containing 3.0 kb BamHI fragment of gacS gene reference[5]
pEX18Tc Suicide vector; ColEI replicon, IncP-1-mob, Tet® Haas D
pEXT-S A BamHI-HindIII fragment of the gacS gene inserted in pEX18Tc, Tet® This study
pUCGm Resource of gentamycin resistance cassette (aacCl) Thomashow LS
pEXT- SG 0.8 kb aacCI cassette inserted into gacS gene in pEXT-S, Tet®, Gen® This study
1.1.2 Amp 100 Tet
Luria-Bertani (LB) 37 25 Gen 20 Spe 100 P.
G-05 King’s B KMB PPM chlororaphis pg/mL
28°C 7 KMB Tet 100 Gen 40
20 g K,HPO, 0.392 ¢ Spe 100
15mL MgS040.732¢g pH7.5 PPM 180 r/min 220 r/min
22¢g 20g KNO;5g pH7.5 1.1.3 T,-DNA
120 g DNA Fermentas (MBI)
E. coli pg/mL
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Taq DNA dNTP acccr 1% Pstl pEXT-S
-1- pEXT-S
gacS Pstl
(TAA) Sigma-Aldrich pEXT-SG
1.2 FFRBYE L ETE 16S rDNA XER R4 18 CaCl, pEXT-SG E. coli
sm1o
pEXT-SG E. coli SM10
VEELK 32 G-05
16S rRNA
Pl 5~2ACGCTAATACCGCATACG 4 mL LB
TC-3 P2 57CCGAAGGTTAGACTAGCTAC-3 LB 37 180 t/min
G-05 DNA PCR
1 mL 1 mL
| PCR | | 94 4min 94 LB )3
Imin 50 1min 72 1.5min, 30 150 L LB
95 1min 55 I min 72 10 min PCR
LB
? 0.22 pm 30 24 h
SpeIOO Gen40
1.3  gacS By PCR ¥/ #&. =p&Fnil
g '] #- = ?Elli* 1)] i 28 4872 h
GenBank
15% LB >5
gacS 40
PS1 5 “~2CCTGACCATCCTCGCCCCGG-3 » Genloo
PS2  52CGGCGGCCAGGCGCAAACCT-3 = Gen™  Tet Tet
G-05 DNA PCR Gen G-05
gacs PCR gacs
12 PCR 1.5 gacS EEAYE4MLLE
55 gacS
DNA 2P24
pE-S G-05S
[7] !
DNA [7,8] PCR 1.6 EKpERNE
14kb , T  pUCm-T T G-05 G-058
E coli DH5a KMB PPM 28 8h
pUC-S ODgoo 3
1.4 gacS HAKIERT#k G-05S BIHE
BamHI Hind pUC-S 2
gacS 1.4 kb 1.7 ORERIFWEE-1-ERER RN E
gacS -1-
pEX18Tc Bl DH50. G-05 G-058
37 PPM  KMB 28
pEXT-S 50mL KMB
Pst pUCGm 0.8 kb 28 220 r/min 12h 5%

