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Screening of ascomycete Sordaria tomento-alba and its lignin degradation
characteristics

LIU Jinyan"?, ZHOU Pan', ZHOU Xiaolu"” & LI Dong"?
' Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041, China
? University of Chinese Academy of Sciences, Beijing 100049, China

Abstract This study aimed to screen for fungi that can efficiently degrade lignin and to explore its degradation
characteristics in different biomass materials. Using alkali lignin as the sole carbon source, strain MSDA1, which
can quickly degrade alkali lignin, was selected from a pile of corn straw. Cultured at 30 C the strain covered
culture plates of 9 cm in diameter within 24 h. The optimum conditions were a growth temperature of 30 'C
and pH of 5.0. Based on morphological and molecular biological identification, the strain was identified as an
ascomycete (Sordaria tomento-alba). No report of this fungus degrading lignin has been published to date. The
strain could degrade 48.11% and 71.81% of alkaline lignin after 1 d and 5 d of culturing, respectively. The single
factor test demonstrated that the strain has a high alkaline lignin degradation ability in the pH range of 4.0-9.0.
The best growth conditions were pH = 5, NH,CI concentration = 2.0 g/L, and Mn®** and Cu*" concentrations of
0.8 mmol/L and 0.1 mmol/L, respectively. The results of biomass solid-state fermentation showed that the strain
could degrade crop straw with high selectivity. After 10 d of fermentation of soybean, rape, and rice straws, the
lignin degradation rates were 40.69%, 37.16%, and 31.73%, respectively, and the selectivity coefficients were
2.34, 3.07, and 2.82, respectively. The high-efficiency lignin-degrading strain MSDA1 obtained in this study
provides microbial resources for lignin biodegradation.

Keywords Sordaria tomento-alba; lignin degradation; selectivity coefficient; alkali lignin; biomass
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Table 1 Quantitative screening results of the ability of strains to degrade alkali lignin

H Pk 5 dpgfif % 10 dpfif % H Pk 5 dpgfiR 10 dpgfiR %
Strain 5 d Degradation rate (r/%) 10 d Degradation rate (r/%) Strain 5 d Degradation rate (r/%) 10 d Degradation rate (/%)
MSDA1 68.79 £ 2.09 70.13 £2.69 Z1 11.07 £ 2.13 11.07 £ 0.17
M15 42.23 +1.59 4412 +1.58 MDG4 9.10 £ 1.24 10.08 £ 0.38
MX 30.22 £ 0.46 31.40+2.17 z2 8.83 £ 0.47 10.35 £ 1.81
M12 30.07 £ 1.74 31.08+1.95 M16 6.26 + 1.41 22.30+1.57
AoB 26.31+0.95 30.18 £ 0.54 MTA3 2.68 + 3.50 1.41 £ 0.44
-e-MnP -y-Lac -m-LiP
800 1140 4170
{1120 160
. 600 {100 {50
| n r
) 180 o {4035
o > 5
£ 400 leo S Jao5
{40 {20
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4120 4110
0 STe % Jo 0

E1 E#MSDAIEPDARE FEIER. A: A K12 hiE & IEIH; b: WK
JEA (10 x 20) ; ¢: A= K24 hif V5 T5H: d: T-%5%8 (10 x 40 .

Fig. 1 The growth of strain MSDA1 in PDA medium. a: Front of
colony grown for 12 h; b: Mycelial growth form (10 x 20); c: Back of
colony growing for 24 h; d: Ascus shell (10 x 40).
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g

A KR 230 Cs
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Fig. 2 Phylogenetic tree of strain MSDA1.
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Fig. 3 Enzyme production curve of strain MSDA1 in liquid culture.
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Fig. 4 Degradation curve of alkaline lignin by strain MSDA1.
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Fig. 5 The single influence factor of strain MSDA1 to degrade alkali lignin.
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Table 2 Degradation of lignin, cellulose, and hemicellulose in different raw materials by strain MSDA1

SR " Lignijtéﬁe\??ﬁﬁi rate CeIIulfs%eg%%%gﬁi@iﬁéon rate Hemiceﬁzléjséga%eﬁjrﬁion rate lﬁ% r&%%& .

