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Table S2. Aminoglycoside modifying enzymes identified in this studya 

 

 

Enzymes      Genetic location Accession 

Number  

Resistanceb  Prevalence %b Comments  Isolates contain AMEs  Ref  

C P W 

Aminoglycoside N-acetyltransferase 

1 Aac(2’)-IIa Plasmid, 

integron  

AB669090 KSM  0.38 0.0 0.02 Found in B. glumae 

and A. avenae 

PAC14B [1] 

2 Aac(3)-I Integron, 

transposon  

AJ877225 G - - - Reported in integron 

cassette of P. 

aeruginosa  

A106 [2,3] 

3 Aac(3)-Ia Plasmid, 

transposon, 

integron 

X15852 

AF550679 

G 0.0 0.0 0.88 Found in P. 

aeruginosa, E. coli, 

K.  pneumoniae and 

A. baumannii   

EC2A, 403-104 [4] 

4  Aac(3)-IIa Plasmid X13543 T, G 0.0 0.0 0.02 Reported in P. 

aeruginosa and E. 

coli 

197S020911BSL_PA3 [5] 

5 Aac(3)-IIIc 

 

Not known L06161 T, G, K, N, 

P 

0.0 0.0 0.02 Reported in P. 

aeruginosa. 

Rarely reported in 

Enterobacteriaceae 

AUS106, 403-102 [6] 

6 Aac(3)-IV Plasmid X01385 T, G  0.0 0.0 0.04 Binds to apramycin 

and gentamicin, 

Commonly found in 

Salmonella spp. 

6102, 6000.3 [7] 

7 Aac(6’)-Ib3 

(aacA4) 

Integron X60321  T, N, K, G 0.0 0.0 0.33 AAC (6′)-Ib has 

been described in a 

few CF patient 

isolates resistant to 

tobramycin 

HCF73, 1257147, 

1260990, 1275655, 

1344658, 1420275, 

1690076, 1295835, 

1586994 

[8] 

8 Aac(6’)-II 

(aacA7) 

Plasmid, 

integron 

U13880 T, G 0.0 1.92 2.08 Aac(6′)-II enzymes 

catalyze acetylation 

1301482, 1324459, 

1586981 

[9] 



of all forms of 

gentamicin but not 

of amikacin 

 

Observed in P. 

aeruginosa 

9 Aac(6’)-IIa  Plasmid, 

Integron 

M29695 T, G  0.0 0.0 0.35 Common among P. 

aeruginosa and S. 

enterica 

5994 [10] 

10 Aac(6’)-31 Integron AM283348 A, T, G, K, 

N, I 

0.0 0.0 0.71 Observed in P. 

putida, A. 

baumannii and K. 

pneumoniae 

1586981 [11] 

11 Aac(6’)-33 Integron GQ337064 A, T  0.0 0.0 0.20 Observed in P. 

aeruginosa 

1275655, 1420275, 

1690076 

[12] 

Aminoglycoside O-nucleotydyltransferases 

12 Ant (2”)-Ia 

(aadB)  

Plasmid, 

Integron 

X04555 T, G, K 3.07 5.77 4.82 Found in 

gentamicin-resistant 

and tobramycin-

resistant clinical 

isolates of P. 

aeruginosa. 

Widespread among 

all gram-negative 

bacteria 

2D9A, 5999.1 

5999.2 

5999.3 

318S170811BSL_PA1 

298S020611BSL_PA1 

278S180511BSL_PA2 

278S180511BSL_PA1 

66S100212BSL__PA1 

008A1,  A106, 403-

105, 1268230 

1271701, 1257147, 

1324459, 1607533, 

AUS720 

[5] 

13 AadA1 

(Ant(3'')-Ia) 

Plasmid, 

Integron, 

Transposon 

X02340 S 3.07 1.92 1.7 Found among 

Enterobacteriaceae, 

A. baumannii, P. 

aeruginosa and 

Vibrio cholerae 

1271701, 1324459 [13] 



14 AadA1b 

(Ant(3''))  

Plasmid, 

Integron, 

Transposon 

M95287 S 3.94 1.03 1.74 Common in 

Enterobacteriaceae, 

A. baumannii, P. 

aeruginosa and V. 

cholerae. 

1275655, 

1420275,1690076  

[14] 

15 AadA2 

(Ant(3'')) 

Plasmid, 

integron 

NC_010870 S 0.0 0.0 1.06 Common in K. 

pneumoniae and 

Salmonella spp. 

