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Systemic regulation of gene expression in Pseudomonas
aeruginosa PAO1 under hyperbaric oxyhelium exposure

CHEN Shuang-Hong~ CHEN Rui-Yong XU Xiong-Li LI Ci XIAO Wei-Bing

(Department of Ship Sanitation, Army Key Laboratory of Hyperbaric and Diving Physiology, The Institution of Naval
Medicine, Shanghai 200433, China)

Abstract: To elucidate the systemic gene expression variation and virulence gene regulation of Pseu-
domonas aeruginosa in hyperbaric oxyhelium exposure environment. The level of differential gene ex-
pression was analyzed by PAO1 genomic DNA chip and 5 strikingly up-regulated genes were con-
firmed by RT-PCR. The level of elastase was detected by spectrophoto-metric method. Microarrays
analysis showed that the expression levels of 243 genes were altered after 12 hours exposure and 1 168
genes altered after 72 hours exposure under the hyperbaric oxyhelium condition. These genes are
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mainly related to stress-sense/response, protein folding, transcriptional regulation, pili and flagellum
metabolism, virulence factors adaptation, membrane proteins or antigens metabolism. The results of
RT-PCR showed the same expression trends as in the micro-array. The ability of bacterial infection also
increased after 72 hours exposure. Based on the results, we concluded that the hyperbaric oxyhelium
environments affected PAO1 genes expression and several virulence-related genes were up-regulated.

Keywords: Pseudomonas aeruginosa, Hyperbaric oxyheliun, Gene chip, Virulence gene, Regulation
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Fig. 1 The volcano plot and scatter plot of hybridization results of PAO1 genes

*1 TREFZ|BHRHT PACL ERFRERERFFIT

Table 1 Effect of different exposure times and modes on gene expression in PAO1

Group Up-regulation gene Down-regulation gene Total
T Vs COu 83 160 243
T7,vs CO7, 681 487 1168

*2 REFHTHHSENEIMELAER

Table 2 The up-regulated virulence-related genes under hyperbaric oxyhelium exposure

PA number Gene name Comments T1, Vs COy, (Ratios) T72 Vs CO7; (Ratios)
PA5360 phoB Two-component response regulator 3.90 =

PA4493 = Putative two-component response regulator = 2.01

PA2657 = Putative two-component response regulator = 2.02

PA4101 = Two-component response regulator = 6.71

PA1437 = Two-component response regulator - 4.90 (fF%E)
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PA4843 = Putative two-component response regulator = 2.48
PA4726 cbrB Two-component response regulator = 2.25
PA1179 phop Two-component response regulator = 19.89
PA2881 = Putative two-component response regulator = 2.68
PA1180 phoQ Two-component sensor PhoQ = 13.57
PA5361 phoR Two-component sensor PhoR = 2.13
PA1438 = Putative two-component sensor = 3.81
PA4197 = Two-component sensor = 6.24
PA2809 copR Two-component response regulator, CopR = 4.65
PA4544 rluD Pseudouridine synthase = 2.17
PA5200 ompR Osmolarity response regulator = 2.76
PA3161 ihfB Tntegration host factor subunit beta = 5.25
PA4309 pctA Chemotactic transducer PctA = 7.16
PA1092 fliC Flagellin type B = 6.11
PA3351 flgM Flagellin type M = 15.30
PA5044 pilM Fype 4 fimbrial biogenesis protein PilM = 4.78
PA2960 pilz Fype 4 fimbrial biogenesis protein PilZ = 2.97
PA5040 pilQ type 4 fimbrial biogenesis protein PilQ = 2.04
PA1095 fliS Flagellar protein FIiS = 2.86
PA4763 recN DNA repair protein RecN - 14.91
PA1097 fleQ Transcriptional regulator FleQ - 3.17
PA4310 pctB Chemotactic transducer PctB = 7.49
PA1103 fliH Flagellar assembly protein H = 4.65
PA2673 = Type |l secretion system protein = 231
PA2672 = Type |l secretion system protein = 4.60
PA2676 = Type |l secretion system protein = 2.60
PA1382 = Type |l secretion system protein = 5.02
PA0585 = Putative type Il secretion system protein = 8.61
PA2738 ihfA Integration host factor subunit alpha 3.73 9.01
PA1094 fliD Flagellar capping protein FliD = 2.21
PA1004 nadA Quinolinate synthetase = 2.97
PA4315 mvaT Transcriptional regulator MvaT 2.27 2.90
PA1100 fliE Flagellar hook-basal body protein FIiE = 9.72
PA3385 amrZ Alginate and motility regulator Z 2.21 3.57
PA1444 fliN Flagellar motor switch protein = 3.71
PA0928 gacS Sensor/response regulator hybrid = 2.26
PA3478 rhiB Rhamnosyltransferase chain B = 42.99
PA3476 rhil Autoinducer synthesis protein Rhll = 3.44
PA3724 lasB Elastase LasB = 7.53
PA3477 rhiR Transcriptional regulator RhIR = 3.94
PA2587 pgsH Putative FAD-dependent monooxygenase = 2.87
PA1693 pscR Type 111 secretion system protein = 3.93
PA1706 pcrV Type Il secretion protein PcrV = 5.24
PA1692 - Translocation protein in type I1l secretion - 3.19
PA0527.1 rsmy Regulatory RNA RsmY - 4.35
PA3153 WZX O-antigen translocase 3.99 5.12
PA2191 exoY Adenylate cyclase ExoY 2.28 2.58
PA1901 phzC Phenazine biosynthesis protein PhzC = 2.62
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Fig. 2 RT-PCR confirmation of selected virulence genes
1 165 rRNA B 5 7 X I 2

Note: 16S rRNA gene was performed as an internal control.
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Fig. 3 The confirmation of virulence phenotype of different hyperbaric oxyhelium exposure PAO1 strains
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Note: A: The mortality of different stains; B: The activity of elastic in different strains.
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Fig. 4 Survival ratios of mice infected with PAO1 strains
by hyperbaric oxyhelium exposure
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