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中英文摘要：  

中文摘要 

關鍵詞: 奇異變形桿菌、polymyxin B、細菌雙組成系統、lipopolysaccharide、

移行能力、致病力 

 為了了解奇異變形桿菌抗 polymyxin B(PB)的機轉，我們用 Tn5 mutagenesis 找

到一突變株發現其 PB 感受性提高許多，序列分析發現 Tn5 插入一 細菌雙組成

系統 response regulator 基因中，我們稱之 rppA，下游為 histidine kinase rppB。接

著我們建立一 rppA 剃除株，發現此剃除株之 lipopolysaccharide (LPS)會結合比野

生株更多的 PB 且 SDS-PAGE profile 也不同於野生株。此外此剃除株展現較好的

移行能力、細胞毒性，表現較多溶血素及鞭毛蛋白質。我們也觀察到 PB 可以經

由 RppA 系統來影響移行能力、細胞毒性及溶血素和鞭毛蛋白質的表現。可知在

奇異變形桿菌會透過 RppA 系統調控 PB 感受性、移行能力、細胞毒性及溶血素

和鞭毛蛋白質的表現而 PB 是可能的訊號因子。這是第一次有關奇異變形桿菌中

細菌雙組成系統調控 PB 感受性、移行能力及致病力的研究發現。 

 

英文摘要 

Keywords: RppA, Proteus mirabilis, polymyxin B, swarming, virulence 
  Proteus mirabilis, a human pathogen that frequently causes urinary tract infection, 
is intrinsically highly resistant to cationic antimicrobial peptides, such as polymyxin B 
(PB). To explore the mechanisms underlying P. mirabilis resistance to PB, a mutant 
which displayed increased sensitivity to PB (over160-fold) was identified by 
transposon mutagenesis. The mutant was found to have Tn5 inserted in a novel gene 
rppA. Sequence analysis indicated that rppA may encode a response regulator of the 
two-component system and was located upstream of the rppB gene, which may 
encode a membrane sensor kinase. The rppA-knockout mutant of P. mirabilis had an 
altered lipopolysaccharide (LPS) profile. The LPS purified from the rppA-knockout 
mutant could bind more PB than that purified from the wild-type. These properties of 
the rppA-knockout mutant may contribute to its PB-sensitive phenotype. The 
rppA-knockout mutant exhibited higher swarming motility and cytotoxic activity, and 
expressed higher levels of flagellin and hemolysin than did the wild-type, suggesting 
that RppA negatively regulates swarming, hemolysin expression, and cytotoxic 



activity in P. mirabilis. PB could modulate LPS synthesis/modification, swarming, 
hemolysin expression, and cytotoxic activity in P. mirabilis through an 
RppA-dependent pathway, suggesting that PB could serve as a signal to regulate 
RppA activity. Finally, we demonstrated that the expression of rppA was up-regulated 
by low-concentration of PB and down-regulated by high concentration of Mg2+. 
Together, these data highlight the essential role of RppA in regulating PB 
susceptibility and virulence functions in P. mirabilis. 

報告內容: 

前言、研究目的、文獻探討 

In a large number of bacterial species, the genes conferring resistance to Cationic 
antimicrobial polypeptides (CAP), including Polymyxin B (PB), are regulated by the 
bacterial two-component systems (11, 14, 15, 17-19). In Salmonella enterica serovar 
Typhimurium, evasion of CAP killing is regulated in part by the PmrA-PmrB 
two-component regulatory system (6, 7). PmrA-PmrB accomplishes resistance to CAP 
by up-regulating genes involved in covalent modifications of the LPS (6, 7). The LPS 
modifications reduce the negative charge of LPS and consequently decrease attraction 
and binding of CAP to the outer membrane. The PhoP-PhoQ two-component system, 
a master regulator of S. enterica serovar Typhimurium virulence functions, also has 
been shown to be involved in regulating resistance to CAP (4). PhoQ is an inner 
membrane sensor kinase composed of a periplasmic sensor domain and a cytoplasmic 
kinase domain that phosphorylates its cognate response regulator, PhoP, upon 
perception of specific environmental signals. The PhoP-PhoQ system is repressed by 
millimolar and activated by micromolar concentrations of magnesium (4, 5). The 
activation of PhoP-PhoQ increases the expression of PmrD (11), which in turn leads 
to the activation of PmrA (10), resulting in modification of LPS.  