318S170811BSL_PA1 [14] 

16 AadA2b  

(Ant(3'')) 

Plasmid, 

Integron 

D43625 S 0.0 0.0 1.0 Located on integron 

InC, Isolated from 

the R-plasmid of P. 

aeruginosa, as a 

gene cassette 

5999.1 

5999.2 

5994, 5999.3 

66S100212BSL__PA1,  

1344658 

[15] 

17 AadA4 

(Ant(3'')) 

Plasmid, 

Chromosome 

NC_002928 

NC_010558 

S 0.38 0.0 0.07 Found in Bordetella 

parapertussis and E. 

coli 

A106 [16] 

18 AadA6 

(Ant(3'')) 

Integron AM087411 S 1.53 0.0 4.15 Found encoded in 

the integron of P. 

aeruginosa 

SMC1587,  

4064320487 

272S250511BSL_PA1 

1260990, 1586981, 

1586994, 5014375233 

 

[17] 

19 AadD 

(Ant(4’)-Ia) 

 

Plasmid U35229 A, T, K, N Not available 

 

 

Common among S. 

epidermidis, S. 

aureus, 

Enterococcus spp. 

and Bacillus spp 

6099 [18] 

Aminoglycoside O-phosphotransferases 

20 Aph(3”)-Ib Plasmid, 

Transposons, 

chromosomes, 

IC elements 

M28829 S 0.77 0.0 0.22 Found in P. 

aeruginosa and E. 

coli  

3C52,  AT31,  HCF73, 

5, 298S020611BSL_PA1 

278S180511BSL_PA2 

286S270711BSL_PA1 

278S180511BSL_PA1 

66S100212BSL__PA1 

[19] 



aGenes encoding aminoglycoside-modifying enzymes were identified using ResFinder 4.1 [24] and confirmed with Resistance Gene Identifier 

(RGI) version 4.2.2 with information drawn from the CARD database 3.0.1[25]. 

bAbbreviations: Resistance: P- paromycin, I- isepamicin, A-amikacin; G-gentamicin, GmB- gentamicin B; K-kanamycin; N-neomycin; S-

streptomycin; T-tobramycin, HygB-hygromycin B, KSM-kasugamycin; Prevalence %: C- NCBI Chromosome,  P- NCBI Plasmid, W- NCBI 

WGS 

 

C54, 1313352, 

1257147, 1344658, 

1607533 

21 Aph(3’)-IIa 

(AphA-2) 

Transposon V00618 K, N, P, 

GmB 

0.38 1.92 0.53 Common among E. 

coli 

1275655 [20] 

22 Aph(3’)-VIa 

(AphA-6) 

Plasmid  

Chromosome 

X07753 A, K, N, P, 

GmB, I 

2.31 0 0.92 Primarily isolated 

from Acinetobacter 

spp. 

 

Was cloned into E. 

coli to study 

amikacin resistance 

1260990 [21] 

23 Aph(4)-Ia  Plasmid V01499 HygB 0.0 0.0 0.04 Found among E. coli 6102, 6000.3 [22] 

24 Aph(6)-Ic  

(str sph) 

Transposon X01702 S  0.38 0.0 0.24 Found in S. enterica, 

P. aeruginosa and 

E. coli. 

1275655  

25 Aph(6)-Id 

(strB, orfI) 

 

Plasmid, 

Transposons, 

chromosomes, 

IC elements,  

M28829 S 4.6 11.54 4.88 APH (6)-Id is a 

streptomycin 

phosphotransferase 

 

Found in K. 

pneumoniae, 

Salmonella spp., E. 

coli, Shigella 

flexneri, 

Pseudomonas spp., 

V. cholerae.  

3C52, AT31, 5, 

298S020611BSL_PA1 

278S180511BSL_PA2 

286S270711BSL_PA1 

278S180511BSL_PA1 

66S100212BSL__PA1 

C54, 1313352, 

1257147, 1344658, 

1607533 

[23] 



  



Table S3. Transposable elements in clinical isolates of P. aeruginosaa 

 
MLST  MGE  Resistance Genes  Phenotype  Accession 

Isolate 1257147 

235  Tn6082 

Unit Transposon 
aac(6')-Ib-cr 

ciprofloxacin, tobramycin, 

amikacin 
EF636461 

sul1 sulfamethoxazole U12338 

aph(3'')-Ib streptomycin AF024602 

aph(6)-Id streptomycin M28829 

dfrA5 trimethoprim X12868 

aac(6')-Ib3 tobramycin, amikacin X60321 

blaOXA-17 

cefotaxime, ampicillin, 

cefepime, ceftazidime, 

cefixime, aztreonam, 

amoxicillin 

DQ902344 

ant(2'')-Ia tobramycin, gentamicin JF826500 

qacE 

chlorhexidine, benzylkonium 

chloride, ethidium bromide, 

cetylpyridinium chloride 

X68232 

blaOXA-129 unknown beta-lactam FJWZ01000025 

ISPa7 

Composite 

transposon 

 

