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Table S1 show the amino acid constitution of non-conservative region of nahAc,
nahAd, nahAb, and nahB

Figure S1 show the phylogenetic tree of all nah-related Ac sequences from cultured
bacteria in GenBank

Figure S2 show the relative expression level of the nahAd gene in the pah gene cluster
after induction with phenanthrene.

Figure S3 show the detection of nahAbAcAd overproduced in E. coli BL21 (DE3)
Figure S4-S6 show the phylogenetic trees of nah-related Ab, Ad, B genes, respectively
Figure S7 show the gene organization in all nah-like gene clusters available in
GenBank

Figure S8 show the gene organization in the representative gentisate gene clusters



30 Table. S1 Amino Acid constitution of non-conservative region in nah-related Ab, Ac,
31  Ad, Bgenes

nahAb nahAc nahAd nahB

Strain . ) ) . . . . .
Acid Basic Acid Basic Acid Basic Acid Basic

Pahgenecluster o0 920 1479 1124 1412 941 1358 19.75

in this study
Pseudo G7 17.39 870 10.65 1243 814 1279 12.05 20.48
Coma H 1522 13.04 10.78 1317 814 1163 10.84 20.48
uncultured 13.04 870 10.65 1183 814 1279 12.05 20.48
Pseudo C18 13.04 870 1065 1183 6.98 1163 12.05 21.69
Pseudo 9816 13.04 870 1065 11.83 6.98 1163 12.05 21.69

Pseudo PC20 13.04 870 1065 1183 698 11.63 12.05 21.69
Pseudo BS202 13.04 870 1065 1183 698 11.63 12.05 21.69
Ralsto U2 1522 13.04 10.78 13.17 814 1279 10.84 19.28
Burk C3 1522 10.87 10.18 13.17 814 1279 9.64 20.48
Pseudo OUS82 1957 870 947 1183 930 11.63 12.05 20.48
Pseudo PaK1 1522 870 1243 1361 1294 941 9.64 2048

Polaro CJ2 1522 870 10.18 1198 6.98 13.95
Burk R34 1522 10.87 10.18 1138 8.14 13.95
Diapho DS2 1522 1087 958 1257 941 11.76
Diapho DS3 1522 1087 958 1257 941 11.76
Coma JS765 1522 1087 898 1257 930 13.95
average 1522 985 1064 1229 872 1207 1157 20.72
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AGH09226.1 3NT alpha subunit Diaphorob sp. DS2

pdb/SBRCIA Chain A Oxygenase Component OF 3-ni Dioxy From Diaphorobacter Sp. Strain Ds2
AGH09221.1 3NT oxy alpha subunit Diaphorob: sp. DS1
ADQ90222.1 2 i alpha subunit stutzeri NT
pdb2BMO|A Chain A The Crystal Structure Of Nitrobenzene Dioxygenase
WP 011806223 1 aromatic ring-hy " subunit alpha sp. 1842
AALS50021.1 DntAc Burkholderia ccpxua

ARQQIGE L ISP alph: L RASC
WP 082076300.1 naphthalene 12- uxvgenxk Ralstonia mannl\olllv[lca
WP 080746594.1 hth 12 kholderia
I~ WP 0264374981 12-di subunit alpha Acidovorax sp. JHL-9
AAL46983.1 naphthalene di partial Burkholderia sp. S1-17
AALA698E. 1 partial sp. SOD-5b

ACTS3249.1 PAH dioxygenase large subunit Burkholderia sp. C3

ASO96766.1 naphthalene 12-dioxygenase large subunit partial Burkholderia sp

AEV91670.1 12 dioxyg large C sp. MQ
AAQS4687 1 dioxygenase alpha subunit PhaAc partial Delftia acidovorans

BABS4018.1 naphthalenc dioxygenase iron sulfur protein partial Ralstonia sp. NI1

BABS4020.1 naphthalene dioxygenase iron sulfur protein partial napthalene degrading bacterium NK2
BAB84019.1 naphthalene dioxygenase iron sulfur protein partial napthalene degrading bacterium NJ2
BABS4023.1 naphthalene dioxygenase iron sulfir protein partial napthalene degrading bacterium NK3
‘WP 080746176.1 naphthalene 12-dioxygenase Comamonas testosteroni

ABX89315.1 naphthalene dioxygenase large subunit partial Comamonas testosteroni

AID62060.1 naphthalene dioxygenase large subunit partial Comamonas testosteroni

Nag

AASTST77.1 i partial C
BALI5782.] putative naphthalene dioxyzenase large subunit partial Novosphingobium naphthalenivorans
WP 011801867.1 MULIlSPl:(lI:S aromatic ring-hydroxylating dioxygs subunit alpha Burkhold
WP 084217248 1 L ye azovorans
WP 084385043 1 2 inpohi

