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SUPPLEMENTARY TABLES

Supplementary Table 1. Overview of the β-lactamase enzymes investigated in this study. All tested enzymes belong to distinct phylogenetic clusters (see Supplementary File 1), with the exception of BPS-1m and BPS-6. The “Cysteine positions” column states the positions of cysteine residues after amino acid 30 and hence, does not include amino acids that are part of the periplasmic signal sequence which is cleaved after protein translocation. All β-lactamase enzymes except L2-1 and LUT-1 (shaded in grey), which are used as negative controls throughout this study, have one or more disulfide bonds. Both L2-1 and LUT-1 contain two or more cysteine residues, but lack disulfide bonds as they are transported to the periplasm in a folded state by the Twin-arginine translocation (Tat) system; for L2-1 Tat-dependent translocation has been experimentally confirmed (1), whereas for LUT-1 this is strongly corroborated by signal peptide prediction software (SignalP 5.0 (2) likelihood scores: Sec/SPI = 0.0572, Tat/SPI = 0.9312, Sec/SPII (lipoprotein) = 0.0087, other = 0.0029). The “Mob.” (mobilizable) column refers to the possibility for the β-lactamase gene to be mobilized from the chromosome; “yes” indicates that the gene of interest is located on a mobile element, while “no” refers to immobile chromosomally-encoded enzymes. The “Spectrum” column refers to the hydrolytic spectrum of each tested enzyme; tested enzymes are narrow-spectrum β-lactamases (NS), extended-spectrum β-lactamases (ESBL) or carbapenemases. The “Inh.” (inhibition) column refers to classical inhibitor susceptibility i.e., susceptibility to inhibition by clavulanic acid, tazobactam or sulbactam. Finally, the “Organism” column refers to the bacterial species that most commonly express the tested β-lactamase enzymes.

	ENZYME
	CYSTEINE POSITIONS
	AMBLER CLASS
	MOB.
	SPECTRUM
	INH.
	ORGANISM

	L2-1
	C82 C136 C233
	A
	no
	ESBL
	yes
	Stenotrophomonas maltophilia

	LUT-1
	C54 C129
	A
	no (3)
	NS
	yes
	Pseudomonas luteola

	BEL-1
	C61 C231
	A
	yes (4)
	ESBL
	yes
	Pseudomonas aeruginosa

	CARB-2
	C72 C118
	A
	yes (5)
	NS
	yes
	Pseudomonas spp.

	BPS-1m
	C75 C83 C129
	A
	no (6)
	ESBL
	yes
	Burkholderia pseudomallei

	BPS-6
	C75 C83 C129
	A
	no (7)
	ESBL
	yes
	Burkholderia pseudomallei

	GES-19, 20, or 26
	C63 C233
	A
	yes (8)
	ESBLs
	yes
	Enterobacteriaceae, Pseudomonas aeruginosa

	AIM-1
	C31 C56 C194 C199 C234 C274
	B3
	yes (9)
	carbapenemase
	no (10)
	Pseudomonas aeruginosa

	L1-1
	C239 C265
	B3
	no (10)
	carbapenemase
	no (10)
	Stenotrophomonas maltophilia

	POM-1
	C237 C265
	B3
	no (11)
	carbapenemase
	no (10)
	Pseudomonas otitidis

	SMB-1
	C180 C 185 C226 C260
	B3
	yes (12)
	carbapenemase
	no (10)
	Serratia spp.

	OXA-50
	C208 C211
	D
	no (13)
	NS
	no (13)
	Pseudomonas spp.



Supplementary Table 2. Bacterial strains used in this study. All listed isolates are clinical strains. “FNRCAR” refers to the French National Reference Centre for Antibiotic Resistance in Le Kremlin-Bicêtre, France, and “CDC AR Isolate bank” refers to the Centers for Disease Control and Prevention Antibiotic Resistance Isolate Bank in Atlanta, GA, USA.