Raw material (r1%) (ri%) (r1%) Selectivity coefficient
AJE Sawdust 20.43 £ 0.65 20.93 £ 0.65 18.07 £ 0.67 0.98 £0.10
4T Yellow bamboo 6.31 £ 0.41 3.28 +0.42 4,64 £0.42 1.94 £0.14
K G AT Soybean straw 40.69 £ 0.57 17.39 £ 0.80 14.33 £ 0.82 2.34+0.08
MEAEFT Rape straw 37.16 £ 0.07 12.09 + 0.09 23.82+0.08 3.07 £0.02
KFEFEFT Rice straw 31.73 £0.20 11.25 +0.26 10.18 £ 0.27 2.82 +£0.05
FOKFEFE Corn stover 27.89+0.35 20.01 £0.39 15.43 + 0.41 1.39£0.01
AR FT Peanut straw 21.96 £ 0.83 11.15 £ 0.95 8.97 £ 0.97 1.98 £0.10
/NEFEFF Wheat straw 13.45+0.18 10.96 + 0.18 7.05+0.19 1.23+0
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Fig. 6 Observing the growth of fungi in different materials using a scanning electron microscope.

3 & it

AT I % 15 B — PR OR B & B R I MSDAT, £
o T AW =€, B Z N T 2w (Sordaria tomento-
alba) , HRl A R ZHEBEMAR RN HRE, F5 TRAEAR
JoR 2R PR A A T i

1% B RE 05 v R AR LR, BB T M pHIE H
Fil, 5 pHA4.0-9. 030 F 4 35 BE % L DB FR R A B 2%, 75 pH

BE#k [References]

1 Pérez J, Muinoz-Dorado J, Rubia TDL, Martinez J. Biodegradation
and biological treatments of cellulose, hemicellulose and lignin: an
overview [J]. Int Microbiol, 2002, 5 (2): 53-63

2 Naofumi K, Shingo S, Nobutaka M, Eiji M, Shinya K. Advances
in microbial lignin degradation and its applications [J]. Curr Opin
Biotechnol, 2018, 56: 179-186

3 Mathews SL, Grunden AM, Pawlak J. Degradation of lignocellulose
and lignin by Paenibacillus glucanolyticus [J]. Int Biodeterior
Biodegrad, 2016, 110: 79-86

4 FATHE, SO, HRLLHE, EE A, T, MRS, KRR MY
[ MRALEI[J]. S a#2s &, 2008, 28 (3): 59-63 [Wang RY, Zen
GM, Yu HY, Huang GH, Huang HL, Chen FR. Lignin degradation
mechanism by microbes [J]. J Microbiol, 2008, 28 (3): 59-63]

5 Himmel ME, Ding SY, Johnson DK, Adney WS, Nimlos MR, Brady
JW, Foust TD. Biomass recalcitrance: engineering plants and
enzymes for biofuels production. Science, 2007, 315 (5813): 804-807

6 Phutela UG, Dar RA. Role of lignocellulolytic thermophilic fungus
Thermoascus aurantiacus MTCC 375 in paddy straw digestibility
and its implication in biogas production [J]. Afr J Microbiol Res,

5.0 35551 dBE MR 2 1562.14%, (EFRIE (R4 AT 2L A 1B K
MR 77, 03 4% S I A 4 % ik

1% 1 e 0% e B PR B R AAE RS AT, Hoh K S REFF. e
FEFT ROKFEREAT K E210 dJE, AT AR 2 551 940.69%-
3716%F131.73%, EFF I RE 5 v2.34. 3.07F12.82, HAE
AR UR AR 5 T A AR G K S AT S SR T B RS TR
JR 2 B SR T W 43 M A B AR MLER E 9T, SRS AT R I 2% %8 VR AL )
Mt 2%,

