
Scientific Journal of Intelligent Systems Research                                                                                        Volume 5 Issue 2, 2023 

ISSN: 2664-9640                

7 

Research progress of ligninase system 

Yingtian Xiao 1,2,3, Yan Li 1,2,3, Nan Lu 1,2,3 

1Shaanxi Provincial Land Engineering Construction Group Co., Ltd. Xi'an 710075, China; 

2Institute of Land Engineering and Technology, Shaanxi Provincial Land Engineering 
Construction Group Co., Ltd. Xi'an 710075, China; 

3Shaanxi Provincial Land Engineering Construction Group Co., Ltd., Xi'an 710075, China. 

Abstract 

Synthetic dyes are widely used in printing and dyeing, printing and other fields. However, 
due to its complex structure, difficult to degrade, and potentially toxic, it has caused 
serious pollution to the environment. At present, one of the more cost-effective methods 
for the treatment of dye wastewater is the biological method. Among them, the ligninase 
system secreted by the white rot fungus has a good effect on the decolorization of the dye. 
The ligninase system secreted by white rot fungi mainly includes Mnp, Lip, Lac. Studies 
have found that ligninase has different degrees of degradation of azo, anthraquinone and 
triphenylmethane dyes. Ligninases from different cultures also differ in their ability to 
degrade dyes. 
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1. Laccase (Lac) 

Laccase (Lac; EC 1.10.3.2) was first discovered by Bertrand in the sap of the Japanese sumac 
tree in 1985 and also verified that laccase is a metal oxidase [1]. Fungal laccase typically consists 
of three-domain single-molecule extracellular glycoproteins, each containing four copper ions 

[2]. Studies have shown that laccase is a copper-containing ionase that uses molecular oxygen 
as an electron acceptor and can oxidize various benzene and non-benzene compounds[3]. 
According to the principle of crystal diffraction in spectroscopy and the related study of 
enzymatic kinetics, the method of catalyzing the substrate by laccase is inferred as shown in 
Figure 1-1. The substrate will first bind to the T1-type Cu ion site of the enzyme activity center 
to obtain electrons; T2 Cu ions and 2 His and T3 Cu ions and 6 His were retained. The electrons 
are then transferred to the trinuclear copper cluster through the Cys-His channel, which in turn 
is further transferred to the oxygen molecule bound to the active center, which is reduced to 
water [4]. At the same time, the free radicals formed by the substrate continue the enzymatic 
reaction, and they can bind themselves or conjugate to each other to form polymers or 
conjugate products. In the dye degradation reaction catalyzed by laccase, the decolorization 
rates of laccase to azo dyes (Orange 2, Acid Orange 6) from Trametes versicolor can reach 72.8% 
and 45.3%, respectively [5]; And laccase from Oudemansiella canarii can decolorize Congo red 
with a decolorization rate of 80% [6].  
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Figure 1 Lac catalytic mechanism 

2. Lignin peroxidase(Lip) 

Lignin peroxidase (Lip; EC 1.11.1.14) is a relatively nonspecific enzyme containing heme 
prosthetic groups, which can mineralize a variety of refractory aromatic and halogenated 
phenolic compounds, has a higher redox potential than peroxidase, and is a strong H2O2-
dependent oxidant [7]. The fungal lignin peroxidase is globular, mainly composed of spiral-
shaped glycoproteins, which are about 38-40 kDa in size and include 343-344 amino acids [8], 
370 water molecules, and heme, among others. Studies have shown that the isoelectric point of 
lignin peroxidase is about 3.5, the optimal pH is acidic, and the optimal temperature is 35-55 °C 

[9]. There are many microorganisms that secrete lignin peroxidase, such as Phanerochete 
chrysosoporium, Thametes versicolor, and so on. Analysis of lignin peroxidase secreted by P. 
xanthospora found that there are 10 isoenzymes of lignin peroxidase encoded by different 
genes in their genomes, but these isoenzymes are not produced at the same time, and some can 
only be expressed in specific situations [10]. In recent years, many researchers have also 
reported the catalytic mechanism of lignin peroxidase, as shown in Figure 2. Lignin peroxidase 
can oxidize electron-rich phenolic or non-phenolic aromatic compounds, and electron-seize the 
substrate through the electron transporter, oxidize it to free radicals, and then produce many 
different free radicals in a chain reaction, resulting in the breaking of the main chemical bonds 
in the substrate molecule, and then a series of cleavage reactions [11]. 

 
Figure 2 Lip catalytic mechanism 
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3. Manganese peroxidase(Mnp) 

Manganese peroxidase (Mnp; EC 1.11.1.13) was first discovered in Phanerochaete 
chrysosporium, and later proved to be a heme-containing glycosylated peroxidase, which, in 
the presence of Mn2+ and H2O2, oxidizes and decomposes aromatic cyclopolymers and is 
considered one of the key enzymes for lignin degradation. At present, the proposed catalytic 
mechanism of Mnp activity mainly involves manganese ions, as shown in Figure 3, Mn2+ 
oxidation to Mn3+, and then further degradation of stubborn organic pollutants such as dyes 
and phenol compounds [12]. In general, MnPs always comes in the form of different types of 
isoenzymes, and the diversity of its amino acid sequences is mainly due to differences between 
the c-terminal and lysine residue numbers [13]. Studies have shown that Ceriporiopsis 
subvermispora secretes up to 11 isoenzymes of manganese peroxidase. 

 
Figure 3 Mnp catalytic mechanism 
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