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ABSTRACT: In engineering practice, the corrosion of some national significant marine infrastructures such as the pipelines of
offshore oil-gas exploration and the fueling systems of ships usually occur under the oil-containing conditions and is closely re-
lated to serious microbiologically influenced corrosion (MIC). The knowledge about the biodegradation mechanisms of hydro-

carbon in marine environment is the essential to understand the MIC mechanisms. The work reviewed the microbial degradation
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mechanisms and corresponding microbes in oil-containing marine environment, as well as different features under aerobic and

anaerobic conditions. The electron-accepting process was a key step in microbial degradation. The energy stored in the hydro-

carbon was transferred into adenosine triphosphate (ATP) that was easier to be utilized by microbes in the form of chemical

bond. Oxygen acted as electron acceptors under aerobic conditions while nitrate, ferric ion, sulfate and carbon dioxide accepted

electrons under anoxic conditions. The degradation of hydrocarbon stimulated the formation of sulfide, so MIC was dominant in

oil-containing environment. In addition, the intermediate metabolites during degradation of hydrocarbonsuch as the fatty acids

also caused MIC. However, the systematical studies on the functions of microbial communities as a whole and the corrosion

mechanisms of steel infrastructuresin marine environment are still scarce. The microbial molecular techniques based on

high-throughput sequencing are expected to become one of effective methods to solve these problems.
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Fig.1 Effects of biodegradation on oil composition!™: a) composition of crude oil (top panel) and a slightly biodegraded (heavy)
oil (bottom panel), b) hydrocarbon chain length of crude oil that is increasingly biodegraded (from top to bottom)
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Tab.1 Aerobic hydrocarbon-degrading bacteria in marine

17]

Phylum/Class level Strain

Hydrocarbons utilized

Cyclocl asticus pugetii

Marinobactor hydrocarbonoclasticus

Oleiphilus messinensis
Alcanivorax borkumensis
Oleispira antarctica
Thalassolituus oleivorans

y-Proteobacteria

Neptunomonas naphthovorans

Polycyclic aromatic hydrocarbon
Saturated hydrocarbons
Saturated hydrocarbons
Saturated hydrocarbons
Saturated hydrocarbons
Saturated hydrocarbons

Polycyclic aromatic hydrocarbon

Firmicutes

Planomicrobium alkanoclasticum

Saturated hydrocarbons
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Tab.2 Degrading microorganisms of anaerobic hydrocarbon

Class level Strain

Hydrocarbons utilised ~ Type of metabolism References

. Roseobacter * strain BS-TN Toluene Photosynthesis [16]
a-Proteobacteria . - . .
Blastochlorissulfoviridis strain ToP1 Toluene Photosynthesis [17]
Thaueraaromatica strains T1,K172 Toluene Denitrification [18-19]
Azoarcus spp., various strains Toluene Denitrification [20-22]
Azoarcus spp. Strains T, mXyN1, M3,Td3, Td15 Toluene, m-xylene Denitrification [20,23-25]
Azoarcus spp. strain EbN1 Ethylbenzene, toluene Denitrification [24]
B-Proteobacteria Azoarcus spp. strain EB1 Ethylbenzene Denitrification [26]
Azoarcus spp. strain PbN1 Ethylbenzene Denitrification [24]
n-propylbenzene
Azoarcus spp. strain pCyN1 p-cymene, toluene Denitrification [27]
Azoarcus spp. strain HxN1 Alkanes (C6-C8) Denitrification [28]
Rhodocyclus* strain OcN1 Alkanes (C8-C12) Denitrification [28]
Vibrio spp. NAP-4 Naphthalene Denitrification [29]
. Halomonas spp.NS-TN Toluene Denitrification [16]
y-Proteobacteria . .
Pseudomonas spp. NAP-3 Naphthalene Denitrification [29]
Ectothiorhodospira* strain HIN1 Alkanes (C14-C20) Denitrification [28]
Desulfovibrio* strain TD3 Alkanes (C6-C16) Sulfate reduction [15]
Strain NaphS2 Naphthalene Sulfate reduction [30]
Clone 30 Benzene Sulfate reduction [31]
. m-xylene, .
Strain mXyS1 Sulfate reduction [32]
m-ethyltoluene, toluene
Strain EbS7 Ethylbenzene Sulfate reduction [16]
Desulfobacterium® strain 0XyS1 o-cthyltoluene, Sulfate reduction [32]
o-xylene, toluene
5-Proteobacteria Desulfobaculatoluolica Toluene Sulfate reduction [33]
Clone SB29 Benzene Sulfate reduction [31]
Strain Hxd3 Alkanes (C12-C20) Sulfate reduction [34]
Strain Pnd3 Alkanes (C14-C17) Sulfate reduction [35]
Strain AKO1 Alkanes (C13-C18) Sulfate reduction [36]
Desulfoglaebaal kanexedens strain ALDC Alkanes (C6-C12) Sulfate reduction [37]
Desulfuromonas*
Geobacter metallireducens Toluene Fe(III) reduction [38]

Syntrophus* clones B1-B3

Alkanes (C16) Syntrophic relationship [39]

Notes: "*" refers to bacteria that cannot degrade hydrocarbons and is used to mark the relative positions of anaerobic petroleum degrading

bacteria in the evolutionary tree before and after.
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