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SI Text
The nicR Gene. The nic cluster contains a putative regulatory gene
(nicR) encoding a MarR-like transcriptional regulator (Fig. 1
and Table S1). Whereas disruption of the nicR gene accelerated
growth of the P. putida KT2440dnicR mutant strain in 6HNA, it
drastically delayed the growth of the strain in NA. Further gene
expression analyses confirmed the role of NicR as a transcrip-
tional activator of the nicAB operon and as a repressor of the
nicXR and nicCDEFTP operons (J.I.J., unpublished observa-
tion).

Biochemical Properties of NicX. The 2,5DHP dioxygenase activity
required the addition of 50 �M Fe2� to the reaction assay, and
it was inhibited when some iron chelants like �,��-dipyridyl or
EDTA (5 mM) and some oxidizing agents like H2O2 (5 mM)
were added to the assay. Moreover, replacement of Fe2� by some
other divalent cations such as Mg2�, Mn2�, Ni2�, Co2�, Zn2�,
Ca2�, Cd2�, and Cu2� did not lead to a detectable 2,5DHP
dioxygenase activity, and the addition of Fe3� caused a signif-
icant reduction of the enzyme activity [some Fe3� becomes
reduced to Fe2� in the presence of DTT as already shown by
Gauthier and Rittenberg (1)]. All of these data suggest that Fe2�

is essential for catalysis as already reported for other extradiol
dioxygenases (2, 3). The enzyme was most active at pH 8.0 and
25°C, and the Km for 2,5DHP and Vmax values were 70 �M and
2.3 �M�min�1�mg�1, respectively. To test the substrate specificity
of NicX, several aromatic compounds were checked, but only
2,5DHP was oxidized by the enzyme, which did not use 2,3DHP,
2,4DHP, 2-hydroxypyridine, 3-hydroxypyridine, 4-hydroxypyri-
dine, NA, 6HNA, 2-carboxypyridine, pyridoxamine, pyridoxal,
catechol, protocatechuate, gentisate, gallate, resorcinol, hydro-
quinone, or pyrogallol.

Abbreviations and Accession Codes for the Different Gene Clusters
Detailed in Fig. 1. Abbreviations: Ppu, P. putida; Bor, Bordetella
spp.; Bcen, Burkholderia cenocepacia; Reut, Ralstonia eutropha;
Ctest, Comamonas testosteroni; Aaven, Acidovorax avenae;
Dacid, Delftia acidovorans; Bxen, Burkholderia xenovorans. Ac-
cession codes: Bordetella pertussis Tohama I, genes from BP1946
to BP1960 (NC�002929). Bordetella parapertussis 12822, genes
from BPP2320 to BPP2332 (NC�002928). Bordetella bronchisep-
tica RB50, genes from BB1771 to BB1783 (NC�002927). Burk-
holderia cenocepacia PC184, genes from BcenP�01003686 to
BcenP�01003695 (AAKX01000106). Ralstonia eutropha
JMP134, genes from Reut�A2518 to Reut�A2508 (NC�007347).
Comamonas testosteroni KF-1, genes from CtesDRAFT�2783 to
CtesDRAFT�2792 (NZ�AAUJ00000000). Acidovorax avenae
sbsp. citrulli AAC00–1, genes from Aave�3922 to Aave�3934
(NC�008752). Delftia acidovorans SPH-1, genes from De-
ciDRAFT�2195 to DeciDRAFT�2206 (NC�010002). Burkhold-
eria xenovorans LB400, genes Bxe�B0662, Bxe�B0663 and genes
from Bxe�C0212 to Bxe�C223 (NC�007952 and NC�007953).
Pseudomonas putida GB-1, genes from PputGB1DRAFT�2329
to PputGB1DRAFT�2338 (NZ�AAXR01000012). Pseudomonas
putida W619, genes from PputW619DRAFT�2982 to
PputW619DRAFT�2991 (NZ�AAVY01000008). Pseudomonas
putida F1, genes from Pput�1889 to Pput�1899 (NC�009512).
Pseudomonas putida KT2440, genes from PP3939 to PP3948
(NC�002947).