2014, 8 (17): 1798-1802

7 SRR, EE BN BT, R NE L EH W R ILE G R K
FEFFBE MR M [J]. £l T 72 %44, 2015, 31 (23): 201-207 [Jiao
YZ, Gao Zan, Li Gang, Li PF, Li PP. Effect of different indigenous
microorganisms and its composite microbes on degradation of
corn straw [J]. Trans Chin Soc Agric Eng, 2015, 31 (23): 201-207]

8 MZEE, FAE. IR LT Y 3 RO R S R (D). B
A, 2003 (4): 29-33 [Lin YQ, Zhou SQ. Advances of investigation
on degradation of the lignin and cellulose by white rot fungi [J].
Chin Environ Technol, 2003 (4): 29-33]

9 Chang AJ, Fan J, Wen X. Screening of fungi capable of highly
selective degradation of lignin in rice straw [J]. Int Biodeterior
Biodegrad, 2012, 72(0): 26-30

10 &8, BESCm, skakag, sREM, &, B AE N, Bk ARFCu

BT IR LA pHE X 2 Z R AR RS TT PR BUaR FIET 4R R A2 M [J]. £
2, 2009, 30 (20): 173-177 [Jin Jian, Kang WL, Zhang YX, Zhang
GP, Gao Yan, Cheng FS, Sheng JP, Shen Lin. Effects of different Cu
ion concentrations and pH values on the degradation of lignin and
cellulose in Yunzhi straw [J]. Chin Food Sci, 2009, 30 (20): 173-177]

697



\_698

1"

20

21

22

23

24

28% HE3H7 2022%6H

Xt 4

S, PTRA . A L X B AR R SR T AL [J]. R AR,
1990, 4: 66-74 [Wang D, Liu QS. Study on degradation of lignin by
fungi in Changbai Mountains [J]. Acta Microbiol Sin, 1990, 4: 66-74]
Ferraz A, Duran N. Lignin degradation during softwood decaying
by the ascomycete Chrysonilia sitophila [J]. Biodegradation, 1995,
6 (4): 265-274

BRR, B, BB, X5ER, W5t S, #k, mt, =4, 3T
AT AR AT ER B AR R BY L-7 1 0 5 % B g 2% A AR AR [J]. A
@4, 2020, 47 (12): 4059-4071 [Li LL, Wang JH, Zhao Duo,
Liu JL, Shen GN, Yuan Yuan, Gao YM, Yan Lei, Wei Dan, Wang
WD. Screening of lignin degrading strain BYL-7 and optimization of
degradation conditions [J]. Chin Microbiol, 2020, 47 (12): 4059-4071]
AR TS, XIEW], BRIGEEH, SEI0 B, A, 00 H G A0 B M e 7 %
PEA[I). B ik A, 2009, 7 (4): 1-8 [Lin JF, Liu ZM, Chen XY,
Guo LQ, Wang Jie. Evaluation of assay methods for determining
fungal laccase activity [J]. Chin J Bioproc Eng, 2009, 7 (4): 1-8]
Ming T, Kirk TK. Lignin peroxidase of Phanerochaete
chrysosporium [J]. Methods Enzymol, 1988, 161 (C): 238-249

Jl e, SROREE, SJFIER. R R I AR I A A Bl iR A
WFE— 1 & R IR R 0 18 P B 1 LB [J]. WU %4k, 1993, 33
(5): 387-391[Zhou JY, Zhang FQ, Masaaki Kuwahara. Study
on manganese peroxidase and laccase produced by fungi 1.
Screening fungi producing enzyme in nitrogen-rich medium [J].
Acta Microbiol Sin, 1993, 33 (5): 387-391]