P. mirabilis is known to be highly resistant to the action of CAPs, such as PB (3, 
9). The detailed mechanisms underlying P. mirabilis resistance to PB is not clear. 

The swarming behavior of P. mirabilis is under the control of a complex regulatory 
network that may include bacterial two-component systems (12, 13, 23). It has been 
shown that LPS plays a critical role in swarming (16, 22) and that LPS modification 
affects both swarming and PB resistance in P. mirabilis (16). Moreover, activation of 
the PhoP-PhoQ two-component system, which is known to enhance CAP resistance, 
can lead to inhibition of swarming through repressing the expression of flagellin in S. 
enterica serovar Typhimurium (1). Together, these results suggest that swarming and 
CAP resistance may be co-regulated. In this study, we undertook a Tn5 transposon 
mutagenesis approach to isolate super-swarming mutants of P. mirabilis. We identify a 
mutant with increased sensitivity to PB. The mutant was found to have Tn5 inserted in 



the rppA gene, a gene which may encode a response regulator of the two-component 
system.  

研究方法、 

Transposon mutagenesis and identification of the mutated gene. P. mirabilis 
swarming-aberrant mutants were isolated by mini-Tn5 Cm (chloramphenicol) 
mutagenesis as described previously (12).  

Gene-knockout by homologous recombination. Full length rppA including its 
promoter region was amplified by PCR using primers dA-1F and rppAR (Table 2) and 
cloned into pGEM®-T Easy (Promega) to generate pGrppA. The pGrppA was 
digested with XbalI and ligated with an XbalI-digested Ω (Kmr) gene cassette (20) to 
generate pGrppA-km, which contains the Kmr-inserted rppA gene.  

Construction of the RppA-complemented strain. DNA fragment containing full 
length rppA and its promoter region was excised from pGrppA (see above) with SalI 
and SphI. The DNA fragment was ligated into a SalI/SphI-digested low-copy plasmid 
pACYC184 to generate the rppA complementation plasmid.  

Real-time RT PCR. To study the effect of PB and Mg2+ on the expression of rppA 
mRNA, total RNA was extracted from cells using RNA-BeeTM kit. cDNA was 
obtained using Superscript II reverse transcriptase. The cDNA was then used as a 
template for real-time PCR.  

MIC assay. In vitro determination of MIC for PB was performed according to the 
guidelines proposed by NCCLS.  

Preparation and analysis of LPS. The LPS extraction and analysis were 
performed as described previously (21) with some modifications.  

Swarming migration assay. The swarming migration assay was performed as 
described previously (8, 12).  

Measurement of cell differentiation, flagellin level, and hemolysin activity. 
Preparation of cells for cell differentiation, hemolysin and flagellin assays was 
performed as described previously (12, 13).  

Cytotoxicity assay. The experiments were performed as described previously (2) 
with some modifications.  

結果 

We identified a mutant, sw8, which was over 160 fold more sensitive to PB than 
the wild-type P. mirabilis N2. We found that Tn5 was inserted into a gene which we 
named rppA. The rppA gene and its downstream gene rppB was cloned and sequenced. 
rppA and rppB may encode a response regulator and a membrane sensor histidine 



kinase, respectively, of the bacterial two-component signaling system. 
The P. mirabilis rppA-knockout mutant has an altered LPS profile. The rppA 