Descriptions, Accession Codes, and Conserved Domains for the Dif-
ferent Enzymes Detailed in Fig. 2B. HxA, xanthine dehydrogenase
from Emericella nidulans (Q12553); QoxLMS, quinaldine 4-ox-

idase from Arthrobacter ilicis Ru61a (CAD61045, CAD61046
and CAD61047); QorLMS, quinoline 2-oxidoreductase from
Pseudomonas putida 86 (CAA66828, CAA66829 and
CAA66830); NdhABC, nicotine dehydrogenase from Ar-
throbacter nicotinovorans (CAA53086, CAA53087 and
CAA53088); IorAB, isoquinoline 1-oxidoreductase from Bre-
vundimonas diminuta 7 (CAA88753 and CAA88754); NdhF-
SML nicotinate dehydrogenase from Eubacterium barkeri
(ABC88396, ABC88397, ABC88398 and ABC88399); NicAB,
nicotinate hydroxylase from Pseudomonas putida KT2440
(PP3947 and PP3948). The conserved domains are: [FeS1],
binding site for the ferredoxin-like [2Fe-2S] cluster; [FeS2],
binding site for the second [2Fe-2S] cluster; FAD, consensus
FAD-binding site; CODH, specific FAD-binding site of mem-
bers of the xanthine dehydrogenase/oxidase family; MPT1,
MPT2 and MPT3, are the three motifs for binding to the MCD
cofactor (MPT cofactor in xanthine dehydrogenases); CytC1,
CytC2 and CytC3, are the three cytochrome c binding motives.

SI Materials and Methods
Recombinant Plasmid Constructions. The pNIC plasmid (18.8 kb)
was built by cloning a 14-kb NsiI/EcoRI fragment harboring the
nic genes from cosmid 3n5, a Lawrist 7-derived cosmid from a
genomic library of P. putida KT2440, into the NsiI/EcoRI
double-digested broad-host range plasmid pBBR1MCS-5 (Table
S2). The pNicAB plasmid expressing the nicAB genes under
control of the Plac promoter was constructed by cloning firstly
the 1.4-kb BamHI/SgrAI PCR-amplified nicA gene into
pFUSAB plasmid producing plasmid pUCNAB (Table S4). The
pFUSAB plasmid is a pUC19 derivative that contains a 4.1-kb
ScaI/EcoRI nicB fragment from cosmid 3n5 (Table S2). The
4.6-kb HindIII/EcoRI nicAB fragment from pUCNAB was then
subcloned into pBBR1MCS-5 giving rise to plasmid pNicAB
(Table S2). The pIZNicC plasmid expressing the nicC gene
under Ptac was constructed by cloning firstly a 1.5-kb BamHI/
XbaI PCR-amplified nicC gene into pUC18 generating plasmid
pUCNicC (Table S4). The 1.5-kb EcoRI/XbaI nicC fragment
was then subcloned into pIZ1016 giving rise to plasmid pIZNicC
(Table S2). To construct the pETNicX, pETNicD, and pETNicF
plasmids overexpressing the nicX, nicD, and nicF genes under
control of the PT7 promoter and lac operator, the 1.1-kb, 0.8-kb,
and 0.7-kb NdeI/EcoRI PCR-amplified nicX, nicD, and nicF
genes (Table S4), respectively, were cloned into pET-29a(�)
(Table S2).