ADP76555.1 NahAc protein partial (plasmid) Pseudomonas sp. CH-11
BAA20391.1 Iron-sulfer protein large subunit Pseudomonas putida

007824.1 Naphihalene 12-dioxygenase subunit alpha from Pseudomonas flus

WP 0247181911 12-di putida

AAG25701.1 naphthalene dioxygenase iron sulfur protein | partial Pscudomonas putida
AFPOT801.1 partial putida
AGGS6548.1 dioxygenase large subunit protein partial Pseudomonas putida
AAKS6793.1 partial sp. 30-2
AID62057.1 naphthalene dioxygenase large subunit partial Pscudomonas veronii
AID62058.1 naphihalene dioxygenase large subunit partial Pseudomonas gessardii

AAV33341.1 naphthalene dioxy partial Pseud sp. PZT2
AAV33336.1 partial sp. PZTI
| | ABA29806.1 naphthalene d partial Pscud sp. LZTS
AAV3IEI i partial P sp. LCY11
AAV33339.1 i partial Pseud sp. LCY16
WP 011475377.1 naphthalenc dioxygenase iron sulfur protein large subunit Pscudomonas
AAL46982.1 s partial AAL46084.1
AAV33334.1 naphthalene di partial Pseud . LCY14
AAL46985.1 oxy partial sp. SCD-14b
H |ABA29805.1 naphthalene d pantial Pseud
AAV33333.1 naphihalene dioxygenase partial Rahnella . oyl Nah-1
i AAV33335.1 genase partial sp. CY13
AAL46987.1 partial sp. SOD-3

AAG25692.1 naphthalene dioxygenase iron sulfur protein partial Pseudomonas putida

AAG25694.1 naphthalene n sulfur protein partial Pseudomonas sp. PRIMN2

AAG25686.1 naphthalene n sulfur protein partial Pscudomonas sp. 19IIDNH

AAG25700.1 naphthalene n sulfur protein 2 partial Pseudomonas putida

AAG25693.1 naphthalene dioxygenase iron sulfur protein partial Pscudomonas sp. 8IDINH

ABS29618.1 naphthalene lz—dmxvgenase iron sulfur protein component large subunit partial (plasmid) Pseudomenas fluorescens
AEHT6909.1 putative partial sp. SK-VPa

AAB61373.1 naphthalene dloxvgenase iron sulfur protein large subunit Pseudomonas putida

pdbl2HMI|A Chain A Crystal Structure Of The Naphthalene |2 Dioxygenase

WP 1 naphthal 12-di F
OPKO8854.1 hthal 12-di sp. VI4.1 ART35392.1 A214 uncultured bacterium
[ WP OLIISH413.1 naphihalens dioxygenase Fe-S protein large subuml Pcudomonas putida
| WP 076031629.1 hithal 12-di
WP 011117400.1 MULTISPEC] 12-dioxyg subunit alpha P
pdbl4HIL|A Chain A 12-dis Bound To 1-chl hthalens
AABG2707.1 12-di terminal oxy large subunit (plasmid) Pseudomonas putida
[rADMlGﬂ.S 1 PAHs hydroxylase iron sulfur protein (plasmid) Pseudomonas chlororaphis

ADM26644.1 PAHs hydroxylase iron sulfur protein (plasmid) Pseudomonas chlororaphis
AARO7508.1 naphthalene dioxygenase large subunit partial Pseudomonas fluorescens
CAD42903.1 naphthalene dioxygenase iron sulfur protein partial Pseudomonas sp. 4N1-2
OPK03994.1 12-dioxyg: veronii
CAD42906.1 naehtlla]L'nL dioxygenase iron >ulfur protein Earllnl Pseudomonas sp. SN1-1
CAD42902.1 naphthalene dioxygenase mon sulfur protem partial Pseudomonas sp. 2N1-1

CCH10589.1 partial menteilii
AAG25683.1 naphthalene dioxygenase iron sulfur protein partial Pseudomonas stutzeri
AAG25685.1 naphthalene dioxygenase iron sulfur protein pariial Pseudomonas stutzeri
AAG18427.1 naphthalene 12-dioxygenase large subunit partial Marinobacter sp. NCE31
AAG25680.1 naphthalene dioxygenase iron sulfur protein partial Pseudomonas balearica
AGG36547.1 dioxygenase large subunit protein partial Pseudomonas aeruginosa
AHA42537.1 aromatic ring hydroxylating dioxygenase alpha subunit partial Pseudomonas sp. PAHAs-1
ADK26577.1 iron-sulfur protein large subunit Pseudomonas sp. N1(2010)
WP 024162461.1 hall 12-di stulzeri
Q51494.1 RecName: Full Naphthalene T2~ dmx)genase subunit alpha

