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Figure S1a. Relative distribution of BTEX in M-OIL sample and in the original Prestige oil used in
Mallorca microcosms. Ben (benzene), tol (toluene), et-ben (ethyl-benzene), m/p-xyl (m-xylene and p-
xylene), o-xyl (o-xylene).
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Figure S1b. Relative distribution of alkanes in most polluted samples. Data are compared with the
Prestige oil fingerprinting described in Alzaga et al., 2004 (1). *sum of nC17 and pristane.
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Figure S2. PCoA (Principal coordinate analysis) of distances between assA sequences present in the
sediment samples collected from marine sediments (Figueiras beach, Rodas beach and Mallorca) and
sequences available in the databases (see table S1). The positions of the sequences corresponding to
isolates are labeled with a letter that indicates the taxonomic affiliation: Betaproteobacteria (b),
Desulfobacterales (Desulfatibacillum alkenivorans AK-01) (d) and Syntrophobacterales (Desulfoglaeba
alkanexedens) (s). The percentage of the variation between the samples by principal coordinate is
indicated on the axes. A sequence cutoff of 2% of amino acid similarity (OTUo02) was used to select the
sequences for the analysis.
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Figure S3. Rarefaction curves of the BssA-like sequences from sediments samples (Fl, Figueiras; M,
Mallorca) with a sequence cutoff of 2% of amino acid similarity (OTUo.2).
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Figure S4. Alignment of the consensus sequences of the different clusters
determined in the study showing the frequency profiles of amino acids at each

position (logo). Position numbers refer to Thauera aromatica K172 sequence.
The active site cysteine residue is highlighted in yellow, while the specificity

relevant residues shown in Figure 4 are highlighted in blue.
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Bacterium enrichment culture clone B1C1 (ACY70397)
Bacterium enrichment culture clone B2B2 (ACY70398)
i Sulfatereducing bacterium TRM1 (ABM92939)
Bacterium enrichment culture clone B1B6 (ACY70396)
Sulfatereducing bacterium PRTOL1 (ACI45753)
Sediment Lake, Washinton (LWFCAn_01453720)
Zeitz aquifer, o-xylene-mineralizing consortium clone Zz-ox_12 (ADA81913)
99! Zeitz aquifer, o-xylene-mineralizing consortium clone Zz-ox_76 (ADA81914)
Desulfosarcina cetonica (ABM92934)
Desulfobacula toluolica Tol2 (CAO72221)
99 Geobacter daltonii FRC-32 (ACM20791)*
Bioreactor, Puerto Rico Rainforest (prs_02820360)
Geobacter toluenoxydans (ABM92938)
Geobacter daltonii FRC-32 (ACM20801)*
g0l | GeoObacter grbiciae strain DSM 13689 (ABM92936)
100! Geobacter metallireducens GS-15 (AAM34597) cluster|
99 — Aromatoleum aromaticum EbN1 (YP_158060)
Thauera aromatica K172 (CAA05052)
Sediment Lake, Washington (LWAnNN_03204800)
Magnetospirillum sp. TS-6 (BAD42366)
99 Thauera aromatica T1 (AAC38454) tutD
Thauera sp. DNT-1 (BAC05501)
Azoarcus sp. T (AAK50372)
100|Azoarcus sp. CIB (ABK15654)
91t Azoarcus sp. DN11 (BAF63031)
bacterium bssA-1 (ABO30980)
Desulfotomaculum gibsoniae DSM 7213 (EHG03004)*
Clostridia bacterium enrichment culture clone BF (ADJ93876)
bacterium bssA-2 (ABO30979)
—— Bioreactor, NY (PCEOTH_2935460) . . L ——
Zeitz aquifer, p-xylene-mineralizing consortium clone_Zz-px_04b (ADA81920)
Tool Zeitz aquifer, p-xylene-mineralizing consortium clone_Zz-px_01 (ADA81918) cluster Il
. . 80" Zeitz aquifer, p-xylene-mineralizing consortium clone_Zz-px_04 (ADA81919)
100 Desulfotomaculum gibsoniae DSM 7213 (EHG03013)**
Bioreactor, NY (PBDCA2_14529960) unidentified clusters
Desulfobacula toluolica Tol2 (CCK78655) hbsA
2 T100— Desulfobacula toluolica Tol2 (CCK79722)*** .
100 Enrichment culture N47 (CBX29403)
Bacterium enrichment culture clone N47 (ADB04297)
100k Delta proteobacterium NaphS6 (CAO72222)
Delta proteobacterium NaphS3 (ZP_07203817) cluster Il
96! Delta proteobacterium NaphS2 (CAO72219)
100 Desulfotomaculum sp. Ox39 (ABM92937)
E'j[Zeitz aquifer, o-xylene-mineralizing consortium cloneZz-ox16 (ADA81915)
100! Zeitz aquifer, 0-xylene-mineralizing consortium clone Zz-ox56 (ADA81912)