HEZLHE, SORW], B, #RGE, BRRE T AP 3 R AR IR 1 ik
Je e B R PE[J]. B S B A 254k, 2004, 10 (5): 639-642 [Yu
HY, Zeng GM, Huang GH, Hu TJ, Chen YN. Screeing of lignin-
degrading fungi and their enzyme production [J]. Chin J Appl
Environ Biol, 2004, 10 (5): 639-642]

AR R, TRICER, TRBR, 2B, BRI . R JTTER B T 0 O
JO FEFF v B SR FC[J]. AR AL AR F 4T, 2009, 24 (5): 206-209 [Liang
JF, Zhang HS, Zhang KQ, Zhang JF, Li Ye, Zhao Run. Study on
the screening of the lignin-degrading fungus and the degradation
of straws [J]. Acta Agric Bor-Sin, 2009, 24 (5): 206-209]

ORI, RO, O], BALT, W, B, sk, —dAlmRok
JUER B A W 0 e (D], 8 53R BT 2B 23R, 2010, 16 (2): 247-
251 [Jiang RQ, Yuan XZ, Zeng GM, Huang HL, Yu Man, Liang YS,
Zhang JC. Screening of an efficient lignin-degrading composite
microorganisms [J]. Chin J Appl Environ Biol, 2010, 16 (2): 247-251]
An XJ, Zhong Bin, Chen GT, An WJ, Xia Xiang, Li HG, Lai FJ,
Zhang QH, Evaluation of bioremediation and detoxification
potentiality for papermaking black liquor by a new isolated
thermophilic and alkali-tolerant Serratia sp. AXJ-M [J]. J Hazard
Mater, 2021, 406: 124285

Kumar A, Priyadarshinee R, Singha S, Sengupta B, Roy A,
Dasgupta D, Mandal T. Biodegradation of alkali lignin by Bacillus
flexus RMWW 1I: analyzing performance for abatement of rice mill
wastewater [J]. Water Sci Technol, 80 (9): 1623-1632

Tety, FOT8, ORI, M5, XN, 215, B, ARSI XSG
ITSX sk M7 R HRG K E X R[] T FH, 2014, 17: 186-
191 [Long Mei, Guo Fang, Guo LJ, He XM, Liu XY, Li Bei, Luo Yan,
Zou LK. Cloning, sequencing and phylogenetic relationships of ITS
region of rDNA from Termitomyces [J]. Food Sci, 2014, 17: 186-191]
Vares T, Kalsi M, Hatakka A. Lignin peroxidases, manganese
peroxidases, and other ligninolytic enzymes produced by Phlebia
radiata during solid-state fermentation of wheat straw [J]. App/
Environ Microbiol, 1995, 61 (10): 3515-3520

Jonsson LJ, Palmqvist E, Nilvebrant NO, Hahn-Hagerdal B.
Detoxification of wood hydrolysates with laccase and peroxidase
from the white-rot fungus Trametes versicolor [J]. App! Microbiol
Biotechnol, 1998, 49: 691-697

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Paice MG, Reid ID, Bourbonnais R, Archibald FS, Jurasek L.
Manganese peroxidase, produced by Trametes versicolor during
pulp bleaching, demethylates and delignifies kraft pulp [J]. App/
Environ Microbiol. 1993, 59 (1): 260-265

EATA, XIS, AL, RAE, RPER, EOGHT. BN IR X R A5
BRI AT B RE DI R [J]. R K AR (B AR, 2008, 10:
70-74 [Wang RY, Liu JX, Huang HL, Yu Zhen, Xu XM, Zeng GM.
Effect of rhamnolipid on the enzyme production of two species of
lignin-degrading fungi [J]. J Hunan Univ (Nat Sci), 2008, 10: 70-74]
Chang AJ, Fan J, Wen X. Screening of fungi capable of highly
selective degradation of lignin in rice straw [J]. Int Biodeterior
Biodegrad, 2012, 72: 26-30