P. putida KT2440dnic Mutant Strain Construction. To construct the P.
putida KT2440dnicA, KT2440dnicB, KT2440dnicC,
KT2440dnicD, KT2440dnicX, and KT2440dnicR mutant strains,
an internal fragment (250–700 bp) of the target nic gene was
PCR-amplified and cloned into the polylinker of pK18mob
(Table S4), a mobilizable plasmid that does not replicate in
Pseudomonas (4). To transfer the corresponding pKnic plasmids
into P. putida KT2440, a triparental filter mating was performed
as previously described (4) using E. coli DH10B (pKnic) as donor
strain, E. coli HB101 (pRK600) as helper strain, and P. putida
KT2440 as recipient strain. P. putida KT2440 exconjugants
harboring the nic-disrupted gene were isolated on MC minimal
medium plates containing citrate (which selected for the Pseudo-
monas recipient cells) and kanamycin (which selected for the
insertion of the suicide vector) after incubation at 30°C for 16 h.
All mutant strains were analyzed by PCR to confirm the
disruption of the target genes.
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NA Hydroxylase Assay. Resting cells assays were carried out with
bacterial cultures grown in 50 ml of citrate-containing M63
minimal medium supplemented with 1 mM NA until they reach
an A600 of 0.8. Cells were washed and resuspended in 10 ml of
M63 medium containing 5 mM NA. Resting cells assays were
carried out at 30°C with shaking, and samples (0.1 ml) were taken
at different times and centrifuged to remove cells, and the clear
supernatants were 1/100 diluted in water and analyzed (20 �l) by
HPLC. NA hydroxylase activity in cell extracts was routinely
assayed by measuring spectrophotometrically the formation of
6HNA at 295 nm (� � 5,200 M�1�cm�1). The assay mixture (1 ml)
contained 20 mM NaH2PO4 (pH 7.5), 150–200 �g of total
protein from cell extract, 10 mM NA, and 0.4 mM PMS. In some
assays PMS was substituted by other electron acceptors such as
2 mM NADP or NAD, 0.2 mM FMN or FAD, 0.1 mM Fe3�, 0.1
mM NO3

�, and 150 �g of total protein from a crude extract of
P. fluorescens R2f (pVLTCytC).

6HNA 3-Monooxygenase Assay. The 6HNA 3-monooxygenase
(NicC) was assayed using 100 �g of total protein from a crude
extract of P. fluorescens R2f (pIZNicC) according to ref. 5, and
the formation of 2,5DHP was monitored by HPLC.

Overproduction and Purification of NicX. The NicX protein was
overproduced in E. coli BL21(DE3) (pETNicX) cells grown at
30°C during 12 h in ampicillin-containing LB medium supple-
mented with 1 mM IPTG to induce gene expression. Cells were
harvested and disrupted by passage through a French press
(Aminco), and the clear supernatant fluid (cell extract) was
applied to a DEAE-cellulose column previously equilibrated
with 50 mM NaH2PO4 (pH 7.5) buffer. Column was then washed
with 20 volumes of buffer containing 0.1 M NaCl, and the NicX
protein was eluted with a linear gradient of NaCl ranging from
0.1 to 0.3 M in 20 mM NaH2PO4 (pH 7.5) buffer. The protein
fractions showing 2,5DHP dioxygenase activity were pooled,
dialyzed in 20 mM NaH2PO4 (pH 7.5) buffer, loaded onto a
hydroxyapatite column, and eluted with a linear gradient (20–
100 mM) of NaH2PO4 (pH 7.0) buffer. Fractions showing
2,5DHP dioxygenase activity were pooled, dialyzed in 20 mM
NaH2PO4 (pH 7.5), and concentrated in a Centricon (Amicon).
The purified NicX protein was analyzed by 12.5% SDS/PAGE.

Metabolite Detection. NA, 6HNA, 2,5DHP, NFM, and maleamic
acid were monitored with a Gilson HPLC equipment using a

Phenomenex 5 RP-18 column and a diode array, and 10 mM
NaH2PO4 (pH 3.0), acetonitrile (98:2, vol/vol) as mobile phase
pumped at a flow rate of 1 ml/min. The elution of the compounds
was monitored at 210 nm and compared with that of standards
of NA, 6HNA, 2,5DHP, and maleamic acid that showed reten-
tion times of 4.9 min, 8.1 min, 5.7 min, and 3.0 min, respectively.
NMR spectra of 2,5DHP, NFM, and maleamic acid were ac-
quired on an AVANCE 500 MHz spectrometer equipped with
a broad-band z-gradient probe (Bruker). NMR samples were
prepared in 100% D2O. Heteronuclear single-quantum coherent
spectrometry experiments were performed by using the standard
procedures provided by the manufacturer as described (4). Mass
spectra of NFM was performed in a LCQ Deca XP plus mass
spectrometer (Thermo Instruments) using an ion trap analyzer
operated as previously described (4). Additionally, three exper-
iments were performed in negative and full scan mode, with
zoom scan of the ions defined by m/z 170 and 130. A MS/MS
analysis of the ion defined by m/z 142 was accomplished.
Electrospray ionization with the quadruple analyzer was per-
formed by using a HPLC1100MSD spectrometer (Agilent Tech-
nologies) as reported (4).

