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Table S1. Genes encoding enzymes involved in processing halogenated benzoates in P. knackmussii and their homologs in P. putida KT2440
(or in the catabolic pWWO TOL plasmid of strain mt-2).

P. knackmussii

P. putida KT2440 protein with highest

pWWO protein with highest

Encoded function

gene homology | % identity homology | % identity
PKB_1739 CatA-ll (PP_3166) | 78.3% none Catechol 1,2-dioxygenase
CatA (PP_3713) | 74.1%
PKB_2098 BenR (PP_3159) | 72.6% XyIS | 58.7% Transcriptional regulator (XylS homolog)
PKB_2100 BenA (PP_3161) | 86.7% XyIX | 71.7% Benzoate 1,2-dioxygenase subunit alpha
PKB_2101 BenB (PP_3162) | 83.9% Xyl | 77.2% Benzoate 1,2-dioxygenase subunit beta
PKB_2102 BenC (PP_3163) | 84.8% XylZ | 85.2% Benzoate 1,2-dioxygenase electron transfer component
PKB_2103 BenD (PP_3164) | 79.7% XylL | 77.0% 1,2-Dihydroxybenzoate dehydrogenase
PKB_2104 CatR (PP_3716) | 81.5% none HTH-type transcriptional regulator
PKB_2105 CatB (PP_3715) | 85% none Muconate cycloisomerase
PKB_2106 CatC (PP_3714) | 92.7% none Muconolactone 3-isomerase
PKB_2107 CatA-Il (PP_3166 | 80.5% none catechol 1,2-dioxygenase
CatA (PP_3713) f 75.2%
PKB_3272 YnfL (PP_5071) | 32.6% none LysR family transcriptional regulator
CatR (PP_3716) | 33.0%
PKB_3273 CatA (PP_3713) | 31.3% none Catechol 1,2-dioxygenase
CatA-Il (PP_3166) | 29.1%
PKB_3274 CatB (PP_3715) | 42.0% none Muconate cycloisomerase
PKB_3621 YnfL (PP_5071) | 32.6% none LysR family transcriptional regulator
(identical to CatR (PP_. 3716 | 33.0%
PKB_3272)
PKB_3622 CatA (PP_3713) | 31.3% none Catechol 1,2-dioxygenase
(identical to CatA-ll (PP_3166) | 29.1%
PKB_3273)
PKB_3623 CatB (PP_3715) | 42.0% none Muconate and cycloisomerase
(identical to
PKB_3274)

Table rows are shaded to indicate the respective genes' location within separate clusters in the chromosome of P. knackmussii. Homology

values are based on the amino acid sequences of proteins encoded by the listed genes.



Table S2. Specific growth rates of selected strains used in this study.

Maximum specific growth rate, Pmax ("), for strain:

Hedumacves D P knackmussi ESMEF\>/1/32221é PMP1053
30 mM glucose 1.04 £0.09 0.40 £ 0.08 0.76 £ 0.16 0.91+0.12
?f e 3 0.73+0.14 no growth 0.16 +0.09 0.39:£0.03
30 mM 2-FBz no growth no growth n.d. no growth
30 mM 3-FBz no growth no growth n.d. no growth
30 mM 4-FBz no growth no growth n.d. no growth
30 mM glucose, 1 mM catechol 0.83+0.17 0.36 £ 0.06 0.83+0.13 n.d.

30 mM glucose, 2 mM catechol 0.78 £ 0.14 0.32+£0.01 0.89+0.11 n.d.

30 mM glucose, 1 mM 3-FC 0.63+0.10 0.22 £0.05 0.49 £ 0.03 n.d.

30 mM glucose, 2 mM 3-FC 0.37 £ 0.01 0.12+0.02 0.22 +£0.02 no growth
30 mM glucose, 5 mM 3-FC no growth no growth no growth no growth
30 mM glucose, 1 mM 4-FC 0.60 £ 0.11 0.24 £0.03 0.63+0.19 n.d.

