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Screening and identification of a lignin degrading strain and its
optimized liquid fermentation conditions

LI Yalin, LI Suyan, SUN Xiangyang, HAO Dan, CAI Linlin, CHANG Xiaotong
(College of Forestry, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] The purpose is to produce a high efficient liquid inoculum with lignin-degrading
bacteria as raw materials for garden waste. [Method] The target strains were screened from 22 isolated and
purified strains by the aniline blue plate fading circle method and the guaiacol plate fading circle method, and
were identified by Internal Transcribed Spacer (ITS) sequencing, and then the single factor test was used to
optimize the culture time, inoculum amount and medium formula (carbon and nitrogen source) of the target
strains. Finally, according to the results of single factor test, the optimal fermentation conditions of the target
strains were found by uniform experiment combined with artificial neural network algorithm. [Result]
According to the results of plate fading and color development, strain Q01 was selected as the target strain and
was identified as Trametes. According to the results of single factor test and uniform test, the optimal
fermentation conditions for strain Q01 were determined as the culture time of 5 days, inoculation amount
12.5%. The medium formula was composed of sodium lignosulfonate 14.00 g-L™', peptone 12.30 g- L', yeast
powder 5.00 g+ L', soybean cake powder 3.00 g- L', copper sulfate pentahydrate 0.12 g+ L', sodium chloride
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0.53 g-L™', and natural pH. Under the optimized conditions, the biomass, manganese peroxidase activity and
lignin peroxidase activity of strain QO1 increased by 1.27 times, 31.71 times and 19.12 times respectively.
Laccase activity decreased slightly, but the total enzyme activities of three kinds of lignin enzymes increased by
4.38 times. [Conclusion] The liquid inoculum prepared by strain Q01 under optimized fermentation conditions
has the characteristics of high enzyme activity and high biomass, which has certain application potential in
degrading lignin in garden waste. [Ch, 6 fig. 3 tab. 29 ref.]
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Figure 1 Color development and fading performance of strain Q01 in selective medium and microscopic observation
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HEAE FLTE Trametes conchifer voucher KUC20121123-36

12 B )& Trametes subectypa CBS 154.40
KRB FLIE Trametes pubescens voucher LE 254528

EAefLE Trametes hirsuta CBS 248.30
315 K2 B Trametes meyenii CBS 453.76

Z 4 ¥ LI Trametes polyzona CBS 319.36

&1 8 eS8 FL 18 Trametes sanguinea CBS 614.73
DA FL 1 Trametes membranacea voucher CRM 125

% 4 EbLE & Perenniporia djaensis CBS 125865
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Figure 2 Phylogenetic tree of strain Q01 constructed based on ITS sequence
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Figure 3 Changes in culture time to the enzymes and biomass related to
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Figure 4 Changes in the amount of inoculum to produce lignin

degradation related enzymes and biomass
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Table 2 Uniform test design and results
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Table 3 Optimization results of artificial neural network

oo ARBURTRRREN M RERERY UMY TOK OB R Hak SRR AR RS RS B A

R

S @l (@l @l @LY) (@L") (@L") (x1667nkat-L")  (x16.67nkat-L")  (x16.67 nkat-L™) (x16.67 nkatL™) g
B 1400 1230 5.00  3.00 0.12 0.53 11727.39 8795.36 505.56 2102831 0.0937
S 1400 1230 5.00  3.00 0.12 0.53 11328.73 8514.41 484.73 20327.87  0.090 0

Bh 12.5%, ¥R DT R EREFR AN 14.00 g L' B AMR12.30 g L' BELRERY 5.00 gL', THEH
3.00 g L', TKGHRRE 0.12 gL', &4k#h 053 g- L', pH HK.

WK Q01 ZEALALSE /) & B4 il 45 A VRS 81 9 EL A v B PR R e ZE A 0 R s, T P AR Ak
JE SEIHERBI I U E D B GG, P AR T 2R AR AR DG I B TR, I PR BT 2R (W R fi

4 5F

(1] E3k, 2= 2H, i) BH, 35 AN [R) G L Pel AR 1 I 575 400 0 i s 1R - o A1 FES P RS () WiV AR bR R 272744, 2019,
36(2): 326 —334.
WANG Lin, LI Suyan, SUN Xiangyang, et al. Mixing garden wastes and spent mushroom compost of different ratios for
vermicomposting [J]. J Zhejiang A&F Univ, 2019, 36(2): 326 — 334.