Three-Dimensional Modeling of NicX and NicD. Initially, PSI-BLAST
searches were performed against the NCBI nonredundant pro-
tein sequence database to identify homologues of analyzed
proteins. For NicX, collected sequences included two related
proteins of known structure, i.e., aminopeptidase S (AmpS, 1zjc)
from S. aureus (6) and aminopeptidase T (AmpT, 2ayi) from T.
thermophilus (7). Both full NicX sequence as well as single N-
and C-terminal domain regions were analyzed with 3D-Jury
method (8) to derive reliable sequence-structure mapping using
consensus alignment approach and 3D assessment. Final se-
quence-to-structure alignment was used to build a three-
dimensional model of NicX with the MODELLER program (9)
using the structure of AmpS as template. The comparison
(superposition) of the predicted Fe2�-binding site of NicX and
the known catalytic site of the type I extradiol dioxygenase,
2,3-dihydroxybiphenyl 1,2-dioxygenase (BphC, 1han), from the
PCB-degrading Bhurkholderia xenovorans LB400 strain (10) was
accomplished manually by using InsightII (Accelrys). The NicD
model was built by homology to other known structures from the
�/�-hydrolase family of proteins, using the 3D-JIGSAW Protein
Comparative Server (www.bmm.icnet.uk/servers/3djigsaw/). The
program automatically assigned as template the �-subunit of
�-lactamase from Aureobacterium sp. (1hkh�A) (11).
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Fig. S1. Hydroxylation of NA to 6HNA by the nicAB gene products. Resting cell assays of P. putida KT2440dnicC (A), P. fluorescens R2f (pNicAB) (B), Pseudomonas
sp. DSM6412 (pNicAB) (C), and the control P. fluorescens R2f (pBBR1MCS-5) strain (D) in the presence of 5 mM NA were carried out as indicated in Materials and
Methods. The peaks of NA and 6HNA in the HPLC chromatograms of the culture supernatants after 0-h and 3-h incubation are shown by arrows. Results of one
experiment are shown; values were reproducible in three separate experiments.
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Fig. S2. Structural analysis of the product of the NicX-mediated dioxygenase reaction. (A) Scheme of the substrate and product of the reaction catalyzed by
NicX. Protons detected by 1H NMR analysis are circled, and numbers correspond to that shown for peaks in B–E. 1H NMR signals (B) and 13C NMR signals (D) at
reaction time 0 correspond to that of the substrate (2,5DHP). 1H NMR signals (C) and 13C NMR signals (E) at reaction time 15 min correspond to that of the reaction
product (NFM). The 1H NMR spectrum of the reaction product gives two mutually coupled doublet signals at � 6.18 ppm (proton H-3) and � 6.74 ppm (proton
H-4), and a singlet signal at � 9.18 ppm (corresponding to a proton of an aldehyde group) that substitutes to the signal provided by proton H-6 in 2,5DHP.
Moreover, the 13C NMR signals (HSQC) of the reaction product are consistent with a compound having a cis-disubstituted double bond between carbons C3 and
C4 (signals at 120.6 ppm and 144.0 ppm, respectively) and an aldehyde moiety (signal at 211.0 ppm) at former carbon C6 of 2,5DHP. The reaction assay and the
NMR analyses were performed as described in Materials and Methods. (F) Mass spectrum analysis of the 2,5DHP ring-cleavage product. The product generated
by the NicX-mediated reaction was extracted and analyzed by mass spectrometry as indicated in Materials and Methods, and it corresponds to NFM.
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maleamic acid after 0-min and 15-min incubation time with crude extracts of E. coli BL21(DE3) (pETNicD). The peaks of NFM and standard maleamic acid in the
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double bond of standard maleamic acid (D). The NMR analyses were performed as described in Materials and Methods.
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                     10        20        30        40        50        60        70        80        90       100 
                      |         |         |         |         |         |         |         |         |         | 
NicD         -------------------MSTFVAGGNVSAN G IRQHYLRY G G--KGHALILVP G ---ITSPAITWGFVAERL-GHYFDTYVL D VR G R G LSSSGPDLD-Y  
EH           -------------------MSTEITHHQAMIN G YRMHYVTA G ---SGYPLVLLH G ---WPQSWYEWRNVIPAL-AEQFTVIAP D LR G L G DSEKPMTG--F  
RhDhaA       --------------MSEIGTGFPFDPHYVEVL G ERMHYVDV G PR-DGTPVLFLH G ---NPTSSYLWRNIIPHV-APSHRCIAP D LI G M G KSDKPDLD--Y  
XaDhaA       MVNAIRTPDQRFSNLDQYPFSPNYLDDLPGYP G LRAHYLDE G NSDAEDVFLCLH G ---EPTWSYLYRKMIPVFAESGARVIAP D FF G F G KSDKPVDEEDY  
DmbD         ---------------MNAPQNSPEIGREIIAA G IRTNLHDS G ---AGFPLMMIH G SGPGVTAWANWRLVMPEL-AKSRRVIAP D ML G F G YSERPADAQ-Y  
XylF         ---------------MNAPQQSPEIGREILAA G YRTNLHDQ G ---EGFPALLIH G SGPASPPGPTGAGSFRS--SQTRRVIAP D ML G F G YSERPADGK-Y  
TodF         -----------------MTNVNAEIGRMVLAG G IETNLHDV G ---AGNPVVLVH G SGPGVTAWANWRTVMPEL-SRHRRVIAP D MV G F G FTQRPHGIH-Y  
                                             * . :    *        : : *                          . *. * * :.       : 