30 mM glucose, 2 mM 4-FC 0.76 £ 0.08 0.30 £ 0.01 0.50 £ 0.05 0.76 £0.13
30 mM glucose, 5 mM 4-FC no growth no growth no growth no growth
30 mM glucose, 10 mM 2-FBz 0.65+0.13 0.26 £ 0.02 n.d. n.d.

30 mM glucose, 15 mM 2-FBz 0.61+0.12 0.22+£0.03 n.d. n.d.

30 mM glucose, 20 mM 2-FBz 0.56 £0.14 no growth n.d. n.d.

30 mM glucose, 5 mM 3-FBz 0.39+0.19 0.05 % 0.01 0.39 £ 0.06 n.d.

30 mM glucose, 10 mM 3-FBz 0.14+£0.08 no growth 0.38 £ 0.04 0.45+0.02
30 mM glucose, 15 mM 3-FBz no growth no growth 0.36 £ 0.07 0.45+0.03
30 mM glucose, 20 mM 3-FBz no growth no growth 0.35+0.08 0.46 £ 0.02
30 mM glucose, 30 mM 3-FBz no growth no growth n.d. 0.24 £ 0.04
30 mM glucose, 40 mM 3-FBz no growth no growth n.d. 0.23+£0.05
30 mM glucose, 50 mM 3-FBz no growth no growth n.d. 0.20 £0.04
30 mM glucose, 10 mM 2-FMA 0.98+£0.16 n.d. n.d. 0.98+0.15
30 mM glucose, 15 mM 2-FMA 0.66 £ 0.04 n.d. n.d. 0.56 £ 0.05
30 mM glucose, 20 mM 2-FMA no growth n.d. n.d. no growth

The experiments were performed in 96-well microtiter plates with each well containing 200 pL of DBM medium buffered with 5 g L' MOPS and
varying concentrations of carbon sources and (fluoro)metabolites involved in the bioconversion process. Maximum specific growth rates were
determined by Gaussian process regression. Each experiment was performed in three biological replicates. Growth rates are given as average values
+ standard deviation. n.d., not determined.



Table S3. Bacterial strains used in this study.

Strain

Genotype / Relevant characteristics

Reference or source

Escherichia coli

DH50 Apir Cloning host; F- 1~ endA1 ginX44(AS) thiE1 recA1 relA1 spoT1 gyrA96(NalR) rfbC1 deoR Platt et al. !
nupG ®80(lacZAM15) A(argF-lac)U169 hsdR17(r- mk*), A pir lysogen.
NCBI Taxonomy ID: 668369
Pseudomonas

P. putida KT2440

P. knackmussii
PMP1000

PMP0100

PMP0010

PMP0000a

PMP0000b

PMP0000c

PMP1000a
PMP0100a
PMP0100b
PMP0100c
PMP0020

PMP0001

PMP0021
PMP1021
PMP1041

PMP1021e

PMP1021f

PMP1021g

PMP1030

PMP1002

PMP1023

Wild-type strain, derived from P. putida mt-2,% cured of the TOL plasmid pWWO.
NCBI Taxonomy ID: 160488
Wild-type strain, haloaromatic degrader. NCBI Taxonomy ID: 65741

Ptac—benABC

P. putida KT2440 with the chromosomal benABC cluster under control of the constitutive Prac
promoter.®® The native, validated 5'-UTR of benA was kept unchanged,® providing a
predicted translation rate of 220.

Ptac—benD

P. putida KT2440 with benD under control of the constitutive P:c promoter. The native 28 bp
upstream of benD were kept unchanged, providing a translation initiation sequence with a
predicted translation rate of 818.

Pewr—catA

P. putida KT2440 with the constitutive Pew7 promoter chromosomally inserted upstream of
catA. The native 29 bp upstream of catA were kept unchanged, providing a translation
initiation sequence with a predicted translation rate of 3,211.

