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Microbial transformation of terrestrial particulate organic carbon in the ocean .
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Phylogenetic tree of marine lignin-metabolizing bacteria.
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Table 1.
the terrestrial and marine ecosystem

Comparison of enzymes and metabolic pathways of fungi and bacteria involved in lignin metabolism in

Taxonomy Lignin-degrading microorganisms Enzymes

Pathway

Fungi White-rot fungi Major enzymes such as laccases (Lac), Diaryl propane catabolic pathway,
Coriolus™), Phanerochaete™, Trametes™!, manganese peroxidases (MnP), lignin  pinoresinol pathway™, etc.
Bjerkandera®®, Pleurotus®”, Phlebia®®  peroxidases (LiP), dye-decolorizing
Brown-rot fungi peroxidases (D-type DyP), versatile
Gloeophyllum®®, Poria®, PolyporusP®®™ peroxidases (VP). Auxiliary enzymes
Soft-rot fungi such as aryl-alcohol oxidases (AAO),

Chaetomium®", Paecilomyces®*, glyoxal oxidases (GLOX), glucose
Fusarium™, Aspergillus® oxidases (GIO).
Bacteria  Actinobacteria Major enzymes such as laccases (Lac), B-Aryl ether cleavage pathway,

Streptomyces'™, Micrococcus™™,

Micromonospor[%], Arthrobacter™),

Rhodococcu™®, Microbispora[“],

Nocardia™?, Thermoactinomyces™
Proteobacteria

[52]

Acinetobacter™", Comamonas enzyme.

Pseudomonas™”, Xanthomonas™,

Mycoplana®, Sphingomonast®”
Firmicutes

Clostridium™®, Bacillus™®

dye-decolorizing peroxidases (DyP),
manganese peroxidases (MnP).

superoxide dismutase, B-etherase

biphenyl catabolic pathway, diaryl
propane catabolic pathway, biphenyl

Auxiliary enzymes such as cytochrome degradation pathway, vanillic acid
P450, dioxygenase, non-heme enzyme, pathway, ferulic acid degradation

pathway, 3-methyl-gallic acid
pathway, benzoic acid pathway,
oxidative cleavage of protocatechuic
acid, p-ketoadipate pathway,
phenylacetic acid pathway, phenol
pathway, gentisate pathway, etc.
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Figure 3. Metabolic pathways of three basic structural units of lignin.
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Table 2.
and marine ecosystems

Comparison of enzymes and metabolic pathways involved in bacterial lignin metabolism in the terrestrial

Ecosystem Lignin-degrading microorganisms

Characteristic enzymes

Characteristic pathway

Land Sphingomonas paucimobilist®,

Rhodococcus jostiit*”)

Burkholderia multivorans, Pseudomonas
putida*®

Bacillus amyloliquefaciens®", Comamonas
serinivoranst™, Streptomyces viridosporus[46],
Nocardia autotrophica™

Marine Bacillus ligniniphilus™, Pseudomonas

Oxidative enzymes, etc.

Oxidative cleavage of protocatechuic
acid, B-ketoadipate pathway, etc.

Oxidative enzymes, phenylacetyl- Phenylacetic acid pathway, etc.

deceptionensis™™®, Pseudomonas putidal'”, CoA ligase (PCL), etc.

Thalassospira sp.®"), Oceanimonas
doudoroffiit'®
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Biotransformation of lignin in the ocean and its impact on
marine carbon cycle

Qiannan Peng, Lu Lin"

Institute of Marine Science and Technology, Shandong University, Qingdao 266237, Shandong Province, China

Abstract: Microbial carbon sequestration in the ocean plays an important role in marine carbon storage to alleviate
the global climate change. Lignin is the second most abundant carbon pool formed by photosynthesis on earth. The
biogeochemical process in the ocean, which is mediated by heterotrophic microorganisms, is closely related to the
marine carbon cycle. In recent years, the rapidly developing high-throughput sequencing technology, together with
the traditional microbial technology, provides insights into the lignin-degrading microbial community, novel
lignin-metabolizing microbial species, and functional genes in open environments. However, numerous studies
focused on the terrestrial ecosystem, rather than marine ecosystem. The biogeochemical process of such terrestrial
organic carbon in the ocean remains elusive. Therefore, analyzing the marine lignin transformation is essential in
the study of marine carbon cycle. This article reviews not only the marine microbes involved in the lignin
conversion, the mechanism of lignin metabolism and the links between microbial carbon metabolism and marine
carbon sink, but also provides further ideas in the future.
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