	NAME
	DESCRIPTION
	SOURCE

	Escherichia coli

	DH5α
	F– endA1 glnV44 thi-1 recA1 relA1 gyrA96 deoR nupG purB20 φ80dlacZ∆M15 ∆(lacZYA-argF)U169 hsdR17(rK–mK+) λ–
	(14)

	[bookmark: _Hlk128507941]DH5αλpir
	λpir
	(15)

	CC118λpir
	araD Δ(ara, leu) ΔlacZ74 phoA20 galK thi-1 rspE rpoB argE recA1 λpir
	(16)

	HB101
	supE44 hsdS20 recA13 ara-14 proA2 lacY1 galK2 rpsL20 xyl-5 mtl-1
	(17)

	MC1000
	araD139 ∆(ara, leu)7697 ∆lacX74 galU galK strA
	(18)

	MC1000 dsbA
	dsbA::aphA, KanR
	(19)

	MC1000 dsbA attTn7::Ptac-dsbA
	dsbA::aphA attTn7::dsbA, KanR
	(20)

	Clinical isolates

	Pseudomonas aeruginosa PAO1
	wild-type prototroph
	(21)

	Pseudomonas aeruginosa PA14
	wild-type prototroph
	(22)

	[bookmark: _Hlk128511141]Pseudomonas aeruginosa PA14 attTn7::accC
	attTn7::accC, GentR
	This study

	[bookmark: _Hlk128506173]Pseudomonas aeruginosa G4R7
	blaAIM-1
	FNRCAR

	Pseudomonas aeruginosa G4R7 dsbA1
	dsbA1 blaAIM-1
	This study

	Pseudomonas aeruginosa G6R7
	blaAIM-1
	FNRCAR

	Pseudomonas aeruginosa G6R7 dsbA1
	dsbA1 blaAIM-1
	This study

	[bookmark: _Hlk128506327]Pseudomonas aeruginosa CDC #769
	blaGES-19 blaGES-26
	CDC AR Isolate Bank

	Pseudomonas aeruginosa CDC #769 dsbA1
	dsbA1 blaGES-19 blaGES-26
	This study

	Pseudomonas aeruginosa CDC #769 dsbA1 attTn7::accC msfgfp dsbA1
	dsbA1 blaGES-19 blaGES-26 attTn7::accC msfgfp dsbA1, GentR
	This study

	Pseudomonas aeruginosa CDC #773
	blaGES-19 blaGES-20
	CDC AR Isolate Bank

	Pseudomonas aeruginosa CDC #773 dsbA1
	dsbA1 blaGES-19 blaGES-20
	This study

	Stenotrophomonas maltophilia AMM
	blaL2-1 blaL1-1
	(23)

	Stenotrophomonas maltophilia AMM dsbA dsbL
	dsbA dsbL blaL2-1 blaL1-1
	This study

	Stenotrophomonas maltophilia AMM attTn7::accC msfgfp
	blaL2-1 blaL1-1
attTn7::accC msfgfp, GentR
	This study

	Stenotrophomonas maltophilia AMM dsbA dsbL attTn7::accC msfgfp
	dsbA dsbL blaL2-1 blaL1-1 attTn7::accC msfgfp, GentR
	This study

	Stenotrophomonas maltophilia AMM dsbA dsbL attTn7::accC msfgfp dsbA1
	dsbA dsbL blaL2-1 blaL1-1 attTn7::accC msfgfp dsbA1, GentR
	This study

	Stenotrophomonas maltophilia GUE
	blaL2-1 blaL1-1
	(23)

	Stenotrophomonas maltophilia GUE
dsbA dsbL
	dsbA dsbL blaL2-1 blaL1-1
	This study



Supplementary Table 3. Plasmids used in this study.

