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Text S1. 
GC-MS analyses of saturated and aromatic hydrocarbons were conducted using a Thermo Finnigan Trace-DSQ mass spectrometer coupled to an HP 6890 GC equipped with an HP-5MS column (30 m × 0.25 mm ID) with a 0.25-μm coating. Helium was used as the carrier gas. The GC oven temperature was initially set at 50 °C, after which it was increased to 120 °C at a rate of 20 °C/min, 250 °C at a rate of 4 °C/min, and 310 °C at a rate of 3 °C/min and maintained at this temperature for 30 mins. The mass spectrometer was operated in the full-scan, electron impact mode with an electron energy of 70 eV Liu et al., 2020()
.
Table S1 Facultative bacteria from diverse environments participate in redox coupling through the utilization of varying electron acceptors and organic compounds

	Origin of samples
	Strains
	Electron donors
	Electron acceptors
	Biodegradation
	References

	Sediments
	Pseudomonas sp. JP1
	benzo[a]-pyrene
	aerobic: O2
	57%
	Liang et al., 2014()


	
	
	
	anaerobic
	nitrate
	~30%
	

	
	
	
	
	sulfite
	~45%
	

	
	
	
	
	Fe(III)
	~33%
	

	
	
	
	
	Mn (IV)
	~26%
	

	
	
	fluoranthene
	aerobic: O2
	45%
	

	
	
	
	anaerobic: nitrate
	~47%
	

	
	
	phenanthrene
	aerobic: O2
	5%
	

	
	
	
	anaerobic: nitrate
	~5%
	

	
	Hydrogenophaga sp. PYR1
	pyrene
	aerobic: O2
	94%
	Yan et al., 2017()


	
	
	
	anaerobic: Fe(III)
	~21%
	

	
	
	benzo[a]-pyrene
	aerobic: O2
	No degradation
	

	
	
	
	anaerobic: Fe(III)
	~24%
	

	
	Bacillus sp. GZB
	bisphenol A
	aerobic: O2; 
	100%
	
 ADDIN EN.CITE 

(Li et al., 2012)


	
	
	
	anaerobic: Fe(III)
	100%
	

	
	Shewanella saccharophilia strain GC-29
	glucose
	aerobic: O2
	completely oxidized glucose to CO2 with no production of acetate
	Coates et al., 1998()


	
	
	
	anaerobic: Fe(III)
	the accumulation of acetate
	

	
	Rhodoferax ferrireducens sp. T118T
	acetate, lactate, malate, propionate, pyruvate, succinate, and benzoate
	anaerobic: Fe(III)
	
	Finneran et al., 2003()


	
	Paracoccus denitrificans strain M-1
	pyrene
	Low N amended (0 mM)
	anaerobic: nitrate and nitrite
	75%
	Yang et al., 2013()


	
	
	
	High N amended (5 mM)
	
	47%
	

	
	
	
	Higher N amended (8 mM)
	
	35%
	

	
	strain DEA 4
	diethanolamine
	aerobic: O2
	70%
	Knapp et al., 1996()


	
	
	
	anaerobic: nitrate
	70%
	

	
	Vibrio pelagius NAP-4
	naphthalene
	anaerobic: nitrate
	70%
	Rockne et al., 2000()


	
	Pseudomonas stutzeri NAP-3-1
	
	
	90%
	

	
	Facultative anaerobic flora
	Biological Oxygen Demand (BOD5)
	aerobic: O2
	>90%
	Zhu et al., 2011()


	Soil and bay sediment
	Pseudomonas stutzeri SAG-R
	phenanthrene
	aerobic: O2
	100% within 12 h
	McNally et al., 1998()


	
	
	
	anaerobic: nitrate
	100% within 12 h
	

	
	
	pyrene
	aerobic: O2
	100% within 24 h
	

	
	
	
	anaerobic: nitrate
	100% within 24 h
	

	
	Pseudomonas putida KBM-1
	
	aerobic: O2
	100% within 60 h
	

	
	
	
	anaerobic: nitrate
	100% within 72 h
	

	
	
	phenanthrene
	aerobic: O2
	100% within 12 h
	

	
	
	
	anaerobic: nitrate
	100% within 44 h
	

	
	
	anthracene
	aerobic: O2
	100% within 12 h
	

	
	
	
	anaerobic: nitrate
	100% within 60 h
	

	
	Pseudomonas fluorescens W-2
	
	aerobic: O2
	100% over 84 h
	

	
	
	
	anaerobic: nitrate
	100% within 40 h
	

	River sediments, sludge, and soil
	Pseudomonads sp. S100 and K172
	phenol, cresols, aromatic acids
	aerobic: O2
	
	Tschech and Fuchs, 1987()


	
	
	
	anaerobic: nitrate or nitrite
	
	