fosA fosfomycin ACWU01000146 

cmx chloramphenicol U85507 

ISPa7 

Composite 

transposon  

aac (6')-Ib-cr 
ciprofloxacin, tobramycin, 

amikacin 
EF636461 

catB3 chloramphenicol U13880 

qacE 

chlorhexidine, benzylkonium 

chloride, ethidium bromide, 

cetylpyridinium chloride 

X68232 

sul1 sulfamethoxazole U12338 

blaOXA-1 

ampicillin+clavulanic acid, 

amoxicillin+clavulanic acid, 

ampicillin, 

piperacillin+tazobactam, 

piperacillin, cefepime, 

amoxicillin 

HQ170510 

ARR-3 rifampicin JF806499 

Isolate 1260990 

395 ISPa1635 

Composite 

transposon 

 

fosA fosfomycin ACWU01000146 

sul1 sulfamethoxazole U12338 

qacE 

ethidium bromide, 

chlorhexidine, benzylkonium 

chloride, cetylpyridinium 

chloride 

X68232 

blaVIM-2 

piperacillin, 

piperacillin+tazobactam, 

ceftazidime, cefixime, 

ertapenem, meropenem, 

AF302086 



amoxicillin, cefepime, 

amoxicillin+clavulanic acid, 

imipenem, ampicillin, 

cefoxitin, 

ampicillin+clavulanic acid, 

cefotaxime 

aph(3')-VIa 

gentamicin, amikacin, 

butirosin, kanamycin, 

paromomycin, neomycin, 

ribostamycin 

X07753 

qacE 

ethidium bromide, 

chlorhexidine, benzylkonium 

chloride, cetylpyridinium 

chloride 

X68232 

aac(6')-Ib-cr 
ciprofloxacin, amikacin, 

tobramycin 
EF636461 

aadA6 spectinomycin, streptomycin AF140629 

aac(6')-Ib3 amikacin, tobramycin X60321 

blaOXA-10 

piperacillin, 

piperacillin+tazobactam, 

aztreonam, amoxicillin, 

ampicillin 

J03427 

catB7 chloramphenicol AF036933 

crpP ciprofloxacin HM560971 

Isolate 1275655 
235 Tn5563 fosA fosfomycin ACWU01000146 

aph(6)-Ic streptomycin X01702 
aph(3')-IIa neomycin, kanamycin V00618 

IS6100 

Composite 

transposon 

aac(6')-33 tobramycin, amikacin GQ337064 

blaGES-19 

ticarcillin, 

ampicillin+clavulanic acid, 

piperacillin, cefoxitin, 

ampicillin, amoxicillin, 

amoxicillin+clavulanic acid, 

ceftazidime 

JN596280 

qacE 

benzylkonium chloride, 

ethidium bromide, 

chlorhexidine, 

cetylpyridinium chloride 

X68232 

sul1 sulfamethoxazole X15024 

blaGES-20 

ticarcillin, 

ampicillin+clavulanic acid, 

piperacillin, cefoxitin, 

ampicillin, amoxicillin, 

amoxicillin+clavulanic acid, 

ceftazidime 

JN596280 

aac(6')-Ib-cr 
tobramycin, amikacin, 

ciprofloxacin,  
EF636461 

blaOXA-2 

ampicillin+clavulanic acid, 

piperacillin, ampicillin, 

amoxicillin, 

amoxicillin+clavulanic acid, 

ceftazidime 

DQ112222 

aac(6')-Ib3 tobramycin, amikacin X60321 



ant(2”)-Ia gentamicin, tobramycin X04555 
Isolate 1324459 
357 Tn4661 

Unit Transposon  

fosA fosfomycin ACWU01000146 

blaVEB-1 

aztreonam, 

ticarcillin+clavulanic acid, 

cefotaxime, cefoxitin, 

cefepime, ticarcillin, 

amoxicillin, 

piperacillin+tazobactam, 

amoxicillin+clavulanic acid, 

ampicillin, ceftazidime, 

ampicillin+clavulanic acid, 

piperacillin 

HM370393 

ant(2'')-Ia tobramycin, gentamicin X04555 
crpP ciprofloxacin HM560971 
dfrB2 trimethoprim AY553333 

blaOXA-10 

aztreonam, amoxicillin, 

piperacillin+tazobactam, 

ampicillin, piperacillin 

J03427 

aac(6')-Il amikacin, tobramycin U13880 
tet(A) tetracycline, doxycycline AY196695 

