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Abstract:  Petroleum hydrocarbon pollutants are difficult to be degraded, and bioremediation has received increasing
attention for remediating the hydrocarbon polluted area. This review started by introducing the interphase adaptation and
transport process of hydrocarbon by microbes. Subsequently, the advances made in the identification of
hydrocarbon-degrading strains and genes as well as elucidation of metabolic pathways and underpinning mechanisms in the
biodegradation of typical petroleum hydrocarbon pollutants were summarized. The capability of wild-type hydrocarbon
degrading bacteria can be enhanced through genetic engineering and metabolic engineering. With the rapid development of
synthetic biology, the bioremediation of hydrocarbon polluted area can be further improved by engineering the metabolic
pathways of hydrocarbon-degrading microbes, or through design and construction of synthetic microbial consortia.
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Fig. 1 Overview of degradation of petroleum hydrocarbon in microorganisms.
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Fig. 2 Two modes of interphase adaptation of petroleum hydrocarbon by microorganisms. (A) Secretion of surfactants.

(B) Chemotaxis of microorganisms.
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Table 1 Part of the alkane-degrading bacteria

Bacteria Carbon chain length  References Fungi Carbon chain length  References
Mycobacterium sp. C7-C30 [14] Graphium sp. Short chain [15]
Rhodococcus sp. C10-C19 [16] Talaromyces sp. C6,C8 [17]
Ochrobactrum sp. C11-C29 [18] Aspergillus sp. C7-C30 [14]
Brevibacterium sp. C12-C34 [19] Fusarium sp. C8-C40 [20]
Micrococcus sp. C14-C33 [21] Penicillium sp. C20,C22 [22]
Pseudomonas sp. C14-C35 [23] Purpureocillium sp. C14 [24]
Dietzia sp. C16 [25] Neosartorya sp. - [26]
Acinetobacter sp. Medium and short [27] Pleurotusostreatus sp. — [28]

chains
Bacillus sp. >C36 long chain [29] Trametesvillosus sp. - [30]
Alcaligenes sp. - [31] Candida sp. - [32]
Gordonia sp. - [33] Pichia sp. - [34]
Flavobacterium sp. - [35] Yarrowia sp. - [36]
Note: “~” indicates that the length of the carbon chain of the alkane was not specified in the literature.
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Table 2 Comparison of aerobic and anaerobic degradation of aromatic hydrocarbons

Aerobic degradation

Anaerobic degradation

Pseudomonas sp.!*?
Bjerkandera sp.**!

Bacillus sp."*
Monooxygenase, dioxygenase
(C230™%!, NahAaAbAcAdH“e))

Typical degrading strains

Degrading enzymes

Pseudomonas sp.*!

Firmicute sp.

Clostridium sp.

Synthase (benzylsuccinate synthase,
naphthylmethylsuccinate synthase), carboxylase,
dehydrogenase, reductase
(BcrCBAD/BzdNOPQ/BadDEFG,
BamBCDEFGHIP™)

Degrading genes

Degrading mechanisms

Degrading pathways

Monooxygenase genes (phel“™),
Dioxygenase genes (nahACH®!, nid ALY,
c120® nag, nar, phn, bph®*)
Oxygenase adds oxygen atoms to the C-C
bond to form the C-O bond, and breaks
the C-O bond through hydrogenation,
dehydration and other actions, thus
cracking the benzene ring

PAHSs produce dihydrodiol compounds by
dioxygenase and diol intermediates by
dehydrogenase. Then intermediate
products (such as catechol) are produced
by inner ring or outer ring breaking
dioxygenase, and then enter the TCA
cycle

PAHSs produce an unstable aromatic oxide
by monooxygenase. Then, epoxides
catalyze it to produce anti-dihydrodiol
compounds*?

Synthase genes (bssA, nmsAP®!) bamB, bamaA,
berA, berC, bzdN, ncrf®®

The combination of PAHs with enzymes or other
substances leads to carboxylation, reduction,
hydroxylation and methylation reactions, in order
to crack the rings of PAHs

Using nitrates, sulfates, iron, manganese, and
carbon dioxide as electron receptors, anaerobic
microorganisms convert PAHs into small
molecular compounds and further convert them
into carbon dioxide and methane

PAHSs produce aromatic succinic acid catalyzed by
glycyrrhizin free radical enzymes, then through
methylation reaction, carboxylation reaction,
hydroxylation reaction and finally p-oxidation!®%
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