mutant synthesized slightly more LPS than did the wild-type strain. The data indicate 
that the rppA mutant has undergone a qualitative change in LPS and this change 
causes the LPS from the rppA mutant to have higher binding activity to PB. PB can 
regulate the synthesis and modification of LPS in P. mirabilis and this regulation is 
mediated through an RppA-dependent pathway. The rppA-knockout mutant exhibited 
higher swarming motility and cytotoxic activity, and expressed higher levels of 
flagellin and hemolysin than did the wild-type, suggesting that RppA negatively 
regulates swarming, hemolysin expression, and cytotoxic activity in P. mirabilis. PB 
could modulate LPS synthesis/modification, swarming, hemolysin expression, and 
cytotoxic activity in P. mirabilis through an RppA-dependent pathway, suggesting that 
PB could serve as a signal to regulate RppA activity. Finally, we demonstrated that the 
expression of rppA was up-regulated by low-concentration of PB and down-regulated 
by high concentration of Mg2+. 

 
討論 

These data highlight the essential role of RppA in regulating PB susceptibility and 
virulence functions in P. mirabilis. PB could serve as a signal to regulate RppA 
activity. Together these data suggest that low concentration of PB and possibly other 
CAPs can inhibit certain virulence functions of P. mirabilis. In this regards, it is 
tempting to suggest that CAPs secreted by epithelial cells of the urinary tract may still 
play roles in preventing P. mirabilis infection, even though the bacteria is known to be 
highly resistant to killing by PB and certain CAPs.  
 
參考文獻部份： 
 

REFERENCES 
 1. Adams, P., R. Fowler, N. Kinsella, G. Howell, M. Farris, P. Coote, and C. 

D. O'Connor. 2001. Proteomic detection of PhoPQ- and acid-mediated 
repression of Salmonella motility. Proteomics 1:597-607. 

2. Allison, C., N. Coleman, P. L. Jones, and C. Hughes. 1992. Ability of 
Proteus mirabilis to invade human urothelial cells is coupled to motility and 
swarming differentiation. Infect Immun 60:4740-4746. 

3. Boll, M., J. Radziejewska-Lebrecht, C. Warth, D. Krajewska-Pietrasik, 
and H. Mayer. 1994. 4-Amino-4-deoxy-L-arabinose in LPS of enterobacterial 
R-mutants and its possible role for their polymyxin reactivity. FEMS Immunol 
Med Microbiol 8:329-341. 



4. Groisman, E. A. 2001. The pleiotropic two-component regulatory system 
PhoP-PhoQ. J Bacteriol 183:1835-1842. 

5. Groisman, E. A., and C. Mouslim. 2006. Sensing by bacterial regulatory 
systems in host and non-host environments. Nat Rev Microbiol 4:705-709. 

6. Gunn, J. S., K. B. Lim, J. Krueger, K. Kim, L. Guo, M. Hackett, and S. I. 
Miller. 1998. PmrA-PmrB-regulated genes necessary for 4-aminoarabinose 
lipid A modification and polymyxin resistance. Mol Microbiol 27:1171-1182. 

7. Gunn, J. S., S. S. Ryan, J. C. Van Velkinburgh, R. K. Ernst, and S. I. 
Miller. 2000. Genetic and functional analysis of a PmrA-PmrB-regulated 
locus necessary for lipopolysaccharide modification, antimicrobial peptide 
resistance, and oral virulence of Salmonella enterica serovar typhimurium. 
Infect Immun 68:6139-6146. 

8. Gygi, D., M. M. Rahman, H. C. Lai, R. Carlson, J. Guard-Petter, and C. 
Hughes. 1995. A cell-surface polysaccharide that facilitates rapid population 
migration by differentiated swarm cells of Proteus mirabilis. Mol Microbiol 
17:1167-1175. 

9. Kaca, W., J. Radziejewska-Lebrecht, and U. R. Bhat. 1990. Effect of 
polymyxins on the lipopolysaccharide-defective mutants of Proteus mirabilis. 
Microbios 61:23-32. 

10. Kato, A., and E. A. Groisman. 2004. Connecting two-component regulatory 
systems by a protein that protects a response regulator from dephosphorylation 
by its cognate sensor. Genes Dev 18:2302-2313. 