qacE 

benzylkonium chloride, 

chlorhexidine, ethidium 

bromide, cetylpyridinium 

chloride 

X68232 

sul1 sulfamethoxazole U12338 
catB7 chloramphenicol AF036933 

Isolate 1420275 

309 Tn5563 

Unit transposon 

fosA fosfomycin ACWU01000146 

aac(6')-33 amikacin, tobramycin GQ337064 

qacE 

benzylkonium chloride, 

chlorhexidine, 

cetylpyridinium chloride, 

ethidium bromide 

X68232 

sul1 sulfamethoxazole X15024 

blaGES-20 

piperacillin, amoxicillin, 

amoxicillin+clavulanic acid, 

ampicillin+clavulanic acid, 

ampicillin, ticarcillin, 

ceftazidime, cefoxitin 

JN596280 

aac(6')-Ib-cr 
ciprofloxacin, amikacin, 

tobramycin 
EF636461 

blaOXA-2 

piperacillin, amoxicillin, 

amoxicillin+clavulanic acid, 

ampicillin+clavulanic acid, 

ampicillin, ceftazidime 

DQ112222 

aac(6')-Ib3 amikacin, tobramycin X60321 

ant(2”)-Ia gentamicin, tobramycin M95287 

catB7 chloramphenicol AF036933 

crpP ciprofloxacin HM560971 

blaGES-19 

piperacillin, amoxicillin, 

amoxicillin+clavulanic acid, 

ampicillin+clavulanic acid, 

JN596280 



ampicillin, ticarcillin, 

ceftazidime, cefoxitin 

Isolate 1586981 
235 ISPa7 

Composite 

transposon  

fosA fosfomycin ACWU01000146 

blaOXA-2 

piperacillin, 

amoxicillin+clavulanic acid, 

ceftazidime, 

ampicillin+clavulanic acid, 

amoxicillin, ampicillin 

DQ112222 

aac(6')-Il tobramycin, amikacin U13880 

qacE 

cetylpyridinium chloride, 

chlorhexidine, benzylkonium 

chloride, ethidium bromide 

X68232 

aadA6 spectinomycin, streptomycin AF140629 

sul1 sulfamethoxazole U12338 

aac (6')-31 

netilmicin, sisomicin, 

neomycin, tobramycin, 

isepamicin, gentamicin, 

amikacin, kanamycin 

AM283489 

catB7 chloramphenicol AF036933 

ISPa7 

Composite 

transposon 

aadA6 spectinomycin, streptomycin AF140629 

sul1 sulfamethoxazole U12338 

aac(6')-31 

netilmicin, sisomicin, 

neomycin, tobramycin, 

isepamicin, gentamicin, 

amikacin, kanamycin 

AM283489 

blaOXA-2 

piperacillin, 

amoxicillin+clavulanic acid, 

ceftazidime, 

ampicillin+clavulanic acid, 

amoxicillin, ampicillin 

DQ112222 

aac(6')-Il tobramycin, amikacin U13880 

qacE 

cetylpyridinium chloride, 

chlorhexidine, benzylkonium 

chloride, ethidium bromide 

X68232 

ISPa7 

Composite 

transposon 

aadA6 spectinomycin, streptomycin AF140629 

sul1 sulfamethoxazole U12338 

aac(6')-31 

netilmicin, sisomicin, 

neomycin, tobramycin, 

isepamicin, gentamicin, 

amikacin, kanamycin 

AM283489 

blaOXA-2 

piperacillin, 

amoxicillin+clavulanic acid, 

ceftazidime, 

ampicillin+clavulanic acid, 

amoxicillin, ampicillin 

DQ112222 

aac(6')-Il tobramycin, amikacin U13880 

qacE 

cetylpyridinium chloride, 

chlorhexidine, benzylkonium 

chloride, ethidium bromide 

X68232 

Isolate 1607533 

234 IS6100 

Composite 

transposon 

fosA fosfomycin ACWU01000146 

aph(3'')-Ib streptomycin AF024602 

aph(6)-Id streptomycin M28829 



 

a Transposable elements were identified using MobileElementFinder v1.0.3. 

