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Table 1  Transposon integration sites and target site duplications
Transposon Genetic location®
Mutant Sequence® . Y
orientation Gene Coordinates Section
Al3 Mu ggceceggecGAGCC Km-Mu GAGCCiggectgtee - pilL 7470 - 7474 39
E123  Mu cegtegeecgeGCCGC Km-Mu GCCGCgtggetatac + pilQ 5479 - 5483 478
E20 Mu ceagegegtGCGGT Km-Mu GCGGTggatgegeac + algR 6561 — 6565 499
F57 Mu ggaaggeegcCTGGC Km-Mu CTGGCggteageeeg + pilL 9540 — 9544 39
F9 Mu gtatagecacGCGGC Km-Mu GCGGCgacgggeteg + pilQ 5479 - 5483 478
C68 Mu ceegetggaaATGGA Km-Mu ATGGAccgctatteg - pilL 11572 - 11577 39
L1l Mu cgacctgeggGTGGC Km-Mu GTGGCgatggecgeg + PA1821 9676 — 9680 169
L16 Mu cegeegacagCAGCG Km-Mu CAGCGecgacacete + pilV 1719 - 1723 430
* Km-Mu means mini-Mu transposon with kanamycin resistance gene. Target site duplications are in boldface capital letters ”Compared to the genomic se-
quences shown the transcription from the transposon proceeds from left to right + or from right to left —  “Genetic locations were determined by comparison
to the PAOL complete genome.
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2
Table 2 Genes inactivated and putative proteins
Mutant Gene Protein name confidence  Amino acids Product
Al13 Mu pill. class 3 2472 Probable component of chemotactic signal transduction system
E123  Mu pilQ class 1 714 Type 4 fimbrial biogenesis outer membrane protein PilQ precursor
E20 Mu algR class 1 247 Alginate biosynthesis regulatory protein AlgR
F57 Mu pill class 3 2472 Probable component of chemotactic signal transduction system
F9 Mu pilQ class 1 719 Type 4 fimbrial biogenesis outer membrane protein PilQ precursor
C68 Mu PilL class 3 2472 Probable component of chemotactic signal transduction system
L1l Mu PA1821 class 3 270 Probable enoyl-CoA hydratase/isomerase
L16 Mu pilv class 1 185 Type 4 fimbrial biogenesis protein PilV
Classl  Function experimentally demonstrated in P. aeruginosa Class 2 Function of highly similar gene experimentally demonstrated in another organism

and gene context consistent in terms of pathways its involved in if known  Class 3 Function proposed based on presence of conserved amino acid motif struc-

tural feature or limited sequence similarity to an experimentally studied gene.

Mu
Twitching motility Mu

Mu DNA
Mu

Twitching motility

Twitching motility
P . aeruginosa
P . aeruginosa PAO1 8

P . aeruginosa

PAO1
Twitching motility
: PA0413
GenBank  BLAST
Al13 Mu F57 Mu C68 Mu
P. aeruginosa 39  PA0413
39 7470 9540
11572 PAO413 5766
13184 7419
v pUGHIJK
chpBCDE Pseudomonas
aeruginosa Community Annotation Project PseudoCAP

http //www . pseudomonas . com/GenomeSearchU . asp

PA0O413 PilLL
pilL — chpA
pilL
P . aeruginosa
pilGHIJKI-chpABC-
DE \Y 2w pill
pilLL
3 Twitching
motility Twitching motil-
ity
Twitching motility
GenBank  BLAST L11 Mu
Mu P. aeruginosa 169 9676
PA1821 PA1821
8918 9730
v Twitching
motility PseudoCAP
PA1821 Rattus norvegicus
68 %
Twitching motility
4

PAO413 PA1821

Twitching motility } )
© PER=FRME MM RFAPATIEESRIESS http://journals. im. ac.cn



3 323

11 Kang PJ Hauser A R Apodaca G et al. Identification of Pseud-
omonas aeruginosa genes required for epithelial cell injury. Mol Mi-

1 Semmler A BT Whitchurch C B Leech J et al. Identification of a crobiol 1997 24 1249 - 1262.
novel gene fimV involved in twitching motility in Pseudomonas 12 Mattick J S. Type IV pili and twitching motility. Annu Rev Microbi-
aeruginose . Microbiology 2002 146 1321 - 1332. ol 2002 56 289-314.

