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Table 1. Strains and plasmids

Strain and plasmid

Characteristics and description

Source or reference

Strains

E. coli
DH5a
SM10

P. aeruginosa
PAO1
Aphz1
Aphz2
Aphzlphz2
ArpoS
ArpoSphz1
ArpoSphz2

Plasmids
pUCm-T
pEX18Tc
pEXS

pUCGm
pEXSG
pMEG6010
pME10S

D80 lacZAMI54(lacZYA-argF) U169 hsdR17 recAlendAl thi-1
F thi'l thr1 leuB6 recA tonA21 lacY1 supE44(Muc") & Km"

Wild type, phzl and phz?2 clusters, Sp"

phzI locus deleted and inserted with aacC1, Sp'Gm"

phz2 locus deleted and inserted with aph, Sp"Km"

phzl and phz?2 loci deleted and inserted with aacC1 and aph, respectively, Gm'Km"
rpoS deleted and inserted with aacCI in the PAOLI strain, Sp'Gm"

rpoS deleted in the mutant AphzI, Sp'Gm"

rpoS deleted and inserted with aacCI in the mutant Aphz2, Sp"Gm'Km"

T-vector, Ap"

Suicide plasmid , Tc"

A 2.0-kb rpoS-flanking PCR fragment cloned in pEX18Tc  Tc'

Resource of gentamycin resistance cassette (aacCI), Ap'Gm'

A 0.8-kb aacC1 cassette cloned into pEXS, Tc' Gm'

Low copy vector in Pseudomonas sp., Tc"

A 1761-bp fragment containing the whole rpoS gene cloned into pME6010, Tc'

[8]
[10]

Stephen Lory
[11]

[11]

[11]

This study
This study
This study

Sangon (Shanghai)
[10]

This study

[12]

This study

[13]

This study
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1.1.2 (E. coli)
37 °C Luria-Bertani (LB)
(P. aeruginosa) 37 °C DNA PCR
LB - (GA)
[8-9] E. coli D/L- 5- -4-
(ug/mL) -3- -B-D- (X-gal) -B-D-
(Ap) 100 (Te) 25 (IPTG)
(Gm) 20 (Km) 50 Cayman
(ug/mL) Chemical (Ann Arbor MI USA)
(Sp) 100 Tc 125 Gm40 Km 300
(
37°C 180 r/min 1.2 rpoS
1.1.3 DNA 1poS
T4 DNA DNA PAO1
(DNA marker) Fermentas (MBI) 3 S-1F/S-1R  S-2F/S-2R S-3F/S-3R
PAOI1 DNA
rTag DNA dNTPs TaKaRa ( S-1F/S-1R S-2F/S-2R PCR
) Phusion High-Fidelity DNA rpoS 2 rpoS-Up
polymerase Thermo Fisher Scientific rpoS-Down PCR Phusion High-Fidelity DNA
(Waltham MA USA) PCR Polymerase
®2. 3%
Table 2. The primers employed in this study
Primers Sequences (5'-3') and artificial restriction enzyme sites (underlined and in italics)
S-1F GTGCACCTGAACGCGACCGAGC
S-1R CTATTATCTAGAAGAATGGCCTGTCGAGTGACG (Xba 1)
S-2F GAATTATCTAGAGTGCCATGTCGTTATCCCTTGC (Xba 1)
S-2R CTCAACGGCCCGATCGCCTGAG
S-3F GAATTAGAGCTCAAGCGCCTGGAAACCACCAGC (Sac 1)
S-3R CTAATACTGCAGATGGATAAGGGGGAAGGATTGAG (Pst 1)
g-1F GCAGCAACGATGTTACGCAG
g-1R TGTTAGGTGGCGGTACTTGG
g-LF GTCACAACGCCGCGGCCAATTC
g-LR CAGGCTTATGTCAATTCGAGCTC
S-CF CGATTCCCAGTGCTCCCGCAACCTG
S-CR GACCAAGCCTACCCCGGTTCCACCC
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98°C20s 1 98°C6bs
20's 72°C30s 33-35
7 min 1 PCR
rTag DNA
0.8%—1.0%
T-

64 °C
72 °C

PCR 3 A

(pUCm-T)

DNA
DNA

1 rpoS-Up  rpoS-Down PCR

1196 1072 bp PCR
PCR Xba |

PCR S-3F/S-3R
Tag PCR
PCR Sac 1-Pst 1
pEX18Tc [10]
pEXS Xba 1
pUCGm
(aacCl)M

Phusion

2.0kb

878 bp
pEXS
rpoS Xba 1

pEXSG

1.3 rpoS ArpoS

(CaCl, ) pEXS pEXSG
E. coli SM10 Apir [8]
E. coli SM10/pEXSG
PAO1
Tc125/Gm40 LB
Gm40 LB
12 h 1 3d
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pMEI10S PAO1
ArpoS
1.6
PAOI1 ArpoS
150 mL GA (
1 100) 3 12h
OD600
1.7
[14]
4 mL 2.4 mL 2 min
10000xg 5 min
2 mL 4mL  0.2mol/L
3-5 min 10000%g 5 min
( )
520 nm
(ODs) (17.072)
1.8
3
3 12 h
3
t P<0.05
P<0.01
2 R
21 o*
038
PAO1