86

85 Prokaryote enrichment culture clone assA-63 (AEI52403)
Uncultured bacterium clone H1 (AET09969)

Prokaryote enrichment culture clone SDB OTU4 (ADJ51091)
Prokaryote enrichment culture clone SDB OTU1 (ADJ51090)
Uncultured prokaryote clone ET clone assA55 (AEO89354)

100 98, Prokaryote enrichment culture clone SDB OTU2 (ADJ51074)
Prokaryote enrichment culture clone SDB OTU3 (ADJ51075)
Desulfoglaeba alkanexedens ALDC (ADJ51097)

Prokaryote enrichment culture clone SDB OTU5 (ADJ51087)
Desulfatibacillum alkenivorans AK-01 (ABH11460)

Desulfatibacillum alkenivorans AK-01 (ABH11461) cluster IV
Aromatoleum sp. OcN1 (CBK27727)

80
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99 ——=AZoarcus sp. AXIN | LAVUSV/X) MAsD o

100 Santa Barbara Basin (ASA12900462540)
I 4|:rm1ta Barbara Basin (ASA12900294410)
100 Uncultured prokaryote OTU2 (ADJ51106) . .
100! Uncultured prokaryote OTU1 (ADJ51105) unidentified clusters

| Soil, Puerto Rico Rainforest (PRSSGFe20584.00001680)
100! Bioreactor, Puerto Rico Rainforest (PRSSGFe00942990)
100 —— Desulfovibrio desulfuricans G20 (ZP00130812) Pyruvate formate lyase

L Desulfitobacterium hafniense DCB-2 (ZP00099778) Formate C-acetyltranferase A-lik
Clostridium butyricum (ABW38375) Glycerol dehydratase pfl-like out-group
92 Archaeoglobus Fulgidus (NP0O70278) pfl2
e —
0.2

Figure S5. Unidentified clusters found in our analysis. The phylogenetic tree shows all BssA-like
sequences from isolated strains and enrichment cultures deposited in databases and sequences anno-
tated as putative pyruvate-formate lyase (pfl) enzymes from genomes and metadata (metagenomes).
The analysis suggests the existence of non-classified clusters (highlighted in blue and green). Asterisks
denote the sequences annotated as pfl from aromatic oxidizing strains that belong to cluster | (*) or
unidentified cluster (**). A third sequence (BssA3) from Desulfobacula toluolica Tol2 annotated as BssA
(2) groups in the HbsA cluster (***). The sequences retrieved from metagenomes are written in bold.
Two sequences annotated as putative glycyl radical enzymes from Callaghan et al., 2010 (3) are inclu-
ded in the analysis (ADJ51105 and ADJ51106). Numbers in parentheses represents protein GenBank
accession numbers or gene object ID (metagenomic data).
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Table S1. BssA-like sequences retrieved form the databases and used in the analysis.