AcatBC

P. putida KT2440 with both catB and catC deleted.

AcatBC::catA

P. putida KT2440 with the genes catB and catC replaced with an additional copy of catA. The
predicted translation rate of catA with the catB 5'-UTR is 1,934.

AcatBC::catA-Il

P. putida KT2440 with catB and catC replaced with an additional copy of catA-Il. The
predicted translation rate of catA-Il with the catB 5-UTR is 503.

Piac—benABC AcatBC

Puc—benD AcatBC
Puc—benD AcatBC:.catA
Puc—benD AcatBC::catA-Il

Pm(BCD10)—catA

P. putida KT2440 with catA under control of the inducible Pm promoter and the translational
coupling sequence BCD10°" with predicted translation strengths of 28,177 (SD1) and 331
(SD2).

Pm(BCD10)—catA-Il

P. putida KT2440 with catA under control of the inducible Pm promoter and the translational
coupling sequence BCD10 with predicted translation strengths of 28,177 (SD1) and 134
(SD2).

Pm(BCD10)—catA Pm(BCD10)—catA-Il

Piac—benABC Pm(BCD10)—catA Pm(BCD10)—catA-Il

Piac—benABC xyIS/Pmu1-17(BCD10)—catA Pm(BCD10)—catA-Il

Strain PMP1011 with xy/S and its native regulatory sequences chromosomally integrated
upstream of and encoded on the opposite DNA strand as catA, which is controlled by the
inducible Pm promoter variant ML1-17."%

Pac—benABC Pm(BCD10)—catA Pm(BCD10)— catA-Il

Pmm1.17(BCD10)—nicP-1

Strain PMP1022 with nicP- (benf, a porin-like protein) under control of the inducible Pm
promoter variant ML1-17 and the translational coupling sequence BCD10 with predicted
translation strengths of 31,045 (SD1) and 72 (SD2).

Piac—benABC Pm(BCD10)—catA

Pm(BCD10)—catA-Il

Pm1-1—benE-ll

Strain PMP1022 with benE-Il (benzoate transporter) under control of the inducible Pm
promoter variant ML1-17 and the translational coupling sequence BCD10 with predicted
translation strengths of 31,045 (SD1) and 1,594 (SD2).

Pac—benABC Pm(BCD10)—catA Pm(BCD10)— catA-Il

Pmu1-17—benK

Strain PMP1022 with benK (benzoate transporter) under control of the inducible Pm promoter
variant ML1-17 and the translational coupling sequence BCD10 with predicted translation
strengths of 31,045 (SD1) and 541 (SD2).

Pac—benABC Pm(BCD2)—catA

Chromosomal benABC gene cluster placed under the control of the constitutive Pt promoter.
Chromosomal catA under control of the inducible Pm promoter and the translational coupling
sequence BCD2'? with predicted translation strengths of 28,177 (SD1) and 18,908 (SD2).
Pac—benABC Pm(BCD2)—catA-Il

Chromosomal benABC gene cluster under control of the constitutive Pr.c promoter.
Chromosomal catA-Il under control of the inducible Pm promoter and the translational
coupling sequence BCD2 with predicted translation strengths of 28,177 (SD1) and 7,687
(SD2).

Piac—benABC Pm(BCD10)—catA P14(BCD10)—catA-Il

Bagdasarian et al. °

Stolz et al. 4
This study

This study

This study

This study

This study

This study

This study
This study
This study
This study
This study

This study

This study
This study
This study

This study

This study

This study

This study

This study

This study



Chromosomal catA-Il under the transcriptional control of the constitutive promoter P1as.'*

PMP1053 Piac—benABC P14,(BCD10)—catA P14,(BCD10)—catA-ll This study
Chromosomal catA and catA-Il under the transcriptional control of the constitutive promoter
P1ap.
PMP1053d Piac—benABC P14,(BCD10)—catA P14,(BCD10)—catA-ll Acrc This study
PMP2053 Prac(BCD10)—benABC P14(BCD10)—catA P14,(BCD10)—catA-Il This study
PMP1024 Piac—benABC Pm(BCD10)—catA P14—xylS/Pm(BCD10)—catA-Il This study

Chromosomal catA-Il under the transcriptional control of a XylS/Pm element, with xy/S
chromosomally integrated upstream of catA-Il under control of P14 and a synthetic translation
initiation sequence with a translation rate of 719,862.