                    110       120       130       140       150       160       170       180       190       200 
                      |         |         |         |         |         |         |         |         |         | 
NicD         GTDACAADIPAFAAA L GLDSYHLLGHSM G ARFAIRAAAQGAPGLQRLVLVD-------PPVSGPGRRAYPS----KLPWYVDSIRQATVGMSGDDMR---  
EH           DKRTMATDVRELVSH L GYDKVGVIGHDW G GSVAFYFAYDNRDLVERLFILDMIPGLIKAGDSFPIPVALMINHIFFHGGNPDWATALISKDVNLYLR---  
RhDhaA       FFDDHVRYLDAFIEA L GLEEVVLVIHDW G SALGFHWAKRNPERVKGIACMEFIR---PIPTWDEWPEFARET---FQAFRTADVGRELIIDQNAFIEGVL  
XaDhaA       TFEFHRNFLLALIER L DLRNITLVVQDW G GFLGLTLPMADPSRFKRLIIMNAX-LMTDPVTQPAFSAFVTQPADGFTAWKYDLVTPSDLRLDQFMKR---  
DmbD         NRDVWVDHAVGVLDA L EIEQADLVGNSF G GGIALALAIRHPERVRRLVLMG------SAGVSFPITEGLDA----VWGYNPSFAEMRRLLDIFAFDR---  
XylF         SQARWVEHAIGVLDA L GIQQGDIVGNSF G GGLALALAIRHPERVRRLVLMG------SVGVSFPITAGLET----AWGYTPSLANMRRLLDLFAHDR---  
TodF         GVESWVAHLAGILDA L ELDRVDLVGNSF G GALSLAFAIRFPHRVRRLVLMG------AVGVSFELTDGLDA----VWGYEPSVPNMRKVMDYFAYDR---  
                        .   *      :: :. *. ..:  .      .. :  :                                              .      