bssA like* Protein acc. No. Sample source Reportc-ed cor‘ltamlnants in notes Ref.
number seq the isolation source
. . Untreated gasoline spill soil, .
Thauera aromatica strain T1 AAC38454 1 California (USA) Gasoline (1)
Thauera aromatica K172 CAA05052 1 Municipal sewage plantin Anaerobic sludge (2)
Konstanz (Germany)
Column filled with
Anaerobic, toluene-degradin material from the
Azoarcus sp. T AAK50372 1 ' . 9 9 Toluene interface of a river- (3)
Laboratory aquifer column.
groundwater
infiltration site.
Geobacter metallireducens GS15 AAM34597 1 Freshwater surficial bo'Ftom (4)
sediments, Potomac River.
Aromatoleum aromaticum EbN1 YP_158060 1 Anoxic freshwater mud sampled in (5)
Bremen, Germany
Thauera sp. DNT-1 BACO05501 1 Anaerobic sludge from a (6)
wastewater treatment plant
. Soils from damp ground and rice Denitrifying
Magnetospirillum sp. TS6 AD42366 1 paddies Alphaproteobacteria (7)
Blazquez
Azoarcus sp. CIB ABK15654 1 etal,
2006’
Azoarcus sp. DN11 BAF63031 1 Contaminated subsurface aquifer, Gasoline-contaminated ®)
Kumamoto (Japan) groundwater
Desulfosarcina cetonica DSM 7267 ABM92934 1 Oil recovery water, Azerbaijan
Geobacter grbiciae strain DSM 13689 ABM92936 1 Freshwater sediment, estuary of
the Potomac River, USA. )
Sediment of a drilling core Monocyclic aromatics,
Desulfotomaculum sp. OX39 ABM92937 1 taken at a former gasworks plant PAHs, and heterocyclic

near Stuttgart (Germany)

compounds.




Sediment from a near Stuttgart

Geobacter toluenoxydans TMJ1 ABM92938 1 Tar-oil-contaminated site
(Germany)
Soil percolation column filled with
Sulfate reducer TRM1 ABM92939 1 material from a contaminated BTEX
aquifer (Stuttgart)
Desulfobacula toluolica strain Tol2 CAO072221 1 Marine sediment, Eel Pond
Sulfate-reducing bacterium PRTOL1 EU780921 1 Naval Air Station, Patuxent River Aviation fuels—;i(l)ntammated (10)
Georgfuchsia toluolica strain G5G6T CBH30982 ] Polluted aquifer, Banisveld (The BTEX-containing landfill (1)
Netherlands) leachate
mixed radionuclides, heavy
. ACM20791 . ' Annotated as Formate Lucas et al.,
Geobacter daltonii FRC-32 ACM20801 2 Contaminated shallow subsurface metal and hydrqcarbon C-acetyltransferase 009"
contamination
Desulfotomaculum gibsoniae DSM 7213 EHG03004 1 freshwater mud Annotated as pyruvate  Lucas etlal.,
formate-lyase (PFL) 2011
Bacterium bssA-2 ABOS0S/S ! Sand deposits at Pensacola aquifer Nitrogen heterocycles, tquene—degrac!lng
i bssA-1 ABO30980 1 (California) PAHs and phenols methanogenic (12)
Bacterium bss. consortium
ADA81912- 6 o-xylene-mineralizing
. . ADA81917 heavily contaminated former consortium
Bacterium enrichment culture ADA81918- 8 industrial field site Zeitz (Germany) BTEX p-xylene-mineralizing (13)
ADA81925 consortium
. . ACY70396- BTEX-contaminated aquifer near Groundwater Enriched
Bacterium enrichment culture ACY70398 3 Zeitz (Germany) BTEX consortium Zz5-7 (14)
Soil of a former coal gasification benzene-degrading
Clostridia enrichment (clone BF) ADJ93876 1 aformercoalg Bencene and iron-reducing (15)
site in Gliwice, Poland clone
ABM91877- 10 Former gasworks site, Testfeld Std
ABM91886 near Stuttgart (Germany) . .
- - . Contaminated aquifer
uncultured bacterium ABM91887- 10 Contaminated Flingern aquifer Tar-oil-contaminated sediments 9)
ABM91896 sediments, Disseldorf (Germany)
ABM91897- 16 Gasworks site in Pasing, Munich
ABM91912 (Germany)




ADG27767-

Gasworks site, aquifer sediment,

Coal processing products,

Toluene-degrading

AFX73934

from 20009.