A graphical representation of the strain nomenclature is provided in Figure 3A. Translation initiation rates were determined by using the online RBS
Calculator 2.1.



Table S4. Plasmids used in this study.

Plasmid Relevant characteristics 2 Reference or source

pGNW?2 Suicide vector used for genetic manipulations in Gram-negative bacteria; Wirth et al. 5
oriT, trad, lacZa, ori(R6K), P144(BCD2)—msfGFP; KmR

pSNW2 Derivative of vector pGNW2 with the translation initiation sequence of Volke et al. ©
msfGFP replaced by the very strong translational coupling sequence BCD2

pSEVA628S Helper plasmid; oriV(RK2), xylS, Silva-Rocha et al. 7
Pm—I-Scel, GmR

pSEVA627M oriV(RK2), msfGFP, oriT, GmR Silva-Rocha et al. 7

pSEVA228 Plasmid used to supply XyIS for chromosomal Pm promoters; oriV/(RK2), Martinez-Garcia et al.
xylS, Pm, KmR

pSEVA228.2 Plasmid used to supply XylS™5 (XylS.2) for chromosomal Pm promoters; Ramos et al. ¢
oriV(RK2), xylS.2, Pm, KmR

pQURE6-H Conditionally-replicating vector; derivative of vector pJBSD1 carrying Volke et al. ©
XylS/Pm—sI-Scel and P144(BCD2)—mRFP; GmR

pGNW2:Piac—benABC Derivative of pGNW?2 carrying homology arms (HAs) to replace the native This study
Pren promoter upstream of benA with the Pic promoter sequence in P. putida Py de Boer et al. !
KT2440

pGNW2:Ptoc—benD Derivative of pPGNW?2 carrying HAs to insert the P:c promoter sequence This study
upstream of benD in P. putida KT2440

pGNW2-Pey7—catA Derivative of pPGNW?2 carrying HAs to insert the Pew7 promoter sequence This study
upstream of catA in P. putida KT2440

pGNW2-Pm(BCD10)—catA Derivative of pPGNW?2 carrying HAs to insert the Pm promoter and the This study
translational coupling sequence BCD10 upstream of catA in P. putida BCD10: Mutalik et al. 2
KT2440

pGNW2-Pm(BCD2)—catA Derivative of pGNW?2 carrying HAs to insert the Pm promoter and the This study

pGNW2-xyISIPmu.1-17)(BCD10)—
catA

PGNW2-P145(BCD10)—>xy!S/Pm

(BCD10)—catA

pGNW2-Pm(BCD10)— catA-I

pGNW2-Pm(BCD2)—catA-ll

pSNW2-Pm(BCD10)—>nicP-I

pSNW2:-Pm(BCD10)—benE-I

pSNW2-Pm(BCD10)—benK

pGNW2-Acrc
pGNW-AcatBC
pGNW-AcatBC::catA

pGNW-AcatBC::catA-Il

PGNW2-Piso(BCD10)—benABC

PGNW2-P14,(BCD10)—catA

pGNW2:P14,(BCD10)—catA-Il

pGNW2-P145—xylSIPm(BCD2)—
catA-Il

translational coupling sequence BCD2 upstream of catA in P. putida
KT2440

Derivative of pPGNW?2 carrying HAs to insert the xy/S gene with its native
regulatory sequences, the Pm promoter variant ML1-17, and the
translational coupling sequence BCD10 upstream of catA in P. putida
KT2440