  

catB7 chloramphenicol AF036933 

crpP ciprofloxacin HM560971 

Tn5563 

Unit transposon 
qacE 

ethidium bromide, 

chlorhexidine, 

cetylpyridinium chloride, 

benzylkonium chloride 

X68232 

ant(2'')-Ia gentamicin, tobramycin X04555 

sul1 sulfamethoxazole X15024 

blaOXA-2 

amoxicillin, piperacillin, 

amoxicillin+clavulanic acid, 

ampicillin+clavulanic acid, 

ceftazidime, ampicillin 

DQ112222 

Isolate 1690076 

309 Tn5563 

Unit transposon 

fosA fosfomycin ACWU01000146 

aac(6')-33 tobramycin, amikacin GQ337064 

qacE 

chlorhexidine, 

cetylpyridinium chloride, 

ethidium bromide, 

benzylkonium chloride 

X68232 

sul1 sulfamethoxazole X15024 

aac(6')-Ib-cr 
tobramycin, amikacin, 

ciprofloxacin 
EF636461 

blaGES-19 

ticarcillin, piperacillin, 

cefoxitin, ceftazidime, 

ampicillin+clavulanic acid, 

amoxicillin, ampicillin, 

amoxicillin+clavulanic acid 

JN596280 

blaOXA-2 

piperacillin, ceftazidime, 

ampicillin+clavulanic acid, 

amoxicillin, ampicillin, 

amoxicillin+clavulanic acid 

DQ112222 

aac(6')-Ib3 tobramycin, amikacin X60321 

catB7 chloramphenicol AF036933 

ant(2”)-Ia gentamicin, tobramycin M95287 

blaGES-20 

ticarcillin, piperacillin, 

cefoxitin, ceftazidime, 

ampicillin+clavulanic acid, 

amoxicillin, ampicillin, 

amoxicillin+clavulanic acid 

JN596280 

IS6100 

Composite 

transposon 

tet(G) tetracycline, doxycycline AF133139 



Table S4. MICs for aminoglycosides of P. aeruginosa containing pSW196a 

 

a MICs for tobramycin (Tob), gentamicin (Gen) and amikacin (Amik) were determined in 

triplicate, as described in the main text, and median values are shown. 

  

Isolate Arabinose absent Arabinose present 

 Tob Gen Amik Tob Gen Amik 

Laboratory reference strain 

PAO1  0.5 1 2 0.5 1 2 

PAO1 [pSW196] 0.5 1 2 0.5 1 2 

PAO1∆mexXY  0.25 0.25 0.5 0.25 0.25 0.5 

PAO1∆mexXY [pSW196] 0.25 0.25 0.5 0.25 0.25 0.5 

PAO1∆mexZ  1 2 4 1 2 4 

PAO1∆mexZ [pSW196]  1 2 4 1 2 4 

PAO1fusA1R680C 2 4 8 2 4 8 

PAO1fusA1R680C 

[pSW196] 

2 4 8 2 4 8 

Clinical Strains 

1257147 512 256 512 512 256 512 

1257147 [pSW196] 512 256 512 512 256 512 

1260990 32 64 128 32 64 128 

1260990 [pSW196] 32 64 128 32 64 128 

006A2 32 32 128 32 32 128 

006A2 [pSW196] 32 32 128 32 32 128 

403-107 2 4 16 2 4 16 

403-107 [pSW196] 2 4 16 2 4 16 

015A 8 16 32 8 16 32 

015A [pSW196] 8 16 32 8 16 32 



Table S5. Bacterial isolates and plasmids used in this study.  

Strain Source Patient 

Location/Sample 

Information 

Bio Sample MLST 

Type  

Reference 

P. aeruginosa reference strain 

PAO1   SAMN11606715 549 [26] 

Clinical isolates of P. aeruginosa 

015A Adult CF Dunedin SAMN07424137 499 [27,28] 

403-105 Adult CF  Brisbane SAMN24255275 775 [27] 

403-107 Adult CF Brisbane SAMN24255277 17 [27] 

006-A2 Child CF Brisbane  SAMN11606760 821 [27,28] 

008-A1  Adult CF Brisbane SAMN11606756 775 [27] 

1257147 Bladder Argentina  SAMN15663255 235 [29] 

1260990 Urine Greece SAMN15663259 395 [29] 

1268230  Wound Spain  SAMN15663262 175 [29] 

1271701 Urine Israel  SAMN15663264 1560 [29] 

1275655 Wound Mexico  SAMN15663267 235 [29] 

1295835 Sputum Italy SAMN15663273 646 [29] 

1324459 Burn Romania SAMN15663277 357 [29] 

1344658 Respiratory Turkey SAMN15663278 292 [29] 

1420275 Respiratory Mexico SAMN15663281 309 [29] 

1586994 Blood Belgium SAMN15663287 235 [29] 

1607533 Colon Russia SAMN15663288 234 [29] 

1690076 Respiratory Mexico  SAMN15663290 309 [29] 

P. aeruginosa  engineered mutants 

Mutants  Genotype/ relevant characteristics Reference 

PAO1∆ mexXY Deletion of mexXY genes in reference strain PAO1  [30] 