(2] ook, 22 R4, 28/, 45 UF SO NE - M5 B A 45 5k b BRER AL IR ) 5 4 2 (1] WV AR MROR 2727412, 2018, 35(2):
261 —267.
CAI Linlin, LI Suyan, GONG Xiaoqiang, et al. Composting-vermicomposting of green waste processing spiked with cow
dung [J].J Zhejiang A&F Univ, 2018, 35(2): 261 — 267.

[3] HIMMEL M E, DING Shiyou, JOHNSON D K, et al. Biomass recalcitrance: engineering plants and enzymes for biofuels


https://doi.org/10.11833/j.issn.2095-0756.2019.02.014
https://doi.org/10.11833/j.issn.2095-0756.2018.02.009
https://doi.org/10.11833/j.issn.2095-0756.2019.02.014
https://doi.org/10.11833/j.issn.2095-0756.2018.02.009

55 38 55 6 1] OHESRAE . 1 MRORBUR B AR 01 1 . S RS R AR A 1303

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

production [J]. Science, 2007, 315(5813): 804 — 807.
KAMIMURA N, SAKAMOTO S, MITSUDA N, et al. Advances in microbial lignin degradation and its applications [J].
Curr Opin Biotechnol, 2019, 56: 179 — 186.
X, XA, A, 2. Sl AR S B A A I E it e (0], BREER2 S5 1R, 2020, 43(4): 32 - 38.
LIU Yu, ZHAO Jiaying, ZHOU Wanlai, et al. Progress on resource utilization of urban garden waste [J]. Environ Sci
Technol, 2020, 43(4): 32 — 38.
HEERE, R, AR, A5, [ E AT AR PR TR T PR S SRS AR (], W AR AR 2274, 2021, 38(1): 38 —
46.
MENG Tongyao, LI Suyan, ZOU Rongsong, et al. Effect of immobilized lignin-degrading bacteria on green waste
composting [J]. J Zhejiang A&F Univ, 2021, 38(1): 38 — 46.
RN, PREE. FRRCEYIA T AR TR A S BT TS HE I (] i My 41, 2020, 47(10): 3380 — 3392.
LIANG Congying, LIN Lu. Environmental microorganisms driven lignin biodegradation and their roles in lignin utilization [J].
Microbiol China, 2020, 47(10): 3380 — 3392.
FEER, 22 3H, ) B, &% DEARIR 7o M)A 0 3R e SL IR A Tt . S8 R HCRE 5 (0], olk Bk 0P, 2019, 32(3):
80 — 87.
KANG Yue, LI Suyan, SUN Xiangyang, et al. Study on screening, identification and capability of lignin-degrading fungi for
landscaping waste [J]. For Res, 2019, 32(3): 80 — 87.
AATARE, BT, R, 5. PR FEYPBEAC AL EOR TP R E Y R A RE ST (], AR BRI, 2016, 32(1): 41 — 48.
ZHAO Kaining, ZHAO Guozhu, GUO Hui, et al. The function and role of microbial agents in composting technology of
garden waste [J]. Biotechnol Bull, 2016, 32(1): 41 — 48.
ZEARZE, IIEE, B2E, A4F. 2 MR AR FUR IR A4S R R R AL 0] . A3 4R, 2016, 43(3): 550 — 558.
LI Xinjun, FENG Xiaoxiao, JIN Huiqing, et al. Optimization of solid-state fermentation media for growth of two
endophytic fungal strains [J]. Microbiol China, 2016, 43(3): 550 — 558.
VRS, RIS, WS ER, 55, BT 17 175 Y R R A M T TCA-1 FigR SR AL L] WiV AR MOR 227412, 2020, 37(5):
914 —-921.
WANG Dunfei, ZHU Shengnan, XIAO Qingtie, et al. Optimization of culture conditions of Cd-tolerant strain Pseudomonas
TCd-1 based on response surface methodology [J].J Zhejiang A&F Univ, 2020, 37(5): 914 — 921.
FYeir, AR, SRMGE, 2. N A Paraconiothyrium variabile GHI-4 =3 W& BS54 (1), b S5 A1)
%, 2011, 17(3): 321 - 325.
WANG Weile, MU Zhimei, ZHANG Shujun, et al. Optimization of fermentation conditions of Paraconiothyrium variabile
GHJ-4 for laccase production by response surface methodology [J]. Chin J Appl Environ Biol, 2011, 17(3): 321 — 325.
SRR, ZRUE7E, 2R/ D, A5 X BRI IO T V5 R BP A28 I 268 T R AL TR AR P T T 20 0], i 5k
e Tk, 2019, 45(24): 179 — 187,
HU Xinying, LI Hongjun, LI Shaobo, et al. A comparative study of the optimization of processing technology of
conditioning pine board meat by response surface methodology and BP neural network-particle swarm optimization [J].
Food Ferment Ind, 2019, 45(24): 179 — 187.
JAF. AR R M. 4 Bz JEat: JEsURH R SCEk A, 2012: 694.
XNFE, ik, 2R, 45 Trametes sp. LS-10C 4 i K 7 55 77 SE00 H b Hg i xR 4 R JB0 G PERE (0] BRBE AR}
f#,2017,37(1): 193 — 200.
LIU Yu, TANG Bin, LI Song, et al. Optimization of fermentation medium for laccase production by Trametes sp. LS-10C
and its properties in the decolorization of azo dyes [J]. Acta Sci Circumstantiae, 2017, 37(1): 193 — 200.
i, BRI, W, S —BRORBTRREAR A TR L . %0 M BRI R B AR i AL L] TR DSR2 A AR A4,
2015, 38(2): 12— 16, 73.
FENG Bo, LIN Yuanshan, HU Chao, et al. Screening and Identification of a lignin degrading strain and optimization of
fermentation conditions for laccase [J].J Nat Sci Hunan Norm Univ, 2015, 38(2): 12 — 16, 73.
FREY, Wh—. ZET 28S (DNA JFFIEMH- & R G0 A T L], W PI=A4E, 2004, 23(3): 345 — 350.
LI Xueling, YAO Yijian. Assembling phylogenetic tree of Pleurotus based on 28S rDNA sequencing [J]. Mycosystema,