                    210       220       230       240       250       260       270       280       290       300 
                      |         |         |         |         |         |         |         |         |         | 
NicD         ---AFCATWSDEQLALRAEWLHTCYEPAIVRAFDDFHEVDIHQ--------YLPAVRQ---PALLMVAGRGGVIEPRDIAEMRELKPDI-QVAYVDNAG H 
EH           -RFLTTLDYNYSPNVFSEEDIAEYVRVNSLPGSIRSGCQWYATGLREDTENLAKATDK---LTIPVIAWGGSHFLGDIRPAWQEVAENV-EGGAVENCG H 
RhDhaA       PKCVVRPLTEVEMDHYREPFLKPVDREPLWRFPNEIPIAGEPANIVALVEAYMNWLHQSPVPKLLFWGTPGVLIPPAEAARLAESLPNC-KTVDIGPGL H 
XaDhaA       ---WAPTLTEAEASAYAAPFPDTSYQAGVRKFPKMVAQRDQAX-IDISTEAISFWQNDWNGQTFMAIGMKDKLLGPDVMYPMKALINGCPEPLEIADAG H 
DmbD         -NLVNDELAELRYQASIRPGFHESFAA-MFPAPRQRWVDGLAS-----AEAAIRALPH---ETLVIHGREDQIIPLQTSLTLADWIARA-QLHVFGQCG H 
XylF         -TLVNDELAELRYQASIRPGFQESFAA-MFPPPRQNGVDDLAS-----NETDIRALPN---ETLVIHGREDRIIPLQASLTLAQWIPNA-QLHVFGQCG H 
TodF         -SLVSDELAELRYKASTRPGFQEAFAS-MFPAPRQRWVDALAS-----SDQDIRDIRH---ETLILHGRDDRVIPLETSLRLNQLIEPS-QLHVFGRCG H 
                      .                                               .     :   .  .  :                :   .    * 

                    310       320  
                      |         |  
NicD         MIPWDDLDGFFAAFGDFLDHPLV----  
EH           FVPEEKPQFVIDTALKFFAPLR-----  
RhDhaA       YLQEDNPDLIGSEIARWLPGLA-----  
XaDhaA       FVQEFG-EQVAREALKHFAETE-----  
DmbD         WTQIEHAARFASLVGDFLAEADAAAIS  
XylF         WTQIEHAERFARLVENFLAEADALHS-  
TodF         WVQIEQNRGFIRLVNDFLAAED-----  
                      .       :                                                                                     

α 2 

α 1 β 4 β 1 β 2 β 3 

β 6 

α 6 β 8 

β 5 α 3 

α 4 α 5 β 7 

α 7 

Fig. S4. Multiple sequence alignment of NicD. Alignment of NicD from P. putida KT2440 (PP3943) and several members of the �/� hydrolase-fold superfamily.
The description and accession numbers of the sequences are as follows: EH, epoxide hydrolase from Corynebacterium sp. C12 (O52866); RhDhaA, haloalkane
dehalogenase from Rhodococcus sp. TDTM0003 (P59336, 1CQW); XaDhaA, haloalkane dehalogenase from Xanthobacter autotrophicus GJ10 (1CIJ); DmbD
(P19076), XylF (P23105), and TodF (P23133) are 2-hydroxymuconic semialdehyde hydrolases from Pseudomonas sp. CF600, P. putida mt-2, and P. putida F1,
respectively. Sequences were aligned using ClustalW program (http://npsa-pbil.ibcp.fr/cgi-bin/npsa�automat.pl?page�npsa�clustalw.html). Identical residues
are indicated in red. Residues forming the catalytic triad are shown in yellow. Secondary structure elements predicted for NicD sequence by using the Scratch
program (www.igb.uci.edu/tools/scratch/) are drawn at the top of the alignment.
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2 

1 

1 

H245 
(n.d. ) 

2 

3 4 

2 

5 

6 

3 

4 

5 

7 6 

8 

7 

265 

D125 
(n.d. ) S101 

(n.d. ) 

E221 
(70%) 

D224 

Fig. S5. Three-dimensional structural model of NicD. The �-helices and �-strands are shown in red and green, respectively. The residues that constitute the
catalytic triad (S101, D125, and H245) are displayed in yellow, and residues E221 and D224 are shown in blue. Residues that have been substituted by alanine
are labeled in orange, and the percentage of specific activity of the corresponding mutant proteins with respect to that of the wild-type enzyme is indicated
in brackets. n.d., activity not detected. Figures were generated with Pymol (DeLano Scientific).
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Table S1. nic genes and their products in P. putida KT2440

Related gene products

Gene (PP no.) Gene product (aa) Name (aa) Function Organism % identity Accession no.

nicP (PP3939) NicP (430) BenF (397) Specific benzoate porin P. putida 59 AAF63454
nicT (PP3940) NicT (437) TtuB (433) Tartrate transporter A. vitis 41 Q44470
nicF (PP3941) NicF (213) CSHase (264) N-carbamoylsarcosine amidase Arthrobacter sp. 34 AAB23138