PAO1∆ mexZ Deletion of mexZ gene in reference strain PAO1 [30] 

PAO1 fusA1R680C R680C mutation in elongation factor G fusA1 of reference 

strain PAO1 

This study 

015A∆ mexXY Deletion of mexXY genes from isolate 015A  [30] 

403-107∆ mexXY Deletion of mexXY genes from isolate 403-107 [30] 

1257147∆ mexXY Deletion of mexXY genes from isolate 1257147 [30] 

1260990∆ mexXY Deletion of mexXY genes from isolate 1260990 [30] 

1257147 ∆ ant (2”)-Ia Deletion of aminoglycoside nucleotidyltransferases (ant 

(2”)-Ia) from isolate 1257147 

This study 

1260990∆ aac (6’)-Ib3  Deletion of aminoglycoside acetyltransferases (aac (6’)-

Ib3) from isolate 1260990 

This study 

1260990∆ aph (3’)-VIa Deletion of aminoglycoside phosphoryltransferases (aph 

(3’)-VIa) from isolate 1260990 

This study 

1260990∆ aac (6’)-Ib3 ∆ 

aph (3’)-VIa 

Deletion of aminoglycoside acetyltransferases (aac (6’)-

Ib3) and aminoglycoside phosphoryltransferases (aph (3’)-

VIa) from isolate 1260990 

This study 



P. aeruginosa carrying cloned genes encoding aminoglycoside modifying enzymes  

Strains  Genotype/ relevant characteristics Reference 

PAO1 [pSW196] Strain PAO1 with pSW196 vector integrated at 

chromosomal attB site 

This study  

PAO1 [pSW196::ant (2”)-

Ia] 

Strain PAO1 expressing ant (2”)-Ia This study 

PAO1 [pSW196::aac (6’)-

Ib3] 

Strain PAO1 expressing aac (6’)-Ib3 This study 

PAO1 [pSW196- aph (3’)-

VIa] 

Strain PAO1 expressing aph (3’)-VIa This study 

PAO1∆ mexXY [pSW196] PAO1∆ mexXY with pSW196 vector integrated at 

chromosomal attB site 

This study 

PAO1∆mexXY 

[pSW196::ant (2”)-Ia] 

PAO1∆ mexXY expressing ant (2”)-Ia This study  

PAO1∆mexXY 

[pSW196::aac (6’)-Ib3] 

PAO1∆ mexXY expressing aac (6’)-Ib3 This study 

PAO1∆mexXY [pSW196:: 
aph (3’)-VIa] 

PAO1∆ mexXY expressing aph (3’)-VIa This study 

PAO1∆ mexZ [pSW196] PAO1∆ mexZ with pSW196 vector integrated at 

chromosomal attB site 

This study 

PAO1∆mexZ 

[pSW196::ant (2”)-Ia] 

PAO1∆ mexZ expressing ant (2”)-Ia This study 

PAO1∆mexZ 

[pSW196::aac (6’)-Ib3] 

PAO1∆ mexZ expressing aac (6’)-Ib3 This study 

PAO1∆mexZ [pSW196:: 
aph (3’)-VIa] 

PAO1∆ mexZ expressing aph (3’)-VIa This study 

PAO1 fusA1R680C 

[pSW196] 

PAO1 fusA1R680C with pSW196 vector integrated at 

chromosomal attB site 

This study 

PAO1fusA1R680C 

[pSW196::ant (2”)-Ia] 

PAO1 fusA1R680C expressing ant (2”)-Ia This study 

PAO1fusA1R680C 

[pSW196::aac (6’)-Ib3] 

PAO1 fusA1R680C expressing aac (6’)-Ib3 This study 

PAO1fusA1R680C 

[pSW196:: aph (3’)-VIa] 

PAO1 fusA1R680C expressing aph (3’)-VIa This study 

006A2 [pSW196] 006A2 with pSW196 vector integrated at chromosomal attB 

site 

This study 

006A2 [pSW196::ant (2”)-

Ia] 

006A2 expressing ant (2”)-Ia This study 

006A2 [pSW196::aac (6’)-

Ib3] 

006A2 expressing aac (6’)-Ib3 This study 

006A2 [pSW196::aph (3’)-

VIa] 

006A2 expressing aph (3’)-VIa This study 

006A2∆mexXY [pSW196] 006A2∆mexXY with pSW196 vector integrated at 

chromosomal attB site 

This study 



006A2∆mexXY 

[pSW196::ant (2”)-Ia] 