Derivative of pPGNW?2 carrying HAs to insert the xy/S gene under the control
of P14g and BCD10, the Pm promoter, and the translational coupling
sequence BCD10 upstream of catA in P. putida KT2440

Derivative of pPGNW?2 carrying HAs to insert the Pm promoter and the
translational coupling sequence BCD10 upstream of catA-Il in P. putida
KT2440

Derivative of pGNW?2 carrying HAs to insert the Pm promoter and the
translational coupling sequence BCD2 upstream of catA-ll in P. putida
KT2440

Derivative of pPGNW?2 carrying HAs to insert the Pm promoter and the
translational coupling sequence BCD10 upstream of nicP-/in P. putida
KT2440

Derivative of pGNW?2 carrying HAs to insert the Pm promoter and the
translational coupling sequence BCD10 upstream of benE-Il in P. putida
KT2440

Derivative of pPGNW?2 carrying HAs to insert the Pm promoter and the
translational coupling sequence BCD10 upstream of benK in P. putida
KT2440

Derivative of pGNW?2 carrying HAs to delete crc in P. putida KT2440

Derivative of pGNW?2 carrying HAs to delete catBC in P. putida KT2440

Derivative of pGNW?2 carrying HAs to delete catBC in P. putida KT2440
replace it with an additional copy of catA

Derivative of pPGNW?2 carrying HAs to delete catBC in P. putida KT2440
replace it with an additional copy of catA-/l

Derivative of pGNW?2 carrying homology arms (HAs) to replace the native
Pren promoter upstream of benA with the Prc promoter sequence, and the
native 5'-UTR with the translational coupling sequence BCD10 in P. putida
KT2440.

Derivative of pGNW?2 carrying homology arms (HAs) to insert the constitutive
P14» promoter and the translational coupling sequence BCD10 upstream of
catA in P. putida KT2440.

Derivative of pPGNW?2 carrying homology arms (HAs) to insert the constitutive
P14, promoter and the translational coupling sequence BCD10 upstream of
catA-Ilin P. putida KT2440.

Derivative of pPGNW?2 carrying homology arms (HAs) to insert the Pm
promoter and the translational coupling sequence BCD10, as well as the

BCD2: Mutalik et al. 12

This study

Pmm1-17: Bakke et al. 1°

This study

This study

This study

This study

This study

This study

This study
This study
This study

This study

This study

This study
P14 Zobel et al. 4

This study

This study



pS628(BCD1)—msfGFP

pS628(BCD2)— msfGFP
pS628(BCD7)— msfGFP

pS628(BCD10)—msfGFP
pS628u.1.17(BCD10)—msfGFP
pS62Pc(BCD10)—msfGFP
pS62Peu7(BCD10)— msfGFP
pS62P144(BCD10)—msfGFP

pS62P144(BCD10)—msfGFP

pS62P s23108(BCD10)—msfGFP
pS62P s23114(BCD10)—msfGFP
pS62P 23119(BCD10)—msfGFP
pS62Pcat(BCD10)—msfGFP
0S62Psen(BCD10)—msfGFP
pS634-PKB_1379
0S634-PKB_2107
pS634-PKB_3273

gene sequence of xy/S under the control of the strong, constitutive promoter
P144, upstream of catA-Il in P. putida KT2440.
oriV(RK2), xylS, Pm(BCD1)—msfGFP; GmR

oriV(RK2), xylS, Pm(BCD2)—msfGFP; GmR
oriV(RK2), xylS, Pm(BCD7)—msfGFP; GmR

oriV(RK2), xyIS, Pm(BCD10)—msfGFP; GmR
oriV(RK2), xyIS, Pmu1-17(BCD10)—msfGFP; GmR
0riV(RK2), Prac(BCD10)—msfGFP; GmR
oriV(RK2), Pewr(BCD10)—msfGFP; GmR
oriV(RK2), P144(BCD10)—msfGFP; GmR

oniV(RK2), P14o(BCD10)—msfGFP; GmR

0riV(RK2), P.j2310s(BCD10)—msfGFP; GmR
oriV(RK2), P,23114(BCD10)—msfGFP; GmR
oriV(RK2), P,23119(BCD10)—msfGFP; GmR
oriV(RK2), catR, Pcat(BCD10)—msfGFP, GmR
0rV(RK2), benR, Poer(BCD10)—msfGFP; GmR
0riV(pBBR1), laclq, Pre—PKB_1379, GmR
oriV(pBBR1), faclg, Pu—PKB_2107, GmR
oriV(pBBRY1), laclq, Pre—PKB_3273, GmR