gentamycin resistance cassette,
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7.5 mL 150 mLPPM 1367 bp BLAST
KMB 500 mL 28 gacS
220 r/min 8h 98% P. chlororaphis P.
-1- HPLC 2l fluorescens Pf-5 P. mendocina P. fluorescens 2P24
1.8 RERKBGHGINR Z BB E P. putida KT2440 98% 97%
94% 86% 83% PCR
Indole-3-acetic acid, TAA gacS GenBank
13l G-05 IAA EU622874
gacsS IAA 2.3 gacS EEMAKBERTHRAIMENEE
G-05
KMB 28 220 r/min
IAA gacS
IAA HPLC
IAA G-05S
FeCls 1
530 nm gacS aacCl
PCR G-05
G-05 IAA G-05S DNA PS1  PS2
72 h DNA
Salkowski PCR
FeCls 25 min PCR 1.4 kb PCR 2.2 kb
530 nm aacCl1 0.8 kb
IAA gacS
IAA [13,14] TetR sucB
5 %% : pEXT-SG
-'gacs aacCl -'gacs
2.1 BHRETS 16S rDNA B9 HT M Crossover >(2
G-03 — 77777 7 Tt i Strain G-05
8 h gacs
7% PCR — l A—  Strain G-05S
16S rDNA 1289 bp aacCl
GenBank : FI147180 1 R BEME G058 gacs ERRBEEESRT
P. chlororaphis Fig.1 Recombination and mutation of the gacS gene in P.
chlororaphis G-05.
99% gacS
2.2 P. chlororaphis 2.4 gacS ERXENEEE KN
G-05 G-05S G-05
22 gacSERARBEESFINF PPM KMB 28
DNA 220 r/min
PCR PCR ODs0o
1.5 kb G-05S
pUC-S PCR G-05 gacS
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gacS IAA 4]
G-05S G-05 Enterobacter cloacae gacS
IAA 10 Ml gacS
2.5 gacS KiFMMIE-1-RER S AR ST IAA gacS
gacS -1- KMB
PPM KMB 8 h ODgg IAA
G-05 G-05S 72 h HPLC KMB
-1- 2 KMB
KMB PPM R G-05 PCA
60 pg/mL 72 pg/mL gacS 3 KMB
KMB PPM IAA
-1-
acS -1- 207
g ~ 18
gacS -1- E 167
D141
-1- gacs =y
2101
- : 8
: ¢
: 90 é 5]
£ 801 0
'S 07 % Strain
= 6] Zi;
2 B3 BF4E ik G-05 MR Ik G-05S 7£.KMB 15 355 5 o 5| g
£z CEAE BN
5 307 Fig.3 Indole-3-acetic acid (IAA) production of the wild type
Té 207 strain G-05 and the mutant G-05S in KMB broth.
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Fig.2 Phenazine-1-carboxylic acid production of the wild type
strain G-05 and the mutant G-05S in PPM or KMB broth.
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Table 2 Relevant secondary metabolites production in the wild type strain, the mutant G-05S and their derivatives

Phenazine-1-carboxylic acid® ( g /mL)

Indole-3-acetic acid® ( g /mL)

Strains
KMB PPM KMB PPM
G-05(pME6032) 655 704 153 162
G-05S(pME6032) 11 2=+1 163 183
G-05(pE-S) 665 7243 183 1643
G-05S(pE-S) 704 665 1632 182

*Phenazine-1-carboxylic acid production after inoculation in PPM or KMB medium for 72 h. *Indole-3-acetic acid production after in-
oculation in PPM or KMB medium for 72 h. Each value is expressed as mean + SD of three independent experiments.
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Effects of insertional inactivation of gacS gene on two secondary
metabolites in Psedomonas chlororaphis G-05

. * .. . . .
Yihe Ge'", Lijuan Chen®, Lei Wang', Hongyan Su', Jinfeng Zhou', Xianhao Cheng
(*school of Life Sciences, 2Hospital, Ludong University, Yantai 264000, China)

Abstract: Phenazine-1-carboxylic acid biosynthesized and secreted by Pseudomonas chlororaphis G-05 isolated from the
rhizosphere of pepper in greenhouse (Huaian, China), contributes to its biological suppression of R. solani growth.
[Objective] Our aim is to elucidate its biocontrol function and regulation mechanism. [Methods] We first identified the
strain with biochemical method and homology comparison of 16S rDNA. A conservative DNA fragment of gacS gene was
then obtained from the genomic DNA of the wild type strain G-05 by polymerase chain reaction (PCR). According to
homologous recombination technology, a mutant G-05S was then created with insertional inactivation of gentamycin re-
sistance cassette (aacC1). [Results] In comparison with the wild type strain G-05, the gacS-deficient mutant G-05S pro-
duced trace amount of phenazine-1-carboxylic acid in King’s B KMB or Pigment Production Medium( PPM) medium,
respectively. However, it produced indole-3-acetic acid (IAA) in the same way as the wild type strain. When the gacS gene
was introduced with the shuttle vector pME6032, the mutant G-05S produced the same phenazine-1-carboxylic acid as the
wild type strain. [Conclusion] The regulation mediated by gacS gene on secondary metabolites is specific and differential

in some biocontrol agents.
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