006A2∆mexXY expressing ant (2”)-Ia This study 

006A2∆mexXY 

[pSW196::aac (6’)-Ib3] 

006A2∆mexXY expressing aac (6’)-Ib3 This study 

006A2∆mexXY [pSW196:: 
aph (3’)-VIa] 

006A2∆mexXY expressing aph (3’)-VIa This study 

403-107 [pSW196] 403-107 with pSW196 vector integrated at chromosomal 

attB site 

This study 

403-107 [pSW196::ant 

(2”)-Ia] 

403-107 expressing ant (2”)-Ia This study 

403-107 [pSW196::aac 

(6’)-Ib3] 

403-107 expressing aac (6’)-Ib3 This study 

403-107 [pSW196::aph 

(3’)-VIa] 

403-107 expressing aph (3’)-VIa This study 

403-107∆mexXY 

[pSW196] 

403-107∆mexXY with pSW196 vector integrated at 

chromosomal attB site 

This study 

403-107∆mexXY [pSW196 

::ant (2”)-Ia] 

403-107∆mexXY expressing ant (2”)-Ia This study 

403-107∆mexXY [pSW196 

::aac (6’)-Ib3] 

403-107∆mexXY expressing aac (6’)-Ib3 This study 

403-107∆mexXY [pSW196 

::aph (3’)-VIa] 

403-107∆mexXY expressing aph (3’)-VIa This study 

015A [pSW196] 015A with pSW196 vector integrated at chromosomal attB 

site 

This study 

015A [pSW196::ant (2”)-

Ia] 

015A expressing ant (2”)-Ia This study 

015A [pSW196::aac (6’)-

Ib3] 

015A expressing aac (6’)-Ib3 This study 

015A [pSW196::aph (3’)-

VIa] 

015A expressing aph (3’)-VIa This study 

015A∆mexXY [pSW196] 015A∆mexXY with pSW196 vector integrated at 

chromosomal attB site 

This study 

015A∆mexXY 

[pSW196::ant (2”)-Ia] 

015A∆mexXY expressing ant (2”)-Ia This study 

015A∆mexXY 

[pSW196::aac (6’)-Ib3] 

015A∆mexXY expressing aac (6’)-Ib3 This study 

015A∆mexXY 

[pSW196::aph (3’)-VIa] 

015A∆mexXY expressing aph (3’)-VIa  This study 

1257147∆ ant (2”)-Ia 

[pSW196::ant (2”)-Ia] 

1257147∆ ant (2”)-Ia expressing ant (2”)-Ia  This study 

1260990∆ aac (6’)-Ib3 

[pSW196::aac (6’)-Ib3] 

1260990∆ aac (6’)-Ib3 expressing aac (6’)-Ib3 This study 

1260990∆ aph (3’)-VIa 

[pSW196::aph (3’)-VIa] 

 

 

1260990∆ aph (3’)-VIa expressing aph (3’)-VIa This study 



Strains of Escherichia coli 

Strain  Genotype/ relevant characteristics Reference 

JM83 ara, ∆(lac-proAB) rpsL(strA), φ80, lacZ∆M15 [31] 

ST18 S 17 λpir∆hemA [32] 

Plasmids used in the study 

Plasmids  Genotype/ relevant characteristics Reference 

pEX18Tc pMB1 replicon, oriTa sacBb, TcR c, allelic exchange vector [33] 

pEX18Tc::∆mexXY pEX18Tc derivatives carrying mexXY (PA2018-PA2019) 

flanking regions  

This study  

pEX18Tc::∆mexZ pEX18Tc derivatives carrying mexZ (PA2020) flanking 

regions 

This study  

pEX18Tc::fusA1(R680C) pEX18Tc  This study 

pEX18Tc::∆ ant (2”)-Ia pEX18Tc derivatives carrying ant (2”)-Ia flanking regions This study 

pEX18Tc::∆ aac (6’)-Ib3 pEX18Tc derivatives carrying aac (6’)-Ib3 flanking regions This study 

pEX18Tc::∆ aph (3’)-VIa pEX18Tc derivatives carrying aph (3’)-VIa flanking 

regions 

This study 

pSW196 Site-specific integrative plasmid (attB site), araC-pBAD 

cassette 

[34] 

pSW196::ant (2”)-Ia pSW196 expressing arabinose-inducible ant (2”)-Ia This study 

pSW196::aac (6’)-Ib3 pSW196 expressing arabinose-inducible aac (6’)-Ib3 This study 

pSW196::aph (3’)-VIa pSW196 expressing arabinose-inducible aph (3’)-VIa  This study 

 

  



 

Supplementary Table S6. Primers used in this study.  