11. Kox, L. F., M. M. Wosten, and E. A. Groisman. 2000. A small protein that 
mediates the activation of a two-component system by another two-component 
system. Embo J 19:1861-1872. 

12. Liaw, S. J., H. C. Lai, S. W. Ho, K. T. Luh, and W. B. Wang. 2001. 
Characterisation of p-nitrophenylglycerol-resistant Proteus mirabilis 
super-swarming mutants. J Med Microbiol 50:1039-1048. 

13. Liaw, S. J., H. C. Lai, and W. B. Wang. 2004. Modulation of swarming and 
virulence by fatty acids through the RsbA protein in Proteus mirabilis. Infect 
Immun 72:6836-6845. 

14. Macfarlane, E. L., A. Kwasnicka, M. M. Ochs, and R. E. Hancock. 1999. 
PhoP-PhoQ homologues in Pseudomonas aeruginosa regulate expression of 
the outer-membrane protein OprH and polymyxin B resistance. Mol Microbiol 
34:305-316. 

15. Marceau, M., F. Sebbane, F. Ewann, F. Collyn, B. Lindner, M. A. Campos, 
J. A. Bengoechea, and M. Simonet. 2004. The pmrF polymyxin-resistance 
operon of Yersinia pseudotuberculosis is upregulated by the PhoP-PhoQ 



two-component system but not by PmrA-PmrB, and is not required for 
virulence. Microbiology 150:3947-3957. 

16. McCoy, A. J., H. Liu, T. J. Falla, and J. S. Gunn. 2001. Identification of 
Proteus mirabilis mutants with increased sensitivity to antimicrobial peptides. 
Antimicrob Agents Chemother 45:2030-2037. 

17. Moskowitz, S. M., R. K. Ernst, and S. I. Miller. 2004. PmrAB, a 
two-component regulatory system of Pseudomonas aeruginosa that modulates 
resistance to cationic antimicrobial peptides and addition of aminoarabinose to 
lipid A. J Bacteriol 186:575-579. 

18. Moss, J. E., P. E. Fisher, B. Vick, E. A. Groisman, and A. Zychlinsky. 2000. 
The regulatory protein PhoP controls susceptibility to the host inflammatory 
response in Shigella flexneri. Cell Microbiol 2:443-452. 

19. Newcombe, J., J. C. Jeynes, E. Mendoza, J. Hinds, G. L. Marsden, R. A. 
Stabler, M. Marti, and J. J. McFadden. 2005. Phenotypic and transcriptional 
characterization of the meningococcal PhoPQ system, a magnesium-sensing 
two-component regulatory system that controls genes involved in remodeling 
the meningococcal cell surface. J Bacteriol 187:4967-4975. 

20. Prentki, P., and H. M. Krisch. 1984. In vitro insertional mutagenesis with a 
selectable DNA fragment. Gene 29:303-313. 

21. Slauch, J. M., M. J. Mahan, P. Michetti, M. R. Neutra, and J. J. 
Mekalanos. 1995. Acetylation (O-factor 5) affects the structural and 
immunological properties of Salmonella typhimurium lipopolysaccharide O 
antigen. Infect Immun 63:437-441. 

22. Toguchi, A., M. Siano, M. Burkart, and R. M. Harshey. 2000. Genetics of 
swarming motility in Salmonella enterica serovar typhimurium: critical role 
for lipopolysaccharide. J Bacteriol 182:6308-6321. 

23. Wang, W. B., H. C. Lai, P. R. Hsueh, R. Y. Chiou, S. B. Lin, and S. J. Liaw. 
2006. Inhibition of swarming and virulence factor expression in Proteus 
mirabilis by resveratrol. J Med Microbiol 55:1313-1321. 

 

計畫成果自評：  

This is the first report that the bacterial two-component system regulates PB 
susceptibility and swarming in P. mirabilis. This study has been written and accepted 
by the Infection and Immunity Journal. 

 

 