PR Marinobacter sp. NCE312

AAG25679.1 naphthalene dnoxygenasc iron sulfur protein partial Ps:ndomonas stutzer

WP 090443572.1

WP 076342824.1 MULTISPECIES‘ l" dioxy Pscud

WP 080604762.1 1 putida Nah_Z
EXF45163.1 ring hydmxylalmg dmx,genaee mhunn alpha Pseudomonas sp. BAY1663

WP 074519818.1 hh balearica

AAG25681.1 naphthalene dmx,gcmsc iron sulfur protein partial Pscudomonas balearica DSM 6083

WP 0806951491 hithal 12-di ¥ d stutzeri

AAG25690.1 naphthalene dioxygenase iron sulfur proiein partial Pseudomonas putida
WP 020307250.1 naphthalene dioxygenase iron sulfur protein large subunit Pseudomonas stutzeri
AAG25684.1 naphthalene dioxygenase iron sulfur protein partial Pseudomonas siuizeri
LAAOHGM 1 naphthalene dioxygenase iron sulfur protein partial Pseudomonas stutzeri
ANQ45162.1 naphthalene dioxygenase large alpha subunit partial Pseudomonas stutzeri
‘WP 014819638.1 12-dioxy stutzeri
AAG25687.1 naphthalene dioxygenase iron sulfur protein partial Pseudomonas stutzeri
AAO45606.1 naphthalene d.\uxygcmis:: iron sulf protein partal Pseudomonas stutzer
I.— EZQ14080.1 hthal
AAG25682.1 naphthalene d.mxvgenase iron sulfiur protein partial Pseudomonas stutzeri
AAG25702.1 naphthalene dioxygenase iron sulfur protein 2 partial Pseudomonas putida
AAQ45605.1 naphihalene dioxygenase iron sulfur protein partial Pseudomonas stutzeri
ADK11287.1 naphthalene dmx)genase large alpha subunit Pseudomonas stutzeri

AAGISEOS ] 15 L tial i

L[ PahAc inpah gene clusier cloned from CY-1 | hpah |

Dominant pahAc_genotvpe in CY-1
[ ADK23800.1 12-dioxygenase large subunit partial Alteromonas sp. P127

LLWP 024024133 1 aromatic ring-hydroxylating dioxygenase subunit alpba Marinomonas. profundimaris Out group
WP 013785992.1 aromatic ring subunit alpha A
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Fig. S1 Phylogenetic tree of all nah-related Ac sequences from cultured bacteria in
GenBank. This tree is directly output from the distance tree of the blast result in
GenBank. Separation of the four nah-related genotypes, i.e. nah-1, nah-2, nag, NT

and hpah, were labeled in the tree.
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Fig. S2 Relative expression level of the nahAd genes after induction.The
transcript/gene ratio during microcosm incubation was calculated. Gene expression
was quantified using qRT-PCR and the comparative critical threshold (2**“") method.
Three measure replicates and three microcosm replicates were performed. Vertical
bars represent standared deviations of the nine replicates of nahAd gene

quantifications.
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Fig. S3 Detection of nahAbAcAd overproduced in E. coli BL21 (DE3) (pET 28a).
High amounts of 50 and 20 kDa that were mainly soluble.

1: maker; 2: 30°C 1 mM IPTG; 3: 30°C 0.75 mM IPTG; 4: 30°C 0.5 mM IPTG;

5: 25°C 1 mM; 6: IPTG 25°C 0.5 mM IPTG; 7: 25°C 0.75 mM IPTG;

8: 20°C 0.5 mM IPTG; 9: 20°C 1 mM IPTG; 10: E. coli BL21 (DE3) harboring

pET28(a)
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2QPZ-A|Pseudomonas. sp 9816
BAEOS2155|Pseudomonas putida G7
AFM32592|Pseudomonas stutzeri AN10

1000 AHY45193|Pseudomonas stutzeri 19SMN4
Consortium CY-1 hpah
AA7Z93387|Polaromonas sp. CI2
AADI12609|Ralstonia sp. U2
AAL76201|Comamonas sp. JST65

57 AAS09911|Burkholderiasp. DNT
AEF05083|4lteromonas sp. SN2

nah-1

88 nah-2

nag

NT

Fig. S4 Neighbor-joining phylogenetic tree established based on the predicted amino
acid sequence of pahAb and other nahAb genes. The phylogenetic and molecular
evolutionary analyses are conducted by MEGA 6. All the sequences are obtained from
GenBank and the accession number are shown ahead the strain names. Different
groups are classified as Fig. 2.