	NAME
	DESCRIPTION
	SOURCE

	pDM1
	pDM1 vector (GenBank MN128719), p15A ori, Ptac promoter, MCS, TetR
	Mavridou lab stock

	pDM1-blaL2-1
	blaL2-1 cloned into pDM1, TetR
	(20)

	pDM1-blaLUT-1
	blaLUT-1 cloned into pDM1, TetR
	This study

	pDM1-blaBEL-1
	blaBEL-1 cloned into pDM1, TetR
	This study

	pDM1-blaCARB-2
	blaCARB-2 cloned into pDM1, TetR
	This study

	pDM1-blaBPS-1m
	blaBPS-1m cloned into pDM1, TetR
	This study

	pDM1-blaBPS-6
	blaBPS-6 cloned into pDM1, TetR
	This study

	pDM1-blaAIM-1
	blaAIM-1 cloned into pDM1, TetR
	This study

	pDM1-blaPOM-1
	blaPOM-1 cloned into pDM1, TetR
	This study

	pDM1-blaSMB-1
	blaSMB-1 cloned into pDM1, TetR
	This study

	pDM1-blaOXA-50
	blaOXA-50 cloned into pDM1, TetR
	This study

	pDM1-blaBEL-1-StrepII
	blaBEL-1 encoding BEL-1 with a C-terminal StrepII tag cloned into pDM1, TetR
	This study

	pDM1-blaCARB-2-StrepII
	blaCARB-2 encoding CARB-2 with a C-terminal StrepII tag cloned into pDM1, TetR
	This study

	pDM1-blaBPS-1m-StrepII
	blaBPS-1m encoding BPS-1m with a C-terminal StrepII tag cloned into pDM1, TetR
	This study

	pDM1-blaAIM-1-StrepII
	blaAIM-1 encoding AIM-1 with a C-terminal StrepII tag cloned into pDM1, TetR
	This study

	pDM1-blaL2-1-StrepII
	blaL2-1 encoding L2-1 with a C-terminal StrepII tag cloned into pDM1, TetR
	(20)

	pDM1-blaPOM-1-StrepII
	blaPOM-1 encoding POM-1 with a C-terminal StrepII tag cloned into pDM1, TetR
	This study

	pDM1-blaSMB-1-StrepII
	blaSMB-1 encoding SMB-1 with a C-terminal StrepII tag cloned into pDM1, TetR
	This study

	pDM1-blaOXA-50-StrepII
	blaOXA-50 encoding OXA-50 with a C-terminal StrepII tag cloned into pDM1, TetR
	This study

	pKNG101
	Gene replacement suicide vector, oriR6K, oriTRK2, sacB, StrR
	(24)

	pKNG102
	Gene replacement suicide vector, oriR6K, oriTRK2, sacB, TetR
	Bernal lab stock

	pKNG101-dsbA1
	PCR fragment containing the regions upstream and downstream P. aeruginosa dsbA1 cloned in pKNG101; when inserted into the chromosome, the strain is a merodiploid for dsbA1 mutant, StrR
	(20)

	pKNG102-dsbA1-769
	PCR fragment containing the regions upstream and downstream P. aeruginosa CDC #769 (Supplementary Table 2) dsbA1 cloned in pKNG102; when inserted into the chromosome, the strain is a merodiploid for dsbA1 mutant, TetR
	This study

	pKNG102-dsbA1-773
	PCR fragment containing the regions upstream and downstream P. aeruginosa CDC #773 (Supplementary Table 2) dsbA1 cloned in pKNG102; when inserted into the chromosome, the strain is a merodiploid for dsbA1 mutant, TetR
	This study

	pKNG101-dsbA dsbL-AMM
	PCR fragment containing the regions upstream and downstream S. maltophilia AMM dsbA and dsbL genes cloned in pKNG101; when inserted into the chromosome, the strain is a merodiploid for dsbA dsbL mutant, StrR
	This study

	pKNG101-dsbA dsbL-GUE
	PCR fragment containing the regions upstream and downstream S. maltophilia GUE dsbA and dsbL genes cloned in pKNG101; when inserted into the chromosome, the strain is a merodiploid for dsbA dsbL mutant, StrR
	This study

	pRK600
	Helper plasmid, ColE1 ori, mobRK2, traRK2, CamR
	(25)