	Soil and river sediments
	Achromobacter sp. NP03, Ochrobactrum sp. NP04, Lysinibacillus sp. NP05 and Pseudomonas sp. NP06
	aerobic: polychlorinated biphenyls (PCBs)
	aerobic: O2
	~3.3%-8.3%
	Pathiraja et al., 2019b()


	
	
	anaerobic: H2
	anaerobic: PCBs
	~5.7%-17.3%
	

	
	
	two stage anaerobic-aerobic condition
	~12.3%-30.5%
	

	
	bacterial consortium

(Achromobacter sp. NP03, Ochrobactrum sp. NP04 and Lysinibacillus sp. NP05)
	
	24.44 ± 2.46%; 
	Pathiraja et al., 2019a()


	
	
	alternating anaerobic-aerobic condition
	49.2 ± 2.5%
	

	
	Chromobacterium alkanivorans sp. IITR-71T
	1-chloropropane
	aerobic: O2
	83.19%
	Bajaj et al., 2016()


	
	
	1-chlorobutane
	
	79.64%
	

	
	
	1,2-dichlorethane
	
	37.09%
	

	Soil


	Microbacterium sp.
	benzo[a]pyrene
	anaerobic: nitrate
	84.3%
	Qin et al., 2017()


	
	Cellulosimicrobium cellulans CWS2
	benzo[a]pyrene
	anaerobic: nitrate
	78.8%
	Qin et al., 2018()


	
	Pseudomonas sp. BS2201, BS2203 and Brevibacillus sp. BS2202
	crude oil (n-alkanes)
	aerobic: O2
	90%-95%
	Grishchenkov et al., 2000()


	
	
	
	anaerobic: nitrate
	20%-25%
	

	
	
	crude oil (aromatics)
	aerobic: O2
	No degradation
	

	
	
	
	anaerobic: nitrate
	<23%
	

	
	Pseudomonas PN-1
	vanillate
	aerobic: O2
	71%
	Taylor, 1983()


	
	
	
	anaerobic: nitrate
	73.5%
	

	
	
	vanillin
	aerobic: O2
	26.5%
	

	
	
	
	anaerobic: nitrate
	100%
	

	
	
	vanillyl alcohol
	aerobic: O2
	18.5%
	

	
	
	
	anaerobic: nitrate
	60.5%
	

	
	soil enrichments

(Pseudomonas spp. and Citrobacter spp.)
	diesel
	aerobic: O2
	Star Diamonds Soil Enrichment: better aerobic degradation
	Cason et al., 2019()


	
	
	
	anaerobic: nitrate, sulfite
	Free State Groundworks Soil Enrichment: better anaerobic degradation
	

	Soil, sludge
	Strain Phe F2
	phenanthrene
	aerobic: O2
	100% within 3 days
	Zhang et al., 2021()


	
	
	
	anaerobic: Fe(III)
	100% within 10 days
	

	Sludge


	Aquabacterium sp. CZ3
	phenol
	anaerobic: nitrate
	100%
	Zhang et al., 2022()


	
	Citrobacter AzoR-1, Acinetobacter AzoR-3, Pseudomonas AzoR-9, and Bacillus AzoR-6
	H2 and formate, lactate, and pyruvate
	amaranth
	100%
	Hong et al., 2008()


	
	microbial consortium

(Chromobacterium)
	1,2-Dibromoethane
	aerobic: O2
	>61%
	Wang et al., 2019()


	
	
	
	anaerobic: fermentation
	
	

	
	Staphylococcus arlettae strain VN-11
	azo dyes
	aerobic: O2
	>97%
	Elisangela et al., 2009()


	
	Enterobacter DG-6
	3-methoxy-4-hydroxycinnamate (ferulate)
	aerobic: O2
	99.4%
	Grbić-Galić, 1985()


	
	
	
	anaerobic: fermentation
	
	

	Contaminated groundwater
	Propionicicella superfundia strain BL-10T
	glucose
	anaerobic: fermentation
	
	Bae et al., 2006()


	Oilfield
	Rhodococcus ruber Z25
	Crude oil
	aerobic: O2
	aerobic degradation is more significant than anaerobic degradation.
	Zheng et al., 2012()


	
	
	
	anaerobic: nitrate
	
	

	
	Chelatococcus daeguensis HB-4
	
	aerobic: O2
	48.9%
	Ke et al., 2019()


	
	
	
	anaerobic: fermentation
	27.2%
	

	
	Klebsiella oxytoca strain BSC5
	
	aerobic: O2
	n-alkanes (75% and 98% with Tween 80)
	Chamkha et al., 2011()



Note: in bold, petroleum hydrocarbons act as electron donors, or Fe (III) as electron acceptors.
Figure S1. Concentration (μg/g) changes of steranes (A) and hopanes (B) due to aerobic (A-30) and anaerobic (An-30) biodegradation by CN32 for 30 days.

Figure S2. Concentration (μg/g) changes of PAHs with more than three rings due to aerobic (A-30) and anaerobic (An-30) biodegradation by CN32 for 30 days. 
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