https://doi.org/10.1126/science.1137016
https://doi.org/10.1016/j.copbio.2018.11.011
https://doi.org/10.11833/j.issn.2095-0756.20200219
https://doi.org/10.11833/j.issn.2095-0756.20190587
https://doi.org/10.7612/j.issn.1000-2537.2015.02.003
https://doi.org/10.7612/j.issn.1000-2537.2015.02.003
https://doi.org/10.1126/science.1137016
https://doi.org/10.1016/j.copbio.2018.11.011
https://doi.org/10.11833/j.issn.2095-0756.20200219
https://doi.org/10.11833/j.issn.2095-0756.20190587
https://doi.org/10.7612/j.issn.1000-2537.2015.02.003
https://doi.org/10.7612/j.issn.1000-2537.2015.02.003

1304 WroIL R R K A R 2021412 A 20 H

2004, 23(3): 345 — 350.

(18] FHMRXL. A2 Rt gt A SC RS TN RE b i W9 (0] & S 4Pk, 2009, 30(10): 13 - 14,

TIAN Linshuang. Research on standard method for determining ligninolytic enzyme activity [J1. Anim Husbandry Feed
Sci, 2009, 30(10): 13 — 14.

[19] Zed. FIRBREIIE L T A H MR D], BUM : $TLRARR2, 2019,

MIAO Xiaolei. Mutation Breeding of Trametes sp. from Bamboo Forest and Optimization of Enzyme Production
Conditions [D]. Hangzhou: Zhejiang A&F University, 2019.

[20] SUN Yong, YANG Gang, XU Mengxia, et al. A simple coupled ANNs-RSM approach in modeling product distribution of
Fischer-Tropsch synthesis using a microchannel reactor with Ru-promoted Co/Al,O; catalyst [J]. Int J Energy Res, 2020,
44(2): 1046 — 1061.

[21] FLORENCIO F, VALENCA T, MORENO E D, et al. Performance analysis of deep learning libraries: TensorFlow and
PyTorch [J].J Comp Sci, 2019, 15(6): 785 — 799.