	pTn7-M
	Mini-Tn7 delivery transposon vector containing the Tn7 flanking regions and a GentR marker, R6K ori, KanR, GentR
	(26)

	pBG42
	Mini-Tn7 delivery transposon vector containing the Tn7 flanking regions, a GentR marker and msfgfp, R6K ori, KanR, GentR
	(26)

	pBG42-PAO1dsbA1
	dsbA1 encoding DsbA1 from P. aeruginosa PAO1 cloned into pBG42, KanR, GentR
	This study

	pTNS2
	Helper plasmid, R6K ori; encodes the TnsABC+D specific transposition pathway, AmpR
	(27)

	pMK-RQ carb-2
	GeneArt® cloning vector containing carb-2, ColE1 ori, (template for carb-2), KanR
	This study

	pMK-RQ bps-1m
	GeneArt® cloning vector containing bps-1m, ColE1 ori, (template for bps-1m), KanR
	This study

	pMK-RQ bps-6
	GeneArt® cloning vector containing bps-6, ColE1 ori, (template for bps-6), KanR
	This study

	pMK-RQ smb-1
	GeneArt® cloning vector containing smb-1, ColE1 ori, (template for smb-1), KanR
	This study



Supplementary Table 4. Oligonucleotide primers used in this study. The “Brief description” column provides basic information on the primer design (restriction enzyme used for cloning, encoded protein or gene replaced by antibiotic resistance cassette, forward or reverse orientation of the primer (F or R); SQ stands for sequencing primers).

	NUMBER
	BRIEF DESCRIPTION
	SEQUENCE (5ˊ-3ˊ)

	P1
	SacI.LUT-1.F
	ctggagctcaatgtcatcctgaaccgtcga

	P2
	PstI.LUT-1.R
	cagctgcagtcagcctgtcacccattcag

	P3
	SacI.BEL-1.F
	ctggagctcaaactgctctacccgttattgc

	P4
	PstI.BEL-1.R
	cagctgcagtcagtgaacatattgacgtgc

	P5
	SacI.CARB-2.F
	ctggagctcaagtttttattggcattttcgc

	P6
	KpnI.CARB-2.R
	cagggtacctcagcgcgactgtgatgta

	P7
	SacI.BPS-1m.F
	ctggagctcaatcattctccgttgcgccgctc

	P8
	XmaI.BPS-1m.R
	caacccgggtcaggcgaacgcccgcgcg

	P9
	SacI.AIM-1.F
	ctggagctcaaacgtcgcttcaccctgg

	P10
	KpnI.AIM-1.R
	ctgggtacctcaaggccgcgcgccgctg

	P11
	SacI.POM-1.F
	ctggagctccgtaccctgaccctcg

	P12
	KpnI.POM-1.R
	cagggtaccttatgcgtcatcagagacctc

	P13
	NdeI.SMB-1.F
	cagctccatatgaaaatcatcgcttccctgatcc

	P14
	XmaI.SMB-1.R
	ctgcccgggtcagcgtttctcgctggcca

	P15
	SacI.OXA-50.F
	ctggagctccgccctctcttcagtg

	P16
	KpnI.OXA-50.R
	cagggtacctcagggcagtatcccgagag

	P17
	PstI.StrepII.BEL-1.R
	cagctgcagttatttttcaaattgcggatggctccaagcgctcccgtgaacatattgacgtgctaac

	P18
	KpnI.StrepII.CARB-2.R
	cagggtaccttatttttcaaattgcggatggctccaagcgctcccgcgcgactgtgatgtataa

	P19
	XmaI.StrepII.BPS-1m.R
	ctgcccgggctatttttcaaattgcggatggctccaagcgctcccggcgaacgcccgcgcggcg

	P20
	KpnI.StrepII.AIM-1.R
	cagggtaccttatttttcaaattgcggatggctccaagcgctcccaggccgcgcgccgctggag