2 Rashid M H Rumbaugh K Passador L et al . Polyphosphate kinase 13 Mcbride M J. Bacterial gliding motility multiple mechanisms for cell
is essential for biofilm development quorum sensing and virulence movement over sufaces. Annu Rev Microbiol 2001 55 49 —75.

of Pseudomonas aeruginosa . PNAS 2000 97 9636 — 9641 .

3 Bradelly D E. A function of Pseudomonas aeruginosa PAO pili
twitching motility. Can J Microbiol 2000 26 146 — 154.

4 Comolli J C Hauser AR Waite L et al. Pseudomonas aeruginosa

14 Thien-Fah C M O’ Toole G A. Mechanisms of biofilm resistance to
antimicrobial agents. Trend Microbiol 2001 9 34 -38.
15 Alm AM Mattick J S. Genes involved in the biogenesis and func-

gene products PilT and PilU are required for cytoxicity in vitro and tion of type-4 fimbriae in Pseudomonas aeruginosa.. Gene 1997

virulence in a mouse model of acute pneumonia. Infect Immune 192 89 -98.

1999 67 3625 - 3630. 16  Beatson S A Whitchurch C B Sargent ] L et al. Differential reg-
5 0" Toole G A Kolter R. Flagellar and twitching motility are neces- ulation of twitching motility and elastase production by Vfr in Pseud-

sary for Pseudomonas aeruginosa biofilm development. Mol Microbi- omonas aeruginosa . ] Bacteriol 2002 184 3605 - 3613.

ol 1998 30 295-304.
6 Costerton ] W Stewart P S Greenberg E P. Bacterical biofilms a

commen cause of persistent infection. 1999  Science 284 1318 —

17 Whitchurch C B Alm R A Mattick J S. The alginate regulator Al-
gR and an associated sensor FimS are required twitching motility in

Pseudomonas aeruginosa . PANS 1996 93 9839 —9843.

1322.

7 Lamberg A Nieminen S Qiao MQ et al . Efficient insertion muta- 18  Stover C K Pham X Q Erwin A L et al. Complete genome se-
genesis strategy for bacterial genomes involving electroporation of in quence of Pseudomonas aeruginosa PAO1 an opportunistic patho-
vitro-assembled DNA transposition complexes of bacteriophage Mu. gen. Nature 2000 406 959 —964.

Appl Environ . Microbiol 2002 68 705 —712. 19  Croft L Beatson S A Whitchurch C B et al. An interactive web-

8 Rashid M H  Kornerg A. Inorganic polyphosphate is needed for based Pseudomonas aeruginosa genome database discovery of new

swimming swarming and twitching motilities of Pseudomonas aerug-
inosa. PANS 2000 97 4885 —4890.
9 Sambrook J Fritsch E F Maniatis T.

genes  pathways and structures. Microbiology 2000 146 2351 -
2364.

. . 1998 17-19.
10 Merz AJ So M. Interactions of pathogenic neisseriae with epithelil-
ial cell membranes. Annu Rev Cell Dev boil 2000 16 423 —457.

Study on Genes Involved in Twitching Motility of Pseudomonas aeruginosa

SHAN Zhi-Ying XU Hai-Jin SHI Xing-Qi QIAO Ming-Qiang" GAO Cai-Chang
College of Life Sciences  Nankai University ~Tianjin 300071  China

Abstract Pseudomonas aeruginosa is an important opportunistic pathogen of humans. Twitching motility mediated by
type IV pili plays an important role in the pathogenesis of this organism. In this paper Mu transposition recombination
technique was utilized to study a cluster of genes required for twitching motility of P. aeruginosa. Mu DNA transposition
complexes were formed in vitro and then were electroporated into P. aeruginosa . The complexes were integrated into
bacterial genomes randomly resulting in gene inactivation and phenotypical change. Eight mutants deficient in twitching
motility were obtained. Gene cloning and sequencing of the flanking region of the inserted artificial Mu transposon re-
vealed that five genes cause loss of twitching motility. Among them the function of gene pilV  pilQ) and algR has been
previously experimentally demonstrated in P. aeruginosa . They are required for biogenesis and function of type IV pili.
Gene pill,. PA0413 encodes a probable component of a chemotactic signal transduction system. Its function was pre-
dicted according to its conserved amino acid motif. This result suggests that PA0413 is involved in regulation of twitching
motility. PA1821 is also a class 3 gene its putative product is enoyl-CoA hydratase/isomerase.
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