Sy, R, R, 2PETT, RO, — R AA O R R A E
o B AR 5 B R MR B AT [J]. RS e 5B iR, 2021, 43 (1):
25-29+41 [Ma YH, Li LJ, Lu MH, Tong ZF, Wu WP. Identification
and lignin degradation characteristics of a Burkholderia sp. [J].
Environ Poll Control, 2021, 43 (1): 25-29+41]

HOERH, SRe L. U B B 3R BREE pHIK R 5 R HL e G 1 R G
P[] A&, 2006, 26 (2): 37-40 [Huang HY, Zhang XY.
Regulation of environment pH by white rot fungi and its reciprocity
in laccase production [J]. Chin J Microbiol, 2006, 26 (2): 37-40]
Yoshihara K, Aframutsu |, Kamishinuz H, Fujii T. Screening of a
white-rot fungus with strong lignin degrading activity [J]. J Jpn
Technol Assoc Pulp Pap Ind, 2009, 39 (7): 681-690

HOA, WARKE, BRish, SR SFh R B AT 3R B AR R N L[],
P ML R 2R ET IR AR, 2007, 27 (3): 131-135 [Dong XJ,
Cao FX, Chen Jing, Lu Cong. Comparison of lignin degradation
enzymes produced by three white-rot fungi [J]. J Central South
Univ For Technol Nat Sci, 2007, 27 (3): 131-135]

FE2IC, AT, ATy, H (1) meE 1 1 52 m [J]. 40R1IE 4K, 2003,
4: 43-44 [Wang XW, Zhan HY, He Wei. The effect of copper(Il)
on laccase activity [J]. Pap Papermaking, 2003, 4: 43-44]

TRPRTT, Ta3 . — R i ROA 35 e AP 40 11 97 32 B ™ g 2 1 e A
FB[J]. s EALOL R S, 2014, 16 (2): 143-148 [Zhang QF, Yu ZL.
A strain of lignin-degrading bacteria’s screening and optimization
of enzyme-producing condition [J]. Chin J Agric Sci Technol,
2014, 16 (2): 143-148]

PEERE, BT T, SR RiACGE, B, SO, ARBUR AT RS
HJ]. fh22idt e, 2013, 25 (5): 838-858 [Lu Yao, Wei XY, Zong ZM,
Lu YC, Zhao Wei, Cao JP. Structural investigation and application
of lignins [J]. Prog Chem, 2013, 25 (5): 838-858]

ERGE, A6, KRR, TR B 5 B R RS AT R B AR
FTIREAL[J]. &fAL4E, 2011, 32 (19): 137-140 [Wang LT, Xu Wei,
Zhang YQ. FTIR characterization of lignin degradation products
from soybean straw fermented by Phanerochaete chrysosporium
Burdsall [J]. Food Sci, 2011, 32 (19): 137-140]

KPR, £, SRIGE, MREAK, ARAAPA, i, WEORR R U R R
TSEAEAT BOR BT ST [J]. 2Bk *# 4Rk, 2007, 8: 33-35 [Zhu HL,
Wang LS, Cai HY, Xie YL, Zou SY, Yang Hai. Effects of two kinds
of white-rot fungi on degradation of rape straw [J]. Anhui Agric Sci
Bull, 2007, 8: 33-35]

BRI, B, B, BT, WAk, BTk, Wik AU R
FOB AR LR 3= T2 E[J]. BRILE s, 2020 4: 87-90
[Huo CX, Li Xin, Cheng ZR, Li LP, Guo YT, Yang ZY, Hu Kun. Study
on degradation of liquorice residue lignin and synthetic cellulose by
white rot fungi [J]. Heilongjiang Anim Husb Vet, 2020, 4: 87-90]
Mustafa AM, Poulsen TG, Sheng K. Fungal pretreatment of rice
straw with Pleurotus ostreatus and Trichoderma reesei to enhance
methane production under solid-state anaerobic digestion [J].
Appl Energy, 2016, 180: 661-671



