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Bacterial community structure and metabolic mechanism in
petroleum-contaminated ecosystem: a review

JING Jiawei, ZHAO Bo, WANG Tingting, CHEN Zhuo, YANG Ying, DAI Chunxiao,
QU Yuanyuan

Key Laboratory of Industrial Ecology and Environmental Engineering of Ministry of Education, School of
Environmental Science and Technology, Dalian University of Technology, Dalian 116024, Liaoning, China

Abstract: Unreasonable treatment and leakage of petrochemical products lead to massive
release of petroleum hydrocarbons into the environment. Petroleum pollution has been a global
concern. Being cost-efficient and environmentally friendly, bioremediation has been widely
used for the removal and degradation of products in petroleum industry. Accumulation evidence
has shown that functional microbial communities play an important role in the bioremediation
of petroleum-contaminated environment, particularly bacteria. However, the ex-situ and in-situ
bioremediation faces the following challenges: ease of functional microflora imbalance and
unclear degradation pathway of petroleum hydrocarbons. Thus, this review summarizes the
structures, metabolic pathways of petroleum hydrocarbons, and functional genes of bacterial
communities in different types of petroleum-contaminated environments and microcosmic
bioremediation experimental systems. Moreover, the trends of research on microbial treatment
of petroleum pollution are summarized. Thereby, this study is expected to serve as a reference
for the formulation and implementation of microbial remediation schemes for
petroleum-contaminated sites.

Keywords: petroleum pollution; bacterial community; degradation mechanism; functional genes;
microcosm
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Table 1 Characteristics of bacterial community in petroleum-contaminated ecosystem
F i e Al IEE. LR e S P i E= BN
Sample type Pollutant type Dominant bacterial species References
+ 3 Aliphatic hydrocarbons Megamonas, Paenibacillus, Bacillus, Alicyclobacillus, Oscillospiria, [8]
Soil Aquicella, Anaeromyxobacter
Aromatic Mycobacterium, Pseudomonas [9]
Aromatic Achromobacter, Acinetobacter, Halomonas, Marinobacter, [10]
Roseovarius
Petroleum hydrocarbon Microvirga, Mycobacterium, Defluviicoccus, Halomonas, Alcanivora, [11]
Marinobacter
Petroleum hydrocarbon Rhodanobacter, Sphingomonas [12]
Petroleum hydrocarbon Bacillus, Virgibacillus, Pseudomonas [13]
Petroleum hydrocarbon Algiphilus, Pseudomonas [14]
Petroleum hydrocarbon Halorhodospiraceae, Lactobacilliceae [15]
Petroleum hydrocarbon Proteobacteria, Bacteroidetes, Actinobacteria, Acidobacteria, [16]
Gemmatimonadetes, Nitrospirae, Firmicutes, Verrucomicrobia,
Elusimicrobia
Petroleum hydrocarbon Proteobacteria, Alphaprotobacteria, Chloroflexi, Chlorobi, [17]
Acidobacteria
Petroleum hydrocarbon Actinobacteria, Proteobacteria, Saccaribacteria [18]
Petroleum hydrocarbon Alcanivorax, Rhodanobacter ginsengisoli, Acidobacterium capsulatum, [19]
Acidocella
Petroleum hydrocarbon Streptococcus, Bacillus, Sphingomonas, Arthrobacter, [20]
Rhodobacteraceae, Porticoccus
FAR I 7 N Aromatic Aromatoleum, Desulfococcus, Desulfatibacillum, Desulfitobacterium, [21]
Mangrove Vibrio
KRR i Aliphatic hydrocarbons Mycobacterium, Pseudomonas, Geobacter, Longilinea [22]
Refinery Petroleum hydrocarbon Bacillus, Geobacillus [23]
residue Petroleum hydrocarbon Methylobacillus, Methylococcus, Comamonas, Hydrogenophaga, [24]
Rhodobacter, Flavobacterium
K Aromatic Proteobacteria, Cyanobacteria, Actinobacteria [25]
Sea water Aromatic Oceanospirillaceae, Pseudomonas, Colwellia, Cycloclasticus, [26]
Pseudoalteromonas
Aromatic Proteobacteria [27]
Aliphatic hydrocarbons Oceanobacter, Oleispira [28]
Petroleum hydrocarbon Alcanivorax, Cycloclasticus, Oleispira, Oleiphilus, Thalassolituus [29]
[ERERIT Aromatic Proteobacteria, Chloroflexi, Verrucomicrobia, Planctomycetes, [30]
Marine Nitrospirae, Ignavibacteriae, Gemmatimonadetes, Latescibacteria,
sediment Firmicutes, Parcubacteria
Aromatic Proteobacteria, Bacteroidetes, Firmicutes, Acidobacteria [31]
Aromatic Acinetobacter [32]
Aromatic Alcanivorax, Alteromonas, Marinobacter, Winogradskyella, [33]

Zeaxanthinibacter
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Table 2 Microcosm experiment on bioremediation of petroleum pollution

