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Lignin degradation by extremophiles

SUN Mengyao#, CHANG Xiao#, KANG Zhichao, YU Hongwen*

State Key Laboratory of Black Soils Conservation and Utilization, Key Laboratory of Wetland Ecology and
Environment, Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences,
Changchun 130102, Jilin, China

Abstract: Lignin, the most abundant aromatic biopolymer resource in the nature, is difficult to be
degraded by common microorganisms due to its complexity and highly aggregated aromatic
structure. Lignin-degrading microorganisms from extreme environments are considered as suitable
candidates for lignin bioprocessing. This review summarizes several types of extremophiles capable
of degrading lignin and the extremozymes produced by them and elucidates the properties, catalytic
mechanisms, and metabolic pathways of the extremozymes. Furthermore, this article discusses the
prospects for the identification of novel extremophiles and extremozymes by multi-omics and
makes an outlook on the development and utilization methods of extremophiles, with a view to
providing a reference for the subsequent screening and development of more -efficient

lignin-degrading strains.

Keywords: lignin; extremophiles; extremozymes; biodegradation; omics
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Table 1 The contents of lignin and cinnamyl alcohol precursors in different lignocellulosic biomass!''*!
Species Lignin (%) Cinnamy! alcohol precursor (%)

p-coumaryl alcohol Coniferyl alcohol Sinapyl alcohol
Hardwood 25-38 0-8 25-50 45-75
Softwood 20-30 <5 >95 0
Herbaceous plant 8-15 5-35 35-80 20-55
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Table 2 Some of the extreme lignin-degrading microorganisms that have been reported

Lignin-degrading strains

Growth characteristics

Source

References

Aneurinibacillus sp. LD3
Bacillus amyloliquefaciens
SL-7

Bacillus amyloliquefaciens
HZI11

Serratia sp. AXJ-M

Stenotrophomonas
maltophilia LS-1
Arthrobacter sp. C2

Enterobacter sp. YP-2023-9
Chaetomium sp. CS1

Sutcliffiella sp. NC1

Bacillus ligniniphilus L1

Pseudomonas putida
KT2440

Degradation of lignin up to 61.28% at 50 °C

The strain can be composted for 13 days at temperatures
between 55 °C and 62 °C
Degradation of lignin up to 46.7% at 50 °C

Strain was able to survive in heat stress environments
ranging from 50—80 °C, with 50 °C being the optimal
temperature for growth

The optimal conditions for enzyme production by the strain
were pH 8.0 and temperature 15 °C

The optimal conditions for enzyme production activity of
this strain were initial pH 6.7 and temperature 14.9 °C

The strain can tolerate at least 0.60% nicotine

Promoting the release of nicotinic actives from tobacco
stover

Alkaliphilic bacteria, which do not survive at pH 6.0, grow
normally at pH 8.0—-11.0

The strain has an optimum growth temperature of 30 °C, an
optimum pH of 9.0 and can grow at 0—10% total salt
concentration, with an optimum salt concentration of 2%
wrv)

This strain is well adapted to salt osmotic stress, and at the
same time has remarkable metabolic diversity and

withstands difficult redox reactions and operational stresses

Soil samples covered [21]

with sawdust
Tobacco straw

Fungus chaff, straw

and cow dung

composted to produce
seedling substrate

Soil

Frozen soil
Frozen soil
Cow dung
Bottomless sea
sediment

Soil
Bottomless sea

sediment

Soil

[39]

[40]

[41-42]

[46-47]

B%i%ﬁ%*%%ﬁ%ﬁm—%Fmei
F, 3@ ki b 404 & B LiP 7E pH 10.5., IR
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Figure 2 Metabolic pathways of lignin degradation and the expression and localisation of their associated
genes. A: Metabolic pathway programme for lignin degradation. B: Circular genomic representation and
position ofthe genes present in the lignin fragment degradation model of Klebsiella variicola P1CDI. (1)
Abbreviation of the substrates and metabolites: CHA, 4-carboxy-4-hydroxy-2-oxoadipate; [-CM,
B-carboxymuconate; y-CML, y-carbox-ymuconolactone; SCVA, 5-carboxyvanillic acid; SCHMS, 5-carboxy-2-
hydroxymuconate-6-semialdehyde; B-EL, B-ketoadipate enol-lactone; GA, gallate; GGE, guaiacylglycerol-
B-guaiacyl ether; GS-HPV, a-glutathionyl-HPV; DCHM-HOPDA, 4,11-dicarboxy-8-hydroxy-9-methoxy-
2-hydroxy-6-oxo0-6-phenylhexa-2,4-dienoate; VA,  vanillin, 3MGA, 3-O-methylgallate; HCNA,
4-hydroxycinnamic acid; HMA, 2-hydroxymuconate; HMS, 2-hydroxymuconate-6-semialdehyde; HOV,
4-hydroxy-2oxo-valerate; OCA, 4-oxalocrotonate; HPD, 2-hydroxypenta-2,4dienoate; HPV,
B-hydroxyproppiovanillone; OMA, 4-oxalomesaconate; MPHPV, a-(2-methoxyphenoxy)-p-
hydroxypropiovanillone; PCA, protocatechuate; OH-DDVA, 2,2'-3-trihydroxy-3'methoxy-5,5'-dicarboxybiphenyl;
PDC, 2-pyrone-4,6-dicarboxylate; VAD, vanilloyl acetic acid; VAA-CoA, 4-hydroxy-3-methoxyphenyl-
b-ketopropionyl-CoA. (2) Abbreviation of the enzymes: CatA, catechol 1,2-dioxygenase; CatB,
cis,cis-muconate lactonizing enzyme; DesA, syringate odemethylase; DesB, gallate dioxygenase; DesV,
benzaldehyde-derivatives dehydrogenase; DyP, dye-decolorizing peroxidase; FerA, feruloyl-CoA synthetase;
FerB, feruloyl-CoA hydratase/lyase; HMSH, 2-hydroxymuconic semialdehyde hydrolase; HpvZ,
glucose-methanol-choline oxidoreductase; Lacc, laccase; LigAB, protocatechuate 4,5-dioxygenase; LigC,
CHMS dehydrogenase; LigD, Ca-dehydrogenase; LigF, B-etherase; LigG, glutathione removing enzyme; Ligl,
PDC hydrolase; Ligl, OMA hydratase; LigM, vanillate/3-O-methylgallate O-demethylase; LigX,
DDVA-demethylase; LigY, OH-DDVA meta-cleavage compound hydrolase; LigZ, OH-DDVA dioxygenase;
LigW, 5-carboxyvanillate decarboxylase; LiP, lignin peroxidase; PcaB, p-carboxy-cis,cis-muconate
dehydrogenase; PcaC, 4-carboxymuconolactone decarboxylase; PcaD, muconolactone isomerase; MnP,
manganese peroxidase; PcaGH, protocatechuate 3,4-dioxygenase; Pcall, succinyl-coenzyme A transferase;
pheA, phenol hydroxylase; praA, protocatechuate 2,3-dioxygenase; praB, 2-hydroxymuconic semialdehyde
dehydrogenase; praC, 4-oxalocrotonate tautomerase; praD, 4-oxalocrotonate decarboxylase; praE,
2-oxopent-4-enoate hydratase; praF, 4-hydroxy-2-oxovalerate aldolase/hydratase; praH, S5-carboxy-2-
hydroxymuconate-6-semialdehyde decarboxylase; pral, 4-hydroxybenzoate-3-monooxygenase; Vdh, vanillin
dehydrogenase.
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