uncultured bacterium ADG27785 19 Testfeld Siid, (Germany) BTEX, PAHs 'heavy' DNA (SIP) (16)
ADJ51098- L
Fuel and liquid propane
ADJ51100, — . . . .
ADJ51102 5% Oil refinery in Casper (Wyoming) gas, gasoline, heavy fuel oil,
uncultured prokaryote ADJ51103 kerosene, asphalt Contammgted aquifer (17)
- sediment
Gas condensate-contaminated 96% w/w C5-C15
ADJ51101, . .
ADJ51104 2 Aquifer, South Platte alluvial compounds (18% w/w
aquifer, Fort Lupton (Colorado) BTEX)
Coal tar waste-
. ACR82309- Groundwater, rural wooded area .
uncultured bacterium ACR82335 27 in South Glens Falls (NY) Gas condensate, BTEX contaminated (18)
groundwater
AFB74483, Granular sludge nitrate amended
AFB74485- 4 (Washington)
uncultured Thauera sp. AFB74487 9 Toluene degrading
AFB74484 1 Agricultural S(?I| r)|trate amended BTEX MICrocosms (19)
(Michigan)
uncultured desulfobacterium AFB74488 1 Contaminated soil sulfate
uncultured bacterium AFB74489 1 amended (Michigan)
Incubated for 500-days
. AEO79008- . . under methanogenic
uncultured bacterium AEO79010 3 Oily sludge Oil conditions without any (20)
carbon sources
Production water from Shengli . Methanogenic
uncultured prokaryote AEY68269 1 oilfield, Shangdong (China) moderately heavy oil enrichments cultures (21)
AFX62232- .
AFX62236 5 Amon mud volcano station 929
AEX62237 1 Gulf of Mexmq, hydrocarbon seep
. dive 161
uncultured bacterium (22)
AFX62238- Contaminated aquifer
AFX62277, 47 Contaminated Flingern aquifer Tar-oil contaminated sediments Samqlin
AFX73928- sediments, Disseldorf (Germany). ) pling




nmsA like* Protein acc. No. Sample source Report.ed cor.\tammants in notes Ref.
number seq the isolation source
delta proteobacterium NaphS2 CAO72219 1 North Sea sediment (Germany) Anaerobically
delta proteobacterium NaphS3 CA072220 1 Etang de Berre marine sediment, |nchLthkr>]a;cSloflar:\ee§lr|‘Lém (23)
delta proteobacterium NaphS6 CAOQ72222 1 Mediterranean lagoon (France)
naphthalene.
. . . . Sulfate reducing
bacterium enrichment culture clone ADB04297 1 contaminated aquifer near conditions with (24)
N47 Stuttgart (Germany)
naphthalene.
AFX62278 1 Amon mud volcano station 929
AFX62279- 15 Gulf of Mexico, hydrocarbon seep
AFX62293 dive 161
. AFX62294- Guaymas hydrocarbon seep, dive
uncultured bacterium AFX62301 8 4573 (22)
AFX62302- 19 Contaminated Flingern aquifer Tar-oil contaminated izg:;tL?itzggqﬁ:er
AFX62320 sediments, Disseldorf (Germany). : piing
from 2009.
hbsA Protein acc. No. Sample source Reportt_ed c0|.1tam|nants in notes Reference
number seq the isolation source
CCK78655 1 Hydroxybenzylsucqnate
. . . . synthase subunit A
Desulfobacula toluolica strain Tol2 Marine sediment, Eel Pond - (25)
CCK79722 1 Annotated as bssA in
the NCBI database
Protein acc. No. Reported contaminants in
assA Sample source . . notes Reference
number seq the isolation source
Desulfatibacillum alkenivorans AK-01 ABH11460 ) Estuarine sediment, Arthur Kill Oil contaminated (26)
(sulfate-reducing bacterium AK-01) ABH11461 waterway (NY/NJ) sediments
Desulfoglaeba alkanexedens ALDC ADJ51097 1 Naval storage facility, VA (USA) Oily wastewater (17)
Aromatoleum sp. OcN1 CBK27727 1 Sediment samples from ditches in (27)
Azoarcus sp. HXN'1 CAO03074 1 Bremen (Germany) (28)