100jAADO02137|Pseudomonas stutzeri AN10
AHY45195|Pseudomonas stutzeri 19SMN4
Consortium CY-1 hpah
AAO064275|Pseudomonas putida 9816-4

nah-2

AAA25903|Pseudomonas putida G7 nah-1
AADI12611|Ralstonia sp. U2 nag
AAL76203|Comamonas sp. JIS765 NT

96L AAS09912|Burkholderia sp. DNT
AA793389|Polaromonas naphthalenivorans CJ2 nag
AEF05077|4lteromonas sp. SN2

0.1

Fig. S5 Neighbor-joining phylogenetic tree established based on the predicted amino
acid sequence of pahAd and other nahAd dioxygenase. The phylogenetic and
molecular evolutionary analyses are conducted by MEGA 6. All the sequences are
obtained from GenBank and the accession numbers are shown ahead the strain names.

Different groups are classified as Fig. 2.
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100 AAO64276|Pseudomonas putida 9816-4
nah-1

BAES2158|Pseudomonas putida G7

AFM32589|Pseudomonas stutzeri AN10

- nah-2
100]AHY45 196|Pseudomonas stutzeri 19SMN4
AAZ93390|Polaromonas sp. CI2
[ nag
100L__ AAD12612|Ralstonia sp. U2
Consortium CY-1 hpah

0.05

Fig. S6 Neighbor-joining phylogenetic tree established based on the predicted amino
acid sequence of pahB and other nahB genes. The phylogenetic and molecular
evolutionary analyses are conducted by MEGA 6. All the sequences are obtained from

GenBank and the accession numbers are shown ahead the strain names. Different

AEF05076|4lteromonas sp. SN2

groups are classified as Fig. 2.
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Pseudomonas 1

Nah(Pseudo_G7):
Nah(Pscudo_OSUS2):
Nah(Pseudo MCI):
Nah(Pseudo_PaKI):
Nah(Pseudo NDG): -IEE [Ac {d) Q
Nah(Pseudo_9816): -IEE (Ac fd) Q

Nah(Pseudo_BS202): ﬂ
Nah(Pseudo_PC20): -@E
Nah(Pseudo_AK5): EE
Nah(Pseudo_LP6a): -E}E

LAc )d)

Nah(Pseudo_C18): I-E

Nah(pFKYI): -E}E

Nah(pFKY4): -E}E
Burkholderia 1

Nag(dcido JHL-9): & ) b Ac Jd) Q

Nag(Coma_H): b [d)

Nag(Coma_JCI3): ﬂ b m n Q

Nag(Ralsto_U2): [a ) bl Ac ){d) Q

NagtBurk €3

Nag(Coma_MQ): La ) bLAC Md)

Nag(Polaro CJ2): g [ Ac )d) Q

Pseudomonas 2

Nah(Pseudo_19SMN4):

[a b[Ac [d e = HE

Nah(Pseudo_W13Z2): - a Yol Ac Id = F C 4Q: E 4D
Nah(Pseudo_BAY1663): { a ) 3'_!_“ [d )} :] [ C Q. E ;gD

Nah(Pseudo_BSMNI): ';YHEI B, F ,C;QIE JC
Nah(Pseudo_AN10): L a ol Ac Nd )Xz F

[ a liH-H Ac )id)

Nah(Pseudo_NI1(2010)x{ a Yo Ac Nd)

Nah(Pseudo_KOS6): | a ol Ac Xd iz F C 4Q; E ;D

Burkholderia 2
Nag(Burk R34):
Nag(Burk_DNT):

C 0, "E D

Nah(Pseudo_NJ):

(< J8iBAc JiH
Nag(Acido JS42): | a }6:bl Ac d HHIHED
Nag(Rseudo_ZWLRZ-!):

[a )
Nag(Diapho_DST): [a)
[a)
La)

Nag(Coma_765):

Nag(Diapho_DS2):
Nag(Diapho_DS3):

Nag(Burk_DDS154-1:—{a ) bl Ac J[d) Q

Fig. S7 Gene organization in nah-like gene clusters. Boxes in gray or deep gray

pointing in the direction of transcription represent genes of PAHs degradation. For

clarity of presentation, nahAaAbAcAd are shown as a,b,Ac,d, etc. Boxes in black are

hypothetical proteins. Boxes with dashed borders are interrupted genes, incomplete

sequences are indicated with short vertical bars on the side.
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Acidovorax 19860
Acidovorax KKS 102
Azoarus BH27
Burkholderia K24
Comamonas DF 1
Marinomonas MMB-1
Marinomonas. sp
Pandoraea RB-44
Herbaspirillum B39
Achromobacter A8
Ralstonia IP01609
Cupriavidusnector
Burkholderia JBK9

Sphaerotilus sp. DSM 6575

Curvibacter lanceolatus W

Fig. S8 Gene organization in Sal5H gene clusters. Boxes in gray or deep gray pointing
in the direction of transcription represent Sal5H genes. For clarity of presentation,

Sal5SHAaAbGH are shown as a,b,G,H, etc. Boxes in black are hypothetical proteins.
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