[22] LIU Yuliang, JIN Lianwen. Deep matching prior network: toward tighter multi-oriented text detection[C]//IEEE. 30th
IEEE Conference on Computer Vision and Pattern Recognition. Honolulu: IEEE, 2017: 1962 — 1969.

[23] AN Yang, WANG Xiaocen, CHU Ronghe, ef al. Event classification for natural gas pipeline safety monitoring based on
long short-term memory network and Adam algorithm [J]. Struct Health Monit, 2020, 19(4): 1151 — 1159.

(24 XB3F5E, MRZE, I, 5. — MR R M R RO 18 | 385 M H™ B SR i 004 L] i it 5T &,
2019, 40(16): 178 — 184.

DENG Shigui, YANG Chenjun, FENG Jiazhou, ef al. Screening and intification of a lignin-degrading wite rot fungi and
optimization of its laccase-producing medium [J]. Food Res Dev, 2019, 40(16): 178 — 184.

(25] JHAG, BB N, BUAAE, 25, IR TR A o 2 IR ik g S LA AR 0 AR R figp ot i P O AR ELAE (0] A= iR 41, 2011(10):
32 -36.

TANG Ju, DUAN Chuanren, HUANG Youying, et al. Characteristics of ligninolytic enzymes of white-rot fungus and their
interactions in the process of lignin degradation [J]. Biotechnol Bull, 2011(10): 32 — 36.

(26] I 2%y, RAMIEDHEACAL H A BT 4 R A A M)~ 5E (D] Kb IR R, 2007.

XI Xingmei. Research of Lignocelluses Biodegradation by Different Microorganisms in Agriculture and Forestry Waste
Composting [D]. Changsha: Hunan University, 2007.

(27] i, EFHPE, XA ER, 5 ML BAR T (Trametes hirsuta)D2 [F175 % B LR BRI 72 7 B W O 785 77 PRI 9 (0] i 2
i, 2014, 41(10): 1955 — 1960.

YANG Liu, LU Dandan, DENG Jieyong, et al. Nutritional conditions for laccase production by Trametes hirsuta D2 in
solid-state fermentation using hickory hull [J]. Microbiol China, 2014, 41(10): 1955 — 1960.

(28] AEZ. ARJGUET Ak 2 [ ik 11 ) 05 1o 2 0 KAt 09 (D] KA Pl K27, 2019,

XIONG Yi. Screening and Identification of Lignocellulose Degrading Bacteria and Degradation Products Research [D].
Taigu: Shanxi Agricultural University, 2019.

(29] 2GR, SRMN B, KA, A M o A I R R S A I M B R AR TS MR AT S (], T2 AR, 2011, 30(2):
338 —342.

PENG Zhini, GUO Liqiong, ZHANG Xinchao, et al. Compositions and antioxidant activities of soybean substrate during
solid-state fermentation by Cordyceps militaris [J]. Mycosystema, 2011, 30(2): 338 — 342.


https://doi.org/10.1002/er.4990
https://doi.org/10.3844/jcssp.2019.785.799
https://doi.org/10.1177/1475921719879071
https://doi.org/10.12161/j.issn.1005-6521.2019.16.031
https://doi.org/10.12161/j.issn.1005-6521.2019.16.031
https://doi.org/10.1002/er.4990
https://doi.org/10.3844/jcssp.2019.785.799
https://doi.org/10.1177/1475921719879071
https://doi.org/10.12161/j.issn.1005-6521.2019.16.031
https://doi.org/10.12161/j.issn.1005-6521.2019.16.031

	1 材料与方法
	1.1 材料
	1.2 方法
	1.2.1 菌株的分离与筛选
	1.2.2 菌株的鉴定
	1.2.3 种子液的制备
	1.2.4 测定指标
	1.2.5 数据统计与分析


	2 结果与讨论
	2.1 木质素降解菌的筛选
	2.2 菌株的鉴定
	2.2.1 菌株Q01的形态特征及显微观察
	2.2.2 菌株Q01的ITS序列分析及系统发育树

	2.3 液态发酵条件的优化
	2.3.1 培养时间的优化
	2.3.2 接种量的优化
	2.3.3 培养基碳源的优化
	2.3.4 培养基氮源的优化
	2.3.5 均匀试验结合Python实现人工神经网络建模与优化
	2.3.6 优化后菌株木质素降解相关酶活性及生物量


	3 结论