( 1-A) rpoS
( 1-B)
«C ) «C )
(ArpoS)
rpoS ( )
PAO1 ArpoS
Aphz1 DNA TaKaRa
rTag DNA LA Tag DNA
PCR ( 1-0) g-1F/g-1R S-1F/g-LR
g-LF/S-2R 3 PCR
ArpoS DNA
546bp 1.2kb 1.2kb 1-C
PCR
(aacCl)
rpoS
T
ArpoS
ArpoSphzl  ArpoSphz2 rpoS
PCR )
22 o
o8
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PAOI1 GA LB
12 h
600 nm (ODsoo)
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GA o
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(A) mutS SflxA rpoS PA3623 pem
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§3F S-CF S-2F
S-1R

- S-CR| S-3R ‘
S-2R
(B) mutS SdxA aacCl PA3623 pem
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Figure 1. Generation and identification of rpoS deletion mutant. A: genomic organization of the chromosomal
region of P. aeruginosa PAO1 surrounding the rpoS. The one dark grey arrow presents the rpoS, the opened arrows
denote the upstream ORFs of PA3623, pcm and the downstream ORFs of fdxA4, and mutS. The binding sites of some
primers used with construction of rpoS-deletion mutants and restriction enzymes sites used with creation of
complementary vector are shown also. B: diagram of the deleted rpoS locus, indicating the rpoS is replaced with a

gentamycin cassette. The light grey arrow represents the aacCl cassette. The primers used in identification of
mutation are also indicated. C: PCR verification of the rpoS deletion mutant. PCRs were performed with different
primers shown at the top of lanes, using the genomic DNA of the mutant ArpoS as template shown in lane 4, 7 and
10; the genomic DNA of the wild-type PAO1 as template shown in lane 2, 6 and 9, double-distillation H,O as
template (negative control) shown in lane 1, 5 and 8; and the genomic DNA of the mutant Aphzl as template
(positive control) shown in lane 3. M labeled in first lane means DNA standard marker (Fermentas No. SM0331).
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Figure 2. Growth curves of the wild-type strain
PAO1 and the mutant ArpoS in LB and GA medium. 38
All experiments were carried out in triplicate, and each © (
value is presented as the average+standard deviation. )
24 o* phz2
16 -
14 = POA%
= E Arpo
gﬂ 127 mm ArpoS (pME6010) 2
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% 1 Aphzlphz2
s 8
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Figure 3. Pyocyanin production of the wild-type ArpoSphzl GA
strain PAO1 (black), the rpoS-deleted mutant ArpoS
(dark grey), the mutant ArpoS bearing pME6010 (grey), Aphzl Aphzlphz2
and the mutant ArpoS harboring pME60S (light grey)
in GA medium. The PYO-deficient mutant Aphz1phz2 4-A Aphz1
(white) was used as a negative control. All experiments
were carried out in triplicate, and each value is ArpoSphzl
presented as the average+standard deviation. (P<0.01) Aphzl
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Figure 4. Pyocyanin (PYO) production in the mutant Aphzl and ArpoSphzl (A) and in the mutant Aphz2 and

ArpoSphz2 (B) after inoculation in GA medium for 72 h. The PYO-deficient mutant Aphz1phz2 was employed as a

negative control. Each value is expressed as meantstandard deviation of three independent experiments.
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Regulation of pyocyanin biosynthesis by transcriptional factor
sigma®® in Pseudomonas aeruginosa PAO1

. . # . # # .

Jing Miao”, Xiaoyan Chi", Yanhua Wang", Zhibin Feng, Wenwen Xue, Run Huang,
Haoyi Zhang, Lingqian Tian, Hongqian Zhang, Junjie Zhai, Yihe Ge

School of Biological Sciences, Ludong University, Yantai 264025, Shandong Province, China

Abstract: Pyocyanin, an important virulence factor, is synthesized and secreted by Pseudomonas aeruginosa
PAOland plays a critical role in pathogen-host interaction during infection. Sigma®® (¢°%, %) is a central regulator
for many virulence production in pathogens. [Objective] Our aim is to identify expression and regulation of two
phenazine-producing operons mediated by the sigma’® factor in Pseudomonas aeruginosa PAO1. [Methods] We
first cloned the flanking fragments of 7poS from the chromosomal DNA of P. aeruginosa PAO1 and constructed the
deletion mutant ArpoS with the insertion of gentamycin resistance cassette (aacC1l). Complementation of 7poS was
then carried out after construction and introduction of pME10S (containing the whole rpoS region). Finally, we
created the mutant ArpoSphzl and ArpoSphz2, and measured pyocyanin production by these mutants in GA
medium, using the parental strain Aphz1 and Aphz2 as controls. [Results] In GA medium, pyocyanin production by
mutant ArpoS increased dramatically in comparison with the wild-type strain PAO1. Production of pyocyanin,
however, was decreased to the level of the wild-type strain with complementation of the derivative ArpoS harboring
pME10S. Mutant ArpoSphz2 produced much more pyocyanin than mutant Aphz2. Mutant ArpoSphzl1, however,
produced much less pyocyanin than mutant Aphzl. [Conclusion] By positively regulating the expression of phz2
and negatively regulating the phzl, sigma®® factor exerts negative modulation on pyocyanin biosynthesis in P.
aeruginosa PAOI.

Keywords: Pseudomonas aeruginosa, sigma38, phzl, phz2, pyocyanin, regulation
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