ADJ51074,

Methanogenic,

. ADJ51075, Marine sediments, Paletta Creek . octacosane (C28H58)-
prokaryote enrichment ADJ51087, 5 o : Oil . .
site in San Diego Bay (CA) degrading enrichment
ADJ51090, culture (17)
ADJ51091
. Sulfate-reducing
North of Zodletone Mountain in . .
uncultured prokaryote ADJ51096 1 the Anadarko Basin, OK (USA) conditions with
propane
uncultured prokaryote AEO89352- . . Methanogenic
AEO89354 3 Oily sludge incubated for 500-days conditions (20)
rokaryote enrichment AE152403- 23 c,j\/'etrh?j?:ge:lr? 2:1”r(:nr(13t
prokaryote enrichme AEI52425 egrading enrichme
culture
- Cheng et
Methanogenic al. 20111
uncultured bacterium AET09969- 14 Contaminated soil, Shengli oil oil hexadecane-degrading N
AET09982 field, eastern China consortium enriched
with crude oil
ADJ51068,
ADJ51077,
ADJ51079- 8 Contaminated aquifer sediment,
ADJ51081, Passaic River (NJ)
ADJ51084-
ADJ51086
ADJ51076, . .
Sites have been negatively
ADJ51078, . . . .
uncultured prokaryote ADJ51083 5 Contaminated river sediment, impacted by petroleum (17)
ADJ51088, Gowanus Canal (NY) spills
ADJ51089
ADJ51082, 5 Contaminated river sediment,
ADJ51094 Newtown Creek (NY)
ADJ51069- . . .
ADJ51072, 5 Contaminated river sediment,

ADJ51095

Arthur Kill waterway (NY/NJ)




ADJ51073,

Gas condensate-contaminated 96% w/w C5-C15

Sulfate- reducing and

ADJ51092, 3 aquifer, South Platte alluvial compounds and 18% w/w methanogenic
ADJ51093 aquifer, Fort Lupton (Colorado) BTEX conditions
ADJ51096 1 Zodletone sprln‘g water, Anadarko Methane, ethane, and Anoxic water
Basin (OK) propane
. AFX62321- Guaymas hydrocarbon seep, dive
uncultured bacterium AFX62322 2 4573 (22)
Unidentified clusters Protein acc. No. Reported contaminants in
. Sample source . . notes Reference
(annotated as pfl like) number seq the isolation source
Gas condensate-contaminated 96% w/w C5-C15 sediments gnder
ADJ51105- ) . sulfate- reducing and
uncultured prokaryote 2 aquifer, South Platte alluvial compounds and 18% w/w . (17)
ADJ51106 . methanogenic
aquifer, Fort Lupton (Colorado) BTEX o
conditions
, , Annotated as pyruvate Lucasetal.,
Desulfotomaculum gibsoniae DSM 7213 EHG03013 1 freshwater mud )
formate-lyase (PFL) 2011
Umdentlflec_i cIust.ers Gene object ID Sample source Report.ed cor.\tammants n Notes Reference
(Metagenomic projects) the isolation source
Poplar biomass microbial communities Sample from total
P . PBDCA2_14529960 Bioreactor Solid waste biomass decay
from Brookhaven National Lab, NY .
community
Methane oxidizing archaeal ASA129_ 00294410 Marine sediment, Santa Barbara IMG/M
communities from Santa Brabara Basin ASA129 00462540 Basin (ANME Sed A12 9-12 cm) database’
Microbial communities from Puerto PRSSGFe_00942990
Rico rain forest that decompose PRSSGFe2_0584.000016 Soil
switchgrass 80
. i . .
Discharged .bSSA I!ke Gene object ID Sample source Report.ed cor.\tammants n Notes Reference
(Metagenomic projects) the isolation source
Microbial communities from Lake LWFCAn_01453720 Sediment, Lake Washington, Mgtif;e(?lgev’:g:?gjn IMG/M
Washington LWANN_03204800 Seattle (USA) y database’

aerobic + nitrate)




Green-waste compost microbial
community from solid state bioreactor, prs_02820360 Compost Solid waste
Puerto Rico

PCE-dechlorinating microbial
communities from Ithaca, NY

Tetrachloroethylene and

PCEOTH_2935460 Bioreactor L
derivatives

* bssA like and nmsA like refers to BssA and NmsA sensu lato sequences, respectively.
T unpublished
2these sequences do not share >80% of the same region. They were included only for the analysis of Figure S6.



Table S2a. BTEX composition in the sediment samples.

BTEX compound (ppb)
Ben EtBen Tol m/p-xyl o-xyl
FI-PET nd nd nd blq blq
M-OIL nd 16.1 £ 2.1 nd 736+ 135 86.2+14.3
Pre&t;%f)o" 0164002 1264016  1.04+0.11 182£016  19120.12

Ben (bencene); EtBen (Ethylbencene), Tol (toluene), m/p-xyl (m-xylene and p-xylene), o-xyl (o-xylene)
nd = not detected
blq = below limit of quantification (<1 ppb)

Table S2b. PAHs composition in the sediment samples.