PZase (180) Nicotinamidase P. horikoshii 28 1ILW
nicE (PP3942) NicE (250) MaiA (250) Maleate cis/trans isomerase S. marcescens 82 BAA96747
nicD (PP3943) NicD (268) EstA (315) Lipase/esterase P. aeruginosa 25 AAF89744

BB1780 (273) Probable �/�-hydrolase B. bronchiseptica 64 CAE32277
nicC (PP3944) NicC (382) 6HNA3MO (385) 6-hydroxynicotinic acid 3-monooxygenase P. fluorescens 60 E130001
nicX (PP3945) NicX (350) Reut�B3788

(350)
Conserved hypothetical protein R. eutropha 56 AAZ63146

nicR (PP3946) NicR (158) MarR (144) Multiple antibiotic resistance repressor E. coli 27 P27245
nicA (PP3947) NicA (157) IorA (152) Isoquinoline 1-oxidoreductase (A subunit) B. diminuta 54 CAA88753
nicB (PP3948) NicB (1187) CoxL (748) Probable aldehyde dehydrogenase/cytochrome c P. aeruginosa 61 AAG04990

Mop (907) Aldehyde oxidoreductase D. gigas 31 Q46509
IorB (781) Isoquinoline 1-oxidoreductase (B subunit) B. diminuta 27 CAA88754
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Table S2. Bacterial strains and plasmids used in this study

Strain or plasmid Genotype and/or description Source

Pseudomonas strains
P. putida KT2440 1
P. putida KT2440dnicA P. putida KT2440 nicA::pK18mob This study
P. putida KT2440dnicB P. putida KT2440 nicB::pK18mob This study
P. putida KT2440dnicC P. putida KT2440 nicC::pK18mob This study
P. putida KT2440dnicR P. putida KT2440 nicR::pK18mob This study
P. putida KT2440dnicX P. putida KT2440 nicX::pK18mob This study
P. putida KT2440dnicD P. putida KT2440 nicD::pK18mob This study
Pseudomonas sp. MT14 2
P. fluorescens R2f 3
Pseudomonas sp. DSM6412 . 4

E. coli strains
DH10B F’, mcrA �(mrr hsdRMS-mcrBC) �80dlac�M15

�lacX74 deoR recA1 araD139 �(ara-leu)7697
galU galK � rpsL endA1 nupG

Invitrogen

HB101 supE44 ara14 galK2 leuB lacY1 �(gpt-proA)62
rpsL20 xyl-5 mtl-1 recA13 �(mcrC-mrr) hsdS20
(rB

- mB-) Smr

5

XL1-Blue recA1 endA1 gyrA96 thi-1 hdsR17 supE44 relA1
lac[F’ proA�B� lacIq �(lacZ)M15 Tn10 (Tcr)]

5

BL21 (DE3) F- ompT hsdSB(rB-mB-) gal dcm �DE3 (harbouring
gen 1 of the RNA polymerase from the phage T7
under the PlacUV5 promoter

5

Plasmids
3n5 Lawrist 7 derived cosmid from a genomic library of

P. putida KT2440 that contains the nic genes
D. Stepjandic/J. D. Hoheisel

pUC19/pUC18 Apr oriColE1 lacZ�� lac promoter 6
pGEMT-easy Apr oriColE1 lacZ�� SP6 T7 lac promoters, direct

cloning of PCR products
Promega

pK18mob Kmr oriColE1 Mob� lacZ��, used for directed
insertional disruption

7

pBBR1MCS-5 Gmr oripBBR1 Mob� lac promoter lacZ��,
broad-host-range cloning and expression vector

8

pNIC Gmr 14332-bp NsiI/EcoRI containing nic genes
fragment from 3n5 cosmid cloned into
pBBR1MCS-5

This study

pFUSAB Apr pUC19 containing nicB and a 5’- truncated
nicA gene.