	P21
	KpnI.StrepII.POM-1.R
	cagggtaccttatttttcaaattgcggatggctccaagcgctcccgccgcgctgcttc

	P22
	XmaI.StrepII.SMB-1.R
	ctgcccgggctatttttcaaattgcggatggctccaagcgctcccgcgtttctcgctggccag

	P23
	KpnI.StrepII.OXA-50.R
	cagggtaccttatttttcaaattgcggatggctccaagcgctcccgggcagtatcccgagagcc

	P24
	SQ.dsbA1.Paeruginosa.F
	tacctgctcaagcagatgcatg

	P25
	SQ.dsbA1.Paeruginosa.R
	ggtgttcatgtcgcccatca

	P26
	SQ.dsbAdsbL.Smaltophilia.F
	atggtgccgttcgtgcaga

	P27
	SQ.dsbAdsbL.Smaltophilia.R
	acagcacctgcatttccgg

	P28
	XbaI.dsbA1.F
	ggttcctctagagcctacttcgccagccagaa

	P29
	pKNG101-dsbA1.body.R
	ctacttcttgttacgcatcgttcactc

	P30
	pKNG101-dsbA1.body.F
	atgcgtaacaagaagtaggcaaggtga

	P31
	BamHI.dsbA1.R
	aattaaggatcctcatcactaccaccagcgcg

	P32
	XbaI.dsbAdsbL.F
	ggttcctctagatcttctggtacagcacctgcatttccg

	P33
	pKNG102-dsbAdsbL.body.R
	tgcgtgtcgatgaggttggctcactga

	P34
	pKNG102-dsbAdsbL.body.F
	tctcttggatcagtgagccaacctcat

	P35
	BamHI.dsbAdsbL.R
	aattaaggatcctcgctggaggtggatttcagcaagacc

	P36
	pBG42-vector.F
	gaattcgagctcggtaccc

	P37
	pBG42-vector.R
	tagaaaacctccttagcatgattaagatg

	P38
	PAO1dsbA1-insert.F
	catgctaaggaggttttctaatgcgtaacctgattctcacc

	P39
	PAO1dsbA1-insert.R
	gtaccgagctcgaattcctacttcttggccgctgc

	P40
	HindIII.PEM7-msfgfp.F
	cacaaagctttgttgacaattaatcatcggcatagtatatcggcatagtataatacgacaaggtgaggaactaaaccaggaggaaaaacatatgcgtaaaggtgaagaactgttcac

	P41
	msfgfp.BamHI.R
	cacaggatccttatttgtagagttcatccatgccg

	P42
	SQ.pBG42-PAO1dsbA1.F
	ccgctgcgttcggtc

	P43
	SQ.pBG42-PAO1dsbA1.R
	ccaagactagtcgccagg

	P44
	SQ.Tn7.Paeruginosa.F
	gtcgaagccgagctggtg

	P45
	SQ.Tn7.Paeruginosa.R
	gatcgccaagggtgcctg

	P46
	SQ.Tn7.Smaltophilia.F
	gtcgatgccgcccaagaag

	P47
	SQ.Tn7.Smaltophilia.R
	gatggcaccttccatgagaac



[bookmark: OLE_LINK1]Supplementary Table 5. Sources of genomic DNA used for amplification of β-lactamase genes used in this study. CRBIP stands for Centre de Ressources Biologiques de l’Institut Pasteur, France and FNRCAR refers to the French National Reference Centre for Antibiotic Resistance in Le Kremlin-Bicêtre, France.

	STRAIN
	GENE
	SOURCE

	Pseudomonas aeruginosa 51170
	blaBEL-1
	(4)

	Pseudomonas luteola CIP 102067
	blaLUT-1
	CRBIP

	Pseudomonas aeruginosa G4R7
	blaAIM-1
	FNRCAR

	Pseudomonas otitidis CIP 109236T
	blaPOM-1
	CRBIP

	Pseudomonas aeruginosa PAO1 LA
	blaOXA-50
	(21)
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