Primers Sequencesa 

Ant (2)-Ia_F 5' CCCCC GAATTC GTGGCGGTTTTCATGGCTT 3' 

Ant (2)-Ia_R 5' GGGGG GCGGCCGC GCTTGGACGAATTGTTAGGC 3' 

Ant_F1F 5' CCCCC GAATTC GTGGCGGTTTTCATGGCTT 3' 

Ant_F1R 5' GGGGG TCTAGA AAGCAGGTTCGCAGTCAAGT 3' 

Ant_F2F 5' CCCCC TCTAGA CCGCTTTCAGGTCGCGATA 3' 

Ant_F2R 5' GGGGG AAGCTT GAAACTTGTATAGCGCCCCTTA 3' 

Ant_SF 5' GATGCGTGGAGACCGAAAC 3' 

Ant_SR 5' ACCATGCACTGATTCACTGG 3' 

Aac (6)-Ib_F 5' CCCCC GAATTC GCTGGACAGTCCCAGTCG 3' 

Aac (6)-Ib_R 5' GGGGG GCGGCCGC GATGGAAGGGTTAGGCATCA 3' 

Aac_F1F 5' CCCCC GAATTC CAGCGAGCCATTTGAGTCAA 3' 

Aac_F1R 5' GGGGG GGTACC GGAATCGTTGCTGTTGGTCA 3' 

Aac_F2F 5' CCCCC GGTACC TGCCTAACCCTTCCATCGAG 3' 

Aac_F2R 5' GGGGG AAGCTT CATCGTGATCTCCGTTCGTG 3' 

Aac_SF 5' TCTGGTGTGGGAACTGAGTC 3' 

Aac_SR 5' CCGGAATTTCGCTGACTGTC 3' 

Aph (3’)-VIa_CF 5' GGGG GCGGCCGC TCATCTATTTACTAGGCCTCGCA 3' 

Aph (3’)-VIa_CR 5' GGGGG GAGCTC GGTGGTTTATGTCGCACTTCA 3' 

Aph_F1_F 5' CCCCC GAGCTC TGCCGCGAATGGTATTGAC 3' 

Aph_FI_R 5' CCCCC TCTAGA GAGAGGATGCATCGGAGGAA 3' 

Aph_F2_F 5' CCCCC TCTAGA TGGCTCTAAAACGCTGTTTCC 3' 

Aph_F2_R1 5' CCCCC AAGCTT GTATCAGCTCAAGACGCCGT 3' 

Aph_SR_F 5' CGCACTTCAAGTTTTACTCTGC 3' 

Aph_SR_R 5' TGGCTTTTGAAACTGTCGCA 3' 

mexXY_F1 5’ CCCCC GGTACC GAGTCGGCTGATG ACCTACA 3’ 

mexXY_R1 5'GGGGG TCTAGA GTACCGCTGTTCTTCCTGGT 3' 

mexXY_F2 5’ CCCCC TCTAGATGTCCCTCGATTC GTGAACT 3’ 

mexXY_R2 5' GGGGG AAGCTT GCTCTACATCGAC GGCAAG 3' 

PA2017_F 5' GCA GCC TGT ACG TGG TCA  3' 

mexZ_R 5' GGG TTT TCT GGG ATT CCT CT 3' 

mexX_F 5' CCCCC GAATTC GTTCTCGACGATCACCCACT 3' 

mexX_R 5' GGGGG TCTAGA GGGTTTTCTGGGATTCCTCT 3' 

PA2022_F 5' CCCCC TCTAGA CGCAGTTCTCCCTACCTGTT 3' 

PA2022_R 5' GGGGG AAGCTT CGCAGTATCTGGCTGTCGTA 3' 

mexZ_SR_F 5' GTGTCCCTCGATTCGTGAAC 3' 



aIntroduced restriction sites are underlined. 

 

 

References are listed below.  

mexZ_SR_R 5' CGTGAAGCTACCGTGACAGA 3' 

fusA1_F 5' GGGGG TCTAGA TTACTCGATGATCTTGGCAAC 3' 

fusA1_R 5' CCCCC AAGCTT GAAGCCGAGATCAAGGAAGG 3' 

fusA1_Scr_F 5' GTATTCAACGTGCGAGGTGT 3' 

fusA1_Scr_R 5' GTTCAAGATCGCTGCTTCCA 3' 

CTXmcsDown 5' TGACTACGTGGTTCCTGGCCTG 

CTXmcsUP 5' TTCAAAAGGTCATCCACCGGC 
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