This study

pUCNAB Apr pUC19 containing the nicAB genes. This study
pNicAB Gmr pBBR1MCS-5 containing the nicAB genes

under control of the Plac promoter
This study

pNicABtr Gmr pBBR1MCS-5 containing the nicA gene and a
truncated nicB gene lacking the region that
encodes the C-terminal cytochrome c domain.

This study

pVLT31 Tcr RSF1010-lacIq/Ptac hybrid broad-host-range
cloning and expression vector

9

pVLTCytC Tcr pVLT31 containing the cytochrome c domain of
NicB

This study
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Table S2. Continued

Strain or plasmid Genotype and/or description Source

pIZ1016 Gmr oripBBR1 Mob� tac promoter,
broad-host-range cloning and expression vector

10

pIZNicC Gmr pIZ1016 containing nicC gene This study
pET-29a(�) Kmr oriColE1 T7 promoter Novagen
pETNicX Kmr pET29 containing nicX gene This study
pETNicD Kmr pET29 containing nicD gene This study
pETDS101A Kmr pET29 containing nicD gene with the

substitution S101A
This study

pETDD125A Kmr pET29 containing nicD gene with the
substitution D125A

This study

pETDH245A Kmr pET29 containing nicD gene with the
substitution H245A

This study

pETDE221A Kmr pET29 containing nicD gene with the
substitution E221A

This study

pETNicF Kmr pET29 containing nicF gene This study

1. Franklin FC, Bagdasarian M, Bagdasarian MM, Timmis KN (1981) Molecular and functional analysis of the TOL plasmid pWWO from Pseudomonas putida and cloning of genes for the
entire regulated aromatic ring meta cleavage pathway. Proc Natl Acad Sci USA 78:7458–7462.

2. Williams PA, Worsey MJ (1976) Ubiquity of plasmids in coding for toluene and xylene metabolism in soil bacteria: Evidence for the existence of new TOL plasmids. J Bacteriol
125:818–828.

3. van Elsas JD, Trevors JT, Starodub ME (1988) Bacterial conjugation between Pseudomonas in the rizosphere of wheat. FEMS Microbiol Ecol 53:299–306.
4. Blaschke M, et al. (1991) Molybdenum-dependent degradation of quinoline by Pseudomonas putida Chin IK and other aerobic bacteria. Arch Microbiol 155:164–169.
5. Sambrook J, Russell DV (2001) Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Lab Press, Cold Spring Harbor, NY).
6. Yanisch-Perron C, Vieira J, Messing J (1985) Improved M13 phage cloning vectors and host strains: Nucleotide sequences of the M13mp18 and pUC19 vectors. Gene 33:103–119.
7. Schafer A, et al. (1994) Small mobilizable multi-purpose cloning vectors derived from the Escherichia coli plasmids pK18 and pK19: Selection of defined deletions in the chromosome

of Corynebacterium glutamicum. Gene 145:69–73.
8. Kovach ME, et al. (1995) Four new derivatives of the broad-host-range cloning vector pBBR1MCS, carrying different antibiotic-resistance cassettes. Gene 166:175–176.
9. de Lorenzo V, Eltis L, Kessler B, Timmis KN (1993) Analysis of Pseudomonas gene products using lacIq/Ptrp-lac plasmids and transposons that confer conditional phenotypes. Gene

123:17–24.
10. Moreno-Ruiz E, Hernaez MJ, Martinez-Perez O, Santero E (2003) Identification and functional characterization of Sphingomonas macrogolitabida strain TFA genes involved in the first

two steps of the tetralin catabolic pathway. J Bacteriol 185:2026–2030.
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Table S3. Substrate specificity of NA hydroxylase

Substrate (1 mM) % activity

NA
N

COOH 100

Pyridine-3-carboxyaldehyde

N

CHO 5

Pyridine-3-methanol
N

CH2OH n.d.

Nipecotic acid
N

COOH 8

Pyridine-3-sulfonic acid
N

SOOH 4

3-cyanopyridine
N

CN 4

Methylnicotinate
N

COCH3 n.d.

Pyrazine carboxamide
N

N CONH2 n.d.

Pyrazine-2-carboxylic acid
N

N COOH 8

Picolinic acid N COOH 7

Quinolinic acid
N

COOH

COOH

n.d.

Isonicotinic acid
N

COOH n.d.

n.d., not detected.
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