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1.1 ##
1.1.1 Pseudomonas

aeruginosa PAOI Escherichia coli

SM10-Apir pBT20 1
1.1.2 LB 10 g/L 5
g/L 10 g/L NaCl LB LB
1.5%
44.4 ¢/L 20 mL/L
1.1.3 OXOID
Carbenicillin
Tetracycline Gentamicin
Chloramphenicol Ciprofloxacin
Erythromycin Sulfanilamide
Wolsen Polymixin
SIGMA DMSO EDTA Tris-base CTAB
M9 Amresco Taq dNTP
DNA
PIA
(2004CCA01700)
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Wallac 1420 Multilabel counter PerKinElmer

Centrifuge5415D Centrifuge5810R PCR

Mastercycle gradient Eppendorf
Luminescent image analyzer LAS 3000 Fujifilm
96 384 Costar
Multi-blot replicator 48 pins and 96 pins V&P

12 AR REMEFEERERERNE

[6,7]

pBT20 E.coli SM10-ypir
PAOI 50 pg/mL
LB
LB 4500 r/min 5 min
0.01 mol/L  PBS
2 mL LB
ODgp=40 ODgpp=20
25 uL LB
50 uL
37 2 h M9
100 pL (150
pg/mL) 37
384 16 h
DMSO 10% -70

1.3 EZMinE AR EREEE S/ N DR EMIC)
B E

131 LB MIC
Multi-blot replicator LB
PAO1 1/2
LB 37 24 h
MIC (5]
MIC
132 LB MIC
96 500 pg/mL
200 pg/mL 2 pug/mL 500 pg/mL
100 pg/mL 20 pg/mL 2000
pg/mL 12 100 uL
Multi-blot replicator 5 4b T 45 # 4 K 34
(¥ 87 4= 11 PAOL ODgo
0.06~0.07 Wallac 1420 Victor multilabel counter
37 ODso0 24 h,

PAO1 MIC

14 EHYEBRTIRAFE
141

[ERr

LB 384 37 16 h

Multi-blot replicator L fi#2 2] & 1/4MIC(
) BUE 250 LB AR b, R RonT S
192 BRSRARMR . K557 24 h Ja dbAT 5%, ik th e 5
1/AMIC BUw 2590 7B EAS B AR K Bl AR K i 59 T
74 PAOT [MRBURRSRAR A o K4 77 18 15 21 1) 58 A% B bk
FESPOA I LB [ AR R FE 5L b FH ik 2 L
FEBR AR B, JEORAE 3] 96 fLAR .

1.4.2 VAR IR HE TP U A A B0 S 3L MIC 1)
i €
100 uL LB 96 37
3uL LB
3h Multi-blot replicator ¥ 58 48 {4
96 PAO1 MIC
LB Wallac 1420
Victor multilabel counter
ODggo  0.06~0.07, 37 24 h
ODsgo =0.02
MIC
15 FKE# PCR RF
PCR el
PCR PCR
DNA P7-1 CTAACA-
ATTCGTTCAAGCCG ARBI GGCCACGCGTCG-

ACTAGTACNNNNNNNNNNGATAT

PCR 95 Smin 95 30s 30
30s 72 1.5 min 6 95 30s 45
30s 72 2min 30 72 4 min
PCR P7-2
GGATGCGTCTAAAAGCCTGC ARB2 GGCCAC-
GCGTCGACTAGTAC PCR

95 1 min 95 30s 52 30s 72

2 min 30 72 4 min P7-1 P7-2
P7-2 P7-1
ARBI1 ARB2 1
PCR P7-2
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PCR 2 7.
CR round i%. \ARBZ
PCR round 1 P7-1 ARBI
— Chromosomal DNA \
]
Transposon = -
Insertion Site \ \ ARBI \
\ \ ARB2 \
1 BE#L PCR RIEE R
Fig. 1 Schematic depiction of primer binding in the two round arbitrary PCR.
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LB 7
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Mariner C9 142 7
pBT20 MIC 32
(150 pg/mL) ) 1 D
MIC PAO1
17600 ) 3]
46 384 MIC PAO1
173 12 12 S2
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22 HEGHEASRRTABLREORING O o baol 1n 13
I ,
7 24 REKDEEFRNLABGERFSH
S1
S2 PCR
ARBI1 10
DNA
DNA
. P7-1 PCR
! PCR
P7-1 ARBI1
. . 3 oh e e g £ . ARBI
x1 EMREAYMMERBRERRNS/NNFIKE
Table I MIC of antibacterial agents against PAO1 2-A PCR
. . MIC on agar MIC in liquid P7-2 ARB2
Antibacterial agents
LB/(ug/mL) LB/(ng/mL) ARB2
Carbenicillin 250 225
Chloramphenicol 100 60 2-B P7-2 PCR P7-2
Ciprofloxacin 1.2 0.6 DNA
Erythromycin 360 300
Tetracycline 60 35 DNA DNA
Polymixin 16 6 Sl Sz
Sulfanilamide 1000 1000
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kb DNA BLAST
www.pseudomonas.com
10.0
GenBank
5.0 .
P. aeruginosa PAO1
3.0 identities 100%
2.0
1.5
1.0 S1 S2
PA2580 PA2800 PA2580 PA2800
0.5 —
1Y class 4 PA2580
NADPH- NADPH-quinone reduc-
tase PA2800 2 ClustalW2
PA2580 Escherichia coli
2 RIUKBEH PCRRE KA MdaB 3% PA2800
Fig. 2 Agarose gel electrophoresis graph of the arbitrary PCR Shigella flexneri ~ Vacl 52%
products. A: Result of PCR round 1; B: Result of PCR round 2.
M. DNA marker; 1. mutant strain S1; 2. mutant strain S2.
R2 BEFRANIESREBRRTARNGYHGRIEE
Table 2 Transposon insertion sites and drug susceptibilities of mutant strains
Strain Inse‘rtion Gene Alternate Protein name COG predictions MIC/(ug/mIL)
site gene name confidence Car Chl Cip Tet
PAO1 225 60 35
MdaB, Putative NADPH-quinone
81 2916759 PA2580 mdaB class 4 reductase (modulator of drug activity B) 73 30 35
S2 3157039 PA2800 vacl class 4 Vacl, Surface lipoprotein 225 60 12