This study
BCD1: Mutalik et al. 2
This study

This study
BCD7: Mutalik et al. 12
This study

This study
This study
This study

This study
P14g: Zobel et al. 1*
This study
P140: Zobel et al. 4
This study

This study
This study
This study
This study
This study
This study
This study




Table S5. Performance parameters for selected strains used in this study in the bioconversion of 10 mM 3-FBz.

Strain i[lhm?]x [mmol gCSDW-1 h-1] [mmol £DW'1 h-1]
P. putida KT2440 0.14 £0.08 0.18 £0.022 0.06 £0.03
PMP1021/pSEVA228 0.38 £0.04 1.02 £ 0.07 0.47 £0.10b
PMP1021e/pSEVA228 0.29 £0.02 0.57 £ 0.01 0.32+£0.03b
PMP1021f/pSEVA228 0.30 £0.01 0.84 £0.05 0.41+0.03b
PMP1021g/pSEVA228 0.27 £0.01 0.74 £ 0.01 0.36 £0.02b
PMP1030/pSEVA228 0.32+0.03 1.21+0.11 0.17 £0.04
PMP1002/pSEVA228 0.39 £0.02 0.81£0.01 0.38 £0.02°b
PMP1053 0.45+0.02 1.24 £ 0.01 0.63 £0.04b
PMP1053d 0.15+0.01 1.67 £0.092 0.53 £0.02
PMP2053 0.41£0.02 0.26 £0.012 0.13+0.05b
PMP1023/pSEVA228 0.29 £0.02 1.10+£0.12 0.43£0.03b
PMP1023/pSEVA228.2 0.25+0.02 0.84 £ 0.01 0.36 £0.01b
PMP1024 0.30 £ 0.01 0.95+0.11 0.48 £0.02¢b

To determine the biomass-specific 3-FBz uptake rates (¢s) and 2-FMA formation rates (gp), the strains were cultured in Erlenmeyer flasks filled with
10% (v/v) DBM medium supplemented with 30 mM glucose and 10 mM 3-FBz. Maximum specific growth rates (imax) were determined in
microtiter plate experiments in the same medium. * incomplete consumption of 3-FBz; no detectable fluorocatechol at the end of the
fermentation.
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Figure S1. Physiological response to fluorinated and nonfluorinated ortho-cleavage metabolites. P. knackmussii and P. putida KT2440 were cultured in
microtiter plates with 200 uL of DBM medium supplemented with 30 mM glucose or potassium benzoate (K-Bz) as the source of carbon and energy,
as well as varying concentrations of metabolites involved in the bioconversion process. Error bars represent the standard deviations from three biological
replicates.
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Figure S2. Quantification of (fluoro)metabolites via HPLC. The displayed chromatogram represents a calibration standard containing 1 mM of each
compound with UV absorption measured at 280 nm.2-FBz eluted at a retention time of 6.4 min (not shown).
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for every nucleotide position. Orange triangles indicate identified Hfq recognition sequences. Black arrows highlight potential transcription start
positions inferred from the course of coverage. The genes are drawn with colors indicating concerted expression as a transcription unit based on
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Figure S4. Bioconversion performance of second-generation strains with altered transporter expression. Strains were cultured in Erlenmeyer
flasks filled with 10% (v/v) DBM medium supplemented with 30 mM glucose, 5 g L' MOPS, and 10 mM 3-FBz.
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