FEAFIZE  BEINE WL/ RN S N 27 3k
Sample type Treatment Pollutant type Dominant bacteria species References
TR H  Bioaugmentation Petroleum hydrocarbon Pseudomonas aeruginosa, Bacillus licheniformis [35]
Microcosm  Bioaugmentation, Petroleum hydrocarbon Acinetobacter [36]
soil biostimulation
Bioaugmentation Petroleum hydrocarbon Pseudomonas aeruginosa [37]
Bioaugmentation, Petroleum hydrocarbon Alcanivorax [38]
biostimulation
Bioaugmentation Aromatic Bacillus firmus [39]
Bioaugmentation, Aromatic Pseudomnas aeruginosa, Stenotrophomonas [40]
biostimulation maltophilia
Bioaugmentation, Aromatic Sphingomonas melonis, Methylobacterium [41]
biostimulation radiotolerans, Rhodococcus sovatensis,
Bradyrhizobium elkanii, Aquamicrobium
lusatiense, Chryseobacterium culicis
TURY Natural Aliphatic hydrocarbons Marinbacterium, Marinobacter, Cycloclasticus  [42]
M attenuation
Microcosm  Biostimulation Aromatic Vibrio, Roseobacter, Ferrimonas [43]
sediment
KR T4 Biostimulation  Aliphatic hydrocarbons Proteobacteria [44]
Microcosm  Biostimulation Aliphatic hydrocarbons Proteobacteria [45]
water Biostimulation Petroleum hydrocarbon Pseudomonas, Erythrobacter [46]
Bioaugmentation, Petroleum hydrocarbon Acinetobacter, Bacillus [47]
biostimulation
PLAR S 3% Bioaugmentation Petroleum hydrocarbon Enterobacter [48]
Shake-flask  Bioaugmentation Petroleum hydrocarbon Pseudomonas aeruginosa [49]
culture Bioaugmentation Petroleum hydrocarbon Pseudomonas, Acinetobacter, Enterobacter [50]
Bioaugmentation, Aromatic Pseudomonas lini, Pseudarthrobacter [51]
biostimulation polychromogenes
Bioaugmentation, Aromatic Bacillus subtilis [52]
biostimulation
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Table 3 Functional genes related to biodegradation of petroleum components

ERE REfp 2l 15 BARFE IREHEA 225 3Lk
Sample type  Degradation Contaminant Techniques Functional genes References
condition
+35 Aerobic Crude oil RT-qPCR alkB1, alkB2, [54-55]
Soil almAl, almA2
Aerobic Phenanthrene, qPCR, extender sequencing PAH-RHDa [56]
benzo[a]pyrene
Aerobic Crude oil Macrogenome, phylogenetic analyses EDO [57]
Aerobic Crude oil Genomic fingerprints, phylogenetic ~ cat4 [58]
analyses
Anaerobic  Toluene qPCR bssA, bamA [59]
Anaerobic  Benzene Metatranscriptomic bam [60]
TR Aerobic Crude oil Macrogenome, metatranscriptomic ~ catA [61]
Sediment Anaerobic  Petroleum hydrocarbon Cloning, phylogenetic analyses assA [62]
Anaerobic  Naphthalene, Phylogenetic analyses bnsABCDEFGH  [63]
2-methylnaphthalene
Anaerobic  Petroleum hydrocarbon Cloning, extender sequencing masD, assA [64]
Anaerobic  Alkanes Cloning, extender sequencing masD, assA [65]
Anaerobic  Aliphatic hydrocarbon Metatranscriptomic, phylogenetic mcr4 [66]
analyses
KRImER Anaerobic  Petroleum hydrocarbon Macrogenome, RT-qPCR mcrA, dsrB [22]
Refinery
residue
K Aerobic Crude oil GeoChip alkB, nagG, [67]
Sea water pchCF
Aerobic Polycyclic aromatic Metatranscriptomic, extender catA [68]
hydrocarbons sequencing
Aerobic Fluorene, phenanthrene, DGGE, extender sequencing, cloning PAH-RHDa [69]
pyrene
PR IF Aerobic Long chain alkanes Extender sequencing, RT-qPCR almA, almR [70]
Shake-flask  Aerobic n-hexadecane, phenanthrene  cloning, RT-qPCR CYP52, CYP53  [71]
culture Aerobic Polycyclic aromatic gqPCR, metagenomic pahkE, pahAc [72]
hydrocarbons
Aerobic Phenol, benzoic acid Cloning, RT-PCR catRBCA [73]
Aerobic Catechol, phenol, benzoic Metagenomic catA [74]
acid
Anaerobic  Crude oil T-RFLP, extender sequencing bssA, nmsA [75]
Anaerobic  Alkanes Extender sequencing assA [76]
Anaerobic ~ Toluene Cloning bss, bbs [77]
Anaerobic  Aromatic hydrocarbons Alignment of the protein sequences  badDEFGAB [78]
Anaerobic  Aromatic hydrocarbons Extender sequencing bamBCDEFGHI [79]
Anaerobic  Aromatic hydrocarbons Heterologous gene expression bcrABCD [80]
Anaerobic  Crude oil Cloning, qPCR assA [81]
TR Anaerobic  Crude oil qPCR, macrogenome dsrAB [82]

Oil reservoirs
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