Car, Carbenicillin; Chl, Chloramphenicol; Cip, Ciprofloxacin; Tet, Tetracycline.

(A) PA2580 - MKNILLLNGGKRFAHSDGRLNQTLHETALAHLDRRGFDLRQTFIDGGYD
MdaB MGSSHHHHHHGSSNILIINGAKKFAHSNGQLNDTLTEVADGTLRDLGHDVRIVRADSDYD
Cokskskn ksk sk oskokokskonskorokkopskk sk ok sk k, %k *, . kk
PA2580 IPTEVDKFLWADVVIY QMPGWWMGAPWTVKRYIDEVFTAGHGSLYANDGRTRSDSTQ
MdaB VKAEVQNFLWADVVIWQMPGWWMGAPWTVKKYIDDVFTEGHGTLYASDGRTRKDPSK
sokock o onoskoskoskosk sk skosk ok ;osk sk sk sk sk osk ook sk sk sk sk oskokokooskeskesk ; sk skeskosk s oskskok | skskekeskk | k| n
PA2580 KYGSGGLVQGKRYMISATWNAPRQAFDDPSDFFEGKGVDAVYFPFHKANQFLGMSGLPT
MdaB KYGSGGLVQGKKYMLSLTWNAPMEAFTEKDQFFHGVGVDGVYLPFHKANQFLGMEPLPT
seskoskoskokoskoskoskokokosk poskok ook skkosksksk ;okok Couskesk, sk skeskok | skoskooskokokokokokokok skskok | skskosk
PA2580 FLAVDVMKRPDVPATVAAYQAHLDRVFGRAG 196
MdaB FIANDVIKMPDVPRYTEE YRKHLVE I FG------ 204
koock kskorok skkokosk . k1o okko ook
(B) PA2800 MRARGVNWIERSARILACASLALAPTLSLAASEEDPWESINR PIF TEN-DTLDTYALKPLA
Vacl MKLRLSALALFTTLLVGCASAGTD-------- QQGRSDPLEGFNRTMYNFNFNVLDPYIVRPVA
koK DLk ok kg rseok o n oksk p ) oksk kD DRk
PA2800 QGYQKVTPNFVQDGVHNFFNNLGDVKNLANNLLQAKFHNAGVDTSRLLFNSTFGLAGLI
Vacl VAWRDYVPQPARNGL SNFTFNLEEPAVMVNYFLQGDPYQGMVHFTRFFLNTILGMGGFI
P R R P *% DLk rkk M *, cRIookr ok kok
PA2800 DVATPMG----LQRNDED-FGQTLGYWGVGSGPYVMLPFLGPSTLRDAPAKIPDIY VSPYH
Vacl DVAGMANPKLQRTEPHRFGSTLGHYGVGYGPYVQLPFYGSFTLRDDGGAMADALYPVLS
* %k k skkk, o Kok, kkskosopokocksk skoksksk skeksk sk skekokok A 3 .
PA2800 YMDDVRARNVMF GINTVDTRANLLKSEKLIS ---GDKY IF IRNAYLQNREFKVKDG---------
Vacl WLTWPMS-VGKWTLEGIE TRAQLLDSDGLLRQSSDPYIMVREAYFQRHDFIANGGELKPQ
M . . . crkekekorokek ok ok Sk okkrorkrkk ik, rork L%
PA2800 EVEDDF 234
Vacl ENPNAQAIQDDLKDIDSE 251
Cookk

Fig. 3

3 PA2580 K& PA2800 =4 &Y bk Xt &5

PA2800. * means identical; : means conserved substitutions; . means semi-conserved substitutions.
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Screen and identification of genes involved in multidrug resistance in
Pseudomonas aeruginosa

Xingyan Zhao, Haihua Liang, Lixin Shen, Zhaolin Dong, Kangmin Duan’

(Molecular Microbiology Laboratory, Northwest University, Xi,an 710069, China)

Abstract: [Objective] To identify genes involved in multidrug resistance in Pseudomonas aeruginosa. [Methods] We
constructed and screened a transposon mutation library and obtained mutants that exhibited decreased drug resistance. The
insertion sites of the transposon were identified by arbitrary PCR and subsequent DNA sequencing. [Results] Two mutants
which became more susceptible to several antibacterial agents than the wild type were identified as mutants with trans-
poson insertion in gene PA2580 and PA2800 respectively. The functions of these two genes are described as unknown in P.
aeruginosa database. [Conclusion] PA2580 and PA2800 are involved in drug resistance, possibly through their roles in
redox reactions and cell envelope biogenesis.

Keywords: Pseudomonas aeruginosa; transposon mutation; multidrug resistance
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