PAH compound (ppm)

N 1-MN 2-MN N2 N3 N4
RI 1.28 £0.96 nd 0.12+0.17 nd nd nd
FI-OX 0.10+£0.04 0.12+0.3 1.5+1.09 nd nd nd
FI-TR 0.07 £0.02 nd 0.42 +0.21 nd nd nd
FI-AN 0.05+0.01 nd 0.03+£0.01 nd nd nd
FI-PET 43+£191 252+1.07 27.55+6.1 225+394 462+132 251148
M-CON 0.0064+ 0.00 nd nd nd nd nd
M-NAP 0.053+0.00 nd blq nd nd nd
M-OIL 0.71£0.22 0.07£0.04 091£037 021+£0.06 0.09+0.02 nd
Prestige Oil° 345 1076’ 1232 1017 no data

Naphthalene (N), 1-methylnaphthalene (1-MN), 2-methylnaphthalene (2-MN), dimethylnaphthalene (N2),
trimethylnaphthalene (N3), tetramethylnaphthalene (N4).

"Sum of 1-MN and 2-MN.

2 Data for the Prestige oil fingerprinting analysis described in Alzaga et al., 2004.

*Methylated compounds with C1, C2 and C3 groups

nd = not detected

blq = below limit of quantification (<1 ppb)



Table S3. Most Probable Number of aromatic degrading bacteria in the Mallorca sediment microcosms and Atlantic Islands sediments.

Carbon source

Treatment  Qil (Cl (95%)) Ben (Cl (95%)) Tol (Cl (95%)) An (CI (95%)) Naph (Cl (95%)) Ac (Cl (95%))
None 23 (10-170) 9.2(1-17) 9.2(1-17) 2.3(0.6-8) 0.21 (0.0-0.7) 92 (10-170)
SRB (x10%) Naph 42 (10-170) 4.2(1-17) 42 (1-17) 2.3(0.6-8) 0.92(0.2-3) 42 (10-170)
Qil 92 (10-170) 15(10-170) 15(10-170) 14 (10-170) 0.92(0.2-3) 150 (10-170)
None - - - - - 230 (66-800)
Mallorca IRB (x10) Naph 2.3(0.6-8) - - 42(1-17) - 70 (16-300)
Qil - 2.3(0.6-8) 0.92 (0.2-3.7) - - 210 (61-730)
None (0.6-8) - 0.92(0.2-3.7) - - 210 (61-730)
MnRB (x10) Naph - 0.36 (0.05-2.5) 0.92(0.2-3.7) 0.92 (0.2-3.7) - 23 (6.6-80)
Qil - 0.36 (0.05-2.5) 2.3(0.6-8) - - 150 (4.1-52)
FI° nd 1.0 (1.9-49) 4.1 (1.0-27) 0.33(0.1-0.9) 49 (3-7.1) 67 (44-100)
SRB (x103) FI-PET nd 12.8 (3.2-50) 7.6 (2-26.8) 12.8 (3.2-50) 12.8 (3.2-50) 48.9 (3.5-57.5)
Atlantic RI nd 1.3(0.5-3.6) 0.03 (0.01-0.09) 0.02 (0.008-0.07) 0.8 (0.3-1.8) 3.5(1.3-9)
Islands® FI° nd 0.3(0.04-2.4) 1.1 (0.3-3.5) - 1.6 8.0
IRB (x10) FI-PET nd 4.8(1.3-17.4) 2.4(0.5-10.9) 3.0(0.7-12.3) 3.0(0.7-12.3) 30.6 (7.6-122)
RI nd - - - - -

2 Data taken from Acosta-Gonzalez et al., 2013 (29).
b Average values from FI-OX, FI-TR and FI-AN.
nd, not determined; -, no growth detected.



Table S4. Specificity of the bssA probe in each sample.

Number of clones’

Site Sample (+) (-)
M-CON 51 19
Mallorca M-NAPH 44 26
M-OIL 50 20

FI-PET 68 2

FI-OX 49 21

Figueiras FI-TR 51 19
FI-AN 53 17
RI 43 27

1(+) bssA-like sequences; (-) unrelated, non-bssA sequences
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